Proceedings of
The CWRA-CGU National Conference
"Earth, Wind & Water - Elements of Life"
Actes de la
Conférence Nationale ACRH-UGC
"Terre, Vent & Eau - Éléments de vie"

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Table of Contents
Welcome and Preface ………………………………………………………….………
About the CWRA, CGU, CANCID, CSHS, CGRG & NASH ……………….……....
Conference Sponsors ……………………………………………………….………..
Conference Exhibitors ………………………………………………………………...
Banff Centre and Floor Plans …………………………………………………………
Conference Program at a Glance ……………………………………………………....
Day 1 Conference Workshops ………………………………………….....................
Day 2 Keynote Speakers ……………………………………………………..............
Day 2 Technical Sessions……………………………………………………..............
Regional and global geoid-based vertical datums I (G1A) …………………………....
Regional and global geoid-based vertical datums II (G1B) …………………………...
Regional and global geoid-based vertical datums III (G1C) …………………………..
Hydro-ecological responses to natural resources development (H3) ………………….
Hydrologic impacts of a changing climate I (HW4A) ………………………………...
Hydrologic impacts of a changing climate II (HW4B) ………………………………..
HAZUS Canada: Measure earthquake and flood risk I (EW4A) ……….……………..
HAZUS Canada: Measure earthquake and flood risk II (EW4B) ……………………..
Modeling tools and applications (W10) ……………………………………………….
Water quality and habitat indicators (W12) …………………………………………...
Predictions in ungauged basins (HW6) ………………………………………………..
Hydrologic and water quality monitoring and modeling in transboundary lake
systems (HW12) ……………………………………………………………………….
Groundwater-surface water interactions I (WH5A) …………………………………...
Groundwater-surface water interactions II (WH5B) ……………………………...…...
Peatlands and plants (W13) …………………………………………………………....
Fluvial responses to environmental change I (HRW10A) …………………………….
Fluvial responses to environmental change II (HRW10B) ……………………………
Woo Lecture …………………………………………………………………………
Tracing and fingerprinting sediment sources and transfers in watersheds (HR12) …...
Adaptation learning for managing extreme events (W3A) ……………………………
Adaptation learning for watershed management decision-makers (W3B) ……………
Agricultural Water Management and Related Issues (CANCID) I (W4A) ………...…
Agricultural Water Management and Related Issues (CANCID) II (W4B) ……......…
Agricultural Water Management and Related Issues (CANCID) III (W4C) …….....…

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

5
6
9
11
12
16
20
24
27
28
35
42
49
56
63
70
77
83
90
97
104
111
118
124
131
138
145
147
154
161
168
174
180

2

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Table of Contents (Continued)
Day 3 Technical Sessions……………………………………………………..............
Developments in environmental flows science, management, and policy I (W1A) ….
Developments in environmental flows science, management, and policy II (W1B) ….
Hydrologic impacts of a changing climate III (HW4C) ……………………………….
Hydrologic impacts of a changing climate IV (HW4D) ………………………………
Carbon, energy and energy cycling in vegetation ecosystems (B2) …………………..
Hydrology and the urban biophysical environment I (HW5A) ……………………….
Hypothesis-driven science: Linking field observations to earth surface processes (R1)
Advances in fluvial geomorphology (R2A) …………………………………………...
Water in First Nations, Métis and Inuit communities of Canada I (W2A) ……………
Water in First Nations, Métis and Inuit communities of Canada II (W2B) …………..
Water economics (W11) …………………………………………………….................
Water policy & governance I (W16) …………………………………………………..
Geophysical and geodetic applications in hydrological sciences (H1) ………………..
Hydrological modelling innovation in Canada I (S1A) ……………………………….
Agricultural Water Management and Related Issues (CANCID) IV (W4D) …...……
Hydrometric network planning and supporting initiatives (WH4A) ………………….
Day 3 Conference Workshops ………………………………………………….........
Day 4 Keynote Speakers ……………………………………………………..............
Day 4 Technical Sessions……………………………………………………..............
Geophysical applications in CO2 storage (E1) ………………………………………..
Lithospheric imaging, tectonics, and dynamics (E2) ………………………………….
Earth deep interior (E3) ……………………………………………………..................
Geodetic sciences and their applications to geodynamics (G23) ……………………...
Biogeomorphology: Interactions between riparian ecosystems, aquatic ecosystems
and stream channels I (HRW9A) ……………………………………………………...
Biogeomorphology: Interactions between riparian ecosystems, aquatic ecosystems
and stream channels II (HRW9B) ……………………………………………………..
Hydrology and the urban biophysical environment II (HW5B) ………………………
Hydrology and the urban biophysical environment III (HW5C) ……………………..
Advanced geocomputations and applications (Z1) ……………………………………
Advances in glacial geomorphology (R2B) …………………………………………...
Glacial and proglacial environments (HR28) …………………………………………
Application of remote sensing and geographic information systems in solving
environmental issues (B1) ……………………………………………………………..
Long-term watershed monitoring - From science to water management I (HW11A) ...
Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

186
187
191
195
202
209
216
222
228
235
239
242
249
255
262
269
275
280
287
290
291
298
305
312
319
326
333
340
345
350
356
362
369
3

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Table of Contents (Continued)
Day 4 Technical Sessions (Continued)
Long-term watershed monitoring - From science to water management II (HW11B) ..
Hydrotechnical advancements and adaptations (W8) ………………………………....
Water policy & governance II (W15) ……………………………………....................
Managing hydrologic regimes in Canada (W6) …………………………………….....
Municipal and industrial water demand (W9) ……………………………………........
Hydrological modelling innovation in Canada II (S1B) ………………………………
Managing and rehabilitating rivers and their corridors: New approaches I (BW3A) …
Managing and rehabilitating rivers and their corridors: New approaches II (BW3B) ...
Quality assurance and uncertainty of hydrometric records (WH4B) ………………….
Hydrometric procedures and standards (WH4C) ……………………………………...
Hydrometric data access and sharing (WH4D) ……………………………………......
Poster Sessions ……………………………………………………..............................
Day 2 Poster Session ……………………………………………………......................
Day 3 Poster Session ……………………………………………………......................
Day 4 Poster Session ……………………………………………………......................

375
380
387
394
401
406
413
418
424
429
433
438
439
468
489

Conference Proceedings Editor: Abdel-Zaher Kamal Abdel-Razek, Ph.D., P.Eng.
Cover photo: Peyto Lake, Banff National Park - Howard Trofanenko © 2011
DISCLAIMER
Any and all views and opinions expressed in the conference proceedings solely reflect those of
the authors and do not necessarily represent those of the Canadian Water Resources Association
(CWRA), the Canadian Geophysical Union (CGU) or the 2012 CWRA-CGU National
Conference’s organizers.
Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

4

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Welcome and Preface
The Canadian Water Resources Association (CWRA) and the Canadian Geophysical Union
(CGU) would like to welcome delegates and their companions to the 2012 CWRA-CGU
National Conference "Earth, Wind & Water - Elements of Life" in Banff from June 5th to 8th,
2012.
The 2012 CWRA-CGU National Conference provides an excellent forum to exchange thoughts
and ideas on innovations in water resources and geosciences; relevant research and policies; and
their contributions in Canada and globally. Delegates’ attendance at this conference and
presentations on wide range of water resources and geosciences topics in more than sixty
sessions shows the strong commitment to protecting, conserving and valuing our precious natural
resources to ensure their security and sustainability now and in the future.
The CWRA and CGU would like to sincerely thank and acknowledge the following individuals
for their tireless work to organize this conference:
Technical Program Co-Chairs: Shaun Toner (CWRA) and Rod Blais (CGU)
Technical Program Committee: Claire Samson, Sarah Boon, Tracy Brennand, David Hutchinson,
Lisa Rear, Mary-Ann Wilson, Russell Boals, Abdel-Zaher Kamal Abdel-Razek, Ed Johnson,
David Hill, Marie-Eve Caron, and Brian Branfireun
Workshops Coordinator: Shaun Toner
Communications: Sean Douglas and Iain Girvan
Registration: Sean Douglas and Iain Girvan
Sponsors and Exhibitors Committee: Phil Stefanoff, Rod Burr, and James Proudfoot
Facilities: Andrew Chan and Margaret-Anne Stroh
Finances: Robyn Andrishak and Rich Petrone
CWRA and CGU are also pleased to acknowledge the participation of the following technical
societies at the 2012 CWRA-CGU National Conference:
Canadian National Committee on Irrigation and Drainage (CANCID)
Canadian Society for Hydrological Sciences (CSHS)
Canadian Geomorphology Research Group (CGRG)
North American Stream Hydrographers (NASH)
CWRA and CGU would also like to acknowledge Abdel-Zaher Kamal Abdel-Razek for his
tireless work in editing and preparing the conference proceedings.
We hope the wealth of knowledge on the broad range of topics presented in the conference
proceedings as well as various conference events will meet your expectations and that this
conference will be successful and memorable. We thank you for your interest and participation.
Monica Wagner (Conference Co-Chair – CWRA)
Gail Atkinson (Conference Co-Chair – CGU)

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada
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The Canadian Water Resources Association (CWRA) is a national non-profit organization of
individuals and organizations from the public, private and academic sectors that are committed to
raising awareness of the value of water and to promoting responsible and effective water
resource management in Canada. CWRA membership consists of water users and water resource
professionals including managers, administrators, scientists, engineers, academics, students and
young professionals.
For information about CWRA membership, please contact:
CWRA Membership Office
9 Corvus Court
Ottawa, ON K2E 7Z4 Canada
Phone:
(613) 237-9363
Facsimile:
(613) 594-5190
E-Mail:
services@AIC.ca
Website:
www.cwra.org

The Canadian Geophysical Union (CGU) serves as national focus for the geophysical sciences in
Canada. CGU fosters communication through its annual scientific meeting, sponsorship of a
Distinguished Lecturer and its bi-annual newsletter, Elements. To recognize outstanding
scientific achievement and contributions to the Canadian geophysical sciences, the CGU offers
various awards ranging from Best Student Paper awards to the J. Tuzo Wilson Medal, honouring
Canada's premier geophysicist and first medal recipient. The CGU nominates Canadian
representatives for the International Union of Geodesy and Geophysics and affiliated societies,
and provides its members with reduced rates for journals published by the American
Geophysical Union and European Geosciences Union.
For more information about CGU and membership, please contact:
CGU Secretariat
Dept. of Geography, University of Calgary
2500 University Drive NW
Calgary, Alberta T2N 1N4 Canada
Phone:
(403) 220-5596
E-Mail:
cgu@ucalgary.ca
Website:
www.cgu-ugc.ca
Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada
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The Canadian National Committee on Irrigation and Drainage (CANCID) is a permanent
committee of the Canadian Water Resources Association (CWRA) and is the National
Committee for Canada of the International Commission on Irrigation and Drainage ("ICID").
CANCID activities aim to stimulate and promote research, development and application of
technology among those individuals and organizations in Canada who are interested in irrigation,
drainage, and flood control in rural areas on behalf of the Corporation and to act as an
intermediary body for the Corporation between Canada and the International Commission on
Irrigation and Drainage. For further information about CANCID, including membership, please
refer to our website: http://www.cwra.org/branches/cancid/

The Canadian Society for Hydrological Sciences (CSHS) is an affiliated society of CWRA.
Members are interested in the hydrological sciences that encompass physical, chemical and
biological processes in both surface water and ground water, and in land surface/atmosphere
interactions. The CSHS is associated with the Canadian Geophysical Union (CGU) and provides
linkages with the International Association of Hydrological Sciences (IAHS) through activities
such as the Prediction in Ungauged Basins (PUB) initiative. The CSHS is dedicated to the
advancement and recognition of hydrological sciences and provides a linkage between
hydrological research and applications.
For further information about CSHS, including membership, please refer to our website:
http://www.cwra.org/branches/cshs/

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada
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The Canadian Geomorphology Research Group (CGRG) is a national organization established in
1993. Our objectives are to foster and promote research, teaching and application of
Geomorphology in Canada. CGRG fosters communication through its annual scientific meeting,
sponsorship of theme sessions, field trips and workshops at national and regional meetings of our
affiliated associations (GAC, AQQUA, CAG, CANQUA and CGU), its bi-annual newsletter
(The Canadian Landscape), e-mail list serve, and maintenance of a comprehensive web-based
Bibliography of Canadian Geomorphology. To recognize outstanding scientific achievement and
contributions to Canadian geomorphology, the CGRG offers various awards ranging from Best
Student Paper awards (Slaymaker, Dionne and Trenhaile) to the J. Ross Mackay award,
honouring a significant contribution to geomorphology by a young Canadian geomorphologist.
For further information about CGRG, including membership, please refer to our website:
http://cgrg.geog.uvic.ca/

The aim of the North American Stream Hydrographers (NASH) is to bring researchers and
practitioners together into a community of practice for advancing the science of stream
hydrography. We exist at arm's length from the day-to-day pressures facing monitoring agencies,
and advocate the development and sharing of best practices, informed by a long-range
perspective of desired outcomes for hydrometric data. Such a perspective is essential to reflect
more comprehensively the timescales of relevance when monitoring the hydrological cycle. Our
community has - thus far - been connected only as a loose and informal arrangement of personal
and professional relationships amongst researchers, hydrometric practitioners, and water
resource managers. NASH aims to formalize these relationships into an active and effective
community of practice. For further information about NASH, including membership, please refer
to our website: http://www.hydrographers.org/

Awards and Scholarships
CWRA, CSHS and CANCID awards and the Dillon scholarship will be presented at the CWRA
banquet on Thursday June 7th at 18:00. Also, CGU and CGRG awards will be presented at the
CGU banquet on Friday June 8th at 18:00.

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada
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Conference Sponsors
The Canadian Water Resources Association (CWRA) and Canadian Geophisical Union (CGU)
would like to acknowledge the following organizations that have sponsored the CWRA-CGU
National Conference "Earth, Wind & Water - Elements of Life".

Gold Sponsors ‐ Supporteurs Or
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Silver Sponsors – Supporteurs Argent

Bronze Sponsors ‐ Supporteurs Bronze

River Sponsors ‐ Supporteurs Fleuve

Creek Sponsors ‐ Supporteurs Ruisseau
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Conference Exhibitors
The Canadian Water Resources Association (CWRA) and Canadian Geophisical Union (CGU)
would like to acknowledge the following exhibitors for their partcipation in the CWRA-CGU
National Conference "Earth, Wind & Water - Elements of Life".
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Banff Centre and Floor Plans (Continued)

Kinnear Centre 2nd Floor

Kinnear Centre 3rd Floor
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Banff Centre and Floor Plans (Continued)

Max Bell

Max Bell
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Banff Centre and Floor Plans (Continued)

Eric Harvie Theatre
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Conference Program at a Glance*
Day 0 – Monday June 4, 2012
 ESA Meeting – 9:00 to 13:00 – Room: KC 301

Day 1 – Tuesday June 5, 2012
 Conference Workshops – 9:00
•

Assessment of the Hydrologic Impacts of Climate Change – EBNFLO Environmental,
Matrix Solutions & Toronto and Region Conservation Authority – Room: MB 150

•

Geoid-based Vertical Datums – North American and International Initiatives
Workshop – Room: KC 301

•

Alberta Wetlands: From Classification to Policy – Aquality Environmental Consulting
– Room: KC 305

 CWRA&CGU Board of Directors Continental Breakfast – 7:30 to 8:30 – MB Foyer
 CWRA National Board of Directors Meeting – 8:00 to 17:00 – Room: MB 252
 CGU Executive Meeting – 8:30 to 14:00 – Room: MB 253
 CGU Hydrology Section Executive Meeting – 14:00 to 17:00 – Room: MB 253
 Exhibitions Setup – 12:30
 Registration – 16:00 to 21:00 – EH Foyer
 Geodesy Section Meeting – 17:00 to 18:00 – Room: LF 122/124
 Icebreaker Reception & Transit of Venus Viewing – Cash Bar and Hors d'oeuvres –
18:00 to 21:00 – EH Theatre Foyer
 CWRA Alberta Branch AGM – 19:30 to 20:30 – Room: LF 122/124

Room abbreviations: EH (Eric Harvey), KC (Kinnear Centre), LF (Laszlo Funtek Wing) & MB (Max Bell)

* Program, room locations and times are subject to change. Please check with the registration desk
for any up-to-date information. More information on conference program will be included with the
delegate registration packages.
Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada
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Conference Program at a Glance* (Continued)
Day 2 – Wednesday June 6, 2012
 Speakers Continental Breakfast – 7:30 to 8:30 – Room: KC 101
 Delegates Continental Breakfast – 7:30 to 8:30 – Rooms: KC103/105 & EH Foyer
 Registration – 8:00 to 15:00 – KC 100 Foyer
 Welcome & Opening Remarks by CGU & CWRA Presidents – 8:30 to 9:00 – Eric
Harvey Theatre
 Keynote Speaker – Terry Prowse, Environment Canada Research Chair, Department of
Geography, University of Victoria – 9:00 to 9:30 – EH Theatre
 Keynote Speaker – Eric Berman, HAZUS Program Manager, Federal Emergency
Management Agency (FEMA) – 9:30 to 10:00 – EH Theatre
 Networking Break/Conference Posters Viewing/Exhibitors Session – 10:00 to 10:30 –
Refreshments served in KC 203 & MB Foyer
 8 Concurrent Technical Sessions – 10:30 to 12:00
 CGU - Geodesy AGM – 12:00 to 13:00 – Room: MB 251
 Lunch – 12:00 to 13:00 – Rooms: KC103/105 & Vistas Dining Room
 Conference Posters Viewing/Exhibitors Session – 13:00 to 13:30 – Room: KC201/203/205
 8 Concurrent Technical Sessions – 13:30 to 15:00
 Networking Break/Conference Posters Viewing/Exhibitors Session – 15:00 to 15:30 Refreshments served in KC 203 & MB Foyer
 Woo Lecture – Brian L. McGlynn, Department of Land Resources and Environmental
Sciences, Montana State University – 15:30 to 17:00 – Room: MB Auditorium
 7 Concurrent Technical Sessions – 15:30 to 17:00
 Exhibitors Hosted Meet-and-Greet – 17:00 pm – Rooms: KC201/203/205
 CWRA National AGM – 17:00 – 18:00 – Room: KC 301
 CGU National AGM – 17:30 to 18:00 – Room: KC 305
 Joint CWRA-CGU BBQ – Brewster’s Mountview BBQ (Transportation by bus will be
provided from the Banff Centre) between 18:00 and 19:00
Room abbreviations: EH (Eric Harvey), KC (Kinnear Centre), LF (Laszlo Funtek Wing) & MB (Max Bell)

* Program, room locations and times are subject to change. Please check with the registration desk
for any up-to-date information. More information on conference program will be included with the
delegate registration packages.
Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

17

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Conference Program at a Glance* (Continued)
Day 3 – Thursday June 7, 2012
 Speakers Continental Breakfast – 7:30 to 8:30 – Room: KC 101
 Delegates Continental Breakfast – 7:30 to 8:30 – Rooms: KC103/105 & MB Foyer
 Registration – 8:00 to 15:00 – KC 100 Foyer
 8 Concurrent Technical Sessions – 8:30 to 10:00
 Networking Break/Conference Posters Viewing/Exhibitors Session – 10:00 to 10:30 Refreshments served in KC 203 & MB Foyer
 8 Concurrent Technical Sessions – 10:30 to 12:00
 Bagged Lunch – 12:00 to 13:00 – Pick up at Room: KC103/105
 CGRG AGM – 12:00 to 13:00 – Room: KC 301
 NASH AGM – 12:00 to 13:00 – Room: MB 253
 Conference Posters Viewing/Exhibitors Session – 13:00 to 13:30 – Room: KC201/203/205
 Conference Workshops
•

Cross-Generational Mentoring in the CWRA – Students and Young Professionals
(SYP) – 13:30 – Room: KC 301

•

Aboriginal Awareness, Water Rights and Challenges Ripple Effects – 13:30 – Room:
KC 305

•

Traditional Ecological Knowledge Guided Walk along the Bow River - Matrix
Solutions – 14:30 - KC 305

•

Canada Wide Water Strategy – CWRA – 13:30 – Room: MB Auditorium

•

Filling the gaps: Are we ready for a quantum leap in hydrometric data availability?
NASH Working Group on Common Data Access – 13:30 – Room: MB 252

•

More Value from the Same Water: Maximizing Water’s Sustainable Contribution
to the Canadian Economy – Brock University – 13:30 – Room: MB 253

 Exhibitors Session/Optional self-directed visit to the Banff Townsite and National Park
– 13:30 to 17:00
 CGU - Hydrology Section AGM – 17:00 – 18:00 – Room: KC 301
 CWRA Banquet – 18:00 – Room: KC101/103/105
Room abbreviations: EH (Eric Harvey), KC (Kinnear Centre), LF (Laszlo Funtek Wing) & MB (Max Bell)

* Program, room locations and times are subject to change. Please check with the registration desk
for any up-to-date information. More information on conference program will be included with the
delegate registration packages.
Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada
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Conference Program at a Glance* (Continued)
Day 4 – Friday June 8, 2012
 Speakers Continental Breakfast – 7:30 to 8:30 – Room: KC 101
 Delegates Continental Breakfast – 7:30 to 8:30 – Rooms: KC103/105 & EH Foyer
 Registration – 8:00 to 10:00 – KC 100 Foyer
 CGU Biogeosciences AGM – 8:00 to 9:00 – Room: KC 305
 CGU Solid Earth AGM – 8:00 to 9:00 – Room: MB Auditorium
 CANCID AGM - 8:00 to 9:00 – Room: MB 252
 CSHS AGM – 8:00 to 9:00 – Room: MB 253
 Keynote Speaker – Pascal Audet, Department of Earth Sciences, University of Ottawa –
9:00 to 9:30 – Room: EH Theatre
 Keynote Speaker – Jeffrey McDonnell, Global Institute for Water Security, University of
Saskatchewan – 9:30 to 10:00 – Room: EH Theatre
 Networking Break/Conference Posters Viewing/Exhibitors Session – 10:00 to 10:30 –
Refreshments served in KC 203 & MB Foyer
 8 Concurrent Technical Sessions – 10:30 to 12:00
 Lunch – 12:00 to 13:00 – Rooms: KC103/105 & Vistas Dining Room
 Conference Posters Viewing/Exhibitors Session – 13:00 to 13:30 – Room: KC201/203/205
 8 Concurrent Technical Sessions – 13:30 to 15:00
 Networking Break – 15:00 to 15:30 – Refreshements served in KC 203 & MB Foyer
 8 Concurrent Technical Sessions – 15:30 to 17:00
 CGU Banquet – 18:00 – Room: KC101/103

Room abbreviations: EH (Eric Harvey), KC (Kinnear Centre), LF (Laszlo Funtek Wing) & MB (Max Bell)

* Program, room locations and times are subject to change. Please check with the registration desk
for any up-to-date information. More information on conference program will be included with the
delegate registration packages.
Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada
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Day 1 - Tuesday June 5, 2012
Conference Workshops

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada
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Assessment of the Hydrologic Impacts of Climate Change
Room: MB 150

Day/Time: Tuesday June 5th – 9:00

Facilitators:
• Robert Walker (President) - EBNFLO Environmental
• David Van Vliet (Vice President of Water Resources) - Matrix Solutions
Workshop Synopsis:
The workshop will provide participants with the background needed to embark on studies which
assess the potential hydrologic impacts of climate change. While many water resource
practitioners are in the process of developing climate change adaptation strategies, it is essential
to understand many of the potential impacts before development and implementation of these
strategies. The workshop will be suitable for water resource practitioners or managers that have
a general or advanced hydrological background. The training is based on a guidance document
developed by the Ontario Ministry of Natural Resources (MNR) titled “Guidance for the
Assessment of the Hydrologic Impacts of Climate Change”. This workshop will consist of the
following agenda items:
• Introduction to Climate Change Science
• Climate Impacts and Hydrologic Processes
• Global Climate Models and Greenhouse Gas Emission Scenarios
• Generation of Local Climates
• Phased Approach to a Climate Change Assessments
• Case Studies
• Working with Climate Change Data
Agency experts available to answer questions:
• Chandra Sharma (Watershed Specialist and Senior Manager, Climate Change Programs)
- Toronto and Region Conservation Authority
• Mike Garraway (Water Budget Coordinator) - Ministry of Natural Resources
Workshop Duration:
The workshop is approximately 6 hours in length and will cost $100/per person.
Contact Information:
Chandra Sharma (MCIP RPP)
Watershed Specialist, Etobicoke-Mimico & Senior Manager, Climate Programs
Toronto and Region Conservation
Phone: 416-661-6600 x 5237
Email: csharma@trca.on.ca http://www.trca.on.ca/
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The 14th Canadian Geoid Workshop:
Geoid-based Vertical Datums - North American and International
Initiatives
Geodetic Survey Division, NRCan
Ottawa, Ontario, Canada

Room: KC 301

Day/Time: Tuesday June 5th – 9:00

The National Geodetic Survey (USA), Instituto Nacional de Estadística y Geografia (Mexico) and
Geodetic Survey Division (Canada) are working towards the definition and realization of new
vertical reference System for North America (NAVRS). NAVRS will be an equipotential surface,
which will be realized by geoid modeling. It would allow access to the vertical datum through GNSS
technologies and allow consistent orthometric heights at any locations across the continent. This new
realization of the vertical datum would replace the traditional approach of leveling, which is costly
and time-consuming when establishing and maintaining a national datum and limits the access to the
datum only where benchmarks are available.
Furthermore this year, the workshop will discuss North American and European contribution towards
the development of a roadmap for the realization of a World Height System and procedure in
unifying national and continental height systems using GRACE and GOCE information. These
components contribute to Theme 1 of the Global Geodetic Observing System (GGOS): Unified
World Height System.
The 14th workshop will focus on four items:
1) Definition of the NAVRS;
2) Theory and data;
3) Monitoring geoid changes; and
4) Roadmap towards a WHS and Height System Unification with GOCE.
As Canada and USA agree on adopting for vertical datum the mean sea level measured at North
American tide gauges, the first item looks at the progress in determining the “W0” and evaluates
possible components to resolve. The second item is to inform participants regarding any changes
done in the theory and its application for the development of geoid model since the last workshop,
and agreement in data processing and exchange standard. The third item is for the discussion on the
determination of a) the geoid deformation due to mass redistribution (e.g., Glacial Isostatic
Adjustment (GIA) and glaciers melting, and b) rate of change of the sea level in terms of potential.
Finally, the workshop will introduce a new topic that will be focus on the development of a road map
towards a world height system and procedure in unifying height systems with GOCE. This subject
will regroup academic institutions and government agencies from North America and Europe and
will look at a practical case by unifying distinct datums for North America, the North Atlantic and
Europe.
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Aquality Environmental Consulting Ltd. Presents:
“Alberta Wetlands: From Classification to Policy”
Room: KC 305

Day/Time: Tuesday June 5th – 9:00

Wetlands are some of the most productive and important
ecosystems in the world. Overall, they are very complex and
require years of study to grasp the value and importance of the
services they offer as well as their function.
With the increasing rates of industrial and residential
development occurring adjacent to wetlands across the country,
many people making decisions regarding the fate of these
ecosystems do not have
the
time,
or
the
resources to gain this
level of knowledge. "Alberta Wetlands: From Classification
to Policy" is taught by Aquality’s Principal Researcher,
Professional Biologist (P.Biol.) and Qualified Wetland and
Aquatic Environment Specialist (QWAES), and provides
essential background information necessary for making these
informed decisions about wetlands.
The Wetland Course covers topics such as:
o
o
o
o

Wetland Classification and Delineation,
Riparian zones and their Functions,
Wetland Functions and,
Overview of all Wetland and/or
Legislation and Policies.

Water-related

This course is highly beneficial to individuals with an interest in
wetland ecology and function and is ideal for individuals working with Government, Municipalities,
Developers, Land Surveyors, Industry, Planners, ENGOs, Consultants and Others.
For the CWRA Conference, Aquality’s Wetland Course will encompass a full day classroom style
workshop on June 5th and will run from approximately 9:00 – 16:00.
o
Course fees are $ 399 per person + GST (course materials & lunch).
Instructor: Jay White, M.Sc., P.Biol., QWAES: Senior Wetland Ecologist and President of Aquality
Environmental Ltd., Alberta. Jay is a Professional Biologist registered in Alberta with a M.Sc.
degree in Ecology from the University of Alberta. He was a research associate at the University of
Alberta’s Sustainable Forest Management Network until 1999, when he formed Aquality
Environmental Consulting Ltd. Currently Jay sits on the Executive of the Alberta Water Council
(Director, Lake Environment Conservation) and Alberta Stewardship Network. He has served on
numerous conference organizing committees for ALMS, NALMS, ALIDP, Inside Education and
others. Jay’s areas of expertise include nutrient cycling in freshwater wetlands, wetland management, wetland
delineation and identification, wetland creation and restoration, monitoring and water quality assessments. Jay has
experience in water and wetland policy, regulation, management, public and First Nations consultation, project
management and consensus decision making. Water governance, environmental education and sustainability are his
current topics of interest and he has spoken to audiences across North America. Jay has a solid scientific background
in aquatics and has published his work in national scientific journals, books, workshops, symposia and conferences.
If you have any questions please contact us at: (780) 757-5530 or by e-mail at: wetlands@aquality.ca.
Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
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Day 2 - Wednesday June 6, 2012
Keynote Speakers
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The bio-geo-physical role of changing freshwater ice
Terry D. Prowse (Keynote Speaker)
Environment Canada and University of Victoria, Victoria, British Columbia, Canada
Unlike the other components of the cryosphere that either blanket
large expa nses (e.g., snow, permafrost and sea ice), or are
concentrated in large volumes in specific locations (e.g., glaciers and
ice sheets), lake and river ice are interwoven into the terrestrial
landscape through major freshwater flow and storage networks. As
such, freshwater ice has enormous significance to physical, ecological
and socio-economic systems. Specifically reviewed are the
paleolimnological and instrumental records of Arctic freshwater ice,
its role in the climate system, and some of the recent projections about
its future condition and cascading effects on other natural and human systems. Examples
include effects on: local and regional climate and hydrology including extreme events, aquatic
systems and biological productivity, trace gas sequestration and emission, contaminant capture,
transportation networks and industrial development including hydropower production and
resource extraction. Also considered are potential adaptation strategies, which tend to be fairly
limited over the long term, and examples of new satellite-based systems for lake-ice monitoring
and break-up discharge measurement.
Professor Prowse joined the Department of Geography at the University of Victoria as an
Environment Canada Research Chair in 2002 focused on the theme of "Climate Impacts of
Water Resources". Dr. Prowse is the author of 120+ refereed journal publications, 35+ other
chapters or chapters in books, editorship of 12 books or special journal issues, and 130+
scientific reports and proceedings. A number of his publications include major international
scientific assessments, such as for the Intergovernmental Panel on Climate Change (IPCC).
Specifically, he has been a lead author on various freshwater and cold-regions chapters (IPCC
1995; 2001; 2006; co-awarded the 2007 Nobel Peace Prize; plus the most recent IPCC 2008
technical report on water and climate); Arctic Climate Impact Assessment (ACIA 2005), and the
2008 Canadian National Assessment on Climate Change.
For more information, see http://web.uvic.ca/~wcirc/english/staff/prowse.php
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HAZUS-MH - A tool for estimating losses from earthquakes, floods and hurricane winds
Eric Berman (Keynote Speaker)
Federal Emergency Management Agency, Washington, USA
Eric Berman: HAZUS Program Manager for the Federal Emergency
Manag ement Agency (FEMA). He has approximately 20 years of hazard
identification studies and mapping experience with an emphasis on GIS.
Mr. Berman was recently among the recipients of Federal Computer Week
magazine's 22nd Annual "Federal 100 Awards" in Washington, DC, for
his outstanding leadership and work on the FEMA HAZUS Program. He
holds a Bachelor's Degree in Civil Engineering from Tennessee
Technological University and represents the Department of Homeland
Security on the U.S. Board on Geographic Names.
For more information: http://www.fema.gov/index.shtm

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

26

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"
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Technical Sessions
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Regional and global geoid-based vertical datums I
Session Coordinator: Marc Véronneau
Session Chair: Dan Roman
G1A - Wednesday June 6, 2012 - 10:30 to 12:00 - Room: MB 251
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GOCE: mission status and science studies
R. Haagmans1 & R. Floberghagen2
1
European Space Agency, ESTEC, Noordwijk, The Netherlands
2
European Space Agency, ESRIN, Frascati, Italy
Launched in March 2009 and orbiting at a mere 255 km altitude, the European Space Agency's
Gravity field and steady-state Ocean Circulation Explorer (GOCE) mission is continuously
delivering three-dimensional gravity gradient data and high-precision satellite positioning data
that allow the determination of the gravity field at unprecedented accuracy and spatial resolution.
The GOCE data products also allow the full reconstruction (and possible correction) of each
individual step in the science data processing chain, all the way back to the instrument source.
This contribution details the overall mission status of the space segment, ground segment and
science data systems. Data reprocessing efforts taking into account the experience gained by the
mission team since launch are discussed. The paper also covers the overview of science studies
based upon GOCE data, that are currently on-going within ESA’s STSE programme. The topics
addressed are heights system unification, geophysical modelling, aeronomy and time variations.
In addition we plan to discuss the Agency's plans for further and future exploitation of the
mission, for as long as active drag-compensation is possible using the modulated Xenon-based
ion propulsion system.
Roger Haagmans: Geodetisch Ingenieur, research scientist and assistant professor, Faculty of
Geodetic Engineering, Delft University of Technology, the Netherlands; Associate professor in
geodesy and surveying at the Department of Mapping Sciences, Agricultural University of Ås,
Norway; 2001-present: Head, Earth Surfaces and Interior Section, Mission Science Division,
Directorate of Earth Observation Programmes, European Space Agency, Noordwijk, the
Netherlands
Rune Floberghagen: Master and PhD, Faculty of Aerospace Engineering, Delft University of
Technology, the Netherlands; 2001-2007: Mission and System Performance engineer, GOCE
Project, Directorate of Earth Observation Programmes, European Space Agency, Noordwijk, the
Netherlands; 2007-present: Mission manager of GOCE and Swarm, Directorate of Earth
Observation Programmes, European Space Agency, Frascati, Italy
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Error contributions in global height system unification: Geoid height error from GOCE
and terrestrial gravity anomalies
C. Gerlach1, T. Fecher2 & R. Rummel2
1
Commission for Geodesy and Glaciology, Bavarian Academy of Sciences and Humanities,
Alfons-Goppel-Str. 11, 80539 Munich, Germany
2
Institute for Astronomical and Physical Geodesy, Technische Universität München, Arcisstr. 21,
80333 Munich, Germany
Global unification of vertical datums is one of the main objectives of the GOCE satellite mission.
In the boundary-value-problem approach to datum unification, datum offsets are determined by
comparison of ellipsoidal, physical and geoid heights given at stations in different datum zones.
In this paper we focus on the geoid part. Geoid heights are derived by combining a longwavelength global model (from GOCE) and terrestrial gravity anomalies. We investigate (1) the
effect of systematic errors in terrestrial anomalies and (2) the GOCE commission error.
Practically, datum unification is performed by means of least-squares adjustment. Propagation of
datum induced biases in terrestrial anomalies complicates the functional model of the
adjustment. We show that - in combination with GOCE - the effect can be neglected in vertical
datum connection at the cm-level. In addition, proper description of the errors of all quantities is
required for a realistic quality description of the adjusted datum offsets. Errors of GOCE geoid
heights can be derived by propagating the full variance-covariance matrix (VCM) of the
spherical harmonic coefficients. We investigate the effect of neglecting covariances in the error
propagation to geoid heights at different datum points. Thereby several levels of approximation
are possible, namely propagation of (1) the full VCM, (2) only the m-blocks around the main
diagonal or (3) only the variances along the main diagonal. With each level of approximation
some error contributions are neglected, but the computational load is reduced. We show a
comparison of geoid height errors based on the three computational schemes.
Christian Gerlach: studied geodesy at Technische Universität München (TUM). He worked at
TUM and the Norwegian University of Life Sciences in Ås. He received a doctoral degree from
TUM in 2002. He worked on heights systems, global and regional gravity field modeling.
Thomas Fecher: studied geodesy at TUM where he now works as research assistant on global
gravity field modeling from GOCE and complementary data. His research covers satellite-only
models, high-degree and order combination models and error propagation of global models.
Reiner Rummel: studied geodesy at TUM and received his doctoral degree from the University
Darmstadt, Germany. He was professor at Delft University of Technology and is former head of
TUM’s Institute of Astronomical and Physical Geodesy. He worked intensively on satellite
gravity gradiometry. He was member of ESA's GOCE Mission Advisory Group and is currently
principal investigator for ESA's GOCE high level data processing facility.
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Assessment of GOCE models over Canada and Mexico
T. Peet1, M. C. Santos1, D. Avalos2 P. Vaníček1 & J. Huang3
1
Department of Geodesy and Geomatics Engineering, University of New Brunswick,
Fredericton, New Brunswick, Canada
2
Instituto Nacional de Estadística y Geografía (INEGI), Aguascalientes, Mexico
3
Natural Resources Canada, Ottawa, Ontario, Canada
This presentation reports a series of comparisons of geoidal heights derived from several GOCE
models with the ones derived from GPS on benchmarks over Canada and Mexico. Alternatively,
comparison with the latest geoidal map of Mexico is also performed. The GOCE models used are
the direct solution model (first, second and third generations), the time-wise solution model
(first, second and third generations), GOCO01S model (first and second generation) and GIF48
model.
T. Peet: Diploma Technology (British Columbia Institute of Technology); B.Sc.E. student (New
Brunswick)
M. C. Santos: Ph.D. (New Brunswick); Professor, University of New Brunswick
D. Avalos: Applied Mathematics (Aguascalientes); Head of the Department of the Geoid at
INEGI, M.Sc.E. student (New Brunswick)
P. Vaníček: Ph.D. (Prague); Professor Emeritus, University of New Brunswick
J. Huang: Ph.D. (New Brunswick); Research Scientist, Natural Resources Canada
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Assessment of GOCE global gravity field models in Canada
E. S. Ince1, 2, M. G.Sideris2, J. Huang3, M. Véronneau3 & S. Pagiatakis1
Department of Earth and Space Science and Engineering, York University, Toronto, Ontario,
Canada
2
Department of Geomatics Engineering, University of Calgary, Calgary, Alberta, Canada
3
Geodetic Survey Division, Natural Resources Canada, Ottawa, Ontario, Canada

1

The first, second and third generation GOCE global gravity models are evaluated in Canada, and
two sub-regions, the Great Lakes and Rocky Mountains. Canadian GPS/leveling-derived geoid
undulations are used in the evaluation as independent control values. The evaluation is
performed in two steps. First, GPS/leveling-derived geoid undulations reduced around to the
same spectral band of the gravity field expansion of the GOCE models are compared with the
GOCE obtained geoid heights on the benchmarks. In the comparisons three different solutions of
three generations GOCE models as well as two generations of GRACE and GOCE combined
solutions are included. The comparison results indicate that the latest GOCE models (except the
ones obtained by direct approach) provide more consistent results with the GPS/leveling-derived
geoid undulations than the first and the second generation GOCE models. These models
developed recently might have an effect of improvement to the Canadian geoid. Second, the
latest generation GOCE models are investigated in terms of relative agreement with the
GPS/leveling-derived geoid heights between the benchmark points. The comparison results show
an agreement of the first and the later generation GOCE geoid models. By the help of these tests,
a satellite-only model and its degree of expansion to be used in the combined regional geoid
model is discussed. Moreover, a combined Canadian regional geoid model is developed from the
satellite-only model and terrestrial gravity data.
E. S. Ince: PhD Student at York University, Toronto
M. G. Sideris: Professor at Department of Geomatics Engineering, University of Calgary
J. Huang: Scientist at Geodetic Survey Division of Natural Resources Canada
M. Véronneau: Scientist at Geodetic Survey Division of Natural Resources Canada
S. Pagiatakis: Professor at Department of Earth and Space Science and Engineering at York
University
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Evaluation of the GOCE-based Geoid models in North America
B. Amjadiparvar, E. Rangelova, M.G. Sideris & T. Hayden
Department of Geomatics Engineering, Schulich School of Engineering, University of Calgary,
Calgary, Alberta, Canada
The Gravity field and steady-state Ocean Circulation Explorer (GOCE) dedicated satellite
gravity field mission was launched on March 17, 2009. Three generations of global geopotential
models have been computed and released based on the data collected by GOCE since then. The
first generation of the models has been computed from the first two months of the data, and more
observations, ranging from six to eight months, have been used in the computation of the second
generation models. The third generation models are based on eighteen months of GOCE
observations. The evaluation of these models is important in view of Canada’s and the USA’s
decision to modernise their vertical datums based on the geoid. In this paper, the second and
third generation of the models are evaluated using 2579 GPS/leveling benchmarks in Canada and
18971 GPS/leveling benchmarks in USA. The statistics of the differences between the computed
gravimetric and GPS/levelling-derived geoid undulations are analysed. The results provide
evidence that the third generation time-wise GOCE model go_cons_gcf_2_tim_r3 performs
slightly better than the rest of the models both in Canada and the USA.
B. Amjadiparvar: MSc (Iran), Graduate Student, Department of Geomatics Engineering,
University of Calgary
E. Rangelova: PhD (Calgary), Postdoctoral Fellow, Department of Geomatics Engineering,
University of Calgary
M. G. Sideris: PhD (Calgary), Professor, Department of Geomatics Engineering, University of
Calgary
T. Hayden: BSc (Calgary), Graduate Student, Department of Geomatics Engineering, University
of Calgary
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Atmospheric correction and radiometric normalization of multiple topographic airborne
LiDAR data
W. Y. Yan & A. Shaker
Department of Civil Engineering, Ryerson University, Toronto, Ontario, Canada
Topographic airborne LiDAR intensity data represents the peak backscattered laser energy
recorded from the illuminated surface in near-infrared red spectrum where it is useful to
distinguish different land cover features. Nevertheless, combining multiple scans of overlapping
LiDAR intensity data is not just simply mosaicking the data based on the geometric information.
Combining the overlapping intensity data without special treatment would results in a linestripping problem that appears likewise in any mis-calibrated remote sensing image. Though the
combination can improve the point cloud density, it poses considerable challenges to any
thematic mapping applications. In this study, we propose a data processing scheme to correct the
intensity values from the system- and environmental-induced distortions and to radiometrically
normalize the multiple scans of LiDAR intensity data. The correction model considers the
system parameters (i.e. the range, scan angle), the atmospheric attenuation as well as the
topographic conditions based on the radar range equation. The normalization model is based on
the use of the dynamic histogram equalization to match the sub-histograms amongst the multiple
LiDAR scans. After the correction and normalization, it is found that the signal-to-noise ratios of
the land cover features are significantly improved and the land cover classification accuracy is
increased by 14% to 17%. Since the proposed scheme is also appropriate for any multiple scans
with no restriction on the flight configuration and terrain characteristics, it is recommended as a
pre-processing procedure before any data analysis and feature extraction process for topographic
airborne LiDAR intensity data.
Wai Yeung Yan: Ph.D. Candidate, Department of Civil Engineering, Ryerson University
Ahmed Shaker: Assistant Professor, Department of Civil Engineering, Ryerson University
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Regional and global geoid-based vertical datums II
Session Coordinator: Marc Véronneau
Session Chair: Michael Sideris
G1B - Wednesday June 6, 2012 - 13:30 to 15:00 - Room: MB 251
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Height datum connection and GOCE
R. Rummel
Institute for Astronomical and Physical Geodesy, Technische Universität München, Arcisstrasse
21, 80290 München, Germany
Worldwide more than 100 height systems exist. Each height system refers to a reference
benchmark, usually associated to mean sea level at a tide gauge. Mean sea level deviates from
the geoid, i.e. from one common equipotential surface of the Earth’s gravity field. The deviation
is denoted ocean topography and is of the order of magnitude of 1 to 2 meters. Height systems
inside one continent can be directly connected and unified by geodetic levelling. An
intercontinental connection of height systems corresponds to the determination of the differences
of ocean topography of all incorporated reference benchmarks, or equivalently, of their gravity
potential differences. GOCE (Gravity and steady-state Ocean Circulation Explorer) is a satellite
of the European Space Agency ESA, launched in March 2009. The mission objectives of GOCE
are the determination of the Earth’s gravity field with an accuracy of 1 ppm and of geoid heights
with an accuracy of 1-2cm, both with a spatial resolution of about 100 km. One of GOCE’s
primary scientific goals is the global unification of vertical datums. In a joint research project of
Technical University Munich, Bavarian Academy of Sciences, University of Calgary, National
Ocean Centre in Liverpool and Federal Agency for Cartography and Geodesy in Frankfurt the
role of GOCE gravity and geoid for global and regional height datum connection is investigated.
Reiner Rummel: studied geodesy at TUM and received his doctoral degree from the University
Darmstadt, Germany. He was professor at Delft University of Technology and is former head of
TUM’s Institute of Astronomical and Physical Geodesy. He works currently on satellite gravity
gradiometry. He was member of ESA's GOCE Mission Advisory Group and is currently
principal investigator for ESA's GOCE high level data processing facility.
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Intercontinental height datum connection using GOCE – Some experimental results
T. Gruber1, C. Gerlach2 & R. Haagmans3
1
Institute for Astronomical and Physical Geodesy, Technische Universität München,Arcisstrasse
21, 80333 München, Germany
2
Commission for Geodesy and Glaciology, Bavarian Academy of Sciences and Humanities,
Alfons-Goppel Str. 11, 80539 München, Germany
3
European Space Agency, The European Space Research and Technology Centre, Keplerlaan 1,
2201 AZ Noordwijk, The Netherlands
GPS/levelling derived geoid heights are available for a number of areas in the world. Comparing
this independent geoid information with a geoid computed from global GOCE models in
principle delivers estimates of height system offsets between these regions because the local
height systems are reflected in the GPS/levelling geoid heights. When applying this approach a
number of systematic effects possibly affecting the resulting height system offsets need to be
investigated beforehand. First and most important, the problem of the omission error has to be
regarded. From the global GOCE models one gets a spectrally limited geoid signal, while the
observed GPS/levelling geoid heights contain the full spectral content of the Earth gravity field.
Either the omission error is estimated by some method or it is neglected and its impact has to be
quantified. The omission error can be estimated by a number of methods or their combination.
Such methods are making use of an ultra-high degree gravity field model like EGM2008,
estimate the higher frequency signal from digital elevation models or apply a regional geoid
solution from terrestrial gravity data. The latter method requires that gravity anomalies refer to
the same datum in order to avoid indirect effects. The paper shows first experimental results of
intercontinental height datum offset estimation based on the most recent GOCE gravity field
models and the available GPS/levelling data. Special emphasis is given to the omission error and
its impact on the estimated height datum differences.
Thomas Gruber: Dr.-Ing. (Munich); Senior Scientist and Academic Director; Institute of
Astronomical and Physical Geodesy, Technical University Munich.
Christian Gerlach: Dr.-Ing. (Munich); Senior Researcher; Bavarian Academy of Sciences and
Humanities, Munich.
Roger Haagmans: Ir. (Noordwijk); Head, Earth Surfaces and Interior Section, Mission Science
Division, Directorate of Earth Observation Programmes, European Space Agency.
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Progress towards a common North American Geoid in 2012
D. R. Roman1, Y.M. Wang1 & X. Li2
1
Geosciences Research Division, National Geodetic Survey, Silver Spring, MD, USA
2
Earth Resources Technology Inc., National Geodetic Survey, Silver Spring, MD, USA
The release of USGG2012 marks another step closer to a common North American Geoid and
future Vertical Height System. The geopotential surface adopted in USGG2012 was determined
after careful analysis of geopotential values at tide gauges around Canada and the United States
spanning the Pacific, Gulf of Mexico, and Atlantic regions as well as parts of the Arctic. The
intent was to determine a value that best fits tide MSL around the continent. Models of ocean
topography were also used to mitigate local variations. Additionally, comparisons were made to
multiple regional and global models to settle upon the optimal value, which will also be utilized
in CGG2013. CGG2013 will mark the first use of a geoid height model to define a vertical datum
in Canada. The United States is committed to moving to a similar model in 2022 after significant
problems are resolved in the terrestrial data holdings used to make the models. The impact on
Canadian regions is minimal but much more profound for regions in the U.S.A because of the
aerogravity coverage. Aerogravity flights continue over the Great Lakes region to resolve some
of these issues in the border region to ensure that these are more likely available for the
generation of CGG2013 and the impending IGLD15 update. Aerogravity profiles have already
been released for the Gulf Coast region and preliminary analysis does show that the cm-geoid is
achievable for coastal regions.
D.R. Roman: PhD (the Ohio State University): He joined the National Geodetic Survey in 1999
and conducts R&D related to national geoid height models with an emphasis on models between
the official U.S. datums of NAD 83 and NAVD 88.
Y.M. Wang: PhD (Graz University of Technology): He joined the National Geodetic Survey in
2003 and conducts R&D related to gravimetric geoid models and refinement of geodetic theory
with a stated aim of achieving a cm-level accurate geoid.
X. Li: PhD (the Ohio State University): He joined Earth Research Technology, Inc. in 2009 and
works on the contract with NOAA’s National Geodetic Survey conducting basic and applied
research related to geoid model development.
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Recent BKG activities on improving the height reference in Germany and on unifying
height systems in Europe comprising GOCE satellite data
G. Liebsch1, A. Rülke1, U. Schäfer1, U. Schirmer1 & J. Ihde2
1
Federal Agency for Cartography and Geodesy (BKG), Branch Office Leipzig, Karl-Rothe-Str.
10-14, 04105 Leipzig, Germany
2
Federal Agency for Cartography and Geodesy (BKG), Richard-Strauss-Allee 11, 60598
Frankfurt am Main, Germany
Recently a number of efforts have been undertaken in Germany to modernise the national height
reference system. Since 2006 in an extensive campaign more than 27 000 km of the 1st order
levelling lines have been re-measured. Additionally, synchronous GNSS and absolute gravity
observations have been done at more than 250 stations. According to verification by independent
GNSS/levelling data the current official height reference surface in Germany – the quasigeoid
model GCG2011 – reaches generally accuracies of 1-2 centimeters with maximum deviations
below 3 centimeters. The presented case study for Germany outlines the approach followed at
the Federal Agency for Cartography and Geodesy (BKG) for height system establishment,
maintenance and unification. It describes the endeavours been made to incorporate the GOCE
satellite gravity data and addresses the issues of terrestrial and satellite data treatment when
combining both of them into a consistent regional gravity field model. Furthermore, the
determination of height system offsets and tilts within Europe is described in detail based on
comparison of European GNSS/levelling data with GOCE satellite-only data. The estimation of
height system offsets in Europe based on GOCE gravity field models can be done with an
accuracy of about 1 decimeter. Considering the omission error of the GOCE models this can be
improved to a level of 2-3 centimeters.
G. Liebsch: PhD (Dresden); Head of Section G3 “National reference system for height”, Leipzig
A. Rülke: PhD (Dresden); Research Associate of Section G3, Leipzig
U. Schäfer: PhD (Potsdam); Research Associate of Section G3, Leipzig
U. Schirmer: Advanced degree in mathematics; Research Associate of Section G3, Leipzig
J. Ihde: PhD (Dresden), Doctor of Sciences (Dresden); Head of Geodesy Division of the Federal
Agency for Cartography and Geodesy, Frankfurt am Main
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The 2013 vertical datum W0 for Canada
M. Véronneau1 & D. R. Roman2
1
Geodetic Survey Division, Natural Resources Canada, Ottawa, Ontario, Canada
2
Geosciences Research Division, National Geodetic Survey, Silver Spring, MD, USA
Over the last ten years, Natural Resources Canada has discussed Height Modernization as being
the adoption of a new vertical reference system in Canada. This new vertical datum would be
defined by an equipotential surface and realized by a geoid model, allowing compatibility with
space-based positioning technologies (e.g., GPS). However, NRCan has not to date confirmed
which equipotential surface, among the infinity of surfaces, would serve as the zero elevation for
Canada. As Canada will adopt the new vertical reference system by November 2013, it became
essential that NRCan formalize its definition as soon as possible. In October 2011, geodetic
experts from GSD and NGS met to come up with an agreement on how to define this surface for
Canada and the US, and for eventual adoption as a unique datum for the continent. The meeting
led to the final decision to choose the surface representing mean coastal sea level as determined
from tide gauges distributed across North America. The presentation will discuss the different
scenarios that were analyzed to determine the final potential W0 for Canada. The tests do not
include only the use of mean sea level observed at tide gauges, but also mean sea level
determined from satellite radar altimetry and oceanographic models of the dynamic ocean
topography. The computations involved the use of five different geoid models: CGG2010,
USGG2009, EGM2008 and two GOCE models. The North American results were also compiled
by region, including the Arctic, Pacific, Atlantic and Gulf of Mexico to highlight regional
differences.
M. Véronneau (Université Laval): He joined Natural Resources Canada in 1988 and conducts
work related to height systems (geoid modelling, levelling). Currently, he is leading the Height
Modernization project in Canada.
D. R. Roman, PhD (the Ohio State University): He joined the National Geodetic Survey in 1999
and conducts R&D related to national geoid height models with an emphasis on models between
the official U.S. datums of NAD 83 and NAVD 88.
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Estimation of vertical datum offsets in North America using GOCE data
T. Hayden, B. Amjadiparvar, E. Rangelova & M.G. Sideris
Department of Geomatics Engineering, Schulich School of Engineering, University of Calgary,
Calgary, Alberta, Canada
Currently, the classical vertical reference frames that exist within North America include
CGVD28 for Canada and NAVD88 for the USA. Investigations show that there are some
differences between the reference surface of CGVD28 and NAVD88 with respect to the global
conventional reference surface defined by the geopotential value Wo = 6263856.0 ± 0.5 m2/s2.
These datum differences are especially important in several areas across the Canadian and US
border. One example is Red River basin, where such vertical datum issues impact the hydraulic
modelling and flood control, and therefore the unification of the existing vertical datums can
play an extremely important role. Different strategies and data sets can be used for the
unification of existing vertical datums. One of the important science objectives of the Gravity
field and steady-state Ocean Circulation Explorer (GOCE) dedicated satellite gravity field
mission, launched on March 17, 2009, is to contribute to the global unification of height systems.
In this paper, the offsets of the vertical reference surfaces and the local Wo values are computed
using available GPS/leveling stations and tide gauges in North America using GOCE based
global geopotential models. Preliminary results show that the difference in the datum offset
between CGVD28 for Canada and NAVD88 for USA is 27.5 cm. With respect to the global
conventional reference surface, the offsets are 20.7 cm and 48.2 cm for CGVD28 and NAVD88,
respectively.
T. Hayden: BSc (Calgary), Graduate Student, Department of Geomatics Engineering, University
of Calgary
B. Amjadiparvar: MSc (Iran), Graduate Student, Department of Geomatics Engineering,
University of Calgary
E. Rangelova: PhD (Calgary), Postdoctoral Fellow, Department of Geomatics Engineering,
University of Calgary
M.G. Sideris: PhD (Calgary), Professor, Department of Geomatics Engineering, University of Calgary
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Regional and global geoid-based vertical datums III
Session Coordinator: Marc Véronneau
Session Chair: Marc Véronneau
G1C - Day 2 - Wednesday June 6, 2012 - 15:30 to 17:00 - Room: MB 251
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Towards worldwide height unification using ocean information
P. L. Woodworth1 & C. W. Hughes1
1
National Oceanography Centre, Joseph Proudman Building, Liverpool, United Kingdom
For the last two centuries, Mean Sea Level (MSL) has been used to define datums for national
leveling systems. However, there are many problems with this. For example, the sea surface can
be at a different geopotential in different countries due to the ocean circulation and/or will have
been measured over a different period, so the question arises of how to relate one national datum
to another. In addition, as time goes by, any datum will correspond less and less to the current
MSL as ocean volumes and land levels change. This presentation will show how we are using
ocean models together with sea level (tide gauge and altimeter) information, geodetic (GPS and
levelling) data and new geoid models from GOCE and GRACE to understand how MSL varies
from place to place along the coast. As a result we will work towards worldwide height system
unification by expressing existing national datums in terms of the geoid, the only true datum.
This work is within a number of GOCE-related activities funded by the European Space Agency
and led by the Technical University of Munich. The study is focused on the North Atlantic where
the various data sets are most copious. First results will be presented on the consistency between
data sets and on the limitations, with regard to our objectives, of each data type in terms of
accuracy and availability.
P. L. Woodworth: DSc (Durham); Senior Sea Level Scientist at the National Oceanography
Centre and Visiting Professor at Liverpool University
C. W. Hughes: PhD (Oxford); Senior Sea Level Scientist at the National Oceanography Centre
and Visiting Professor at Liverpool University
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The sea surface topography in North America from tide gauge and atmospheric data – New
results and insights
S. Pagiatakis & S. Du
Department of Earth and Space Science and Engineering, York University, Toronto, Ontario,
Canada
Height modernisation uses a continental-scale geoid model as vertical datum and space geodetic
positioning techniques (GNSS) to determine accurate heights in a cost-effective manner.
Determining a unified regional vertical datum for North America requires tide gauge (TG) data
with co-located GNSS and geodetic levelling measurements to determine the mean sea level
(MSL). However, the MSL must be reduced to the geoid by the sea surface topography (SST).
Gravity potential values determined at the TGs can furnish the regional value of W0 using a
geopotential model. W0 can then be used as reference value for the regional geoid model. In this
study we focus on estimating the SST at eight stations along the North American coasts, using
TG and atmospheric data. The data comprise raw hourly sea level observations and raw air
pressure, air temperature, ocean water temperature and wind speed and direction data. We use
the least-squares spectral analysis method to determine the frequency-dependent response of the
sea level to all atmospheric driving forces. The concept of our analysis is to identify unique
common spectral peaks between the sea level and each of the atmospheric driving forces, to
determine the response. This is achieved by appropriate combinations of product spectra and
relevant statistical testing of the significance of the common spectral peaks. The estimated sea
level response to the atmospheric driving forces at zero frequency provides the SST.
S.D. Pagiatakis: PhD (UNB); Professor, York University
S. Du: MSc (York); Research Assistant, York University

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

44

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

On referencing regional geoid-based vertical datums to national tide gauge networks
D. Bolkas, G. Fotopoulos, M. G. Sideris & T. Hayden
Department of Geosciences, School of Natural Sciences and Mathematics, The University of
Texas at Dallas, Richardson, TX, USA
The North American geodetic communities are moving towards formally establishing
national/regional geoid-based vertical datums. In this paper, the Canadian case is considered
where the latest official gravimetric geoid model, CGG2010, is used along with the national
network of tide gauge network records to estimate a W0 value that can be referred to for vertical
datum applications. The tide gauge data is incorporated along with relevant sea surface
topography models obtained from combining tide gauge, satellite altimetry and GOCE
observations in order to obtain a local equipotential surface value at each tide gauge station
location. These locally determined W0 values are then used in a weighted least-squares
adjustment with inner constraints to obtain a geoid surface. Comparisons to a combined
heterogeneous adjustment with GPS-on-benchmarks are also presented.
D. Bolkas: BSc (Aristotle University of Thessaloniki), Graduate Student, Department of
Geosciences, The University of Texas at Dallas
G. Fotopoulos: PhD (University of Calgary), Associate Professor, Department of Geosciences,
The University of Texas at Dallas
M.G. Sideris: PhD (University of Calgary), Professor, Department of Geomatics Engineering,
University of Calgary
T. Hayden: BSc (University of Calgary), Graduate Student, Department of Geomatics
Engineering, University of Calgary
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Understanding sea level trends along the US/Canada Atlantic Coast
P. L. Woodworth1, M. E. Tamisiea1, C. W. Hughes1, M. A. M. Maqueda1, R. G. Williams2 &
V. M. Roussenov2
1
National Oceanography Centre, Joseph Proudman Building, Liverpool, United Kingdom
2
School of Environmental Sciences, University of Liverpool, Liverpool, United Kingdom
In this study we make use of the high quality tide gauge data set from the US/Canada Atlantic
coast in order to understand better the latitudinal distribution of secular trends in sea level. We
parameterise the trends observed since 1950 at over 30 stations in terms of an ocean component
(obtained from ocean circulation models), a solid earth component (from models of glacial
isostatic adjustment, GIA), and a latitude-independent ‘eustatic’ term to represent aspects of
secular change in ocean mass. An optimum description of trends is obtained with the use of a
state-of-the-art ocean model and GIA model with rheological parameters that are consistent with
geological insight obtained elsewhere. As a consequence, an overall confidence in each
component and their use in combination is obtained. There have been similar studies along these
lines in the past, but we believe that our study provides the best description of the spatial
variation in tide gauge trends so far, thanks to the various modelling developments.
P. L. Woodworth: DSc (Durham); Senior Sea Level Scientist at the National Oceanography
Centre and Visiting Professor at Liverpool University
M. E. Tamisiea: PhD (Colorado); Senior Sea Level Scientist at the National Oceanography
Centre
C. W. Hughes: DPhil (Oxford); Senior Sea Level Scientist at the National Oceanography Centre
and Visiting Professor at Liverpool University
M. A. M. Maqueda: PhD (Madrid and Louvain); Senior Sea Level Scientist at the National
Oceanography Centre
R. G. Williams: PhD (East Anglia); Professor of Ocean Dynamics and Biogeochemistry at
Liverpool University
V. M. Roussenov: PhD (Sofia); Senior Oceanographer at Liverpool University

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

46

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

How significant is the dynamic component of the North American vertical datum?
E. Rangelova, M. G. Sideris & W. Van der Wal
Department of Geomatics Engineering, Schulich School of Engineering, University of Calgary,
Calgary, Alberta
One of the main current geodetic activities in North America is the definition and establishment
of a geoid-based vertical datum that will replace the official, traditionally defined and realized
CGVD28 and NAVD88 datums in Canada and the USA, respectively. The new datum will also
have a time-dependent (dynamic) component required by the targeted one-centimetre accuracy
of the datum. The heights of the benchmarks are subject to temporal changes caused by a variety
of factors, which contribute to the degradation of the accuracy of the datum and are increasing
the misfit with the geoidal heights determined by GNSS-levelling. The zero level surface, i.e.,
the geoid, also changes with time, most significantly due to the glacial isostatic adjustment on a
secular scale, climate-related signals on a decadal scale, and hydrology variations on a yearly
scale. In this study, we examine the possible changes of the datum due to the aforementioned
factors. We are mostly concerned with glacial isostatic adjustment as it can contribute more than
1 mm per annum and more than 1 cm per decade to the geoid change. We discuss the methods to
obtain accurate estimates of the geoid change from geodetic data. We also present a
methodology to assess the significance of such changes for the new North American vertical
datum.
E. Rangelova: PhD (Calgary), Postdoctoral Fellow, Department of Geomatics Engineering,
University of Calgary
M.G. Sideris: PhD (Calgary), Professor, Department of Geomatics Engineering, University of
Calgary
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A new GPS-based vertical velocity field for Canada
J. Henton1, M. Craymer2, E. Lapelle2 & M. Piraszewski2
1
Geodetic Survey Division, Natural Resources Canada, Pacific Geoscience Centre, Sidney,
British Columbia, Canada
2
Geodetic Survey Division, Natural Resources Canada, Ottawa, Ontario, Canada
In an effort to improve previous continental-scale GPS velocity fields for North America and
Canada in particular, we have reprocessed data from nearly all continuous GPS sites in Canada,
the northern portions of the US including Alaska, Greenland as well as a set of global sites used
to define the reference frame. In addition, repeated high accuracy campaign surveys of the
Canadian Base Network (CBN) were included. Previous velocity fields were derived from
coordinate time series of somewhat inhomogeneous GPS results due to: (1) the use of relative
antenna calibrations that did not include satellite antennas or account for the presence of antenna
radomes, (2) the use of different reference frames, (3) the use of IGS precise orbits based on
these calibrations and reference frames, and (4) the use of different (evolving) versions of GPS
processing software and procedures. This reprocessing effort of all previous data since 2000 is
based on more consistent and accurate absolute antenna calibrations of both station and satellite
antennas, the IGS05 realization of the ITRF2005 reference frame and the latest versions of the
Bernese GPS Software and IGS processing procedures with their so-called “repro1” reprocessed
orbits. Also, more than four additional years of continuous data and a new CBN survey
campaign have been included in this velocity field estimation. Weekly continuous GPS solutions
and CBN campaigns are combined into a single cumulative solution to provide estimates of both
station coordinates and their velocities consistent with the ITRF2008 reference frame. The
resulting new velocity field is compared to our previous solution and other available GPS
velocity fields. We have also compared the vertical velocities to some recent model predictions
of glacial isostatic adjustment.
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Hydro-ecological responses to natural resources development
Session Coordinator: Sarah Boon
Session Co-Chairs: Daniel Peters & Sean Carey
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Impact of mine dewatering on the peatlands of the James Bay Lowland: Determining the
vertical connection
P. Whittington & J. S. Price
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
The wetlands of the James Bay Lowland comprise one of largest wetland complexes in the
world, in part due to the low permeability marine sediment that underlay them. Discovery of
diamondiferous pipes in an area of the James Bay Lowlands has led to the development of a
large open-pit mine which requires substantial groundwater dewatering. It was hypothesized that
these marine sediments would act as a confining layer, isolating the surficial peatlands from the
regional bedrock aquifer. We tested this hypothesis by instrumenting a 1.5 km long transect
located within the zone of the mine’s influence that crossed various bogs and fens. At 17
locations along this transect, wells, piezometers and elevation sensor rods were installed within
the peat profile and upper marine sediments to determine changes in water table and hydraulic
head, as well as ground subsidence. From 2007 (year pumps turned on) to 2011, average peat
water tables along the transect declined ~30 cm and hydraulic head declined ~40 and ~65 cm in
the peat and marine sediments, respectively. As a result of the increased effective stress,
subsidence varied between 0 and 13 cm (average of~6 cm) in the peat, and between 3 and 33 cm
(average of 12 cm) in the marine sediments. The vertical gradients ranged from near zero in 2007
to a site wide average of ~0.2 in 2011; which corresponded to fluxes of water from near zero
(2007) to ~3 mm/day (2011). The majority of the peatlands along the transect are being affected
by the under drainage, questioning the protective abilities of the marine sediments.
Pete Whittington: MES (Waterloo); PhD candidate, University of Waterloo
Jonathan Price: PhD (McMaster), Professor, University of Waterloo
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Hydrological assessment of restoration of the Bois-des-Bel Peatland, Québec
C. McCarter1 & J. Price2
1
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
2
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
Understanding ecohydrological processes in restored and natural peatlands is integral in
determining the potential success of restoration and the hydrological trajectory of a restored
ecosystem. This study reports on the ecohydrological functions of Bois-des-Bel peatland in 2010,
ten years after restoration measures were implemented. An unrestored site (abandoned in 1980)
and natural sections of the peatland were assessed for comparison. Since restoration, a complete
cover of Sphagnum moss (primarily S. rubellum) has developed at the restored site, while no
Sphagnum regeneration occurred at the unrestored site. The natural and restored sites had similar
average water tables of -31 ± 18 cm and -32 ± 8 cm, respectively, while the unrestored site had
an average water table of -46 ± 18 cm. In addition to a less variable water table, average
volumetric moisture content at the natural site within the upper 10 cm of the Sphagnum was 0.20
- 0.25 cm3/cm3 compared to 0.10 - 0.15 cm3/cm3 at the restored site. Although Bois-des-Bel has a
healthy recovered Sphagnum surface, the water table does not yet fluctuate within the new moss
layer, staying almost entirely within in the old cutover peat beneath the moss layer. This limits
the accessibility of water to the uppermost portion of the moss layer where the plants have
physiological water supply requirements. The presence of a complete moss layer is one measure
of success, but the divergent hydrological conditions indicate that the ecohydrological function
has not yet fully returned.
C. McCarter: BES (Waterloo); MSc Candidate; University of Waterloo
J. Price: PhD (McMaster); Professor, University of Waterloo
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Assessment of the water balance on a peatland catchment in a mine impacted region
M. Leclair & J. Price
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
Peatlands form ~12% of Canada’s land mass, a large portion of them located in the HudsonJames Bay Lowlands (HJBL). Low relief and subarctic climate of the HJBL offers an abundant
water supply for continued peatland development. The De Beers Canada Victor Mine is an
open-pit mine located in the middle of the HJBL, requiring pumping of groundwater to prevent
the mine pit from flooding. The impact of this dewatering on the surrounding peatland
watersheds is unknown. Therefore, this paper aims to examine the impact that dewatering has on
the water balance of a 34 km2 watershed hydrologically connected to the pit. During the 20102011 growing seasons (May 20-August 31) hydrological monitoring was conducted in this
adjacent watershed (~3-5km from open pit). Monitoring included, well and piezometer nests to
measure water table levels throughout the peatland complex, stream-flow discharge, and,
evapotranspiration (ET) estimated using the Priestley-Taylor method. The site received
precipitation inputs of 259 mm (2010) and 255 mm (2011). Over the two seasons the watershed
experienced losses of 72 mm and 54 mm from runoff, and, 206 mm and 241 mm from ET, and
23 mm and 24 mm from vertical drainage for 2010 and 2011, respectively. Storage changes over
the two seasons amounted to approximately 18 mm (2010) and -1 mm (2011). Given these
findings the mine does not appear to be having a negative impact on the overall water balance of
the watershed at this point in the mines operational life.
Melissa Leclair: BES (Waterloo); MSc candidate, University of Waterloo
Jonathan Price: PhD (McMaster), Professor, University of Waterloo
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Influence of gyttja on the hydrological response to rewetting in a fen peatland
S. Malloy & J. Price
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
Water availability is a major concern when restoring degraded vacuum harvested peatlands.
Rewetting is typically the first step in peatland restoration and aims to improve the hydrological
conditions necessary for nutrient cycling and ecological development. Restoring peatlands has
traditionally been limited to bogs with little research pertaining to fens. Bic-St. Fabien is a
vacuumed harvested fen with a peat layer of variable depth overlying a layer of gyttja. Gyttja is a
lake bottom sediment high in organic content with low permeability (~1 x 10-2 cm/day). As very
little is known about gyttja it was therefore necessary to better understand how water moves and
is stored in this layer and the implications that this may have on the restoration process. The
seasonal deformation, water retention characteristics, saturated hydraulic conductivity, bulk
density, porosity, specific yield, fiber and organic matter content of gyttja were determined in
2011. In-lab consolidation experiments were conducted to determine the rate and magnitude of
the consolidation of gyttja in a controlled setting. Gyttja has a saturated moisture content and
bulk density of about 90% and 0.11 g/cm3, respectively. The organic matter content of gyttja
decreases with depth from about 70% at a 5 cm depth to 45% at a 45 cm depth. It was found that
gyttja did not desaturate under 2011 field conditions and has very low seasonal deformation (<1
cm) based on in-field experiments. It is evident from field experiments that gyttja consolidates
seasonally to be a small source of water to the overlying peat layer aiding in the restoration
process.
S. Malloy: MSc Candidate; University of Waterloo
J. Price: PhD; Professor, University of Waterloo
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Linear disturbances in a peatland environment: Permafrost thaw and landscape change
T. J. Williams1, W. L. Quinton1 & J. Kanigan2
Department of Geography, Wilfrid Laurier University, Waterloo, Ontario, Canada
2
Aboriginal Affairs and Northern Development Canada, Yellowknife, Northwest Territories,
Canada

1

Within the zone of discontinuous permafrost, where soils are sensitive to small changes in the
ground thermal regime, linear disturbances such as winter roads and seismic lines create treeless
corridors that alter the hydrology and ecology of the landscape. In a peatland environment 50
km south of Fort Simpson, NWT, these disturbances created between 1943-1985 transverse the
landscape at around 5 times the natural drainage density of the basin, resulting in substantial
permafrost thaw and permanent changes in land cover type. Permafrost thaw and surface
subsidence has resulted in water-logged linear features, which acts as a positive feedback to thaw
by increasing the soil thermal conductivity and preventing tree regeneration. Changes to the
surface topography and depth of the active layer alters the movement of water, which may
facilitate drainage of the system. The construction practice of windrowing likely increased the
severity of thaw along these disturbances. Efforts towards minimizing impacts on these
disturbances should focus on maintaining original surface characteristics, by avoiding soil
compaction and changes to the surface topography.
T. J. Williams: BSc (Simon Fraser); MSc Candidate, Wilfrid Laurier University
W. L. Quinton: PhD (Saskatchewan); Associate Professor, Wilfrid Laurier University
J. Kanigan: MSc (Carleton); Environmental Scientist, Aboriginal Affairs and Northern
Development Canada
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Developing a water monitoring network in the Horn River Basin
D. Murray1, C. Sutherland1, D. Meredith1, B. Ortman2 & L. Anglin3
1
Kerr Wood Leidal, Victoria, British Columbia, Canada
2
Peace Country Technical Services, Dawson Creek, British Columbia, Canada
3
Geoscience BC, Vancouver, British Columbia, Canada
Shale gas development requires significant quantities of water during the well development
stage. The Horn River Basin (11,500 km2) in the northeast of British Columbia is one of North
America’s foremost potential Shale gas plays. Limited information is known about the surface
water resources in the Horn River Basin. Only 2 hydrometric stations currently exist in the Fort
Nelson area leaving vast areas with virtually no water monitoring. To compile surface water
quantity and quality information in the area, Geoscience BC and the Horn River Basin Producers
Group have commissioned the establishment of a water monitoring network including
hydrometric, climate and biomonitoring. The goal of this monitoring network is to provide high
quality data, baseline data for monitoring purposes, and information for surface water regulators
and producers for operational purposes. Much of the network is real time on a satellite network
allowing for remote monitoring of equipment and data collection. A First Nations training
program has been established to develop local First Nations water monitoring expertise. This
presentation will discuss the rationale for the network design, the initial start up logistics, the
challenges working in the north, working with government agencies, and the First Nations
training program.
Dave Murray: P.Eng., A.Sc.T., CPESC – Dave is a senior water resources engineer with over 20
years experience managing river engineering, natural restoration, water supply and water
monitoring projects. Dave is a past president of the BC Branch of CWRA and past national
board member.
Craig Sutherland: M.Sc., P.Eng. - Craig is a senior water resources engineer at KWL and has
over 10 years of engineering experience in climate/hydrological data analysis and hydrological
modeling for water resource engineering projects. He holds a B.A.Sc. in Civil Engineering from
the University of British Columbia (1999) and a M.Sc. in Water Resource Management from the
University of Glasgow, Scotland (2004).
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Informing adaptation to the hydrologic impacts of climate variability and change
D. Sauchyn, J. St. Jacques & S. Lapp
Prairie Adaptation Research Collaborative, University of Regina, Regina, Saskatchewan, Canada
The Prairie Regional Adaptation Collaborative (PRAC) is a three-year federal-provincial
government initiative to advance adaptation planning. Water is one of four major themes and a
consideration for the other three themes. Therefore, analyses of past and recent hydroclimate
variability, and scenarios of the hydrologic impacts of climate variability and change, inform the
PRAC assessment of adaptation plans, policies and practices. We used instrumental streamflow
and climate records from hundreds of prairie locations to determine historical trends and the
frequency and probable forcing of dominant modes of variability (e.g., PDO, ENSO and
NAO/AO). Multi- centennial, high-resolution paleoclimate (tree-ring) data were used to examine
climate variability at time scales (decadal to multi-decadal) that exceed the length of most
instrumental records (~ 50-100 years). This scale of variability is significant in terms of
understanding of the regional climate, detection of the impacts of global warming, and water
management for infrequent extremes, specifically sustained drought. We also explored these
tree-ring records of inferred prairie moisture to assess the coherence between natural climate
oscillations and the frequency, severity and duration of drought and excess precipitation.
Because historical trends and variability in a non-stationary climate cannot be extrapolated,
climate models are the only reliable source of projections of future hydroclimate. We derived
scenarios of future hydroclimate from global and regional climate model experiments that best
simulate the 20th century regional climatology, the spectral and geographic characteristics of the
large-scale teleconnection patterns, and the hydroclimatic variability recorded in the tree rings.
Dave Sauchyn: Senior Research Scientist at the Prairie Adaptation Research Collaborative
(PARC). He’s been a Geography Professor at the U of R for almost 30 years. Dave’s main
research interest is the climate and hydrology of the past millennium and how this historical
perspective informs scenarios of future hydroclimate. Dave currently is Co-Director a five-year
interdisciplinary study of vulnerability to climate extremes in the Canadian Prairies and four
South American countries.
Jeannine St. Jacques: Research Associate at PARC. Dr. St. Jacques holds a Ph.D. in
paleoclimatology and a master’s degree in mathematics. She has authored or co-authored 11
peer-reviewed publications in prairie hydroclimatology and related fields, and has given
numerous invited and conference presentations in this field.
Suzan Lapp: Ph.D. candidate at PARC. Her research primarily focuses on developing future
scenarios of climate change and climate variability for the prairie region using GCMs. She is also
interested in the association between the large-scale circulation patterns and hydroclimatic
variability. Suzan currently is also employed at FORREX, a non-profit organization, as their
Watershed Management Lead.
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Yukon river hydrology and climate changes during 1977-2006
D. Yang1, S. Ge2 & D. Kane2
1
National Hydrology Research Centre, Saskatoon, Saskatchewan, Canada
2
Water and Environment Research Center, University of Alaska Fairbanks, USA
This paper analyzes long-term hydrology and climate records over the Yukon River Basin. It
uses regression analysis to define the relationship between climate and discharge data over the
basin. Discharge at the basin outlet shows low runoff in the cold season (November to April),
with small interannual variations. Flow is high with high fluctuations in the warm season (May
to October). Discharge in May has a positive trend during the study period. The mean annual
flow is about 227,912 ft3/s (with high interannual fluctuations), it has increased by 18,213 ft3/s
(or 8%) during the study period. Basin air temperature from 1977 to 2006 increased by 3.9 oF in
June and decreased by 10.5oF in January. Basin precipitation has a negative trend in June.
Regression analysis shows a strong and positive correlation between basin temperature and
discharge in May, and a strong and negative correlation between May temperature and June
discharge. Precipitation in August and September has strong and positive correlations with
discharge in September and October.
D. Yang: Research Scientist, NHRC, Environment Canada
D. Kane: Professor, Water and Environment Research Center, University of Alaska Fairbanks
S. Ge: PhD student, currently at Civil and Environmental Engineering Department, Virginia
Tech
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An assessment of the river ice break-up season in Canada
S. J. von de Wall1, B. Bonsal2, T. D. Prowse3 & F. J. Wrona3
1
Water and Climate Impacts Research Centre, Environment Canada/Department of Geography,
University of Victoria, British Columbia ,Canada
2
National Hydrology Research Centre, Environment Canada, Saskatoon, Saskatchewan, Canada
3
Water and Climate Impacts Research Centre, Environment Canada/Department of Geography,
University of Victoria, British Columbia, Canada
A return-period analysis of annual peak spring break-up and open-water levels for 136 Water
Survey of Canada hydrometric stations was used to classify rivers across Canada and to assess
the physical controls on peak break-up water-levels. According to the peak water-level riverregime classification and subsequent analysis, 32% of rivers were classified as spring break-up
dominated, characterized by low elevations and slopes and large basin sizes while 45% were
open-water dominated and associated with alpine environments of high elevations and channel
slopes, and smaller basin sizes. The remaining 23% of rivers were classified as a mixed regime.
A spatial and temporal analysis (1969-2006) of the river ice break-up season using hydrometric
variables of timing and water levels, never before assessed at the northern Canada-wide scale,
revealed significant declines in break-up water levels and significant trends towards earlier and
prolonged break-up in western and central Canada. The spatial and temporal influence of air
temperature on break-up timing was assessed using the spring 0°C isotherm, which revealed a
significant positive relationship but no spatial patterns. In the case of major ocean/atmosphere
oscillations, significant negative (positive) correlations indicate that break-up occurs earlier
(later) during the positive phases of the Pacific North American Pattern (El Niño Southern
Oscillation) over most of western Canada. Fewer significant positive correlations show that
break-up occurs later during the positive phases of the Arctic Oscillation and North Atlantic
Oscillation in eastern Canada.
Simon J. von de Wall: MSc (Victoria BC) Hydrologist - Matrix Solutions Inc., Calgary
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The changing contribution of snow to the hydrology of the Fraser River Basin, Canada
Do-Hyuk Kang & S. J. Déry
Environmental Science and Engineering Program, University of Northern British Columbia,
Prince George, British Columbia, Canada
An existing coupled snow hydrology-microwave emission model was applied to the Fraser River
Basin (FRB) of British Columbia, Canada. Previous modeling studies (Morrison et al. 2002,
Merritt et al. 2006, and Cohen et al. 2006) have demonstrated that the FRB is a snow-dominated
watershed but with climate change may evolve to a pluvial regime. The ultimate goal of this
model application is to evaluate the changing contribution of snowmelt of hydrology of the
watershed. To this end, NARR (North America Regional Reanalysis) and ECMWF (European
Centre for Medium-Range Weather Forecasts) ERA 40 dataset are used to drive the coupled
snow hydrology model with different temporal and spatial resolutions with a focus on FRB. The
simulation periods are 1959 to 2002 and 1979 to 2010 for ERA40 and NARR, respectively. For
the model simulation, the entire Fraser River watershed will be divided into four sub-sections. In
each subsection, the model results are compared with snow pillow observations operated by
British Columbia (BC) Ministry of Environment. In this way, the spatial variability of snow
hydrological processes can be evaluated with the coupled model. In addition, the simulated peak
SWE values recorded each winter will be compared with the annual runoff data to quantify the
changing contribution of snowmelt to the hydrology of the FRB. Furthermore, the complete
hydrologic application to the FRB will be expanded into radiometer investigations on snow
retrieval using microwave sensors data such as SSM/I (Special Sensor Microwave Imager) and
AMSR-E (Advanced Microwave Scanning Radiometer for EOS).
Do-Hyuk Kang: PhD (Prince George); Postdoctoral Fellow, UNBC. Graduated from Seoul
National University in Seoul Korea majored in Physical Geography. Then, DK pursued a Master
and Ph.D. degrees in Colorado State University and Duke University, in 2005 and 2010 both
majored in Civil Engineering with an emphasis of engineering hydrology. Currently, DK is
working with Stephen Déry at University of Northern British Columbia, Prince George, BC,
Canada as a postdoctoral fellow. His research interests lie in investigating snow hydrology with
radiometric/radar responses using a coupled hydrology-forward radiation model.
Stephen J. Déry: PhD (Prince George); Associate Professor, UNBC. Kang holds three degrees in
atmospheric science: a B.Sc. and M.Sc. from York University in Toronto and a Ph.D. from
McGill University in Montréal. Prior to arriving at UNBC, Stephen was a postdoctoral fellow at
the Lamont-Doherty Earth Observatory of Columbia University, New York for three years and
then a visiting research scientist at Princeton University in New Jersey for a year and a half. He
began his current position as Canada Research Chair in Northern Hydrometeorology upon arrival
at UNBC in 2005, and also has appointments as associate professor in the Environmental
Science and Engineering undergraduate program and the Natural Resources and Environmental
Studies graduate program.
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Validation of regional precipitation indices dynamically downscaled from ERA-Interim
reanalysis data by a mesoscale atmospheric model
J. L. Hanrahan1, C. C. Kuo2 & T. Y. Gan3
1,2,3
Department of Civil & Environmental Engineering, University of Alberta, Edmonton,
Alberta, Canada
Extreme precipitation events in central Alberta have overwhelmed hydraulic structures several
times in recent years, and it is expected that rainfall intensity in this region will continue to
increase over the next several decades. Accurate rainfall projections, which are communicated
in the form of Intensity-Duration-Frequency (IDF) curves, are thus needed to design sufficient
municipal structures. Such data may be obtained through the use of Regional Climate Models
(RCMs), and one in particular, the fifth-generation NCAR/Penn State mesoscale atmospheric
model (MM5), is investigated here. MM5 is used to dynamically downscale ECMWF ERAInterim reanalysis data, to evaluate its ability to accurately simulate rainfall characteristics in
central Alberta, over two consecutive summers representing contrasting precipitation regimes.
Precipitation simulated at the local scale is verified with Edmonton’s local rain gauge network,
while larger-scale precipitation is compared with the High Resolution Precipitation Product
(HRPP), CMORPH. This particular HRPP was compared with rain gauge data and radar images
which revealed that it can be reliably used to validate MM5 output in this region. MM5 output is
also compared to data from a local sounding station and other reanalysis variables. Precipitation
data generated by MM5 revealed that this RCM can indeed distinguish between wet (2010) and
dry (2009) years, but that simulated rainfall totals are too high during both precipitation regimes.
This bias may be attributed to enhanced moisture advection, and should be taken into
consideration when using MM5 to make projections regarding possible changes to future
precipitation conditions in central Alberta.
Janel Hanrahan: earned her PhD in Mathematics with a focus in Atmospheric Science from the
University of Wisconsin-Milwaukee in 2010. She is currently working as a postdoctoral
researcher in the Department of Civil & Environmental Engineering at the University of Alberta.
Chun-Chao Kuo: obtained his PhD from the Department of Hydraulic & Ocean Engineering, at
National Cheng-Kung University in Taiwan. Dr. Kuo is currently a post-doctoral fellow in the
Department of Civil & Environmental Engineering at the University of Alberta.
Thian Yew Gan: has been a professor at the University of Alberta since 1993. His teaching and
research work has been in snow hydrology, remote sensing, hydrologic modeling,
hydroclimatology, climate change, and water resources management and planning. Dr. Gan has
supervised 30 graduate students, and recently published the book Global Cryosphere – Past,
Present and Future.
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Thermal refugia for salmonids in three Eastern Canadian rivers: Present status and future
projections
A. Daigle, D. I. Jeong & A. St-Hilaire
Statistical Hydrology Research Group, INRS-ETE and Canadian Rivers Institute, Québec,
Québec, Canada
River water temperature regimes, being strongly related to the atmospheric conditions, are
expected to change along with climate in the next few decades. Stenotherm instream species are
going to be more strongly and more rapidly affected by such changes. Salmonids, for instance,
have optimal growth temperature between 16°C and 20°C. At temperatures higher than 24°C,
juvenile Atlantic salmons cease to feed and may even leave their feeding territory to move to
cooler zones. The abundance and persistence of such thermal refugia may be of capital
importance for the survival of salmon populations in many Canadian rivers. This work focused
on three important salmon rivers of eastern Canada, two of which (Ouelle and Little Southwest
Miramichi) warm up to temperatures higher than the Atlantic salmon lethal limit (>28°C) every
summer. Water temperature was monitored at 70 sites on the three basins during 2 to 18
summers (June to September), with about half of these sites being known or potential thermal
refugia (usually cold tributaries). Water temperature site-specific statistical models were
developed using air temperature and precipitation, in order to assess how many of these sites
provided potential thermal refugia between 1970 and 1999 according to historical weather
conditions, and how many will remain in the future (2046-2065), according to five different
climate change models/scenarios. Temperature statistics such as daily averages and maxima,
number of consecutive days above different thresholds, and average temperature differences
between the main rivers and the thermal refugia, are computed and compared, given present and
future climate conditions.
A. Daigle: PhD (U. Laval); Research Associate, INRS-ETE,
Anik Daigle obtained her PhD in physics at Laval University in 2006. Since 2007, she works as
research associate in the Statistical Hydrology Research Group of the Institut national de la
recherche scientifique (INRS). Her research focuses on the characterization and modeling of
water temperature and flow regimes of North American rivers.
D. I. Jeong: PhD (Seoul National University); Postdoctoral Fellow, INRS-ETE
A. St-Hilaire: PhD (INRS-Eau); Professor, INRS-ETE
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Deterministic hydrological and water temperature modelling as a tool for a comparative
analysis of present and future thermal regime in a small forested drainage basin
A. St-Hilaire1, A. Daigle1, D. Caissie2 & M. Lapointe3
1
Statistical Hydrology Research Group, INRS-ETE and Canadian Rivers Institute, Québec,
Québec, Canada
2
Fisheries and Oceans Canada, Moncton, New Brunswick, Canada
3
Geography Department, McGill University, Montréal, Québec, Canada
River water temperature is one of the most important variables characterizing habitat suitability
for stenotherm fish such as salmonids. In recent years, most of the North American studies
related to the impact of climate change on river water temperature have used semi-empirical or
statistical transfer functions. These methods use meteorological predictors (mostly air
temperature and sometimes precipitation) to estimate water temperature using linear or nonlinear statistical models. One of the implicit hypotheses of such transfer functions is that the
relationship established on past data will be upheld in the future. Deterministic models offer an
alternative whereby the physical drivers of water temperature variation are accounted for in a
heat budget. CEQEAU is a deterministic semi-distributed hydrological and water temperature
model. The drainage basin is first divided in homogenous hydrological units (HHU) of equal
area. Daily discharge is simulated by calculating a hydrological budget on each HHU. A routing
network defined by surface elevation is used to transfer water downstream. The simulated
discharge is used as an input to the water temperature model and a heat budget is calculated for
each HHU at a daily time step. Heat budget terms include incoming short wave and long wave
radiations, long wave backscatter, latent and sensible heat transfers, heat advection from
upstream and local runoff as well as heat lost to the downstream HHU. CEQUEAU was
calibrated on past flow and water temperature measurements from Catamaran Brook (N.B.). It is
A 50 km2 forested experimental drainage basin with Atlantic salmon and Brook trout
populations. The model was calibrated using data from 1990-2002 and validated on the
subsequent eight years (2003-2010). Preliminary results show that the Nash-Sutcliffe coefficient
for the hydrological model is of the order of 0.6 for the calibration period and 0.5 for the
validation period. Root Mean square error (RMSE) calculated using simulated vs. observed
water temperatures was 1.8°C. The calibrated model will be used in conjunction with
precipitation, air temperature solar radiation and wind outputs from 5 different climate model
scenarios to generate both past (1990-2000) and future (2046-2065) water temperature scenarios.
Past and future scenarios will be compared against indicators of potential thermal stress such as
mean monthly temperature in July and August and high temperature events of different
durations.
A. St-Hilaire: PhD (INRS-Eau); Professor, INRS-ETE. Science Director, Canadian Rivers
Institute and CWRA President
A. Daigle: PhD (U. Laval); Research Associate, INRS-ETE
D. Caissie: PhD (Dalhousie); Research Scientist, DFO
M. Lapointe: PhD; Professor, McGill University
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Simulating impacts of climate change on water resources using the ACRU agrohydrological modelling system
S. W. Kienzle
Department of Geography, University of Lethbridge, Alberta Water & Environmental Science
Building, Lethbridge, Alberta, Canada
As impacts of climate change on water availability can change over a short distance within
central and Southern Alberta, Canada, is it critical to employ tools well suited to simulate all
elements of hydrological cycle in a physically explicit manner. A significant added challenge is
the lack of representative and spatially explicit bio-physical variables for the Rocky Mountains,
resulting in the need to implement GIS procedures to estimate a wide range of hydroclimatological variables (precipitation, air temperature, radiation, and others), soil variables
(depth, texture), and land cover variables (interception, albedo, plant transpiration coefficients,
rooting depths, water stress thresholds). Using the upper North Saskatchewan River watershed as
an example, the main procedures applied in the ACRU agro-hydrological modelling system will
be presented, including the set-up for the 1961-1990 base period, extensive verification analyses
(against fire tower temperature stations, snow courses and snow pillow, Peyto glacier mass
balance, and streamflow time series) and the simulation of climate change impacts using five
GCMs for three future periods, 2010-2039, 2040-2069, and 2070-2099. Results revealed a shift
in the hydrological regime to higher streamflows in winter and spring with a subsequent decline
in summer and fall. Comparisons of historical and simulated future return periods for extreme
streamflow conditions are presented. Results are complemented with observed streamflow trends
computed for 77 watersheds, which were computed using the Mann-Kendall trend test.
Stefan Kienzle: PhD (Heidelberg, Germany), is Associate Professor of Hydrology and GIS at the
University of Lethbridge, with 25 years experience in river basin studies, streamflow simulation,
and GIS analyses. He has worked in government research institutions, consulting firms and
universities. Stefan has specialized in hydrological simulations of river basins and terrain
analysis, as well as streamflow and risk analyses. Stefan has an active research program focusing
on watershed modelling and GIS analysis in various watersheds in Alberta, Saskatchewan,
Colombia, Montana, New Zealand, and South Africa.
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Evaluating the impacts of future agricultural land use scenarios and climate change on
surface water quality
B. B. Mehdi1, C. Gombault1, I. Beaudin2, A. Michaud2, M-F. Sottile3 & B. Lehner1
1
Department of Geography, McGill University, Montréal, Québec, Canada
2
IRDA, Institut de recherche et de développement en agroenvironnement, Sainte-Foy, Québec,
Canada
3
Ouranos Consortium sur les changements climatiques Montréal, Québec, Canada
As part of integrated water resources management efforts, future water protection measures
should be sufficiently robust to cope with the impacts of changing agricultural landscapes and
climate. Agricultural activities in mid-latitudes could very well expand and/or intensify since
farmers may be presented with opportunities, such as a longer growing season, or the potential to
plant higher value crops, and possibly more biofuels. However, certain agricultural activities can
be a source of non-point source pollution affecting water quality. A study in the rivière aux
Brochets watershed (which empties into the Missisquoi Bay of the Lake Champlain) was
undertaken to determine future crop land use change scenarios to the 2040 time horizon. Using
farmer input from questionnaires, and the CLUE-S (Conversion of Land Use and its Effects
Small Scale (Verburg et al., 2002)) model, the impacts of the future land use changes were
evaluated on the surface water quality, by applying the hydrological water quality model SWAT
(Soil and Water Assessment Tool (Arnold et al., 1998)). In addition, climate change scenarios
from three runs from the Canadian Regional Climate Model, nested in 2 global models: CGCM3
(Canadian) and ECHAM5 (German), were integrated into the SWAT model version 2009. The
effect of the increase in CO2 concentrations on vegetation were implemented in SWAT, as well
as updated land use information was used to determine future nitrogen, phosphorus and sediment
loads for the 2050 time horizon. The Misissquoi Bay has been afflicted with elevated phosphorus
levels for decades and plagued with almost yearly outbreaks of cyanobacteria since monitoring
started in 2000. As a result, the shallow bay is vulnerable to changes in nutrient inflows.
B. B. Mehdi: M.Sc. (Montréal); PhD Candidate, McGill University
C. Gombault: B.Sc. (Québec); Research Assistant, McGill University
B. Lehner: Ph.D. (Montréal); Assistant Professor, McGill University
I. Beaudin: M.Sc (Québec); Professionnelle de recherche principale en géomatique et
modélisation hydrologique, IRDA
A. Michaud: Ph.D. (Québec); Chercheur- Conservation des sols et de l’eau, IRDA
M-F. Sottile: M.Sc. (Montréal); Assistante de recherche, Scénarios climatiques, Ouranos
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Runoff sensitivity to climate change in the upper Peace River, British Columbia, Canada
M. Schnorbus, A. Werner & R. Shrestha
Pacific Climate Impacts Consortium, University of Victoria, Victoria, British Columbia, Canada
Using the results of 23 climate projections (a combination of eight global climate models and
three emission scenarios) in conjunction with hydrologic modelling, we assess the sensitivity of
annual and seasonal runoff changes in the upper Peace River to a range of climate perturbations.
These climate scenarios represent a range of projected precipitation (-0.2% - 37%) and
temperature changes (1.4 °C - 5.8 °C) over two 30-year time periods, the 2050s and 2080s,
relative to the 1961 to 1990 baseline period. On a mean annual basis we can assume that changes
in storage are negligible, such that the change to mean annual runoff is only a function of
changes in precipitation and temperature (as a proxy for evaporation). Changes to mean annual
runoff are adequately described by the following linear relationship
δR = aδP + bδT

(1)

where δR is change in runoff (mm), δP is change in precipitation (mm) and δT is change in
temperature (°C), and a and b are constants. Results indicate that runoff increases with increasing
precipitation, but decreases with increasing temperature. For instance, for a precipitation increase
of 10% (81 mm), runoff is expected to increase by 14% (59 mm). Conversely, for a temperature
increase of 1 °C, runoff is expected to decrease by 3% (12 mm). Work is currently underway to
assess runoff sensitivity on a seasonal basis, where storage changes become important. Such an
approach offers the potential to simply and rapidly assess potential hydrologic impacts over a
range of potential climate changes.

M. Schnorbus: MASc, Lead, Hydrologic Impacts, Pacific Climate Impacts Consortium.
A. Werner: MSc, Hydrologist, Pacific Climate Impacts Consortium
R. Shrestha: PhD, Hydrologist, Pacific Climate Impacts Consortium
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Evaluating indicator hydro-ecological variables from a GCM-driven hydrologic model
R. R. Shrestha1, D. L. Peters2 & M. A. Schnorbus3
1

Pacific Climate Impacts Consortium, University of Victoria, Victoria, British Columbia, Canada
Water and Climate Impacts Research Centre, Environment Canada, University of Victoria,
Victoria, British Columbia, Canada
3
Pacific Climate Impacts Consortium, University of Victoria, Victoria, British Columbia, Canada
2

It is a common practice to employ a GCM-driven hydrologic model for the projection of future
climate scenarios. The hydrologic models are usually calibrated to reproduce general dynamics
of the hydrograph, and their ability to replicate hydro-ecological variables relevant for climate
change studies such as, peak flow, low flow and flow reversals is not entirely clear. Hence, this
study evaluates the ability of a calibrated hydrologic model for the Fraser River Watershed,
British Columbia to simulate general water resources indicators (WRI) such as, annual and
seasonal flow volume, timing of centre of annual flow volume. Furthermore, ecologically
important flow-regime components, known as Indicators of Hydrologic Alternations (IHA) were
also analyzed. The Variable Infiltration Capacity (VIC) hydrologic model, driven by
observations and eight statistically downscaled GCMs was employed. The WRI and IHA values
obtained from the VIC simulated results were compared with observations for the 30-year period
(1971-2000). Preliminary results of the study indicate mixed performance for the observationand GCM-driven VIC model. While some of the WRI and IHA values are reproduced reasonably
well, some of the IHA values are significantly different. However, most index values obtained
from the observation- and GCM-driven VIC model simulations are similar. Therefore, climate
change studies need to carefully consider the ability of the hydrologic model to replicate relevant
hydro-ecologic indices.
Rajesh R. Shrestha: PhD; Hydrologist, Pacific Climate Impacts Consortium, University of
Victoria
Daniel L. Peters: PhD; Research Scientist, Water and Climate Impacts Research Centre,
Environment Canada, University of Victoria
Markus A. Schnorbus: MASC; Lead, Hydrologic Impacts, Pacific Climate Impacts Consortium,
University of Victoria
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Integration of hydrologic indices (HIs) and hydrologic model simulation for the impact
assessment of climate change: a case study of Nicolet River basin, Québec
C. Ou1, A. St-Hilaire1,2, C. Boyer3 & A. Roy4
1
Institut National de la Recherche Scientifique, Centre Eau, Terre et Environnement (INRSETE), Université du Québec, Québec, Québec, Canada
2
Canadian Rivers Institute, University of New Brunswick, Fredericton, New Brunswick, Canada
3
Université de Montréal, Montréal, Québec, Canada
4
University of Waterloo, Waterloo, Ontario, Canada
Hydrologic Indices (HIs) can characterize the magnitude, duration, frequency, timing and
variability of events of hydrologic regimes and has been widely used for assessment of natural
flow regime and water management. In this study, their usage has been extended to the study of
river erosion potential on the Nicolet River (Québec). Streamflows were simulated using the
HydroTel model, a distributed hydrologic model using various GIS data (e.g. DEM, land use &
soil type). Meteorological inputs can originate from observations or, as in the case of the present
study, from climate models under different climate change scenarios. High flow HIs were
calculated for assessing the simulated streamflows using 14 climate scenarios of reference (19611990) period and 20 for the future (2041-2070) period. Subsequently, 44 HIs were calculated for
three selected sites on the river system. Selection of relevant HIs was done using principal
component analysis (PCA) and an impact analysis of selected HIs was performed by comparing
the distribution of HIs in the reference and future scenarios using boxplots. 15 of 44 high flow
HIs were selected based on the high loadings of the first three PCs and the representatives of the
HIs types (e.g., magnitude, frequency, timing, duration & variability). It is shown that some of
HIs (e.g., DH1, FH1 & WSCV) show significant changes in distribution, according to the
comparison of boxplot results of reference and future climate scenarios. This study has identified
hydrologic indices that can adequately characterize flow changes and that can guide impact
studies aiming to link discharge and river changes under climate change.
Chunping Ou: PhD; Post-doc Researcher, INRS-ETE, Université du Québec.
André St-Hilaire: PhD; Professor, INRS-ETE, Université du Québec & Canadian Rivers
Institute.
Claudine Boyer: PhD., Research Associate, Université de Montréal.
André.G. Roy: PhD., Professor, Université de Montréal; Dean, Faculty of Environment,
University of Waterloo.
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HAZUS Canada: Measure earthquake and flood risk I
Session Coordinators: Claire Samson and Miroslav Nastev
Session Chairs: Miroslav Nastev & Nicky Hastings
EW4A - Wednesday June 6, 2012 - 10:30 to 12:00 - Room: KC 303
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Standardized methodology for risk assessment in Canada
M. Nastev, N. Hastings, M. Journeay, B. Struik, M. Parent, J. Prieto, M. Wojtarowicz,
C. Wagner, W. Chow, J.-R.Rivard & N. Benoit
Natural Resources Canada, Geological Survey of Canada, Québec, Québec, Canada
Canadian municipalities and other levels of government face a pressing need to perform multihazard risk assessment to inform planning and mitigation decisions and meet regulatory
requirements. In the last three years, the Geological Survey of Canada (GSC) has been working
closely with the U.S. Federal Emergency Management Agency to adapt and develop risk
assessment tools for North America. HAZUS was selected as the best practice GIS-based risk
assessment methodology. Its forecasting capabilities enable users to anticipate potential
consequences from natural hazards, the first step in the multi-hazard mitigation planning process
to reduce losses of life and property. The specific objectives of the GSC work is to develop
standardized tools and protocols for quantitative risk assessment of natural hazards, and promote
their understanding, acceptance and widespread usage among the full range of Canadian decision
makers. The applied approach is organized into three major groups of activities: (i) develop and
adapt risk assessment tools for use in Canada; (ii) promote their use; and (iii) apply developed
tools to demonstrate their capacity for risk assessment over two study areas: District of North
Vancouver, and the corridor between Quebec City and Ottawa. Our approach represents a radical
shift away from the traditional practice of all we have to do is get the numbers right; we are now
focused towards establishing broad collaborations with municipal, provincial and federal
partners, academia and private companies, to jointly help achieve the common long term goal increase resilience to natural hazards.
Miro Nastev: Research Scientist with Geological Survey of Canada, part of the Earth Sciences
Sector of Natural Resources Canada. He holds a B.Sc. and M.Sc. degrees in Civil Engineering
and a Ph.D. degree in Engineering geology. His scientific, engineering and teaching experience
is related to earthquake engineering, geotechnics and hydrogeology.
Nicky Hastings: Researcher with the Geological Survey of Canada and North Vancouver study
Activity Lead. She has a B.Sc. in Biochemistry and post baccalaureate training in
Environmental Sciences and GIS. Nicky has been involved in the risk assessment work at the
GSC since 2005.
Murray Journeay: Research Scientist - Risk Assessment, GSC Pacific - Vancouver
Bert Struik: Research Scientist - Risk Assessment, GSC Pacific - Vancouver
Michel Parent: Research Scientist - Quaternary geology, GSC - Québec
Jorge Prieto: Research scientist - Earthquake Engineering, GSC Pacific - Vancouver
Maggie Wojtarowicz: Physical Scientist - Civil Engineering, GSC Pacific - Vancouver
Carol Wagner: GIS specialist, GSC Pacific – Vancouver
William Chow: Spatial Database Scientist, GSC Pacific - Vancouver
Jean-René Rivard: Geoscience Research Professional - GIS Specialist, GSC – Québec
Nicolas Benoit: Geoscience research professional - Geostatistics, GSC – Québec
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Scenario earthquakes for use in Canadian HAZUS applications
G. M. Atkinson
Department of Earth Sciences, Western University, London, Ontario, Canada
The HAZUS-MH methodology (FEMA) is currently being adopted for use in Canada, providing
a valuable new tool for the evaluation and mitigation of seismic hazard. Much work has been
conducted over the last several years within the Canadian Seismic Research Network
(www.csrn.mcgill.ca) on defining scenario earthquake shaking that can be used as input to
HAZUS and other risk assessment tools. It is important to use recorded ground-motion data
from both regional and ‘global analogue’ earthquakes, suitably modeled to account for regional
source, propagation and site characteristics, to accurately define the input shaking to be used for
loss assessment. Regional effects are highly significant. For example, local soil deposits in the
Fraser Delta region of B.C. are deep, and may amplify shaking at low frequencies (<1 Hz) by as
much as an order of magnitude, greatly increasing the hazard for high-rise structures and bridges.
By contrast, the 2011 M9 Tohoku Japan event, which provides a good ‘global analogue’ for a
Cascadia subduction event, was recorded by hundreds of stations that are shallow, and amplified
shaking at high frequencies (5 to 10 Hz), by as much as an order of magnitude. Events such as
Tohoku can be modeled to remove Japanese propagation and site effects, which can then be
replaced with propagation and site effects appropriate for Cascadia. This allows an appropriate
ground-motion shaking model for input to HAZUS applications in southwestern Canada. For
eastern Canadian applications, recordings of significant recent events such as the 2010 M5 Val
des Bois, Quebec earthquake can be used to inform input motions for larger scenario events,
such as those implied by the 2%/50 year ground motions stipulated as input for National
Building Code of Canada applications.
Gail Atkinson: Professor & Canada Research Chair in Earthquake Hazards and Ground Motions,
Western University, Department of Earth sciences, London (ON). Her Research interests are in
the field of seismic hazards, with a focus on eastern North America and the Cascadia subduction
zone; empirical analysis of earthquake ground motions; study of earthquake ground motions
processes, including source, path and site; real-time seismological applications (SHAKEMAP);
and ground-motion modeling algorithms.
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New insights on ground motions for large subduction earthquakes: Critical parameters for
scenario ground motions for HAZUS applications in South-Western B.C.
H. Ghofrani & G. M. Atkinson
Department of Earth Sciences, Western University, London, Ontario, Canada
A key input for seismic risk assessment using HAZUS or similar methodologies is a scenario
ShakeMap providing the expected strength of motions across a region for a given earthquake
scenario. A critical component in creating ShakeMaps is estimating amplification of the motions
for site-specific soil information. The M9.0 2011 Tohoku earthquake has provided important
new quantitative information on site response that will be invaluable in refining seismic hazard
analysis and mitigation efforts, particularly in South-Western B.C., where similar events are
expected in the future. We performed a detailed characterization of site response effects from the
Tohoku event. We find that site amplification effects were very strong at most sites, often
exceeding a factor of five. Thus the importance of site response studies for vulnerable regions is
highlighted; to protect critical infrastructure it is critical that the site response be realistically
estimated. We develop empirical models relating horizontal-to-vertical spectral ratios as a
preliminary measure of site amplification to the physical characteristics of sites. The model
allows site amplification to be estimated based on site parameters that are typically known or
easily obtained. Thus experience from the Tohoku event can be “transported” via the model to
other regions such as Cascadia. Expected motions for a similar event in the Cascadia subduction
zone will be simulated next, by modifying the Tohoku model to reflect the expected attenuation
and site response in the Cascadia region. This work will aid in seismic hazard assessment and
mitigation efforts in the active Cascadia region of southwestern B.C.
Hadi Ghofrani: Ph.D. Candidate, Western University (London, Ontario)
Gail Atkinson: Professor & Canada Research Chair in Earthquake Hazards and Ground Motions,
Western University, Department of Earth sciences, London (ON). Her Research interests are in
the field of seismic hazards, with a focus on eastern North America and the Cascadia subduction
zone; empirical analysis of earthquake ground motions; study of earthquake ground motions
processes, including source, path and site; real-time seismological applications (SHAKEMAP);
and ground-motion modeling algorithms.
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Some statistical features of the aftershock temporal behavior in St. Lawrence rift zone
A. Fereidoni & G. M. Atkinson
Department of Earth Sciences, Western University, London, Ontario, Canada
In low to moderate seismicity regions, such as eastern Canada, characterization of seismicity
plays a crucial role in evaluation of seismic hazard. The St. Lawrence Rift zone is the most
seismically active region in eastern Canada, and historically has experienced several damaging
earthquakes in the magnitude 6 to 7 range. There is a widely-discussed hypothesis that the
current clusters of contemporary seismicity along the rift represent long aftershock sequences of
previous large earthquakes, in which the clusters of activity may persist for hundreds of years.
Here, we apply a statistical analysis to study the temporal behavior of aftershock sequences of
moderate to large earthquakes in the St. Lawrence Rift zone. The most widely applied model to
depict aftershock temporal distribution is the Modified Omori Formula (MOF) which follows a
non-homogenous Poisson process with a decaying rate. We use the Maximum Likelihood
method to estimate the parameters of the MOF from the temporal statistics of the aftershocks.
The estimates of the MOF parameters, and the selection of the best statistical model according to
the Akaike Information Criterion, both suggest that the aftershock sequences in the St. Lawrence
Rift zone are as “ordinary aftershock sequences”. The deviation of seismicity rates in the
mainshock region from the aftershock activity rates predicted by the MOF provides an estimate
of the transition time from aftershock behaviour to background seismicity within each sequence.
These analyses shed new light on the nature of aftershock sequences and their implications for
seismic hazard in the St. Lawrence region.
A. Fereidoni: PhD Candidate, Western University (London, Ontario)
Gail Atkinson: Professor & Canada Research Chair in Earthquake Hazards and Ground Motions,
Western University, Department of Earth sciences, London (ON). Her Research interests are in
the field of seismic hazards, with a focus on eastern North America and the Cascadia subduction
zone; empirical analysis of earthquake ground motions; study of earthquake ground motions
processes, including source, path and site; real-time seismological applications (SHAKEMAP);
and ground-motion modeling algorithms.
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A preliminary estimation of the local bedrock topology of the Greater Toronto Area using
the HVSR results from seismic microzonation
D. Mihaylov1 & M. H. El Naggar2
1
Division of Mining and Geotechnical Engineering, Luleå University of Technology, Luleå,
Sweden
2
Faculty of Engineering, Western University, London, Ontario, Canada
The Horizontal to Vertical Spectral Ratio (HVSR) proposed by Nakamura in 1989 is widely used
technique to establish possible soil resonances from corresponding components of the ambient
vibration. The hypothesis that vibrations from nearby and more distant sources propagate
through soil layers at different depth is used to develop a procedure to separate the HVSR from
stronger and weaker ambient vibrations. This allows a better determination of the fundamental
resonance even if it is not the dominant one. The fundamental frequency is related to the depth of
the bedrock surface. The topography of the bedrock surface below Greater Toronto Area (GTA)
is mapped in this way using data collected as part of a microzonation project for GTA. The map
shows a depression bellow the southwestern part of the GTA, not included in the published
Digital Elevation Model (DEM) of the drift thickness and bedrock surface for this area. This
depression can cause focusing of the seismic energy and amplification of the ground shaking
from local earthquakes. The existence of this type of depression should be included as a special
feature in the assessment of the soil response in the deterministic seismic hazard. HAZUS can
implement maps of the bedrock topography from HVSR to assess the increased seismic risk in
urban areas over similar buried relief.
D. Mihaylov: PhD, Senior Researcher, Luleå University of Technology (Sweden). Dr. Mihaylov
holds a M.Sc. from the University of Mining and Geology, Faculty of Geophysics, Sofia, 1970;
and PhD from the Western University, Faculty of Engineering, 2010.
M. H. El Naggar: PhD, P.Eng., is Professor at the Western University (London, Ontario)
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Streamflow determination: What you need to know about rating curves but were afraid to
ask
G. W. MacCulloch
Water Survey of Canada, Environment Canada, Calgary, Alberta, Canada
Streamflow Determination is often confused with streamflow measurement. The application of
rating curves, in particular for streams on the Canadian Prairies, involves a degree of subjectivity
that is often not well understood by the users of hydrometric data. Of particular importance is to
understand the difficulties a streamgauger must face when confronted with flows at extreme ends
of the hydrograph, i.e., both low flow and high flow. The uncertainty of flow determinations
where we have little experience at the high stages has significant impact on stream crossing
design elements. The very tangible cost of stream crossing infrastructure in itself makes the
effort required for peak flow reconstruction easy to justify. Low Flow reconstruction is a
different story. The socio-economic impact of flooding is serious, important, short term, and
frequently in the public eye. On the other hand, the impact of low flow is serious, important,
long term, and not obvious to most of the population in North America. Techniques for peak
flow determination are well established but the trend in Canadian hydrometry has been to extend
rating curves without benefit of post facto or indirect peak stage flow determinations.
Conversely, low flow reconstruction is not well established, is complicated by anthropogenic
impacts, is often at odds with nature/fish and wildlife regulators (contrasting the impacts of
measurement weirs and beaver dams), and are often at the limits of accurate stream gauging
technology. This presentation demonstrates some of the challenges of both low flow and high
flow determinations and shows some typical rating curves for streams that experience both
extremes.
G. W. MacCulloch: P. Eng. With Environment Canada
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HAZUS Canada: Measure earthquake and flood risk II
Session Coordinators: Claire Samson and Miroslav Nastev
Session Chairs: Miroslav Nastev & Nicky Hastings
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Adapting HAZUS for use in Canada
N. Hastings, M. Nastev, M. Journeay, B. Struik, J. Prieto, M. Wojtarowicz, C. Wagner,
W. Chow & R. Arundel
Natural Resources Canada, Geological Survey of Canada, Vancouver, British Columbia, Canada
Damage and loss estimation models combine authoritative information about hazard potential
and system vulnerabilities to predict the impacts and likely consequences of credible hazard
events on people and the things they value. They provide a capability to anticipate and plan for a
wide range of hazard event scenarios, thereby increasing situational awareness of the risk
environment and the effectiveness of mitigation, response and recovery operations. HAZUS is a
quantitative loss estimation methodology and software tool developed by the US Federal
Emergency Management Agency (FEMA) and the National Institute of Building Sciences
(NIBS). It supports risk-based planning activities that promote national disaster mitigation
policies in the United States. It encompasses an integrated suite of analytical models, spatial
decision support tools, and procedural guidelines for quantitative risk assessment of floods,
earthquakes, and hurricanes. The methods and tools are based on state-of-the art scientific and
engineering knowledge and industry standards for quantitative risk assessment. They provide a
robust and standardized approach to loss estimation that is being adopted by emergency
management organizations worldwide. The Earth Sciences Sector of Natural Resources Canada
has identified HAZUS as a best practice for quantitative loss estimation and is engaged in
collaborative research and development activities with FEMA through a formal technical annex
agreement, and its partners to adapt existing methods and tools for use in Canada. Methods are
being tested and evaluated through targeted case studies in several provinces across Canada. The
presentation examines the adaptation of the methodology for use in a Canadian context and how
capability is being built in Canada through a user-centric approach that addresses the needs and
operational requirements of practitioners across Canada.
Nicky Hastings: Researcher with the Geological Survey of Canada and North Vancouver study
Activity Lead. She has a B.Sc. in Biochemistry and post baccalaureate training in
Environmental Sciences and GIS. Nicky has been involved in the risk assessment work at the
GSC since 2005.
Miro Nastev: Research Scientist with Geological Survey of Canada, part of the Earth Sciences
Sector of Natural Resources Canada. He holds a B.Sc. and M.Sc. degrees in Civil Engineering
and a Ph.D. degree in Engineering geology. His scientific, engineering and teaching experience
is related to earthquake engineering, geotechnics and hydrogeology.
Murray Journeay: Research Scientist - Risk Assessment, GSC - Vancouver
Bert Struik: Research Scientist - Risk Assessment, GSC - Vancouver
Jorge Prieto: Research scientist - Earthquake Engineering, GSC - Vancouver
Maggie Wojtarowicz: Physical Scientist - Civil Engineering, GSC - Vancouver
Carol Wagner: GIS specialist, GSC - Vancouver
William Chow: Spatial Database Scientist, GSC - Vancouver
Jean-René Rivard: Geoscience Research Professional, GSC – Québec
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Urban RAT (Rapid Assessment Tool): Integrated desktop/mobile GIS application for
building assessment in Ottawa, Canada
A. Elsabbagh1,2,4, M. Sawada1,4, M. Saatcioglu1,4, S. K. Ploeger1,2,4, E. Rosseti1 & M. Nastev3
1
University of Ottawa, Laboratory for Applied Geomatics and GIS Science (LAGGISS), Ottawa,
Ontario, Canada
2
University of Ottawa, Faculty of Engineering, Civil Engineering, Ottawa, Ontario, Canada
3
Natural Resources Canada, Geological Survey of Canada, Public Safety Geoscience Program,
Québec City, Québec, Canada
4
Hazard Mitigation and Disaster Management Research Center, University of Ottawa, Ontario,
Canada
Earthquake loss estimation requires three essential inputs: seismic hazard, soil conditions, and
structural / non-structural vulnerabilities. These are the principal factors that directly influence
earthquake damage and casualties. Assuming that the seismic hazard and soil classifications are
available in the form of microzonation, and the generic structural and non-structural
vulnerabilities are readily available, a general building inventory and its spatial distribution
become key variables needed for earthquake loss assessment and risk management. This task is
often substantial because urban centres often have 10,000s to 100,000s of buildings within their
jurisdiction. To facilitate the rapid collection of highly detailed building parameters, we have
developed a software that seamlessly integrates desktop GIS, Google APIs and the mobile
Android SDK, called the Urban RAT (Rapid Assessment Tool). This software integrates Google
StreetView within desktop ArcGIS for visual data assessment of buildings for virtual/in-lab
assessments, and a custom app for Android SDK for on-site assessments. Our software
substantially increases the efficiency of data collection and has allowed us to collect structural
information on thousands of buildings within a very small time-span when compared to
traditional sidewalk survey methods. In addition to introducing this tool, we will present the
overall findings regarding the building stock in downtown Ottawa (~6,000 buildings) and its
implications for seismic risk. Our suite of tools is unique and adaptable to other urban centers
currently studied within the Canadian Seismic Research Network: Vancouver, Victoria and
Montreal, and can contribute to HAZUS implementation for seismic risk assessment of Canadian
urban centers.
Amid Elsabbagh: MSc student, University of Ottawa.
Mike Sawada: PhD., Associate Professor, Department of Geography, University of Ottawa.
Murat Saatcioglu: PhD., P.Eng., Professor of Structural Engineering at the Department of Civil
Engineering of the University of Ottawa.
S. Kate Ploeger: PhD candidate,
Emmanuel Rosseti: summer student, University of Ottawa.
Miroslav Nastev: PhD, Research Scientist, Geological Survey of Canada, Québec City, Québec
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Risk scenarios of earthquakes in Montréal using hybrid version of HAZUS
K. Yu1, P. Rosset2 & L. Chouinard2
1
SNC-Lavalin, Montréal, Québec, Canada
2
Civil Engineering and Applied Mechanics, McGill University, Montréal, Québec, Canada
In Canada, Montréal is the second city at risk considering its population and the probabilistic
seismic hazard. Scenarios of earthquakes are proposed to estimate damage and fatalities using a
hybrid version of HAZUS. Ground motion estimates are based on the deaggregation of the
seismic hazard for three different Ground Motion Prediction Equations (GMPEs) as well as an
advanced microzonation mapping. Individual building data is extracted from the evaluation roll
of the city of Montréal (2009). Population data is divided in 522 census tracts (2006) and
occupancy rates are determined for 3 different times of the day using data from an OriginDestination survey (2003). Due to limited access to proprietary data, the Montreal study is
focused on ground motions, ground failure predictions; direct physical damage to the general
building stock and essential facilities, estimation of the number of casualties, shelter needs
projections and direct economic losses. Preliminary results show that masonry buildings are the
most vulnerable building type and downtown Montréal is the most vulnerable area. The choice
of GMPEs is shown to be one of the most important parameter contributing to the uncertainty of
the results.
K. Yu: Structural Engineer, SNC-Lavalin, Montréal.
P. Rosset: Ph.D (Geneva), Senior Consultant in seismology at WAPMERR and EiM, Suisse.
L. Chouinard: Ph.D., professor at the Department of Civil Engineering and Applied Mechanics,
McGill University, Montréal.
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Measuring spatio-temporal variability of seismic risk for Montréal
U. Tamima, P. Rosset & L. Chouinard
Civil Engineering and Applied Mechanics, McGill University, Montréal, Québec, Canada
Hazard assessment and measuring the vulnerability of built environment and population are key
elements to any risk study. Cross-sectional hazards and vulnerability studies provide insights to
emergency planners regarding risk mitigation measures. However, there is differentiation of risk
between present and future risks. This study describes changes in vulnerabilities and risks as a
function of time by considering projections in population growth and land use. The projections
are obtained by combining results from CommunityVIZ and HAZUS to estimate spatio-temporal
hazards and vulnerabilities for Montreal. The results provide insights and directions for policy
makers, land use planners and emergency managers regarding perceptions relative to the degree
of risk and vulnerabilities over time and space. The results will help emergency managers
regarding zoning regulations, resource allocations, response and recovery options.
U. Tamima: Graduate student, Department of Civil Engineering and Applied Mechanics, McGill
University, Montréal.
P. Rosset: Ph.D (Geneva), Senior Consultant in seismology at WAPMERR and EiM, Suisse.
L. Chouinard: professor at the Department of Civil Engineering and Applied Mechanics, McGill
University, Montréal.
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Sensitivity analysis of input parameters for earthquake damage estimation
M.-J. Nollet1, M. Nastev2 & A. Abo El-Ezz1
École de technologie supérieure, Département de génie de la construction, Montréal, Québec,
Canada
2
Natural Resources Canada, Geological Survey of Canada, Québec, Québec, Canada

1

This paper presents a sensitivity analysis of earthquake damage assessment of stone masonry
buildings. Seismic damage assessment is obtained by considering three main components:
hazard, vulnerability with respect to the seismic hazard, and exposure. Evaluation of each
component is inextricably associated with sources of uncertainties. Recent studies indicate that
uncertainties introduced by vulnerability modeling play a dominant role in damage assessment.
Vulnerability is represented by seismic fragility functions describing increasing damage states
and by vulnerability functions of the mean damage factor (repair to replacement cost ratio). Both
are conditional on a structure-independent hazard intensity measure such as spectral acceleration.
To accurately investigate the effects of uncertainties in damage assessment of stone masonry
buildings, vulnerability functions were developed using different sets of input parameters:
ground motion, capacity curves, fragility curves, damping and degradation parameters, and
damage factors assigned to different damage states. Typical stone masonry buildings present in
the Old Quebec City were selected for the analyses. The results show that the damage estimates
are significantly dependent on uncertainties related to the intensity of the input ground motion
what was expected, followed by the uncertainties in the considered fragility and in the building’s
capacity curves. A change of 25% in the yield capacity of the capacity curve leads to a variation
of the predicted mean damage factor of 40%. This variation attains as much as 80% for a 25%
change in the intensity measure defined by Sa(0.3sec).
Marie-José Nollet : PhD, P.Eng. is structural engineering and professor at École de technologie
supérieure, Montreal. Her field of expertise relates to seismic vulnerability evaluation of
existing structures with a focus on the development of evaluation tools.
Miro Nastev: Research scientist with Geological Survey of Canada, part of the Earth Sciences
Sector of Natural Resources Canada. He is the project leader of the ongoing Quantitative Risk
Assessment Project.
Ahmad Abo El Ezz: Ph.D. candidate, École de technologie supérieure
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Modelling tools and applications
Session Coordinator: Shaun Toner
Session Chair: Andrew Chan
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Development and evaluation of a global river reach classification at high spatial resolution
C. O. Dallaire & B. Lehner
Department of Geography, McGill University, Montréal, Québec, Canada
The growing pressure on freshwater resources and aquatic ecosystems mandates for
advancements in sustainable watershed management; for example, new frameworks of
environmental flow requirements are promoted as means of improving ecosystem resilience.
These new and advanced methods require manageable freshwater units to be applied, preferably
accompanied with attributes that allow for stratified grouping or classification. Such units have
previously been created on watershed and national scales, but a global classification at high
spatial resolution is not yet available. The Global River Classification (GloRIC) project aims to
create such units based on the analysis of geo-physical characteristics of river reaches at the
global scale. The spatially detailed and explicit global assessment is facilitated by the digital
river network of the HydroSHEDS database at 500m pixel resolution. A particular focus of
GloRIC is to use a minimal number of variables to differentiate river reaches based on their ecohydrological characteristics. Part of this project is also to create a multi-scale, holistic and
flexible framework for river classification based on current knowledge. The framework is
composed of six main pillars: hydrology, physiography and climate, geomorphology, water
chemistry, ecology and human alteration. Based on the framework, three classifications, namely
hydrological (19 classes), physio-climatic (14 classes) and geomophological (7 classes), were
created at the global scale and subsequently combined into one freshwater habitat classification.
The final classes for each classification were compared and analyzed with similar classifications
and global units such as biomes and large river basins.
Camille Ouellet Dallaire: Master student; McGill University. She completed her bachelor degree
in Geography at Université Laval to then pursued at the master level at McGill University under
the supervision of Dr. Bernhard Lehner. Her research interests focus on global freshwater
system, and more specifically, her master thesis aims at creating a framework for river reaches
classification at the global scale.
B. Lehner: Assistant Professor of Global Hydrology, Earth System Science Undergraduate
Advisor, Director of Geographic Information Center, Department of Geography, McGill
University, Montréal, Québec, Canada
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Parallel interaction of the hydrologic regime and the spatio-temporal land use patterns
K. Abbasnezhadi
Department of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
The challenge here was to consider the effect of one factor, referred to as land use, on the
hydrologic regime of a catchment, among all the independent, yet integral and dominant factors.
Such a distinct approach was applied since land use transformations play an important role in
defining the rate of changes streamflow has been posed to under different climatic conditions. To
detect such spatial and temporal changes in different categories of land use types, it is highly
convenient to employ GIS tools. The area under study was the Upper Langat River catchment, in
Malaysia. Concurrent assessment of land use maps of 1997 and 2006, and hydrologic properties
such as mean, and maximum monthly and annual discharges at the basin’s outlet station revealed
that 86% growth of impervious areas, along with 13% decline of forest lands were resulted in a
48% raise of the mean annual stream discharge of the Upper Langat River by 2006. Furthermore,
it was shown that mean annual discharges exhibited an increasing trend during the high-flow
months, yet a decreasing trend during low-flow ones. In general, it was revealed that the basin’s
potential to hold rainfall water rather than discharging it has been reduced.
Kian Abbasnezhadi: obtained his Masters’ from Universiti Putra Malaysia (UPM) where he
studied land use spatial and temporal patterns and their correlation with hydrological properties
of catchment. Upon graduation he joined the Department of Civil Engineering of the University
of Manitoba to complete his PhD research on developing a methodology for meteorological
network design. He is going to conduct his research by incorporating the Canadian Precipitation
Analysis (CaPA) output fields. CaPA is being developed by Environment Canada.
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Hydrologic and biologic controls on instream nutrient concentration: Interactions of
hydrologic turnover with concentration-dependent nutrient uptake
J. Mallard, T. Covino, B. McGlynn & A. Bergstrom
Department of Land Resources and Environmental Sciences, Montana State University,
Bozeman, Montana, USA
Understanding the stream processes, both physical and biological, that control stream network
nutrient dynamics is of crucial importance in managing and understanding watersheds because of
their role in transporting those nutrients out of a watershed and because of stream sensitivity to
changes in land use or land cover. To date the integration of these physical and biological
processes at the watershed scale has been limited. However, watershed scale assessment of
where and to what degree groundwater surface water exchange (hydrologic turnover),
concentration-variable biological uptake, and the interaction between the two modify stream
water nutrient concentrations is critical for understanding watershed hydrology and
biogeochemistry, as well as for informing management decisions. Stream water and associated
nutrients are lost to and refreshed from groundwater while instream nutrients can also be retained
by biological processes. We developed an empirically based network scale model to simulate
hydrologic turnover and concentration-dependent nutrient uptake across stream networks.
Exchange and uptake parameters were determined using conservative and nutrient tracer addition
experiments in the Bull Trout Watershed, central Idaho. We found that the interaction of
hydrologic turnover and concentration-variable uptake combined to modify and subsequently
stabilize instream concentrations, with specific concentrations dependent on the magnitude of
hydrologic turnover, groundwater concentrations, and the shape of nutrient uptake kinetic curves.
These findings elucidate the important role of instream, physical and biological processes in both
modifying and stabilizing nutrient concentrations and emphasize the importance of
understanding these processes given the intermediate role stream networks play in transporting
nutrients downstream from watersheds.

John Mallard: MS candidate (MSU); BS (UNC – Chapel Hill)
Tim Covino: PhD candidate (MSU); MS (MSU), BS (CU – Boulder)
Brian McGlynn: Associate Professor, Montana State University; PhD (SUNY)
Anna Bergstrom: Research Associate, Montana State University; BS (MSU)
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Application of Gaussian mixture model for estimating statistics of water quality data with
multiple detection limits
J. He1 & C. Valeo2
1
Department of Civil Engineering, Lakehead University, Thunder Bay, Ontario, Canada
2
Department of Mechanical Engineering, University of Victoria, Victoria, British Columbia,
Canada
Water quality measurements are commonly constrained by a detection limit arising from
restrictions in the experimental apparatus. In particular, due to changes in the experimental units
or assay methods, the observed data set may have multiple, different detection limits.
Measurements below the detection limit are typically replaced by an arbitrary value for the
convenience of analysis. In contrast to the simple replacement method, a variety of statistical
methods for the censored data such as maximum likelihood and order statistics methods have
been proposed in the existing literature. It is reported that these methods are efficient in reducing
the biases. However, in most statistical methods a pre-assumed probability distribution, which
may not be consistent with the “true” distribution of the observed data set, is utilized. In this
study, instead of making a subjective assumption on the distribution of the observations, a
Gaussian mixture model (GMM), which has the capability of closely approximating an arbitrary
continuous probability distribution, is applied to describe the data. To cope with the censored
data having multiple detection limits, an expectation-maximization algorithm in the framework
of a maximum likelihood estimation method is developed. This proposed statistical analysis
approach is applied to both simulated data and real measurements collected by Alberta
Environment. Results verified the effectiveness of the proposed method.
Dr. Jianxun (Jennifer) He is an Assistant Professor in the Civil Engineering Department of
Lakehead University. Before she joined Lakehead University in September of 2011, she was a
post-doctoral at the University of Calgary, where she obtained her Ph.D. in Water Resources
Engineering. Her current research interests include climate change impacts, water quality, and
application of advanced soft computing techniques in water resources modelling.
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Improving of hydrological model calibration based on multi-period hydroclimatic
clustering
H. Zhang, G. Huang, D. Wang & X. Zhang
Institute for Energy, Environment and Sustainable Communities in Regina, Canada
Changing climatic conditions contribute to a time varying nature of hydrological responses over
different temporal scales. The temporal dynamics of hydrological systems bring uncertainties
into hydrological simulation, which are different to uncertainties from spatial heterogeneity of
soil and land use. This study develops a new approach to improve the calibration of hydrological
model based on hydroclimatic similarities. Six climatic indexes are integrated using Principal
Component Analysis and Fuzzy C-mean Clustering methods to transform hydrological years into
hydroclimatic periods. Parameter sets of SWAT model are calibrated independently for each
period and used together to generate continuous simulation for a prairie watershed in Southern
Canada. Results indicate that the multi-period model exhibits comprehensive advantages over the
traditional single-period model under various flow conditions. The simulation ability of the
model is improved through using period-specific parameter sets in fitting the observations to
compensate for deficiencies in the model structure or input data.
Dr. Hua Zhang: Postdoctoral research fellow at the Institute for Energy, Environment and
Sustainable Communities in Regina, Canada. His research interests focus on hydrological and
water quality modelling, climate change projection and downscaling, and water resources and
environmental management.
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Multivariate statistical analysis of surface water quality based on variations in Northern
Iran
Y. Khaledian & S. Ebrahimi
Department of Soil Science, Gorgan University of Agricultural Sciences and Natural Resources,
Iran
To evaluate the future state of river water in view of actual pollution loading or different
management options, water quality models are a useful tool. The aim and objectives of this paper
are to enumerate the current impacts associated with land use changes on Gharaso River by
determination of principal and non-principal monitoring stations was carried out using principal
component analysis (PCA) technique. Water quality parameters including temperature, electrical
conductivity, total dissolved solids, bicarbonate, chloride, total and temporary hardness, calcium,
potassium, sodium, sodium adsorption ratio, sulfate, pH and magnesium as physicochemical
variables in 5 sampling stations along of Caspian Sea that is under the influence of
anthropogenic and natural changes. Loading of three retained explained PC1 equal 62% of the
variance and is highly contributed to by most variables, PC2 explains 13% of the variance and
includes and PC3 equal 8% of variance. The results indicated that water quality in Hajighochan
station was of the poorest quality among other stations because of extensive land use changed
effects. The best water quality was in Ghochez station, because there were no changes in the land
uses, and Golestand’s dam due to being deposited sediments in the floor’s dam. There was the
similar situation in the other three stations. These pollutions created sedimentation problems that
are a growing threat to human health in the Gonbad city that located in down of Gharaso River.
If these changes continue, there will be a serious threat to the entire ecosystem’s health.
Yones Khaledian M.Sc student of soil science, Gorgan University of Agricultural Sciences and
Natural Resources, Iran. Yones is a researcher student in the water and soil field; including soil
mapping, evaluation of impact of human on soil and water quality, GIS, RS and modeling. His
experience includes the assessment of effects of anthropogenic activities on soil and water in the
midst of native and changed environment. His thesis in titled as Effect of Urbanization on Soil
and Water Quality in Ziarat Watershed, Golestan Province, Iran.
Sohaila Ebrahimi. PhD (Iran); Assistant Professor, Gorgan University of Agricultural Sciences
and Natural Resources
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Water quality and habitat indicators
Session Coordinator: Shaun Toner
Session Chair: Shaun Toner
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The impact of sampling regime on long term estimates of phosphorus and nitrogen export
in Southern Ontario streams
S. M. Raney1 & M.C. Eimers2
1
Environmental & Life Sciences, Trent University, Peterborough, Ontario, Canada
2
Department of Geography, Trent University, Peterborough, Ontario, Canada
Of the nine Ontario Kawartha Lakes, Sturgeon Lake is the most nutrient enriched. In the past few
years the Kawartha Conservation Authority has been creating a management plan for the lake, as
well as a nutrient budget. The conservation authority has attempted to identify watershed sources
and quantify nutrient inputs to Sturgeon Lake using historic long term and recent monthly
sampling of the stream inflows; this monthly sampling routine likely underestimates stream
nutrient contributions because pulses in export during storm events and spring melt are missed
by this routine sampling. Storm events are important to capture because nutrient loading,
especially of phosphorus (P) and nitrogen (N), has been well documented to increase during
events. The objective is to determine the influence of changing hydrology on P and N export in
both an urban and agricultural setting. Two proximally located streams, which drain into
Sturgeon Lake, were intensively monitored to accurately quantify P and N export through a full
hydrologic year. Samples were collected daily or every 8-hours during high flow events through
the non-winter months and biweekly over the winter months. Nutrient export computed with
intensive sampling will be contrasted with export estimated with monthly samples to determine
the accuracy of historical estimates and guide future monitoring efforts. Overall this study will
better describe the connection between land use, hydrology and nutrient export in the Kawartha
Lakes region.
Shanel Raney: MSc graduate student at Trent University, Ontario. Shanel completed a BSc in
environmental science at St. Francis Xavier University. As a graduate student she is studying the
connection between phosphorus declines in Southern Ontario streams and land use change; as
well as the impact of hydrologic change and land use on two streams in the city of the Kawartha
Lakes.
M.C. Eimers: PhD (Ontario); Assistant Professor, Trent University

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

91

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Development of risk-based spill management criteria related to beneficial use impairments
for the Great Lakes Area of Concern
J. Li1 and V. Cheng2
1
Department of Civil Engineering, Ryerson University, Toronto, Ontario, Canada
2
Environmental Applied Science and Management Program, Ryerson University, Toronto,
Ontario, Canada
Land-based spills are identified as one of the major water pollution sources in the Great Lakes.
Chemical spills, in particular, are found to impair the Great Lakes water quality and cause issues,
such as drinking water consumption hazards, a decrease in water quality aesthetics, and the
destruction of fish and wildlife habitats and populations. Spills to the St. Clair River corridor
were the highest in the Canadian Great Lakes in the 1990s. The frequent spills have caused the
water treatment plant (WTP) intakes located in the St. Clair River to shut down numerous times.
Remediation actions should be based on the risk reduction of WTP intake shutdowns in the St.
Clair River. This study focuses on the development of risk-based spill management criteria
which relate to WTP intake shutdowns in a two year period in the St. Clair River. The proposed
risk-based spill management criteria can be applied to evaluate any current and future remedial
actions (e.g. spill prevention and control measures). A conservative probabilistic approach is
used to estimate the risk of WTP shutdown by determining the joint probability of occurrence of
the smallest spill chemical event mass and the smallest low flow condition. Using local spill and
shutdown records, the study compiles the statistical characteristics of chemical spills to the St.
Clair River. It is found that vinyl chloride and benzene spills caused the highest number of
shutdown occurrences. Based on the spill and river flow records between 1988-1997 and 19982007, the risks of WTP shutdown in a two-year period are 86% and 50% for benzene spills and
17% and 9% for vinyl chloride spills respectively.
Dr. James Li: BASc in Civil Engineering and a MASc in Hydraulic Engineering from University
of Windsor, and a PhD in Environmental Engineering at University of Toronto in Canada. Dr. Li
is a professor in Civil Engineering at Ryerson University in Canada, teaching both undergraduate
and graduate courses in environmental engineering. His current research focuses on ecohydrology and hydraulics, water pollution control planning, environmental benefits of
greenroofs, industrial spill management, urban stormwater management, and Enzyme-Linked
Immunosorbent Assay technique for dioxin in environmental matrices.
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Mercury exposure of small-bodied fish in the Hudson Bay Lowlands
A. L. Warnock1, B. A. Branfireun1 & J. P. Dietrich2
1
Department of Biology, Western University, London, Ontario, Canada
2
AMEC Earth & Environmental, Cambridge, Ontario, Canada
There is considerable interest in the mercury dynamics of the peatland-dominated watersheds of
Canada’s Hudson Bay Lowlands in light of current and future climate and land-use changes.
Little data exist on total mercury (THg) and methylmercury (MeHg) concentrated in the various
abiotic and biotic components of the lotic ecosystems of the region making assessments of future
changes to Hg cycling difficult. Small-bodied fish are a useful tool for monitoring changes in Hg
exposure in aquatic ecosystems because their tissue Hg concentrations reflect juvenile (shortterm) exposure that is not masked by cumulative bioaccumulation as in larger fish. This research
focuses on the use of small-bodied fish as sentinels of spatiotemporal variability in far north
aquatic ecosystem Hg exposure. As part of an ongoing monitoring program at the De Beers
Victor Mine near Attawapiskat, Ontario, small-bodied fish have been collected annually since
2008 from first- and second-order tributaries and rivers. Tissue Hg concentrations of individual
fish, measures of trophic structure (δ13C, δ15N), water quality (dissolved organic carbon [DOC],
THg, and MeHg), and (sub) watershed hydrogeomorphic information will be examined. Analysis
of data shows evidence of intra-species variability over a relatively small geographic region,
confounding the concept of ‘reference’ or ‘unimpacted’ sampling locations and populations. This
research addresses the relative importance of biogeochemical, hydrological, and ecosystem
controls on spatiotemporal variability of Hg in these fish. This unprecedented dataset provides a
framework for determining whether climate and land-use changes influence Hg dynamics and
generating a baseline for ongoing monitoring of Hg in Ontario’s far north.
Ashley Warnock, H.B.Sc., M.Sc.: Candidate at Western University, London, Ontario. Ashley has
been working with Dr. Brian Branfireun since 2009. Her undergraduate thesis, a collaborative
effort with Syracuse University, was to determine a mass balance of mercury to Lake Ontario.
As a M.Sc. Candidate she is one of many students working on a far north project at the De Beers
Victor Mine near Attawapiskat, Ontairo, looking at the use of small-bodied fish as indicators of
environmental mercury exposure in surface waters of the region.
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Development and application of the Canadian Aquatic Biomonitoring Network (CABIN)
program in Atlantic Canada
V. Mercier1, L. Carter2, D. Armanini3, W. Monk4 & D. Baird4
1
Water Quality Monitoring and Surveillance, Environment Canada, Moncton, New Brunswick,
Canada
2
Water Quality Monitoring and Surveillance, Environment Canada, Dartmouth, Nova Scotia,
Canada
3
Canadian River’s Institute (UNB), Prothea Srl, Fredericton, New Brunswick, Canada
4
Canadian River’s Institute (UNB), Fredericton, New Brunswick, Canada
5
Aquatic Ecosystem Impacts Research, Environment Canada, Fredericton, New Brunswick,
Canada
In 2006, the CABIN program was initiated on a national scale to provide a more standardized
bio-assessment approach for wadeable streams for use by Environment Canada and partner
organizations. Biomonitoring in Atlantic Canada at this time was more sporadic and based on
different protocols making it difficult to develop reliable reference condition approach (RCA)
models needed for assessment. Adoption of the CABIN protocol by multiple partners and data
compatibility with the existing program in NB have allowed us to develop a preliminary RCA
model useable in all four Atlantic provinces (with the exception of Labrador). Innovative use of
GIS derived variables, rather than traditional site-level habitat measurements, was a key aspect in
enabling interoperability among data collection protocols. Current efforts are focused on
validating and improving the RCA model and building a CABIN assessment program that is
integrated with existing long-term physico-chemical monitoring and short-term surveillance
studies in the Atlantic Provinces.
Vincent Mercier: M.Sc. (Ottawa); Head, Water Integration and Reporting, Environment Canada.
He is a senior water quality specialist for Environment Canada’s Fresh Water Quality
Monitoring and Surveillance Division, Moncton, New Brunswick. Vincent is a biologist with 15
years experience in aquatic monitoring, assessment and reporting. His experience includes
developing environmental quality guidelines, environmental and sustainable development
indicators, reporting on the state of environment, and implementing multi-agency biological and
physico-chemical monitoring programs, such as the Canadian Aquatic Biomonitoring Network
program. Vincent also contributes to the CCME through continued development of the CCME
Water Quality Index and to various watershed organizations within the Atlantic Provinces.
L. Carter: B.Sc. (Halifax), Adv. Diploma GIS; Water Quality Monitoring Specialist,
Environment Canada.
D. Armanini: Ph.D. (Milan, Italy); Science Director at the Canadian River’s Institute (UNB) and
Managing Director at Prothea Srl.
W. Monk; Ph.D. (Loughborough, U.K.); NSERC Visiting Research Fellow, Canadian River’s
Institute (UNB).
D. Baird; Ph.D. (U.K.); Research Scientist and Science Director at the Canadian River’s Institute
(UNB).
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Temporal changes in PAHs and metals in the Athabasca River delta: 1997-2010
M. S. Evans1, D. de Boer2 & Z. Papp1
1
National Water Research Institute, Environment Canada, Saskatoon, Saskatchewan, Canada
2
Centre for Hydrology, Department of Geography and Planning, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada
Bitumen deposits in the McMurray formation are close to the surface and hence readily mined
from open pits. Concerns have been raised that the expanding oil sands operations are increasing
metal and PAH loading to the Athabasca River delta through atmospheric and water pathways.
We examine this issue by considering trends in metal and PAH concentrations and ratios in delta
sediments over 1999-2010. There were no time trends in metal concentrations or in metal ratios
suggesting that metals originating from atmospheric, eroded bank material, and water born
sources had not changed appreciably over 1999-2010. Parent PAH concentrations also did not
change appreciably but total alkylated PAH concentrations increased slightly. Part of the
increase could be attributed to laboratory methods where fewer compounds were measured at the
beginning of the study. Some parent and alkylated PAH ratios changed slightly over time,
possibly suggesting changes in sources or/or weathering. We contrast these trends with that
observed in a sediment core from western Lake Athabasca and from Namur Lake, west of the
development area. Namur Lake showed more evidence of anthropogenic sources than western
Lake Athabasca and its delta based on the ratios considered. This lake is impacted by events
occurring in its small watershed with atmospheric deposition being the most probable source of
contaminant input. Lake Athabasca receives the majority (90%) of its water flow from upstream
of Fort McMurray which leads to strong dilution of local anthropogenic sources in the oil sands
area and, eventually in the delta and western Lake Athabasca.
Marlene Evans: PhD (UBC); Research Scientist, Environment Canada.
Dirk de Boer: PhD (Alberta); Professor, University of Saskatchewan.
Zsuzsanna Papp: PhD (Saskatchewan), Research Assistant, Environment Canada
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Temporal changes in Gomishan Coastal lagoon water quality
N. Basatnia1, S. A. Hosseini1 &Y. Khaledian2
1
Department of Fishery, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran
2
Department of soil science, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran
Coastal lagoons are particularly complex environments, due to their location between the land
and the sea. They are characterized by high fluctuations in chemical and physical parameters and
often subjected to strong human impacts, including industrial and domestic waste discharges,
which modify their morphology and effects on their quality. Gomishan Lagoon, located in the
Southern east coast of the Caspian Sea, is a shallow water body with average depth of 1 m and
area of 17,700 ha. Monthly samples were taken from July to December 2010 in five stations.
This study showed that nutrient concentrations increased in September and October in compare
to the other months. DO and EC shown mild increase and water depth has been decrease during
sampling period. The Caspian Sea’s fluctuations in water level, causing change in the lagoon
water depth. Considering that this lagoon is not exposed to pollution and it is an important
habitat for water birds. It seems that the increase in presence of water birds in early fall has been
increasing the concentration of water nutrients.
Nabee Basatnia M.Sc in Aquatic Ecology, Department of Fishery, Gorgan University of
Agricultural Sciences and Natural Resources, Gorgan, Iran.
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Predictions in ungauged basins
Session Coordinator: Sarah Boon
Session Chairs: Chris Spence, John Pomeroy, Paul Whitfield, Al Pietroniro, Taha Ouarda,
& Robert Metcalfe
HW6 - Wednesday June 6, 2012 - 13:30 to 15:00 – Room: KC 301
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Recent breakthroughs in stochastic hydrology
N. Ilich
Optimal Solutions Ltd., Calgary, Alberta, Canada
Stochastic hydrology is an art and science dedicated to development of algorithms that can
mimic hydrological processes using computer simulation. Of particular interest have been
algorithms designed to generate hydrologic time series of natural flows which are statistically
similar to the historic natural flow series. Since its early beginnings on mainframe computers in
the 1970s, the ultimate goal of stochastic hydrology was to provide a universal algorithm that
will work for any number of statistically dependent time series, for a range of time steps, and for
both continuous and intermittent time series. Until recently, many researchers rejected the idea
that such an algorithm would ever be developed. This paper presents results of the recent
developments which show that such an algorithm is not only possible, but that it is already
available.
Dr. Nesa Ilich holds M.Sc. and Ph.D. Degrees in Water Resources Engineering from the
University of Alberta and University of Manitoba. He is a professional water resources engineer
with over 20 years of consulting practice. He has worked as a consultant on projects in Canada
with Transalta Utilities, Environment Canada, Alberta Environment, and Golder Associates. He
also worked on overseas on projects funded by the Canadian International Development Agency,
the World Bank and the Asian Development Bank. Dr. Ilich has significantly improved Alberta
Environment’s Water Resource Management Model (WRMM) through a series of contracts
awarded to him since 1988 and exported its use overseas. This model has been used in numerous
multi-disciplinary studies as a tool to help negotiations of water management and development
issues among a number of stakeholders. Dr. Ilich has also been working on developing a unique
method for multiple-site generation of stochastic hydrologic time series that was used
successfully on several projects in the last few years.
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Evaluating the spatial variability of snowpack properties across a northern Colorado Basin
G. A. Sexstone1 & S. R. Fassnacht2
1
Department of Ecosystem Science and Sustainability, Watershed Science Program, Colorado
State University, Fort Collins, Colorado, USA
2
Department of Ecosystem Science and Sustainability, Watershed Science Program, Colorado
State University, Fort Collins, Colorado, USA
Characterizing the spatial distribution of snow water equivalent (SWE) in mountainous terrain is
challenging due to complex topographic heterogeneity and inherent spatial variability of the
snowpack. Understanding the distribution of seasonal mountain snowpack at the basin or
mesoscale is crucial for accurate forecasting of water availability, and as input for regional
climate and hydrologic models. Due to their sparse distribution, operational snowpack
measurements from the snow telemetry (SNOTEL) and snow course network across the western
United States do not accurately characterize the spatial variability of the snowpack at the basin
scale. Few studies have attempted to describe snowpack variability using a combination of fieldbased and operational data at this scale. One approach to reducing the sampling effort needed at
the basin scale is to use snow depth as a surrogate for SWE by developing a set of equations for
snow density. Here we investigated the variability of snowpack properties within the upper
Cache la Poudre basin of northern Colorado. Historic operational data from 10 SNOTEL
stations and 17 snow courses within the study area were used to develop a set of equations to
estimate snow density. We used field-based snow surveys conducted during the 2010/2011 and
2011/2012 snow seasons and operational measurements to analyze how topographic and
biological variables influence the distribution of snow at the basin scale. Multivariate regression
and binary regression tree analysis were used to understand which parameters influence the
spatial variability of SWE at this scale.
G.A. Sexstone: M.S. Candidate (Colorado State); Graduate Student, Colorado State University.
Graham Sexstone is a M.S. candidate in the Watershed Science Program at Colorado State
University. He obtained a B.A. in Geography from the University of Vermont. His main
research interests include understanding hydrological processes in cold land and mountainous
environments and spatial and temporal variability of snow distribution over varying scales.
S.R. Fassnacht: Ph.D. (Waterloo); Associate Professor, Colorado State University.
Steven Fassnacht has been a faculty member in the Watershed Science Program at Colorado
State University since 2002. He received his Ph.D. in Civil Engineering. His research focuses on
snow hydrology and hydrological modelling.
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Evaluation of snow and soil water models for simulating snowmelt infiltration and runoff
C. Farrow, M. Hayashi & G. Adem
Department of Geoscience, University of Calgary, Alberta, Canada
Groundwater recharge in the semi-arid prairies of Souhern Alberta is a small fraction of annual
precipitation. High potential evapotranspiration demands and low permeability tills constrain
recharge rate. Majority of groundwater originates as winter precipitation, causing snowmelt to
be an important hydrological component in these areas. Low lying depressions capture
snowmelt, yet seasonal soil status – frozen or not – determines runoff and infiltration. The
Versatile Soil Moisture Budget (VSMB) is a soil water balance model mainly applied for
estimating soil moisture conditions during the growing season. The purpose of this study is to
evaluate recent model developments against other hydrological models and examine spring
snowmelt runoff, which is critical to groundwater recharge. Recent improvements to VSMB
have focused on winter processes – energy balance snow accumulation and snowmelt model, soil
freeze-thaw processes, and snowmelt runoff. Model performance was compared against field
data. Accuracy of snowpack development and melt timing improved, as well as the runoff
magnitude and timing are predicted reasonably well. VSMB estimates soil thawing within a few
days of observation, but unfrozen moisture content and longwave radiation estimation require
improvement. Changes to VSMB were evaluated against two widely distributed hydrological
models, Simultaneous Heat and Water (SHAW) model and Cold Regions Hydrological Model
(CRHM). Relatively, VSMB takes a simpler approach to winter-process modeling, and model
comparisons validate recent improvements to VSMB despite abovementioned limitations. In
addition to model evaluation, VSMB was applied to investigate the mechanisms influencing
snowmelt runoff and groundwater recharge in two hydrologically different winters.
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Scale-dependence of catchment classification
J. W. Trubilowicz1, R. D. Moore2 & J. M. Buttle3
1
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
2
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
3
Department of Geography, Trent University, Peterborough, Ontario, Canada
Over the last decade, there have been repeated calls for the development of hydrologic
classification systems, particularly in the context of the Prediction in Ungauged Basins initiative.
However, most classification approaches have not explicitly addressed scale, despite the
recognition that dominant hydrologic processes vary with the scale of analysis. Additionally,
many empirical classification studies have used data from networks of gauged catchments, which
typically represent a biased sample, particularly in relation to the sizes of catchments in the
network. The objective of this study was to test empirically the hypothesis that catchment
classification schemes are influenced by catchment scale. Through analysis of a digital elevation
model for British Columbia, we delineated all catchments with areas of 10, 100 and 1000 km2 in
BC, and randomly sampled 250 catchments of each area. An unsupervised classification was
conducted on the 750 sampled catchments using variables from the ClimateBC spatial dataset
and physiographic variables from the DEM. Principal components analysis was used to reduce
the dimensionality of the catchment variables, followed by a k-means cluster analysis. A chisquared test confirmed a significant relation between cluster membership and catchment size,
supporting our hypothesis. Furthermore, the spatial pattern of cluster membership did not
demonstrate homogeneous hydrologic regions. We then applied a distributed monthly water
balance model, which has been shown to provide robust predictions of hydrologic regime in BC,
to generate mean annual hydrographs for each basin. These were classified into regime types,
and then analysed to assess their spatial homogeneity and scale dependence.
J. W. Trubilowicz: MASc (British Columbia); PhD Student, University of British Columbia
R. D. Moore: PhD (Canterbury); Professor, University of British Columbia
J. M. Buttle: PhD (Southampton); Professor, Department Chair, Trent University

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

101

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Validation of two prairie wetland models
K. R. Shook1 & J. W. Pomeroy2
Centre for Hydrology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
2
Centre for Hydrology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada

1

The Centre for Hydrology has developed two models suitable for simulating the hydrology of
wetland dominated basins. The wetland DEM ponding model (WDPM) reproduces the spatial
distribution of water ponded on prairie pothole landscapes. The model applies simplified fluxes
of water to a digital elevation model of a prairie landscape. Using an iterative process, the
applied water fluxes flow into wetlands which, when filled, can overflow into downstream
wetlands and eventually to a stream channel. It is demonstrated that changes in the frequency
distribution of wetland water areas cause hysteretic relationships between the quantity of water
stored and the fraction of the basin contributing to flow. Wetland water areas obtained by remote
sensing are used to validate the frequency distribution of water areas produced by the model. The
Pothole Cascade Model simulates the behavior of a wetland complex by explicitly modeling the
cascade of water among simulated wetlands. The PCM is capable of producing the same types of
hysteresis as the WDPM, with similar changes in the frequency distributions of wetland water
areas. It is demonstrated that the drainage areas area of the wetlands scale according to a fractal
relationship which is similar to that found for prairie lakes. When this relationship is included,
the outputs of the PCM closely match those of the WDPM.
K. R. Shook: PhD (Saskatchewan); Research Scientist, University of Saskatchewan
J. W. Pomeroy: PhD (Saskatchewan); Canada Research Chair in Water Resources and Climate
Change, University of Saskatchewan
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Towards an improved land surface scheme for prairie landscapes
M. Mekonnen, A. M. Ireson & H. S. Wheater
School of Environment and Sustainability and the Global Institute for Water Security, University
of Saskatchewan, Saskatoon, Saskatchewan, Canada
The Prairie region of Canada and the United States is covered by millions of small permanent
and temporary wetland ponds of glacial origin. Runoff is mainly generated from snowmelt over
frozen soils, and wetlands may become interconnected by a fill and spill mechanism. Accurate
prediction of stream discharge from these systems requires a realistic representation of the
contributing area, which, due to non-linear and possibly hysteretic spatial and temporal patterns
of wetland connectivity, is dynamic. In this study, the Canadian land surface scheme (CLASS) is
used to simulate stream discharge in the Assiniboine basin, Saskatchewan. CLASS calculates the
vertical water balances at each grid cell. Two runoff generation algorithms are explored. The first
is based on the sloped version of CLASS that includes physically based overland flow and
interflow algorithms, and has a static contributing area. The second is a novel adaptation of the
PDM hydrological model to represent the spatial variation of pond depths over a grid cell and
provides a direct relationship between the average ponding and contributing area fraction. The
parameters of both routing algorithms were calibrated using a Monte Carlo approach, whilst all
other CLASS parameters were unchanged. Results show that the PDM-based algorithm
performed better at simulating streamflow, and this appears to capture the dynamic nature of
contributing area in an effective and parsimonious manner. We will explore whether the PDM
parameters can be identified based on terrain analysis, so that this method could be applied to the
problem of prediction in ungauged basins.
M. Mekonnen: PhD (Saskatoon); Postdoctoral Fellow, University of Saskatchewan.
A. M. Ireson: PhD (Saskatoon); Assistant Professor, University of Saskatchewan.
H. S. Wheater: PhD (Saskatoon); Canada Excellence Research Chair in Water Security, and
Director, Global Institute for Water Security, University of Saskatchewan.

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

103

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Hydrologic and water quality monitoring and modeling in
transboundary lake systems
Session Coordinator: Sarah Boon
Session Chairs: Glenn Benoy, Wayne Jenkins & Ted Yuzyk
HW12 - Wednesday June 6, 2012 - 15:30 to 17:00 - Room: KC 301
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Evaluation of aquifer recharge using SWAT: Application to the Richelieu and Yamaska
watersheds, Southern Québec
I. Beaudin1, A. Michaud1, N. Benoit2 & R. Lefebvre2
1
Institut de recherche et de développement en agroenvironnement inc. (IRDA), Québec, Québec,
Canada
2
Institut national de la recherche scientifique (INRS), Centre Eau Terre Environnement, Québec,
Québec, Canada
In a context of degraded surface water quality, alternative water sources must be identified for
human activities, including agriculture. In 2008, the Quebec Environment Ministry thus initiated
a regional aquifer assessment program, which includes the characterization of groundwater
quantity and quality. Among seven on-going projects, the Montérégie Est project covers about
9 000 km2 over the Yamaska and Richelieu watersheds, the latter being trans-boundary with the
states of New York and Vermont. Besides the hydrogeological characterization, hydrological
modeling is being carried out to estimate the spatial distribution of recharge to regional fractured
bedrock aquifers. The simulations are done using the Soil and Water Assessment Tool (SWAT),
which is a river basin scale model developed to quantify the impact of land management
practices in large complex watersheds. A 60 m cell DEM was created from the 10 m DEM of
the Ministry of Natural Resources (MRNF) to delineate the river network and the sub-basins. A
60 m, 14 classes, land use map was created from the MRNF land use and forest map and a map
of agricultural fields (2009) from La Financière agricole (crop insurer). A 60 m soil map was
created from the provincial soil map and a map of clay thickness. Over 14 000 hydrological
response units (HRU), unique combinations of land use and soil within a sub-basin, were
produced and used to calculate the water balance at daily and monthly time steps. This
communication presents the methods used and the preliminary results of the hydrological
numerical modeling.
Isabelle Beaudin, M.Sc.: completed her B.Sc. in Physical Geography from Sherbrooke
University in ’95. She later pursued an M.Sc. in Remote Sensing at Laval University on the topic
of Drought Evaluation in the Mediterranean Region with Remote Sensing. After working in
England for three years in geomatics and hydrological modeling, she joined the Soil and Water
Conservation team at IRDA in 2003, where she was hired as a Research Associate. Her work
deals principally with geomatics and hydrological, sediment and nutrient modeling aimed at
reducing pollution from agricultural lands.
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Modelling the Athabasca River to prevent DO sags in winter
N. Martin1, P. McEachern2 & T. Yu3
Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta,
Canada
2
CCS Corporation, Calgary, Alberta, Canada
3
Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta,
Canada

1

The Athabasca River experiences periods of low dissolved oxygen (DO) during late winter that
may impact environmental sustainability. The length of this DO sag zone, its potential
occurrence under ice-cover and flow scenarios and the relative importance of organic loads from
natural and pulp mill effluent was unknown. In order to evaluate these environmental effects and
potential mitigation options, a 2-D model (CE-QUAL-W2) was customized, calibrated and
validated for the river. The model indicated that low DO can occur with little to no loading from
the pulp mills. At average winter flow conditions and ice-cover characteristics, the maximum
assimilative BOD is 8.9 ton/d whereas the current licensed loading is 11.5 ton/d. Alternatives
that offset additional BOD loading, reduce total watershed load or minimize point source loading
during critical months is required. One option is to create BOD neutral discharge through oxygen
injection to the effluent stream. Proactively managing discharge using the model predictions
requires that that when the flow is in the range 75-65 m3/s, BOD loads should be lower than 7.1
ton/d, and for low flows of 65-55 m3/s not higher than 5.4 ton/d. At a flow < 54 m3/s, (climate
change conditions) the BOD should be lower than 3.7 ton/d. The model presented here can be
used to risk manage low DO events by predicting the likelihood of need for oxygen injection
using early winter data. It can also be used to predict the efficacy of watershed management
approaches that reduce cumulative BOD loads.
Martin, Nancy: (Alberta); PhD Student, University of Alberta
Nancy Martin is pursuing a PhD degree in Environmental Engineering at the University of
Alberta. She has been working on developing a water quality model and advanced passive
samplers that could be used for the Athabasca River. She believes that water quality and
industrial development can be in harmony through an adequate watershed management
framework and wastewater treatment.
McEachern, Preston: PhD (Alberta); Director, Research & Development, CCS Corporation deals
with development and implementation of waste water treatment technologies and knowledge
systems for sustainable water management.
Yu, Tong: PhD, PEng, Associate Professor of Environmental Engineering at University of
Alberta with a research focus on biological processes in water and wastewater treatment.
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Piecing up the (hydrobiogeochemical) landscape: A key to understanding contrasted
nutrient export regimes across Manitoba streams
G. Ali1,2, D. Flaten3, E. Salvano4 & D. Lobb1,3
1
Watershed Systems Research Program, Winnipeg, Manitoba, Canada
2
Department of Geological Sciences, University of Manitoba, Winnipeg, Manitoba, Canada
3
Department of Soil Science, University of Manitoba, Winnipeg, Manitoba, Canada
4
Manitoba Agriculture, Food and Rural Initiatives, Manitoba, Canada
Diffuse pollution is often assessed solely by using annualized nutrient loads to surface waters.
While such loads are helpful in examining the relative contributions of different parts of the
landscape, they do not inform on active hydrobiogeochemical controls on export dynamics, nor
can they tell us whether contemporary or historic nutrient sources are at fault. To resolve those
questions, here we use a classification of chemostatic versus episodic export dynamics to
compare a range of Manitoba streams within the Lake Winnipeg Watershed. Chemostatic
behaviours are characterized by relatively constant nutrient concentrations despite variable
stream discharge, and are attributable to internal watershed legacy sources; hence export
dynamics only depend upon hydrological transport. Episodic behaviours are characterized by
highly variable nutrient concentrations; intermittent export dynamics are then controlled by
nutrient availability and short-term mobilization, thus pointing towards the bigger influence of
contemporary sources. Preliminary analyses using total phosphorus (TP) show that some
Manitoba streams, even though exhibiting comparable annual nutrient loads, can be associated
with different degrees of chemostatic or episodic behaviour. While previous studies have argued
that episodic behaviours are mostly encountered in pristine watersheds, our results show the
episodic export of TP from some intensively cultivated areas. Further analyses are needed to
investigate whether contrasted export dynamics can be associated with thresholds of
anthropogenic influence or physiographic properties. Regardless, this classification calls for a
watershed-specific management of nutrients depending on whether their export dynamics are
transport-limited or source-limited.
Genevieve Ali: Hydrologist focusing on water storage and transport mechanisms at the
watershed scale. She is an Assistant Professor and the Junior Chair in Watershed Systems
Research at University of Manitoba.
Don Flaten: specializes in nutrient management and currently chairs the National Centre for
Livestock and the Environment.
Esther Salvano: Soil scientist and currently the acting director of Agri-Environment for MAFRI
(Manitoba Agriculture, Food and Rural Initiatives).
David Lobb: Notably studies soil movement by tillage and tillage erosion and serves as the
Senior Chair in Watershed Systems Research at University of Manitoba.
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Water quality modeling in the Red River and Souris River basins: Development of the
binational SPARROW model
W. Jenkinson1, G. Benoy2, M. Serrer1, C. Johnston3 & T. R. Yuzyk4
1
National Research Council, Ottawa, Ontario, Canada
2
Environment Canada and Agriculture & Agri-Food Canada, Fredericton, New Brunswick,
Canada
3
US Geological Survey, Pembroke, NH, USA
4
International Joint Commission, Ottawa, Ontario, Canada
Recognizing the importance to better understand water-quality issues across U.S. and Canadian
transboundary watersheds, the International Joint Commission (IJC) has initiated a cooperative
international effort to develop a pilot bi-national application of the SPARROW (SPAtially
Referenced Regressions On Watershed attributes) model in the Souris-Assiniboine-Red River
Watershed, which includes areas in Manitoba, Saskatchewan, North Dakota, and Minnesota.
This study focuses on the modelling of the Red-Assiniboine and Souris River basins to estimate
annual nutrients loads into Lake Winnipeg, at border crossings and throughout the river network
as predicted by physiographic data, climactic data, land-use data and agricultural activity data.
The results of the model are to be used in watershed management planning, identification of
regions of high nutrient contribution and to estimate nutrient loading changes with changes in
agricultural activity, land use or and climate. This project represents the first application of the
results from the IJC’s bi-national Hydrographic Data Harmonization project and highlights the
importance of data harmonization in hydrologic and water quality applications, and the
challenges in bringing disparate data sources together for regional water quality model
development. This paper summarizes the approaches used to harmonise the many and various
data sources required in the construction of the SPARROW model as well as the model
predictive performance.
W. Jenkinson, Research Engineer, National Research Council – Canadian Hydraulics Centre
G. Benoy, Research Scientist, Environment Canada and Agriculture & Agri-Food Canada
M. Serrer, Software Developer, National Research Council – Canadian Hydraulics Centre
C. Johnston, Physical Scientist, US Geological Survey
T. Yuzyk, Senior Science Adviser, International Joint Commission
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Water quality modeling in the Red River and Souris River basins: Estimation of nutrient
loads in Canada for a binational SPARROW model
G. Benoy1, W. Jenkinson2, E. Page3, E. Klyszejko4 & T. R. Yuzyk5
1
Environment Canada and Agriculture & Agri-Food Canada, Fredericton, New Brunswick,
Canada
2
National Research Council - Canadian Hydraulics Centre, Ottawa, Canada
3
Manitoba Conservation and Water Stewardship, Winnipeg, Manitoba, Canada
4
Environment Canada, Ottawa, Ontario, Canada
5
International Joint Commission, Ottawa, Ontario, Canada
Across North America, river networks and their watersheds straddle major sections of the
Canada-United States (US) border. In an effort to model flow and water quality dynamics of
binational basins, the International Joint Commission (IJC) launched the International
Watersheds Initiative (IWI). This study focuses on binational modeling of the Red River and
Souris River basins and takes advantage of recent advances made by the US Geological Survey
(USGS) on its SPARROW (SPAtially Referenced Regressions On Watershed attributes) model
application in the Upper Midwest (MRB3). A precursor to SPARROW modeling is the
estimation of annual nutrient loads at discharge and water quality monitoring stations throughout
the river network. Two phases of the Canadian contribution to this modeling effort will be
presented. First, federal and provincial monitoring datasets were assembled and subject to a
screening criteria to ensure suitability for SPARROW modeling. From the initial set of
approximately 70 time-series datasets, only a third was deemed suitable, mainly due to
insufficient duration and measurement frequencies of the water quality data. Second, a USGSdeveloped program, Fluxmaster, is being used to estimate mean annual total nitrogen (TN) and
total phosphorus (TP) loads using 2001 as the “base” year. Results of Fluxmaster output,
including uncertainties, will be interpreted across Canadian stations and compared to output from
stations in the Minnesota and North Dakota portions of the basins (60 stations for TN and 80
stations for TP). The SPARROW model will use these annual nutrient load estimates to
apportion sources of nutrients in the Red and Souris basins.
G. Benoy, Research Scientist, Environment Canada and Agriculture & Agri-Food Canada
W. Jenkinson, Research Engineer, National Research Council – Canadian Hydraulics Centre
E. Page, Water Quality Modelling Specialist, Manitoba Conservation and Water Stewardship
E. Klyszejko, Water Resources Engineer, Environment Canada – Water Survey of Canada
T. Yuzyk, Senior Science Adviser, International Joint Commission
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Flow and fertilizer runoff reduction strategy in the Red River Basin
J. Sagin
Red River Basin Commission (RRBC), Winnipeg, Manitoba, Canada
The Red River Basin Commission (RRBC) is promoting a Red River Basin seamless hydraulic
model for the Red River and compatible sub-watershed hydrologic models. To date the main
stem hydraulic model is complete and seamless across
the international boundary. The15 sub-watershed
models for the U.S. portion of the RRB are underway
to be completed in 2012. The RRBC wants to build 11
sub-watershed hydrologic models in the Manitoba
portion of the basin compatible with the US models.
This project will complete the basin-wide vision of a
seamless hydrologic and hydraulic model of the entire
International RRB. This project will give all local
decision makers detailed information on how each subwatershed can work to achieve its 20 percent flow
reduction target that provides local and basin benefits.
Modeling and flood scenario simulation is necessary
for the identification of effective locations of storage
sites. These water storage sites will also serve as buffer
zones for the filtration of nutrients, agricultural
fertilizers (nitrates and phosphates) from water flow.
These agricultural fertilizers are primary pollutants that
make their way into the Red River and Lake Winnipeg during flood events. Local communities
and agricultural producers may benefit from the water sites storage. The trapped agricultural
fertilizers on the water storage marsh sites intensify grass growth. The growing grasses are used
for livestock.
J. Sagin: Senior Research Scientist, PhD (WMU), RRBC Winnipeg. His expertise is in
applications of Remote Sensing and GIS in hydro modeling with comprehensive mathematical
analyses. Degree: Ph.D. in Geological Sciences from Western Michigan University, research was
conducted in the Earth Science Remote Sensing Laboratory (ESRS, www.esrs.wmich.edu);
M.Sc. in Natural Resource Management from Ball State University, and M.Sc. in Applied
Mathematics.
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Groundwater-surface water interactions I
Session Coordinators: Sarah Boon and Shaun Toner
Session Chairs: Sarah Boon & Masaki Hayashi
WH5A - Wednesday June 6, 2012 - 10:30 to 12:00 - Room: KC 305
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Series Solutions for steady flow in a stratified vadose zone with arbitrary geometry
A. Ameli & J. R. Craig
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo, Ontario,
Canada
Although analytical solutions for steady saturated flow in layered heterogeneous soil have been
extended to irregular domain with complex boundary conditions, there are very few analytical
models of flow in a heterogeneous vadose zone available. We here present an analytical series
solution method for modeling steady-state unsaturated groundwater flow above the capillary
zone in a two-dimensional stratified aquifer cross-section with arbitrary geometry and spatially
variable infiltration from the ground surface. The solutions are obtained using a least squares
method to determine the coefficients in the series expansion, where the series is generated using
classical separation of variables, and we rely upon the use of the Gardner model of the pressure
head - conductivity relationship. Flow solutions for a variety of flow domain geometries are
analysed to investigate the sensitivity of the soil moisture profile to structural differences in the
vadose zone soils.
Ali Ameli: PhD candidate ; University of Waterloo
James R. Craig (Coauthor): PhD; Assistant Professor, University of Waterloo
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A hydrologic method to estimate the long term base flow index used by the Eckhardt
recursive digital filter
C. Poirier & A. Lessard-Fontaine
Direction de l’expertise hydrique, Centre d’expertise hydrique du Québec (CEHQ), Québec
Québec, Canada
Québec’s recent initiative to launch the characterization of groundwater ressources over its
Souhern territory (Programme d’Acquisition de Connaissances des Eaux Souterraines du Québec
- PACES) involves critical contributions from the Centre d’expertise hydrique du Québec. One
of these is the estimation of base flows for some 300 streamflow series extracted from its
hydrometric network. The recursive digital filter developed by Eckhardt (2005) is used to do so.
Its inputs are the streamflow series, the recession coefficient a and BFI∞ , the long term base flow
index, usually ranging from 0,1 to 0,9. Using a set of criteria analysing daily streamflow,
precipitation and evapotranspiration series, an algorithm is developed to identify the most severe
recessions and estimate a from these. In parallel, this algorithm is also applied to a set of U.S.
watersheds strongly instrumented, for which sound evaluations of baseflows have been
conducted as part of water budget studies published – all these studies relying on the rating curve
method, thanks to available piezometric data. For these U.S. watersheds, a hydrologic method is
then developed to characterize the proportion of the severe recessions identified that are mainly
supplied by baseflows. Applying this adjustment method to the Quebec’ streamflow series
consists to evaluate what sub interval of the BFI∞ potential values (0,1 to 0,9) leads to the respect
of this proportion. The centered BFI∞ value of that sub interval is finally retained.
C. Poirier : M.Sc. (Montréal), P.Eng. Responsable des prévisions hydrologiques et des projets
spéciaux, CEHQ.
A. Lessard-Fontaine : M.Sc. (Québec), Jr. P.Eng, Prévisions hydrologiques et projets spéciaux,
CEHQ
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Comparison of digital filtering methods for hydrograph separation in a small stream in
Atlantic Canada
S. Danielescu1, L. Chow2 & S. Li3
1
Environment Canada, National Water Research Institute and Agriculture and Agri-Food
Canada, Potato Research Centre, Fredericton, New Brunswick, Canada
2
Agriculture and Agri-Food Canada, Potato Research Centre, Fredericton, New Brunswick,
Canada
3
Agriculture and Agri-Food Canada, Potato Research Centre, Fredericton, New Brunswick,
Canada
Several digital filtering methods were used to estimate the contribution of surface runoff and
groundwater discharge to Black Brook, a small stream (14.5 km2 catchment area) located in the
north-western New Brunswick. The substrate in the area is dominated by highly fractured
limestone overlain by a thin layer of glacial till. Fracture flow dominates groundwater recharge
processes as indicated by the timing and magnitude of groundwater level response to rainfall or
snowmelt events. The separation methods were applied to both hourly and daily measured
discharges during a rainfall event, as well as to daily discharges over a three year period (2008 –
2010). The parameters of each digital filter method were adjusted during the calibration process
in order to minimize the number of estimates were one of the separated components (typically
baseflow) would be larger than the stream discharge. The results of the separation were
compared with results from event based conductivity mass balance calculations. For both hourly
and daily separation the relative difference between the two approaches fell within 10%, which
was considered acceptable given the limited number of conductivity measurements available. Ion
mass balance separation showed that nitrate, calcium and potassium could also be used for
validation of digital filter methods. The results of the separation are similar with the results of
other studies in central and north western New Brunswick, however the method requires further
calibration, which can be improved by increasing the frequency of water quality measurements
as well as the number of sources being monitored.
Dr. Serban Danielescu: PhD (New Brunswick), Research Scientist, Environment
Canada/Agriculture and Agri-Food Canada. Dr. Danielescu obtained his first graduate degrees
from Department of Systems Ecology and Sustainable Development, University of Bucharest,
Romania (M.Sc., Ph.D), followed by a Ph.D. from the Department of Civil Engineering,
University of New Brunswick, Canada. In 2009 Dr. Danielescu started working through a joint
appointment for Environment Canada and Agriculture and Agri-Food Canada. His research
interests include the impact of agricultural practices on groundwater quantity and quality,
contaminant transport through soils and vadose zone, hydrological modelling at local or
watershed scales and the use of stable isotopes in environmental studies.
Lien Chow: PhD; Research Scientist, Agriculture and Agri-Food Canada
Sheng Li: PhD (Manitoba); Research Scientist, Agriculture and Agri-Food Canada
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Isotopic fractionation of recharge waters on the Boreal Plain, Alberta
C. Thompson1, K. J. Devito2, R. M. Petrone3 & C. A. Mendoza1
1
Department of Earth and Atmospheric Sciences, University of Alberta, Edmonton, Alberta,
Canada
2
Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada
3
Cold Regions Research Centre, Wilfrid Laurier University, Waterloo, Ontario, Canada
Measurements of the natural stable isotopes of water offer a convenient method for tracing
hydrologic pathways and evaluating sources and fluxes in surface water budget analyses. In a
large proportion of studies employing isotopic measurements, it has been assumed that the
isotopic composition of inflow waters (e.g. surface water and groundwater) lies along a local
meteoric water line (LMWL) defined by isotopic ratios in local precipitation. Furthermore,
samples of shallow groundwater have not been routinely collected to confirm this assumption.
At the Utikuma Research Study Area (URSA) in the sub-humid (i.e. P<PET) Boreal Plains
region of Alberta, recent data collection suggests that this assumption may not be universally
valid. At the URSA, measurements obtained from surface depressions on uplands, peatland
surface depressions and shallow groundwater wells indicate that ephemeral surface water
ponding during snow melt and perching on ice lenses during late spring and early summer storms
can exhibit evaporative isotopic signature that deviates from the LMWL prior to recharge.
Preliminary water budget analyses of a small pond at the URSA situated within the mosaic of
peatlands and forested hillslopes indicates that discharge of water from the high permeability
shallow peatlands may represent a significant proportion of annual inflows to the pond. Thus,
any accurate accounting of the pond’s isotopic budget and assessment of groundwater-surface
water interactions will require an a priori knowledge of both surface and subsurface isotopic
compositions. Potential implications with respect to reliance on assumed LMWL-derived inflow
compositions will be discussed.
Craig Thompson, B.Sc., M.Sc.: Ph.D. candidate at the University of Alberta. His research
focuses on groundwater/surface water interactions in forested wetlands within the Boreal Plains
of Alberta. Craig is a hydrogeologist with 7 years of consulting experience at BGC Engineering
where his work was primarily focused on the mining industry.
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Influence of lakes and peatlands on groundwater contribution to Boreal streamflows
A. Goodbrand1, C. J. Westbrook1 & G. van der Kamp2
1
Centre for Hydrology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
2
Environment Canada, 11 Innovation Blvd., Saskatoon, Saskatchewan, Canada
Lakes and ponds in the western Boreal Forest (WBF) of Canada account for 15% of open water
surface area and peatlands account for 21% of the land base. Both represent locations of large
transient water storage on the landscape. The objective of this work is to determine how
groundwater storage in lakes and peatlands situated on coarse-textured substrates influence low
flows. It is hypothesized that peatland-sand aquifer interaction will be a key driver of
streamflow. Hydrometeorological and stratigraphic data were collected from a 32 km2 peatland,
two lakes, and jack pine upland from 29 Aug to 1 Nov, 2011 to construct lumped landscape unit
water balances in a 93 km2 glacial outwash sub-basin located within White Gull Creek Research
Basin, Saskatachewan. Vertical hydraulic gradients (VHG) show frequent flow reversals
between the lakes and sand aquifer, and spatially diverse VHG between the peatland and sand
aquifer. Groundwater flow nets and lateral hydraulic gradients indicate the stream is receiving
groundwater along its length. Isotopic samples of end members also indicate streamflow is
dominated by groundwater sourced from the peatland and shallow underlying sand aquifer.
However, streamflow into and out of the peatland show similar isotopic composition. Contrary to
our hypothesis, data suggest that the large valley-bottom peatland is behaving as a flow-through
system. Project results could aid in parameterizing models used to predict sustainability of water
resources in a region that could be greatly impacted by relatively small shifts in precipitation:
evaporation. The site could also prove to be a useful analogue for reclamation of areas
undergoing resource extraction.
Amy Goodbrand: BSc (Regina), MSc Candidate, University of Saskatchewan. Amy is presently
a M.Sc. candidate at the Universityof Saskatchewan. Prior to graduate studies, she worked with
the Saskatchewan Watershed Authority as a research technician.
C.J. Westbrook: PhD (Colorado State); Associate Professor, University of Saskatchewan.
G. van der Kamp: PhD (Amsterdam); Research Scientist, National Hydrology Research Centre,
Environment Canada.
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Integrated surface and groundwater modelling for distributed recharge estimation:
Challenges and benefits
S. Bellamy1, T. Renic2, S. Murray1, D. Abbey1 & S. Davies3
1
Matrix Solutions, 31 Beacon Point Court, Breslau, Ontario, Canada
2
Halton Region – Public Works Department, Oakville, Ontario, Canada
3
AECOM – Water and Natural Resources, Guelph, Ontario, Canada
Integrated models are developed to simulate coupled groundwater/surface-water flow in one or
more watersheds, by simultaneously simulating flow across the land surface, within unsaturated
and saturated subsurface materials, and within streams and lakes. By physically modelling both
the surface and groundwater systems, the water resource modeler is able to represent surface
/groundwater interactions, and how landscape changes (e.g. landuse or water takings) may
impact those interactions. To better estimate groundwater recharge, both from precipitation
events as well as losing watercourses, an integrated model was developed as part of a water
supply sustainability investigation for the municipal supplies of Georgetown and Acton (Region
of Halton, Ontario). This presentation will discuss: the development and calibration of the
integrated model; how groundwater recharge estimates from the integrated model were utilized
within a separate groundwater flow model developed for the area; and the added value an
integrated modelling solution offers over traditional modelling approaches.
Sam Bellamy is a Water Resource Engineer from AquaResource, which has recently merged
with Matrix Solutions Inc. Sam has been with AquaResource for the past six years, where he has
been primarily involved in water quantity investigations related municipal drinking water supply
wells and intakes, and subwatershed-scale water availability investigations. A hydrologic
modeller by training, Sam uses surface and groundwater models to gain an integrated
understanding of water resources, and applies that knowledge to assess the sustainability of water
takings. Sam’s other experience includes assessing hydrologic impacts due to climate change,
as well as evaluating and applying fully integrated surface water/groundwater models. Previous
to joining AquaResource, Sam was a Water Resource Engineer with the Grand River
Conservation Authority. Sam has a Water Resources Engineering degree from the University of
Guelph.
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Groundwater-surface water interactions II
Session Coordinators: Sarah Boon and Shaun Toner
Session Chairs: Sarah Boon & Masaki Hayashi
WH5B - Wednesday June 6, 2012 - 13:30 to 15:00 - Room: KC 305
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Winter stream temperature in the transient snow zone
J. A. Leach & R. D. Moore
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
Stream temperature is a principal determinant of aquatic ecosystem composition and
productivity. There are increasing concerns that changes in land cover and climatic conditions
could produce changes in stream thermal regimes that would be deleterious to existing aquatic
communities. Most stream temperature research has focused on summer periods and few studies
have examined winter periods despite its growing recognition as biologically important. The
winter thermal regimes of Pacific Northwest headwater streams, which provide vital winter
habitat for salmonids, may be particularly sensitive to changes in climate because they can
remain ice-free throughout the year and are often located in transient snow zones. This study
examined winter stream temperature patterns and controls in small headwater catchments within
the transient snow zone at the Malcolm Knapp Research Forest, near Vancouver, BC. Historical
stream temperature data and modelled snowpack dynamics were used to explore statistical
relations between winter stream temperature, air temperature and the influence of a transient
snowpack. This historical analysis was complemented with detailed field data collected during
the winter of 2011-2012 from an ongoing catchment-scale field study examining the physical
processes governing winter stream temperature. Stream temperature response to a large rain-onsnow event that occurred during field monitoring was compared to a rain-only event of similar
magnitude. Results from this study suggest that the role of snow dynamics and advective fluxes
associated with catchment runoff processes are important controls on winter stream temperature
for coastal headwater catchments in the transient snow zone.
Jason Leach: Graduate student, Department of Geography, University of British Columbia,
Vancouver. Jason is a hydrologist who has worked on research and applied projects in the Arctic,
northern Alberta, northern Ontario, and now coastal British Columbia. His research is focused on
the linkages between hydrologic processes and aquatic ecology within the context of climate and
land use changes.
R. D. Moore: Professor, University of British Columbia.
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The effect of snow contribution to subsurface recharge on summer stream temperature in a
headwater drainage basin, Alberta, Canada.
R. J. MacDonald, S. Boon & J. M. Byrne
Department of Geography University of Lethbridge, Lethbridge, Alberta, Canada
This study compared summer stream temperature between two years in the Star Creek
watershed, Alberta, a headwater basin on the eastern slopes of the Canadian Rocky Mountains.
Hydrometeorological data from May-September of 2010 and 2011 were used to describe the
surface and sub-surface variables driving stream temperature. May to September stream
temperatures were consistently significantly lower in 2011 with a mean of 5.62°C, compared to a
mean of 6.28°C in 2010. The greatest difference in mean daily stream temperature was observed
in July, while the least difference was observed in August. No consistent difference in
hydrometeorological conditions suggests that the role of snow contribution to sub-surface
recharge is the most likely mechanism driving inter-annual differences in stream temperature.
The effect of these cold water inputs to the stream exceeds the effects of other
hydrometeorological controls on stream temperature. This study demonstrates that in order to
understand stream temperature response to anthropogenic and natural disturbance, particularly
snow dominated systems; both surface and sub-surface processes must be accounted for.
R. J. MacDonald: MSc (Alberta); PhD candidate, University of Lethbridge has been studying
hydrometeorology for five years. He is currently working on further understanding headwater
stream temperature regimes and developing a physically based spatial stream temperature model.
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Simulated impacts of climate change on snow cover and ground surface temperature:
Potential implications for salmonid thermal refugia
B. L. Kurylyk1, C. P.-A. Bourque2 & K. T. B. MacQuarrie1
1
Department of Civil Engineering and Canadian Rivers Institute, University of New Brunswick,
Fredericton, New Brunswick, Canada
2
Faculty of Forestry and Environmental Management, University of New Brunswick,
Fredericton, New Brunswick, Canada
Global climate models project significant changes to the air temperature and precipitation
regimes in some regions of Canada. These changes will impact snowpack dynamics and the
surface energy balance. Increases in surface temperature may result in increases in shallow
groundwater temperature; this would have ecological consequences because cold groundwater
discharge has been shown to provide critical salmonid thermal refuge in warm rivers. To
investigate these effects, seven downscaled climate scenarios (2046-2065) were obtained for the
Miramichi region in New Brunswick; these climate scenarios included different combinations of
global climate models, emission scenarios and downscaling methods. The effects of climate
change on snowpack evolution and ground surface temperature were modelled using the
previously validated surface energy and moisture flux model, ForHyM2. Results from these
simulations indicate that the mean annual snow-covered period could potentially decrease 13-50
days compared to the reference period (1961-2000). The simulated decrease in the snow-covered
period will limit the insulating effect of snow cover and increase the correlation between air
temperature and surface temperature. Thus, climate change-induced increases in air temperature
could increase summer surface temperatures but decrease winter surface temperatures. The
projected changes in the mean summer (June-August) surface temperature for each of the climate
scenarios varied from -0.30°C to +3.49°C with a mean of +1.49°C, while the projected changes
in the mean winter (December-February) surface temperature varied from -1.12°C to +0.08°C
with a mean of -0.53°C. The relevance of these findings for the sustainability of groundwatersourced salmonid refugia will be discussed.
B. L. Kurylyk: PhD candidate; University of New Brunswick and Canadian Rivers Institute:
research interests include the application of numerical models to simulate the potential effects of
climate change on the surface and subsurface thermal and hydrologic regimes.
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Effects of wildfire and salvage logging on stream temperature in front range Rocky
Mountains: A long term perspective
M. J. Wagner1, U. Silins1, C. H. Williams1, S. Boon2, K. Bladon3, M. Stone4, & M. B. Emelko5
1
Department of Renewable Resources, University of Alberta, Edmonton, Alberta, Canada
2
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
3
Department of Natural Resource Sciences, Thompson Rivers University, Kamloops, British
Columbia, Canada
4
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
5
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
Ontario, Canada
Stream temperature is a critical parameter regulating many aspects of stream ecosystems and is
often sensitive to riparian disturbance. The 2003 Lost Creek wildfire resulted in severe canopy
and riparian disturbance across more than 21,000 hectares of forest near the Crowsnest Pass, AB.
Stream temperatures in 7 large instrumented watersheds including 3 burned, 2 burned & salvage
logged, and 2 unburned watersheds have been monitored since 2004. The present study focuses
on stream temperature dynamics across a 6 year period (2005-2010) to explore disturbance
effects on stream temperature in the context of hydro-climatic variability over the same time
period. Stream temperatures were consistently cooler and less variable in unburned streams
throughout the study period compared to burned and salvage logged streams. Temporal patterns
of stream temperature were strongly governed by seasonal variability of flow dynamics (ground
water/ surface water) and climate across the study period; it was also observed that the dominant
controls over stream temperature differed among disturbed and undisturbed watersheds across
the 6 years of monitoring. These observations highlight the importance of longer term hydroclimatic records to provide temporally dependant insights into an important management issue.
Michael Wagner B.Sc., M.Sc., RPF - Forest Hydrologist for the Southern Rockies Watershed
Project, University of Alberta, Edmonton. Michael has been actively involved with the Southern
Rockies Watershed Project (SRWP) since March of 2004. Michael is one of two full time
technical staff responsible for the supervision of field and laboratory activities; including the
installation and maintenance of 34 hydrometric/climate stations over a research area of over
80km2 in the Crowsnest Pass area of south-west Alberta. Research initiatives within the SRWP
collective seek to describe the ongoing hydrologic effects of the 2003 Lost Creek wildfire and
examine the scaling of hydrologic cumulative effects related to this disturbance to the larger
region of the Oldman river basin.
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Groundwater-surface water interactions in an estuary: inferring hydrogeologic processes
with distributed temperature sensing and time-series analysis
R. B. Carver1, J. M. McKenzie1 & H. A. Michael2
1
Department of Earth and Planetary Science, McGill University, Montréal, Québec, Canada
2
Department of Geological Sciences, College of Earth, Ocean, and Environment, University of
Delaware, Newark, Delaware, USA
Temperature has long been used as a groundwater tracer but, for practical reasons, generally has
been limited to use at points or over scales of tens of metres. Distributed temperature sensing
(DTS) exploits recent advances in fiber-optic technology to gather temperature data across
kilometres and days at sub-metre and sub-minute resolutions. In September 2011 we deployed
1.6 km of DTS fiber-optic line on the floor of Delaware’s Indian River Bay near the shore of
Holt’s Landing State Park for three days, measuring temperatures every 12 minutes at every
metre. We also deployed four groups of four vertically-aligned thermistors for ten days to record
near-shore water and sediment temperature every 10 minutes. Spatial, statistical and time-series
methods are used to analyze the thermal data to gain a better understanding of the factors
controlling groundwater discharge to the bay. Lower temperature variances along the DTS cable
are interpreted to indicate higher groundwater discharge that dampens diurnal and tidal
temperature signals. Parallel to shore, variance is relatively high in a silty zone at the western
edge of the study area, decreases in the proximate sandy zone, and then rises eastward. Variance
also increases with distance from shore before stabilizing. Analyses of temperature cycle
amplitudes reveal frequencies corresponding to diurnal and tidal cycles, and provide information
on local vertical fluxes. We compare these results with seepage meter and CTD data to show that
temperature can be used to help us detect and understand important meso-scale, sub-daily
hydrogeologic processes in estuary environments.
Robert Carver BSc. Environmental Science (Concordia): MSc. Candidate at McGill University.
Rob is a former short order cook, waiter, shoe salesman, journalist, editor, restaurant manager,
oil rig roughneck, record company executive and international tour manager. He moved to
Montreal from Alberta for love and decided to do something he'd always meant to do but always
found a reason not to: get a degree in something to do with water. Since then he has participated
in projects involving trout stream restoration and sediment transport in a St. Lawrence tributary,
glacier retreat impacts in the Peruvian Andes, and modeling the groundwater system on a
deserted Hawaiian island. Rob's recent work has focused on the use of temperature as a tracer in
groundwater-surface water interactions in lake and estuary settings. After graduation he hopes to
move back out west with his young family and work in environmental consulting.
J.M. McKenzie: PhD (Syracuse); Assistant Professor, McGill University
H.A. Michael: PhD (MIT); Assistant Professor, University of Delaware
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Peatlands and plants
Session Coordinator: Shaun Toner
Session Chair: Shaun Toner
W13 - Wednesday June 6, 2012 - 15:30 to 17:00 - Room: KC 305
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Water: Linking soil, plants and climate
H. Manns
Department of Geography, University of Guelph, Guelph, Ontario, Canada
At the watershed scale plant cover, topography and soil texture account for most of the
variability in soil moisture assuming uniform rainfall conditions. Thus, plant growth stage, soil
organic matter, and surface residue that buffer the changes in surface soil moisture are not
always considered. A soil water repellency test was added to 3 years of data on soil carbon and
moisture in small plots with homogenous soil and water conditions in Souhern Ontario, Canada.
Treatments included presence/absence of oats, and/or surface residue using a factorial design.
The data highlighted a feedback effect of prior months rainfall on soil carbon from plant carbon
input over the 3 years representative of dry and wet seasons. Soil moisture also formed a
significant linear regression from soil carbon in the short term influence of the soil sampling date
and was most pronounced without surface residue. Water repellency measured by the water drop
penetration time test was correlated with soil organic carbon changes over the 3 growing
seasons. The study results support the theory that lipid coatings from carbon and microbial
decomposition may protect microaggregates from mineralization in the short term. In the longer
term, soil moisture increased plant growth and thus input of carbon from plant activity that also
results in positive feedback of moisture on carbon. This continual interaction between moisture
and carbon may moderate the loss of carbon in moisture extremes. Understanding the biological
feedback between soil moisture and soil carbon could improve current algorithms for soil
moisture and carbon models.
Hida Manns: My research on soil organic carbon and moisture in agriculture spans 10 years of
graduate and independent research. In my Masters of Science at Trent University, I studied the
effect of surface residue and fungi on soil carbon. From 4 years of data in microplots, strong
correlations were found among the soil variables that centered on soil moisture. Hida is a PhD
Student at the Department of Geography, University of Guelph. Current PhD research at the
University of Guelph will analyze the contribution of surface management (residue and tillage)
to soil moisture variability to contribute to remotely sensed soil moisture data validation.

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

125

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Spatial variability of soil hydrophysical properties in Sphagnum dominated peatlands
J. Branham1 & M. Strack1
1
Department of Geography, University of Calgary, Calgary, Alberta, Canada
Peatlands are wet ecosystems where net primary productivity exceeds decomposition resulting in
the accumulation of organic matter over time. In Canada, peatlands cover approximately 12% of
the land surface area, and are estimated to contribute 12% of the annual global methane
emissions. Hydrology is well recognised as one of the most important controls on the carbon
budget of peatlands. Through ecological and hydrological feedbacks, peatlands are characterised
by a micro-topography of high and low microforms in the peat surface. Microforms range from
100 to 101 m in length while peatlands range from 102 to 104 m. Differences in the spatial
distribution of hydrologic properties across a peatland may result in very different patterns of
moisture and water table level, with potential feedback to whole ecosystem hydrology, ecology
and biogeochemistry. Moreover, depending on the persistence of these microforms, differences
may be persistent with depth, creating three dimensional patterns of hydrologic variability with
implications for peatland hydrologic models. However, if the hydrologic parameters are not
variable, then a simple homogeneous parameter could be appropriate and simplify modelling
efforts. This study will compare the peat hydrophysical properties of two Quebec and two
Alberta peatlands with similar vegetation, but different climates. Results indicate significant
differences between microforms and sites.
J. Branham: MSc Student (Alberta); University of Calgary
M. Strack: PhD (McMaster); Assistant Professor, University of Calgary

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

126

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Negative feedback regulation of undisturbed and burnt peat evaporation during drought
N. Kettridge1 & J. M. Waddington2
1
School of Geography, Earth and Environmental Science, University of Birmingham,
Birmingham, UK
2
School of Geography and Earth Sciences, McMaster University, Hamilton, Ontario, Canada
The frequency and intensity of drought is projected to increase within the boreal region under
future climatic conditions. Peatlands are widely considered to regulate water loss under drought
conditions, increasing surface resistance (rs) and reducing evaporative losses. This maintains
peat moisture content, increasing the resilience of these globally important carbon stores to
combustion by wildfire. However, the magnitude and form of this important negative feedback
response remains uncertain. Attempts to develop a processed based understanding of the
ecohydrological controls on rs from field base measurements have proved problematic due to the
dynamic nature of the near surface hydrology under changing meteorological conditions,
difficulties differentiating between evaporation and transpiration fluxes, and the limited scope to
manipulate the system to represent extreme drought. To overcome these difficulties we
monitored the response of rs to drought within four peat cores under controlled meteorological
conditions. At a water table depth of 0.30 m and a humidity of ≤40%, a step shift in rs from ~50
s m-1 to up to1000 s m-1 was observed within burnt and unburnt peat which virtually shuts down
evaporation, limiting water loss. We posit that an increase in rs is associated with the
disconnection of the capillary fringe from the peat surface and the transition from a liquid to a
vapour dominated water transfer. Determining the timing of this threshold feedback regulation
under dynamic micrometeorological and hydrological conditions is essential. Our measurements
suggest that the link between near surface tensions and rs provides a potential future approach.
Nick Kettridge: is a lecturer in the School of Geography, Earth and Environmental Sciences at
the University of Birmingham. Nick is an ecohydrologist who specializes in characterizing the
resilience of ecosystem services to both natural and anthropogenic disturbance. Much of his
research focuses on peatlands; understanding the processes that control the provision of key
ecosystem services within these environments, and quantifying their response to changing
climatic conditions and extreme events, such as fire and drought.
J.M. Waddington: Professor, McMaster University
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Climate change effect on salt dynamics in Prairies Wetlands
U. Nachshon1, A. M. Ireson1, G. van der Kamp2, H. S. Wheater1
1
School of Environment and Sustainability and the Global Institute for Water Security,
University of Saskatchewan, Saskatoon, Saskatchewan, Canada
2
Environment Canada, Saskatoon, Saskatchewan, Canada
‘The Prairies’, the semiarid glaciated plains of the North American continent, are characterized
by undulating terrain, rich in salts in the subsurface, with a large number of seasonal and semipermanent wetlands. The prairie region supports a diverse community of wildlife species, as well
as a prosperous agriculture industry. Land use changes and climate change in recent years have
resulted in dramatic changes in prairie wetlands hydrology. These hydrological changes may
result in mobilization of salts concentrated in the shallow subsurface (top few meters depth), and
hence may generate soil surface, wetland and ground water salinization. Therefore,
understanding of the hydrology and the geochemical processes is crucial in order to predict and
accommodate future changes in the prairies salts distribution. In this study, a numerical model
for flow and salt transport is used to demonstrate the strong influence of the water table location
on the location of salt accumulation in the subsurface and wetlands. It is well known that
evaporation is a major factor associated with salt precipitation. The model is able to determine
the location of the evaporation front and salt distribution, as a function of the water table depth,
soil properties and meteorological conditions. The model was used to explore salt distribution
under different climatic and environmental conditions and was compared to field and laboratory
measurements.

Uri Nachshon is a postdoctoral fellow at the Global Institute for Water Security at the University
of Saskatchewan. Uri did his Ph.D. in hydrology at the Zuckerberg Institute for Water Research,
Ben-Gurion University of the Negev, Israel. Research interests include ground-atmosphere
interactions, evaporation in saline environments and salt effect on evaporation processes. Uri’s
background is primarily in experimental and field works, though, recently he started to work on
modeling salt dynamic processes in the Canadian Prairies.
A. M. Ireson: PhD (Saskatoon); Assistant Professor, University of Saskatchewan.
G. van der Kamp: PhD (Saskatoon); Research Scientist, Environment Canada.
H. S. Wheater: PhD (Saskatoon); Canada Excellence Research Chair in Water Security, and
Director, Global Institute for Water Security, University of Saskatchewan.
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Sub-grid thermal modeling of discontinuous permafrost near Ft. Simpson, Northwest
Territories
B. Christensen1, M. Hayashi2, Y. Zhang3 & W. L. Quinton4
1
Department of Geoscience, University of Calgary, Calgary, Alberta, Canada
2
Department of Geoscience, University of Calgary, Calgary, Alberta, Canada
3
Canada Centre for Remote Sensing, Natural Resources Canada, Ottawa, Ontario, Canada
4
Department of Geography and Environmental Studies, Wilfred Laurier University, Waterloo,
Ontario, Canada
Changing climate conditions in the Canadian sub-arctic has resulted in degradation of permafrost
in the wetland dominated discontinuous permafrost at the Scotty Creek Research Basin in the
Northwest Territories. As the Canadian north experiences regional warming, the extent of
permafrost in the Scotty Creek basin will continue to change. Predicting the effects of regional
warming on permafrost degradation at a sub-grid scale (1km x 1km) requires a thermal model
that can simulate the unique landforms found in the wetland dominated discontinuous
permafrost. These landforms include saturated bogs and fens experiencing seasonal freezing,
and relatively dry peat plateaus underlain with permafrost. The difference in thermal properties
of these landcover types requires a robust model capable of modeling dry peat plateaus
supporting tree covered peat underlain by permafrost, as well as treeless bogs and fens composed
of saturated peat. To simulate the development and degradation of permafrost for these
landforms under changing climatic conditions, a one-dimensional model of soil-vegetationatmosphere transfer was set up for both dry plateaus and wet bogs/fens. The model was run over
a 100 year period with varying conditions, using both a uniform and seasonally variable
temperature offset from current temperatures to simulate previous climatic conditions. The
effect of changing physical conditions, such as snow depth, tree cover and soil moisture, were
also examined to determine why and where permafrost degrades/regenerates. By developing a
model capable of simulating the thermal regime of wetland dominated discontinuous permafrost
in the Canadian sub-arctic, the changes to the evolving landscape can be better understood and
managed under changing climatic conditions.
B. Christensen: Master’s student, University of Calgary
M. Hayashi: PhD; Professor, University of Calgary
Y. Zhang: PhD; Research Scientist, Natural Resources Canada
W.L. Quinton: PhD; Associate Professor, Wilfred Laurier University
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Tracing stemflow along hemlock tree roots in coastal British Columbia
S. A. Spencer1 & H. J. van Meerveld2
1
Department of Geography, Simon Fraser University, Burnaby, British Columbia, Canada
2
Faculty of Earth and Life Sciences, Vrije Universiteit, Amsterdam, The Netherlands
Stemflow is the portion of precipitation that falls on the forest canopy and flows down tree
branches and stems to the forest soil. Macropores around tree roots may allow stemflow water to
infiltrate deep into the soil. This double funneling of stemflow has implications for nutrient
cycling, groundwater recharge, and plant water uptake. Dye tracers have been used to determine
preferential flow pathways in soils; however, few studies have examined stemflow pathways.
This study used blue dye to determine stemflow pathways in order to better understand
hydrological flowpaths in forest soils and the importance of stemflow for recharge. A backpack
sprayer was used to apply blue dye to the stems of two mature hemlock trees, as well as directly
to a 1 m2 section of soil to simulate throughfall. The soil around the trees and under the
throughfall application was excavated and all patches of dye were mapped. Lateral flow of
stemflow was confined within 50 cm of the trees and occurred predominantly at 40 cm and 70
cm below the soil surface, which corresponds to the depths of denser soil layers. This bimodal
distribution of flow pathways was not found for the throughfall application, for which blue dye
decreased steadily with depth. These results suggest that the point source of stemflow water
causes larger soil moisture changes at depth than throughfall. Stemflow along roots may thus
result in rapid flow of precipitation to depth and increased recharge.
Sheena Spencer B.Sc. (Burnaby): is a Master of Science student in the Department of Geography
at Simon Fraser University in Burnaby, British Columbia. Sheena is studying ecohydrology and
will be completing her masters in August 2012. Her research focuses on stemflow and
preferential flow paths in a mixed species forest in Maple Ridge, BC. She was awarded the
Alexander Graham Bell Graduate Scholarship from the Natural Sciences and Engineering
Research Council of Canada for this research.
H.J. van Meerveld: PhD (Amsterdam); Assistant Professor, Vrije Universiteit Amsterdam.
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Fluvial responses to environmental change I
Session Coordinator: Sarah Boon
Session Chairs: Peter Ashmore & Colin Rennie
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Estimating suspended sediment and bedload transport for run-of-the-river projects: Needs,
approaches and challenges
A. E. Zimmermann
Northwest Hydraulic Consultants (NHC), North Vancouver, British Columbia, Canada
Department of Geography, University of British Columbia, Vancouver, Canada
In British Columbia, a number of run-of-the-river hydroelectric projects have recently been built
and many more are being designed. Many of these projects utilize a small head pond to
submerge the intake and manage sediment. In general, the head pond is insufficient to contain
the amount of sediment that will be supplied over the project lifespan. Best practices include
field programs that develop a good understanding of the size, quantity and timing of sediment
transport. This information is then integrated into the design process. Geomorphologists play a
critical role in collecting such data and having their observations incorporated into the design
process. The purpose of this paper is to discuss some examples of how sediment transport data
have been collected at proposed run-of-the-river sites, challenges in collecting the data and
forthcoming research needs. Case studies that have utilized point integrated suspended sediment
samplers (P61), Helley-Smith samplers and turbidity sensors will be presented. Observed
challenges include:
• Study sites located in non-uniform, high velocity areas that result in fine and medium
gravel being in suspension.
• Difficulties in gauging flow due to aeration.
• Bedload prediction in the absence of measurements.
• Difficulty of predicting downstream channel response due to the interruption of sediment
transport caused by head pond infilling.
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Getting the most out of RFID technology for bed-load transport monitoring: Sandbox
experiments and an improved field method
C. J. Bright & B. J. MacVicar
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo, Ontario,
Canada
Tracers are often used to study bedload transport in rivers. Rocks tagged with Radio Frequency
Identification (RFID) transponders have been rapidly adopted as tracers by many research groups
due to their advantages of high recovery rates, low cost and unique identification codes. The
problem is that the technique is relatively coarse due to high variability in detection ranges,
signal shadowing and burial. The objective of the current study is to develop a method to
determine the precise location of the rocks (± 10 cm) and estimate the depth of burial in the event
of aggradation. Laboratory tests were carried out in a 2.4 m x 2.4 m x 0.9 m sandbox filled with
granular ‘A’ mix. Variables that were tested include: tag size, clast size, tag orientation, antenna
hoop orientation, and burial depth. Remaining experiments will look at water
saturation/submergence, tagged sediment clusters and bed sediment mixtures. Results show that
rock mass around the tag affects the detection range. The positioning of the tag within the rock
and orientation of the antenna also affects the detection ranges. The detection ranges decrease by
an average of 27% when the rocks were buried at a depth of 3”. The methodology developed will
be used to track tagged rocks that at four sites in Laurel Creek, Waterloo, Ontario. It is
anticipated that the tests will substantially improve the accuracy of tag position information and
provide additional information on burial depths.
C. J. Bright: M.A.Sc Candidate (Waterloo); Graduate Student, University of Waterloo
B. J. MacVicar: PhD (Montreal); Assistant Professor, University of Waterloo
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Sediment transport continuum as an approach to bank management
C. Boyer1, A. G. Roy1,2, J. J. Luce3 & A. St-Hilaire4
1
Département de géographie, Université de Montréal, Montréal, Québec, Canada
2
Faculty of Environment, University of Waterloo, Waterloo, Ontario, Canada
3
Trent University, Environment and Life Sciences, Peterborough, Ontario, Canada
4
INRS, centre Eau Terre et Environnement (INRS-ETE), Québec, Québec, Canada
Bank erosion is frequently observed where flow alignment is forced toward the bank as it often
occurs in the vicinity of mid or lateral channel bars. Local aggradation of these bars, driven by
fluctuations in discharge and sediment supply, induces flow realignment leading to a translation
of the spatial erosion/deposition pattern. Change in the sediment continuum is therefore a key
element in the changes in river morphology and bank erosion at the reach scale. Based on this
concept, it is suggested that river sections with a high potential for sediment accumulation and
channel bar formation are subject to local flow rearrangement leading to bank instability. The
surrounding zones are also at risk due to the downstream translation of these adjustment
processes. This study uses the sediment continuum concept to develop an approach to diagnose,
analyze and assess the risk of bank erosion in response to environmental changes. The approach
was applied to a 45 km segment of the Nicolet River located in the transitional zone between the
lower Appalachian region and the St-Lawrence Lowlands. Within this segment, banks mainly
composed of sandy and silt display a variable vulnerability to erosion. Zones with high
probability for sediment deposition were identified from the longitudinal changes in river width
and slope, unit stream power and the connection with sediment sources. The timing and
variability of discharge fluctuations were appraised using historical hydrological record. Time
scales and spatial extent of local morphological adjustments in active zones were estimated from
1966 to 2010 using aerial-photos. The results of this analysis show a good relationship between
the displacements of the zones with intense bank erosion activity and the areas with high river
bed sedimentary activities. In-channel high sediment activity was initiated during a period of
high peak discharges following a period dominated by low peak discharges and important
modifications in flow and sediment supply regime of the tributaries.
C. Boyer: Research Associate, Université de Montreal.
A. G. Roy: Professor, Université de Montréal; Dean, Faculty of Environment, University of
Waterloo.
J. J. Luce: Research associate, Trent University, Environment and Life Sciences.
A. St-Hilaire: Professor, INRS-centre Eau Terre et Environnement (INRS-ETE).
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The mobility space of rivers in Southern Quebéc: implications for river management and
habitats
G. Choné1 & P. M. Biron2
1
Groupe de recherche interuniversitaire en limnologie et en environnement aquatique (GRIL).
Department of Geography, Planning and Environment, Concordia University, Montréal, Québec,
Canada
1
Department of Geography, Planning and Environment, Concordia University, Montréal,
Québec, Canada
Anthropic riparian land use very often leads to bank stabilization and other river modifications
that do not take into account the potential ecological and geomorphological impacts. Thus,
clarifying the relationship between channel mobility and habitats can lead to valuable insights for
river management. Channel mobility is nowadays recognized as a geomorphological agent that
structures natural in-steam and riparian ecosystems. Migration of meanders, with bank erosion
occurring on the outer bank of the meander and creation of a sediment bar on the inner bank, is a
patch-dynamic process responsible for the maintenance of a diversity of habitats. Log jams,
resulting from trees removed from the bank by erosion, and oxbows lakes, created by avulsion,
are also two particular fluvial features that offer unique habitats. This study aims to 1) appraise
river mobility for three different rivers, chosen as a representative sample of fluvial
geomorphological heterogeneity of Souhern Quebec (Yamaska Sud-Est, De La Roche and
Matane river), and 2) assess links between channel mobility and the presence of related habitats.
For this study, channel mobility was measured for homogeneous reaches from historical aerial
photos for the period 1950-2009. Sediment bars, oxbow lakes and log jams along the three rivers
were mapped using high-resolution aerial photos, LIDAR and field data. Current channel
mobility is examined in relation with stream power, and potential changes in future channel
mobility are examined based on climate change scenarios. The relevance of defining a protected
corridor along rivers, where bank erosion can freely occur, will be discussed.
G. Choné: MSc (Montréal); Graduate Student, Concordia University.
P.M Biron: PhD (Montréal); Associate Professor, Concordia University.
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Approaches to applied fluvial geomorphology: Comparing practice in England and
Ontario, Canada
S. B. Kelday1, A. Brookes2 & J. T. Beebe3
1
McCormick Rankin, Kitchener, Ontario, Canada
2
Jacobs, Winnersh, Wokingham, UK
3
JTB Environnemental Systems Inc., Ontario, Canada
This presentation compares approaches and techniques used in applied fluvial geomorphology in
England and Ontario, Canada. The focus is on approaches taken to manage impacts (both historic
and current resulting from recent or proposed developments) on the morphology of watercourses.
This includes the legislative and enforcement context, data availability, technical guidelines and
techniques adopted. The presentation draws on project examples from both countries to outline
typical modifications and pressures on fluvial systems and the different techniques used to
address these within the field of applied geomorphology. These Case Studies are for a wide
range of purposes in river management, including sediment and vegetation management and
river restoration. Conclusions are drawn regarding the appropriateness of different techniques
giving consideration to form based and process based methods, and the lessons that can be
learned from both countries given the strengths and weaknesses of the various approaches. The
presentation concludes with a consideration of future challenges and opportunities.
S. B. Kelday: MSc (Nottingham, UK); Fluvial Geomorphologist, McCormick Rankin Sally
joined McCormick Rankin in May 2011 bringing over six years of UK consultancy experience.
Her main areas of work include catchment scale surveys, river and wetland restoration designs,
natural channel design, and geomorphological assessments for Environmental Assessments. She
has experience with a wide range of tools and techniques adopted in Ontario and England.
A. Brookes: PhD (Southampton, UK); Divisional Director, Jacobs Andrew has more than 30
years experience in applied fluvial geomorphology as a researcher, in Government regulatory
bodies and (for the past 10 years) in consultancy. He has published widely on river management,
including two books – one concerned with the impacts of river engineering schemes and the
other river channel restoration.
J. T. Beebe: PhD (Wilfrid Laurier); President and CEO, JTB Environmental Systems Inc. John
has provided consultation and research services for clients privately since 1989 contributing to
more than 350 geomorphological projects in Canada as well as the US, Bangladesh and India. He
has published several hundred research articles and technical reports. John also has a great deal
of teaching experience pre- and post-Doctorally.

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

136

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Erosion: Indication in the water level and flow dynamics
R. Vedom
Hydrology and Environment, Mississauga, Ontario, Canada
Erosion, especially the avalanche type, is a serious issue for the urban infrastructure since
development accelerates the erosion of river banks. The objective of this paper is to analyze the
water dynamics of differently urbanized, eroding streams of Greater Toronto Area in order to
quantify the variability of the problem. The Harmonized Frequencies Analysis (HFA), a new
method of the water cycle integrity, was used as the assessment tool to fulfill this objective.
Twenty hydrometrical stations located within the jurisdiction of the Toronto and Region, and the
Credit Valley Conservation Authorities were chosen for this analysis for the period of 20042009. The stations within the area and years within the period are characterized by different
degrees of urbanization and, therefore, different degrees of erosion. The highest degree of
erosion within the examined spacetime belongs to the bank slide event happened in August 2005
at one of the gauged catchments destroying a busy route of the city. In the result, a certain
combination of the highest values of the HFA parameters and statistics was obtained as the
indicator for the place and time of the severe erosion event. Surprisingly, the baseflow dynamics,
not the storm ones, play the main role in erosion process indicating the upcoming event in
advance. Based only on level and flow daily data, such a simple assessment, it is possible to test
a large amount of streams in developed and developing areas specifying the scale and the risk of
severe erosion.
Rimma Vedom: PhD in Hydrology, came to Canada in 1998; she worked as a researcher in
NWRI and as the technical officer in OPG. Since 2005, she has represented her own firm. The
technical solution of the water cycle integrity, scale-invariance and universality as the basis for
the environmental assessment has become her main area of interest.
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Monitoring and modelling ice formation on a flooded and hydraulically altered lake-river
system (Lake St. Martin and Dauphin River, Manitoba)
K.-E. Lindenschmidt1, M. Sydor2 & R. Carson3
1
University of Saskatchewan, NHRC, Saskatoon, Saskatchewan, Canada
2
S.E.S. Systems Evaluation Service Inc., Gatineau, Québec, Canada
3
KGS Group, Winnipeg, Manitoba, Canada
In 2011, Manitoba experienced extreme flooding on a wide extended scale that affected many
large watersheds. In order to protect Winnipeg from excessive flooding, some of the flood waters
were diverted via the Portage Diversion into Lake Manitoba and Lake St. Martin, causing
extreme high water levels and flooding of these lakes. The outlet of this entire drainage basin is
the Dauphin River flowing from Lake St. Martin to Lake Winnipeg. The river’s conveyance
capacity was exceeded by the flood and the lakes could not be drained fast enough to avoid
damage from high flood levels and shore line erosion and property damage from accentuated
wind setup and wave uprush of the lake water. An Emergency Channel was constructed to
compensate for this constriction, which now conveys additional water from Lake St. Martin
towards Lake Winnipeg. Ice cover formation during winter freeze-up of these waters could
potentially exacerbate the flooding situation for communities alongside Lake St. Martin and the
Dauphin River. Hence, the river ice model RIVICE was implemented to determine flood
protection elevations to which existing dikes needed to be raised and extended. The modelling
takes into consideration the potential frazil ice generation that can raise water levels by up to 3 m
from open water levels. High discharge and water level data was available to calibrate the model
both for an open-water and an ice-covered case. The model was successfully validated using data
collected during a freeze-up event in December 2011.
K.-E. Lindenschmidt: PhD, PEng (Saskatchewan); Associate Professor, University of
Saskatchewan; research interests – surface water quality modelling, fluvial geomorphology and
river ice processes.
M. Sydor: M.Sc., PEng (Gatineau); Senior Water Resources Engineer, Gatineau, Québec.
R. Carson: PEng (Winnipeg); Senior Consultant and Manager of Water Resources Services at
KGS Group, Winnipeg.
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Climate, landscape structure, and management controls on suspended sediment dynamics
in 6 adjacent Rocky Mountain catchments
S. B. Baker, K. G. Jencso, B. L. M. & F. Nippgen
Watershed Hydrology Lab, Montana State University, Bozeman, MT, USA
The relative influence of catchment structure (topography, geology, and vegetation), climate, and
forest disturbance on sediment export is poorly understood but requisite for informed
management.
In snow melt dominated environments the majority of sediment transport
typically occurs during spring melt. We investigated the influences of snowmelt accumulation
and melt characteristics, catchment structure, and forest harvesting on suspended sediment (SS)
export across 6 adjacent catchments in the Tenderfoot Creek Experimental Forest (TCEF; Little
Belt Mountains of Montana, USA). We quantified catchment cumulative SS export across a 16year data record (1996-2011). In two of these catchments, 30-40% of the lodgepole pine forest
was harvested in middle of the data record. We compared each catchment’s annual SS load to
metrics of landscape structure, derived from GIS based analysis of 1m LiDAR data, and annual
climate characteristics. Significant correlations included surface topographic indices, geologic
strata areal extent, and spatial patterns of deforestation. Annual differences in SS were strongly
related to annual precipitation and snowmelt intensity. We observed a sustained 150% increase
in SS export following partial forest harvesting in the experimental catchments. Our results
quantify annual sediment export sensitivity to landscape structure, climate variability, and
disturbance patterns across adjacent catchments. Our research indicates that no two catchments
will respond the same way to the same disturbance nor will they respond the same way across
time due to climate variability.
Stuart Baker: B.S. (Montana State University); Research Associate, Montana State University
Kelsey Jencso: PhD (Montana State University); Postdoctoral Researcher, Montana State
University
Brian McGlynn: PhD (State University of New York-Environmental Science & Forestry);
Associate Professor, Montana State University
Fabian Nippgen: M.S. (University of Freiburg); PhD Candidate, Montana State University
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Channel condition of a small Okanagan stream following three historical dam break floods
L. M. Burge
Department of Geography & Earth and Environmental Science, Okanagan College, Kelowna,
British Columbia, Canada
Three historical dam break floods (May 15, 1928; May 15, 1936; May 27, 1944) changed the
character of the floodplain and channel of Shuttleworth Creek. Shuttleworth Creek is a small
stream (Qaf = 2.6 m3/s) that enters the Okanagan River at the town of Okanagan Falls. After
emerging from a canyon, the downstream six kilometers of the creek can be divided into three
sections: single channel, braided, and urban confined. To investigate the channel conditions
within the downstream section, grain size was determined at 88 riffles using a standard pebble
count technique and a long profile was surveyed every 10m downstream, with a cross-section
every 70m. The channel was divided into 15 reaches for analysis. For each reach, the average
width, depth, width-depth ratio, bed slope, grain size (D84, D50, D16), bankfull shear stress,
bankfull Froude number, bankfull average velocity, bankfull specific stream power and bankfull
mobility ratio were calculated. Sediment extraction records from a sedimentation basin built in
the early 1960’s just upstream of the confluence with the Okanagan River show the volume and
frequency of sediment extraction decreases through time. The analysis shows Shuttleworth
Creek to be a steep, high energy stream with a slope near the meandering to braided transition.
Lateral channel migration, avulsion, and dissection of bars are common at high flows as seen
during the 2011 freshet. The channel bed is generally in grade with degradation seen in the
urban confined section. The analysis indicates that the influence of the dam break floods is
decreasing through time.
L. M. Burge: PhD (McGill); College Professor, Okanagan College; Adjunct Professor University
of British Columbia Okanagan
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Morphological response to urban development over 60 years: Highland Creek, Ontario
J. McDonald & P. Ashmore
Department of Geography, Western University, London. Ontario, Canada
Highland Creek drains about 100 km2 of an intensively urbanized area in Scarborough, Ontario.
Urban land use expanded rapidly into the headwaters of the catchment in the 1970s and 1980s
resulting in almost 100% urban land use and 53% impervious surfaces. Peak flows after the
onset of extensive development were several times larger than under mainly agricultural land use
in the 1950s and early 60s. Headwater streams were channelized but the main branches further
downstream remained partially natural. Channel width increases and changes in sinuositywere
mapped from aerial photographs over several epochs between 1954 and 2005. Adjustment in
sinuosity is dominated by engineering of the channel although some natural bend cut-offs
occurred. Channel width adjustment varied in its magnitude mainly because widening was
limited by bank protection work in many reaches, and constraint by channel confinement.
Channel incision has also been prevalent in some reaches. Channel width predictions from
several regime equations varied in their reliability and show that the un-engineered reaches
adjusted to flow increases quickly, while many engineered reaches remain ‘too narrow’ for the
prevailing flows. Large flood events have had a significant effect on channel adjustment and the
river morphology is now dominated by various phases of engineering and channel design
intended to maintain natural form while minimizing threats to infrastructure.

John McDonald: Recent MSc graduate in fluvial geomorphology and GIS applications from the
Western University who would be happy to receive a job offer in his field.
Peter Ashmore: Fluvial geomorphologist with research and consulting experience in fluvial
processes and morphology of gravel-bed rivers, experimental geomorphology, and river channel
design and restoration.
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Spatial (dis) organization of stream gradient in DEM longitudinal profiles and specific
stream powers for glacially conditioned catchments, Southern Laurentian Great Lakes
R. T. J. Phillips & J. R. Desloges
Department of Geography, University of Toronto, Toronto, Ontario, Canada
Fluvial systems of the Souhern Laurentian Great Lakes region have developed through a
complex history of post-glacial environmental and land-use changes. River catchments of
peninsular Souhern Ontario are typically small (Ad < 7000 km2) and drain to base-levels of the
lower Great Lakes (Ontario, Erie and Huron). The spatial distribution of stream gradient is
mapped for eleven (11) major river catchments across Souhern Ontario using a digital elevation
model (DEM). Raw data from the DEM show stream gradients which exhibit multi-scale
variance from both real and artifact sources. As such, generalization of stream gradient becomes
a question of the most representative spatial scale at which fluvial processes operate over long
time scales (e.g., Holocene). To investigate catchment scale patterns, a multi-pass moving
window approach is used to generalize stream gradients at the reach scale (1 – 2 km). Models of
specific stream power are then compared with glacial landform and surface geology mapping.
The results indicate that glacial signatures still dominant the spatial distribution of stream
gradient, suggesting that Holocene vertical adjustments towards fluvially “graded” profiles have
been relatively slow or ineffective. Non-fluvial controls on stream gradient include local baselevel effects of morainic and shallow bedrock sills; as well as direct topographic effects of
glaciolacustrine plains, till plains, glaciofluvial spillways, and moraine complexes (i.e., glacial
macro-forms). In addition, valley-fill materials consist of a wide range of reworked and in situ
glacial deposits, with sediment calibre strongly influencing rates of vertical fluvial adjustment.
Glacial conditioning of late-Holocene fluvial systems can be discriminated by slope-area
analysis and classified by specific stream power.
R. T. J. Phillips, M.Sc., P.Geo., PhD Candidate, University of Toronto – A student with a
Honours B.Sc. (SFU) and M.Sc. (YorkU); and is currently a PhD Candidate (UofT). He is also a
practicing member of the Association of Professional Geoscientists of Ontario (APGO). His PhD
research aims to define meaningful classifications for late-Holocene alluvial floodplains
conditioned to varying degrees by glacial sediments and landforms (Souhern Ontario).
J. R. Desloges: PhD (UBC); Professor, University of Toronto – A Professor of Geography at the
University of Toronto specializing in the study of Holocene geomorphic landscape changes
affected by glacial and fluvial processes (western Canadian Cordillera and Souhern Ontario).
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Floodplain development in Highland Creek, Southern Ontario: Influence of “extreme”
flood events on Holocene floodplain regimes
J. R. Desloges, R. T. J. Phillips & T. Largo
Department of Geography, University of Toronto, Toronto, Ontario, Canada
Traditional models explaining alluvial infills of river valleys often rely on assumptions of
uniform, or quasi-uniform, perturbations to hydrology, base level, sediment supply and channel
boundary erodibility. Progressive lateral accretion and vertical accretion in single-thread
channels, persistent braiding in laterally unstable settings, or some combination (e.g.
anabranching) are thought to lead to predictable and recognizable floodplain types. While an
extreme or “catastrophic” regime has also been recognized as a possible persistent mode of
repeated valley filling (e.g. floodplain “strip and fill” cycles of Nanson), the impact of rare, high
magnitude, flood events in the long-term development of more stable Holocene floodplains is
less well known. Floodplain coring, ground penetrating radar profiling, and bank logging were
undertaken in a survey of the floodplain of urbanized (100 km2) Highland Creek, Ontario before
and after a catastrophic, “regime re-setting” flood. Results show that thin, stable, floodplains in
headwater reaches were little affected due to high bank strengths, artificial channel hardening,
low gradients and limited sediment supply. Middle valley reaches were catastrophically impacted
with dramatic lateral erosion (400%+ channel widening) and extensive floodplain stripping
removing deposits older than > 6000 yrs BP. Transport of sediments out of the middle valley to
the lower watershed led to mostly rapid floodplain deposition (~1-day) of 0.3-0.5 m of vertical
accreted sand. The spatially variable response of the Highland Creek floodplain was strongly
affected by valley gradient, entrenchment and resistance of the channel bed – factors which had
less obvious influence on floodplain formation throughout the late Holocene.
J.R. Desloges: PhD (UBC); Professor, University of Toronto
R.T.J. Phillips, M.Sc. (YorkU), P.Geo., PhD Candidate, University of Toronto
T. Largo; B.A. (UofT); MSc candidate (U of T).
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Woo Lecture
Session Coordinator: Sarah Boon
Wednesday June 6, 2012 - 15:30 to 17:00 - Room: MB Auditorium
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Climate and watershed structure influences on hydrologic connectivity and stream network
propagation of watershed signatures
Brian L. McGlynn1,2
1
Until June 30, 2012: Department of Land Resources and Environmental Sciences, Montana
State University, Bozeman, Montana, USA
2
As of July 1, 2012: Division of Earth and Ocean Sciences, Nicholas School of the Environment,
Duke University, Durham, North Carolina, USA
How does watershed structure reflect and impose order on spatially
heterogeneous ecological and hydrological processes? How do ecological
and hydrological processes integrate to produce well-known spatially and
temporally variable phenomena such as runoff production, carbon fluxes,
and stream nutrient dynamics? How are terrestrial watershed processes
obscured and modified by stream network hydrology and
biogeochemistry? How will climate variability and change manifest
across eco-hydrological systems? These questions represent grand
challenges in watershed hydrology and biogeosciences. This presentation
will highlight, discuss, and provide examples of initial progress toward addressing these grand
challenges. Case studies will include examples from snowmelt dominated regions of the northern
Rocky Mountains, USA.
Brian McGlynn: Professor at Montana State University since he has finished his PhD in 2002.
His research focuses on linking watershed form to hydrological, ecological, and biogeochemical
function. His laboratory and colleagues study watershed hydrology (streamwater sources,
flowpaths, and age); land-atmosphere CO2, H2O, and energy fluxes; watershed biogeochemistry;
and hydrological/biogeochemical/ecological implications of landuse change. They employ
methods that include source water tracing, physical hydrology, eddy-covariance, and landscape
analysis techniques. Their extensive and intensive field-based research is focused on the spatial
and temporal scaling of hydrological, biogeochemical, and ecological processes across
watersheds and stream networks. As of July 1, 2012, Brian McGlynn will be Professor of
Watershed Hydrology and Biogeosciences in the Nicholas School of the Environment at Duke
University.
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Tracing and fingerprinting sediment sources and transfers
in watersheds
Session Coordinator: Sarah Boon
Session Chairs: Phil Owens, Ellen Petticrew & David Lobb
HR12 - Wednesday June 6, 2012 - 10:30 to 12:00 - Room: MB 252
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The effects of wildfire on the geochemical composition and particulate phosphorus
characteristics of cohesive sediment in the Crowsnest and Castle River, Alberta
D. Allin & M. Stone
Department of Geography & Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
In 2003, the Lost Creek fire severely burned nearly 21000 ha in the headwaters of the Oldman
River basin in Souhern Alberta. While several studies have documented the effects of wildfire on
catchment hydrology, sediment production and nutrient yield, little is known about the
propagation of fire-modified materials to downstream environments, their characteristics and
potential effects. This study examines the effects of wildfire on the geochemical composition and
phosphorus (P) speciation of suspended solids collected with isokinetic samplers deployed in fire
impacted rivers. The research was designed to compare sediment properties in burned and
reference watersheds over a two year period and to examine spatial variation in these sediment
properties along a downstream gradient of the Crowsnest and Castle rivers. The concentration of
major elements (Si, Al, Ca, Mg, Na, K, Fe, Ti, Mn and P) and physical characteristics (SSA, D50)
of sediments were determined using x-ray fluorescence and laser diffraction, respectively and
related to particulate P forms. Particulate P fractions were determined using a sequential
extraction technique to evaluate the effects of wildfire on particulate P forms (NAIP, AP, OP).
The effects of wildfire on phosphorus speciation and its implications for the management of
downstream aquatic environments will be discussed.
Don Allin: Graduate student at UW. He expects to be completed in Spring 2012. His research
interests lie in the field of geochemistry. His professional experiences include work in the
environmental remediation industry, and his academic experience has led him to be a part of
numerous research projects geared toward understanding anthropogenic impacts on nutrient
transport in rivers.
Dr Michael Stone: Professor in the Department of Geography and Environmental Management at
the University of Waterloo. His research program is directed towards the study of the source,
transport and fate of sediment associated contaminants in aquatic environments.
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Using tracers to determine sediment sources following a wildfire in British Columbia
P. N. Owens1, T. R. Giles2, E. L. Petticrew3, W. H. Blake4 & R. Bol5
1
Environmental Science Program and Quesnel River Research Centre, University of Northern
British Columbia, Prince George, British Columbia, Canada
2
BC Ministry of Forests, Lands and Natural Resource Operations, Kamloops, British Columbia,
Canada
3
Geography Program and Quesnel River Research Centre, University of Northern British
Columbia, Prince George, British Columbia, Canada
4
School of Geography, Earth & Environmental Science, University of Plymouth, U.K.
5
North Wyke Research, North Wyke, Okehampton, Devon, U.K.
In August 2003 a severe wildfire burnt the majority of Fishtrap Creek, a 170 km2 watershed near
the city of Kamloops in central British Columbia. The objective of this study was to determine
the influence of the wildfire on the amount and composition of fine sediment delivery and
transport in the system and to see if the wildfire altered the main sources of sediment. In
addition, the findings are compared with those for a nearby watershed, Jamieson Creek, with
similar characteristics that was unburnt. In both watersheds, suspended sediment concentrations
and fluxes were determined using ISCO automatic water samplers. Changes in sediment sources
were determined by collecting bulk sediment and source material samples, and by using
environmental tracers and the “fingerprinting approach” to identify sources. Results suggest that
following the wildfire there was no major response in fine sediment delivery and transport in
Fishtrap Creek, when compared to Jamieson Creek. This muted response may be due to the fairly
low rainfall amounts in the period immediately following the wildfire. Environmental fallout
radionuclides (caesium-137 and unsupported lead-210) showed that there was limited increase
(<10%) in the relative contribution from hillslope (vs subsoil and channel bank) sources of
sediment. Recent changes in sediment fluxes and sediment sources relate more to bank erosion
processes. The results suggest that in some situations wildfire may not produce the dramatic
increases in hillslope erosion and sediment transport often documented in other watersheds.
Phil Owens: FRBC Research Chair in Landscape Ecology, UNBC
Tim Giles: Research Geomorphologist, BC MFLNRO
Ellen Petticrew: FRBC Research Chair in Landscape Ecology, UNBC
Will Blake: Associate Professor, University of Plymouth
Roland Bol: Senior Research Scientist, North Wyke Research
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Assessing the sources of suspended sediments in the streams of an agricultural watershed
in the Canadian prairies using sediment fingerprinting techniques
A. J. Koiter1, D. A. Lobb2, P. N. Owens3, E. L. Petticrew4, K. H. D. Tiessen5 & S. Li6
1
NRES Program, University of Northern British Columbia. Prince George, British Columbia,
Canada
2
Department of Soil Science, University of Manitoba, Winnipeg, Manitoba, Canada
3
Environmental Science Program, University of Northern British Columbia, Prince George,
British Columbia, Canada
4
Geography Program, University of Northern British Columbia, Prince George, British
Columbia, Canada
5
International Development Research Centre, Ottawa, Ontario, Canada
6
Agriculture and Agri-Food Canada, Fredericton, New Brunswick, Canada
Sediments adversely impact the quality of surface waters and are a significant source of
contaminants such as nutrients and pesticides in agricultural watersheds. The South Tobacco
Creek watershed is part of a national project aimed at measuring the economic and water quality
impacts of different agricultural practices and is one of nine sites across Canada. This
predominantly agricultural watershed extends across the Manitoba Escarpment; its upper reaches
lay in undulating glacial tills and its lower reaches lay in the lacustrine sediments of glacial Lake
Agassiz. Past studies of soil erosion within fields and sediment delivery from the watershed have
produced conflicting results. Beginning in 2009, a comprehensive study of the sources of
sediments was undertaken using sediment fingerprinting techniques. Suspended sediments were
sampled using paired time-integrated samplers fixed to the stream bed. Samples were collected
over the course of three years at several locations along the main stem of the creek, ranging from
3rd order (42 ha) to seventh order (7441 ha) drainage basins. Sediment samples were analyzed
for Cs-137 content and a suite of geochemical elements and the values were compared to those
measured within the surface soil of field and riparian areas, and streambank profiles. Analysis
determined that the majority of suspended sediments being exported from the watershed were
coming from the stream channels and not the soils of the uplands.
A. J. Koiter: M.Sc; Ph.D candidate, University of Northern British Columbia.
D. A. Lobb: Ph.D; Research Chair in Watershed Systems and Professor, University of Manitoba.
P. N. Owens: Ph.D; Research Chair in Landscape Ecology and Associate Professor, University
of Northern British Columbia.
E. L. Petticrew: Ph.D; Research Chair in Landscape Ecology and Professor, University of
Northern British Columbia.
K. H. D. Tiessen: Ph.D; Senior Program Officer, Agriculture and Food Security. International
Development Research Centre.
S. Li: Ph.D; Research Scientist, Hydrology/Croplands and Water Management. Agriculture and
Agri-Food Canada
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Compound-specific stable isotope methods used in tracing soil and sediment movement:
Considerations for improved sensitivity
D. G. Reiffarth 1, E. L. Petticrew 2 & P. N. Owens3
1
Chemistry Program, University of Northern British Columbia, Prince George, British Columbia,
Canada
2
Geography Program, University of Northern British Columbia, Prince George, British
Columbia, Canada
3
Environmental Science Program, University of Northern British Columbia, Prince George,
British Columbia, Canada
The development of cost-effective, convenient and reliable methods for tracing sediment
movement will help establish water security. The use of compound-specific stable isotopes
(CSSIs) has seen limited, small-scale applications, often in watersheds exhibiting exotic and
highly diverse vegetation types. The CSSI tracing technique relies on the detection and transport
of naturally occurring organics of plant origin (biomarkers); the biomarkers of interest are
produced by flora, deposited on the soil and potentially mobilized along with soil particles. In
part, the uniqueness of a biomarker is dependent on its biological pathway. As a plant fixes CO2–
its primary source of carbon for building larger organic molecules–discrimination against the
heavier 13C isotope leads to an enrichment of 12C. The more complex the biological pathway the
biomarker has been subjected to, the more discrimination and unique isotopic signature the
biomarker exhibits. Successfully implementing CSSI tracing requires recognizing: (i) factors
contributing to the natural variability of the isotopic signature (ii) the suitability of a biomarker
and (iii) factors affecting sensitivity during analysis. Considering the relatively low input of
suitable organic biomarkers into the soil and degree of signal dispersion, care must be taken to
isolate and correctly identify biomarkers, particularly where vegetation types show low
variability and where long-range transport occurs. Research is currently being conducted in the
Horsefly River watershed in the central interior of British Columbia; although in its infancy, the
research seeks to address some of these concerns, particularly in a temperate climate where
exotic vegetation types are not common and variability is expected to be low.
E. L. Petticrew: PhD McGill University; Endowed Chair in Landscape Ecology; Professor,
Geography Program, University of Northern British Columbia
P. N. Owens: PhD University of Exeter, UK; Endowed Chair in Landscape Ecology; Associate
Professor, Environmental Science Program , University of Northern British Columbia
D. G. Reiffarth: Senior Lab Instructor, UNBC, Chemistry Program. BSc, MSc. Chemistry
(University of Northern British Columbia); PhD candidate in Natural Resource and
Environmental Studies, University of Northern British Columbia
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Methods of tracing organic sediment in watersheds: The tried and true and relatively new
E. L. Petticrew1 & D. G. Reiffarth2
Geography Program, University of Northern British Columbia, Prince George, British
Columbia, Canada
2
Chemistry Program, University of Northern British Columbia, Prince George, British Columbia,
Canada

1

Tracing inorganic sediment using fingerprinting techniques has been an approach used in
geomorphology for several decades to characterize sources and sinks of soil and sediment.
However, methods to identify the sources of organic sediment and track its movement through
watersheds have not been as prevalent in this discipline. Research in limnology and
oceanography as well as in the field of soil science has led to the development of several
methods which differentiate organic matter making them valuable as tools for source tracing.
Using the stable isotopes of 13C and 15N with un-mixing models has proved a successful means
of identifying the source material composition of soil and sediment although this technique relies
on the sources having significantly different signals. This can be problematic when food chains
delivering or modifying the organic matter are tightly linked. More direct methods focus on the
specific compounds within the organic matter such as fatty acids which themselves are indicators
of the source material, and can in many environments be considered conservative. Another
relatively new method being tested in a range of land use conditions is fingerprinting via DNA to
differentiate source material. Some success for this method as a tracer has been had in
environments that have distinct bacterial populations. The current value of these methods as a
tracer of soil and sediment in watersheds will be discussed.
Ellen Petticrew: BSc (Queen’s University) and MSc (UBC) Physical Geography, PhD McGill
University (Biology); Research Chair in Landscape Ecology; Professor, Geography Program,
and Quesnel River Research Centre, University of Northern British Columbia.
D.G. Reiffarth: Senior Lab Instructor, UNBC, Chemistry Program. BSc, MSc. Chemistry
(University of Northern British Columbia); PhD candidate in Natural Resource and
Environmental Studies, University of Northern British Columbia.
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Temporal changes in sediment geochemistry in tributaries in the Athabasca oil sands area:
1997-2009
D. de Boer1, M. S. Evans2 & Z. Papp2
1
Centre for Hydrology, Department of Geography and Planning, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada
2
National Water Research Institute, Environment Canada, Saskatoon, Saskatchewan, Canada
Oil sands development in the Athabasca River basin has led to substantial changes in land use
and concerns for water and sediment quality. Cluster analysis of metal concentrations in
sediment has led to the development of a metal signature indicative of human activity,
specifically related to oil sands development in the basin. Metal concentrations are normalized to
Al to account for differences in the percentage of fines, and cluster analysis of the normalized
concentrations indicates four distinct clusters. Clusters 1 and 3 are closely related and represent
samples with low normalized metal concentrations. Clusters 2 and 4 are also closely related and
represent samples with high normalized metal concentrations, in particular Ti (Cluster 2) and As,
Ba, Co, Pb, Mn, Ni, K, V and Zn (Cluster 4). From 1997 to 2002, the majority of tributary
samples belongs to Clusters 1 and 3. Sediment samples from tributaries in the Athabasca River
basin show a change in predominance from Clusters 1 and 3 to Clusters 2 and 4 starting in 2005.
It is likely that oil sands operations mobilize sediment from the specific formations, resulting in a
change in metal fingerprint from Clusters 1 and 3 to Clusters 2 and 4 in the tributaries in the oil
sands area. Oil sands development is associated in tributaries with a change in sediment
characteristics from one natural sediment source to another rather than with an increase in metal
concentrations. Because increasing metal concentrations are not an effective indicator of human
activity in the Athabasca oil sand region at this time, sediment fingerprinting is a useful tool to
establish these changes.
Dirk de Boer: PhD (Alberta); Professor, University of Saskatchewan
Marlene Evans: PhD (UBC);Research Scientist, Environment Canada
Zsuzsanna Papp: PhD (Saskatchewan), Research Assistant, Environment Canada
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Adaptation learning for managing extreme events
Session Coordinator: Shaun Toner
Session Chairs: Mary-Ann Wilson & Carrie Spencer
W3A - Wednesday June 6, 2012 - 13:30 to 15:00 - Room: MB 252
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Raising dikes & rolling back: Progress on adapting to sea level rise in British Columbia
J. Shah1 & T. Neale2
1
BC Ministry of Forests, Lands, and Natural Resource Operations – Flood Safety Section,
Victoria, British Columbia, Canada
2
BC Ministry of Environment – Climate Action Secretariat, Victoria, British Columbia, Canada
Over the next century, sea levels in British Columbia’s coastal areas are expected to rise between
52 and 120 cm. While some BC coastal communities will experience more sea level rise than
others, it will be necessary for all local governments in coastal areas to consider sea level rise in
infrastructure and development planning. The question of how much sea level rise we should
plan for will underpin all decisions about coastal development. To ensure that we develop a
consistent approach to preparing for sea level rise, the BC Ministry of Forests Lands and Natural
Resource Operations, with funding assistance from Natural Resources Canada’s Regional
Adaptation Collaborative program, commissioned a number of studies to define a “sea level rise
planning curve” and to incorporate sea level rise considerations into flood management
guidelines. These studies recommend that BC coastal communities plan for a rise in sea levels
of 0.5m by 2050, 1m by 2100 and 2m by 2200. The province is in the process of engaging
stakeholders on this recommendation and associated new guidelines for sea dike design, flood
construction levels and coastal flood plain mapping. This presentation will provide an overview
of the proposed new guidelines and a progress report on two follow up studies: development of
an educational resource on adaptation options for sea level rise and a costing study of upgrading
BC’s coastal flood defenses to the new recommended standard. Please visit the following
website for more information:
http://www.env.gov.bc.ca/wsd/public_safety/flood/structural.html#climate.
Tina Neale: Climate Change Adaptation Advisor with the Climate Action Secretariat, BC
Ministry of Environment. She has a background in participatory research investigating the
impacts of climate change on water supply and demand in the Okanagan Basin of British
Columbia. Since joining BC MoE in June 2009, Tina has worked on issues related to sea level
rise in BC, including initiating BC’s “King Tides” Photo initiative. Tina also participated in
development of BC’s Climate Change Adaptation Strategy.
Jesal Shah, P.E., P.Eng.: B.Sc. in Civil and Environmental Engineering and a M.Sc. in
Environmental Engineering from the University of Southern California. Mr. Shah has significant
experience in the fields of storm water management and geotechnical engineering in both the
public and private sectors within California and B.C. As a flood safety engineer with the
province of BC, he is helping to develop engineering guidelines and policies to better protect the
public against flooding.
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Érection de digues et retour à l’état initial: Progrès sur l’adaptation à l’élévation du niveau
de la mer en Colombie-Britannique
J. Shah1 et T. Neale2
1
BC Ministry of Forests, Lands, and Natural Resource Operations – Flood Safety Section,
Victoria (C.-B.), Canada
2
BC Ministry of Environment – Climate Action Secretariat, Victoria (C.-B.), Canada
Au cours du prochain siècle, on prévoit que l’élévation du niveau de la mer dans les zones
côtières de la Colombie-Britannique (C.-B.) se situera entre 52 et 120 cm. Même si cette
élévation sera plus importante dans certaines collectivités côtières de la C.-B., toutes les
administrations locales des zones côtières devront tenir compte de l’élévation du niveau de la
mer dans la planification des infrastructures et de l’aménagement. Les décisions liées à
l’aménagement côtier dépendront dans leur ensemble de l’ampleur de la montée du niveau de la
mer à laquelle il faut s’attendre. Pour s'assurer d'élaborer une approche cohérente en vue de se
préparer à une élévation du niveau de la mer, le ministère BC Ministry of Forests, Lands, and
Natural Resource Operations, avec le soutien financier du programme d'Initiatives de
collaboration pour l'adaptation régionale (ICAR) de Ressources naturelles Canada, a commandé
plusieurs études visant à définir une «courbe de planification de l'élévation du niveau de la mer»
et à incorporer les considérations liées à la hausse du niveau marin dans les lignes directrices sur
la gestion des inondations. Ces études recommandent aux collectivités côtières de la C.-B. de
prévoir une hausse de 0,5 m du niveau de la mer d’ici 2050, de 1 m d’ici 2100 et de 2 m d’ici
2200. La province consulte actuellement des intervenants à propos de cette recommandation et
de nouvelles lignes directrices connexes pour la conception de digues de mer, la construction audessus du niveau d’inondation et la cartographie de la plaine d’inondation côtière. Cette
présentation offrira un aperçu des nouvelles lignes directrices proposées et un rapport d’étape sur
deux études de suivi : l’élaboration de ressources éducatives sur les mesures d’adaptation à
l’élévation du niveau de la mer et une étude des coûts de la mise à niveau des méthodes de
protection des zones côtières de la C.-B. contre les inondations en fonction des nouvelles normes
recommandées. Veuillez visiter le site Web suivant pour obtenir plus d’information :
http://www.env.gov.bc.ca/wsd/public_safety/flood/structural.html#climate.
Tina Neale est conseillère en adaptation au changement climatique auprès du Climate Action
Secretariat du BC Ministry of Environment. Elle a acquis de l’expérience en recherche participative
sur les effets du changement climatique sur l’approvisionnement et la demande en eau dans le bassin
de l’Okanagan, en Colombie-Britannique. Depuis juin 2009, elle est à l’emploi du ministère de
l’Environnement de la C.-B. et a travaillé sur des questions liées à l’élévation du niveau de la mer en
C.-B., incluant le lancement de l’initiative photographique « King Tides » de la C.-B. Tina a aussi
participé à l’élaboration de la stratégie d’adaptation au changement climatique de la C.-B.
Jesal Shah détient un baccalauréat en sciences en génie civil et environnemental ainsi qu’une maîtrise
en génie environnemental de l’University of Southern California. Il possède une expérience
importante dans les domaines de la gestion de l’eau pluviale et du génie géotechnique, dans les
secteurs public et privé, en Californie et en Colombie-Britannique. En tant qu’ingénieur en sécurité
en cas d’inondation pour la province de la Colombie-Britannique, il participe à l’élaboration de
directives et de politiques d’ingénierie visant à mieux protéger le public contre les inondations.
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Adaptation to low water level and water supply issues on the Yamaska River watershed in
Québec
N. Audet1 R. Turcotte2 & J.-F. Cyr3
1
Ouranos, Montréal, Québec, Canada
2
Centre d'expertise hydrique du Québec (CEHQ), Québec, Québec, Canada
It is expected that over the coming decades, Quebec’s water resources will undergo several
impacts due to climate change, including earlier spring floods, more severe low flows, and
changes in the intensity and frequency of summer and autumn floods (Ouranos, 2010). These
projections raise adaptation issues in regard to water supply (for municipalities, industries and
the agricultural sector), dam management and security, riverbank erosion, floodplain
management, public security, and others. In the context of the Quebec- Regional Adaptation
Collaborative Program (RAC) and of Ouranos Consortium’s Water Resource Program, different
projects have been developed by experts in collaboration with concerned stakeholders to address
these issues. After a brief overview of the program, the presentation will focus on projects
addressing low-water level and related water supply issues on the Yamaska River Watershed ,
including 1) the development of a prototype warning system for low flows and excessive
withdrawals and of a contingency plan with involved municipalities (Côté, U. Sherbrooke); 2) a
socio-economic analysis of the potential impacts of low-water levels and of the contingency plan
(Ecoressources); and 3) the development of a system to forecast low-water levels as a method to
adapt to climate change impacts (Brissette. ETS).
Nicolas Audet, M.Sc., Impacts and adaptation specialist - water resources, Consortium Ouranos.
Richard Turcotte, Ing. Ph.D., Chief - Division de l'hydrologie et de l'hydraulique, Direction de
l'expertise hydrique, Centre d'expertise hydrique du Québec; and Program coordinator for
"Ressources hydriques" du consortium Ouranos.
Jean-François Cyr, ing. M.Sc.: Project manager - integrated management, Division de
l'hydrologie et de l'hydraulique, Direction de l'expertise hydrique, Centre d'expertise hydrique du
Québec; and Assistant coordinator for"Ressources hydriques" du consortium Ouranos.
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Adaptation aux faibles débits et aux problèmes d’alimentation en eau dans le bassin
versant de la rivière Yamaska
N. Audet1, R. Turcotte2 & J.-F. Cyr2
1
Ouranos, Montréal, Québec, Canada
2
Centre d'expertise hydrique du Québec (CEHQ), Québec, (Québec), Canada
Au cours des prochaines décennies, les changements climatiques auront plusieurs répercussions
sur les ressources hydriques du Québec, dont des crues printanières précoces, des étiages plus
sévères et une modification de l’intensité et de la fréquence des inondations estivales et
automnales (Ouranos, 2010), ce qui soulève des questions d’adaptation liées entre autres à
l’alimentation en eau (des municipalités, des entreprises industrielles et du secteur agricole), à la
gestion et à la sécurité des barrages, à l’érosion des berges, à la gestion des plaines inondables, à
la sécurité publique, etc. L’Initiative de collaboration pour l’adaptation régionale du Québec
(ICAR) et le Programme des ressources hydriques d’Ouranos ont mené à la mise en oeuvre, pour
faire face à ces questions, de plusieurs projets élaborés par des experts, de concert avec les
intervenants touchés. L’exposé donnera un bref aperçu du programme, puis mettra l’accent sur
les projets qui abordent les faibles débits des eaux et les problèmes connexes d’alimentation dans
le bassin versant de la rivière Yamaska, y compris 1) l’élaboration d’un prototype de système
d’alerte aux faibles débits et aux prélèvements excessifs et d’un plan d’urgence, avec les
municipalités en cause (Côté, U. de Sherbrooke); 2) une analyse socioéconomique des impacts
potentiels de ces faibles débits et du plan d’urgence (Ecoressources); et 3) l’élaboration d’un
système pour prévoir les faibles débits comme moyen de s’adapter aux changements climatiques
(Brissette. ETS).
Nicolas Audet, M.Sc., Spécialiste impacts et adaptation – ressources hydriques, Consortium
Ouranos
Richard Turcotte, Ing. Ph.D., Chef de la division de l'hydrologie et de l'hydraulique, Direction de
l'expertise hydrique, Centre d'expertise hydrique du Québec; et Coordonnateur du programme
"Ressources hydriques" du consortium Ouranos
Jean-François Cyr, ing. M.Sc., Responsable des projets de gestion intégrée, Division de
l'hydrologie et de l'hydraulique, Direction de l'expertise hydrique, Centre d'expertise hydrique du
Québec; et Coordonnateur adjoint du programme "Ressources hydriques" du consortium
Ouranos
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Integrating climate change into flood risk mapping – The adoption of a new format in
Newfoundland and Labrador
A. A. Khan & M. Colbert
Hydrologic Modelling Section, Water Resources Management Division, Department of
Environment & Conservation, Government of Newfoundland and Labrador, St. John's, NL,
Canada
In 1980s, flood risk mapping was undertaken for many communities with known and extensive
flooding events in Newfoundland and Labrador, Canada. When a new flood risk mapping study
was initiated, to facilitate climate change adaptation a decision was taken to incorporate climate
change. This flood risk mapping study was the first in Canada to include climate change
predictions. The study led to an update of the Province’s Policy for Flood Plain Management.
The Atlantic Climate Adaptation Solutions Association (ACASA) represents the four Atlantic
Provinces and their stakeholders. ACASA has a number of projects under a national cost-shared
program developed by Natural Resources Canada. A common objective, for all of the projects, is
to improve climate change adaptation decision-making. The Government of Newfoundland and
Labrador received funding from ACASA in 2010 for three new climate change flood risk
mapping studies was used to further expand the template for integrating climate change into
flood risk mapping. The template was further expanded by the Government of Newfoundland
and Labrador in 2011. The presentation provides an overview of the studies, the challenges and
the successes encountered, the updated policy, and the path forward.
Michael Colbert: Senior Engineer with the Water Resources Management Division and he is the
Project Engineer for the province’s climate change flood risk mapping studies.
Dr. Amir Ali Khan: The recipient of the 2005 NL Public Service Award for Excellence for
Innovation and Service Delivery Excellence and in 2005 the Drinking Water Quality GIS
application developed under his leadership was awarded the ESRI Canada Award of Excellence.
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Intégration du changement climatique dans la cartographie des risques d’inondation –
Adoption d’un nouveau format à Terre-Neuve-et-Labrador
A. A. Khan et M. Colbert
Hydrologic Modelling Section, Water Resources Management Division, Department of
Environment & Conservation, Government of Newfoundland and Labrador, St. John's (TerreNeuve-et-Labrador), Canada
Dans les années 80, une cartographie des risques d’inondation a été entreprise pour plusieurs
communautés qui ont connu des inondations importantes à Terre-Neuve-et-Labrador, au Canada.
Lorsqu’une nouvelle étude cartographique des risques d’inondation a été lancée, il a été décidé
d’intégrer le changement climatique pour en faciliter l’adaptation. Cette étude cartographique des
risques d’inondation était la première au Canada à inclure les prédictions de changement
climatique. L’étude a mené à une mise à jour de la politique de la province à l’égard de la gestion
des plaines d’inondation. L’Atlantic Climate Adaptation Solutions Association (ACASA)
représente les quatre provinces atlantiques et leurs intervenants. L’ACASA gère plusieurs projets
dans le cadre d’un programme national national à coûts partagés élaboré par Ressources
naturelles Canada. Tous les projets visent à améliorer la prise de décision liée à l’adaptation au
changement climatique. Le gouvernement de Terre-Neuve-et-Labrador a obtenu du financement
de l’ACASA en 2010 pour trois nouvelles études cartographiques sur les risques d’inondation et
le changement climatique, qui ont servi à élargir le modèle d’intégration du changement
climatique dans la cartographie des risques d’inondation. Le modèle a été encore bonifié par le
gouvernement de Terre-Neuve-et-Labrador en 2011. La présentation donne une vue d’ensemble
des études, des défis relevés et des succès remportés, de la politique mise à jour et de la voie à
suivre.
Michael Colbert est ingénieur principal auprès de la Water Resources Management Division et il
est ingénieur de projet pour les études sur l’intégration du changement climatique dans la
cartographie des risques d’inondation de la province.
Dr Amir Ali Khan a reçu le Prix d’excellence de la fonction publique de Terre-Neuve-etLabrador 2005 pour l’innovation et l’excellence du service, et l’application SIG Drinking Water
Quality, développée sous sa direction, a reçu en 2005 le prix d’excellence d’ESRI Canada.
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Adaptation learning for watershed management decisionmakers
Session Coordinator: Shaun Toner
Session Chairs: Carrie Spencer & Mary-Ann Wilson
W3B - Wednesday June 6, 2012 - 15:30 to 17:00 - Room: MB 252
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Lessons learned from watershed-scale drought and excessive moisture preparedness
planning in Saskatchewan
A. Unvoas1, T. Harrison2 & D. Espeseth3
1
Swift Current Creek Watershed Stewards, Swift Current, Saskatchewan, Canada
2
Partnership & Plan Implementation, Saskatchewan Watershed Authority, Moose Jaw,
Saskatchewan, Canada
3
Watershed Planning & Lands Management, Saskatchewan Watershed Authority, Regina,
Saskatchewan, Canada
Drought and excessive moisture (DEM) events across the Canadian prairies are becoming more
common. Variability in the frequency and intensity of these events creates a need for regional
government climate change adaptation planning and extreme events preparedness. The purpose
of this project was to enhance drought and excessive moisture preparedness by developing
preparedness plans on the watershed level. The Saskatchewan Watershed Authority (SWA)
partnered with five non-profit watershed stewardship organizations to host DEM preparedness
workshops. The stakeholder participants were led through vulnerability assessments and
adaptation planning sessions. The vulnerability assessments included five subsections:
participatory mapping; timeline; drought and excessive moisture characterization; scenario
planning; and information requirements of stakeholders. Adaptation actions were then developed
to address the identified vulnerabilities within each watershed. The vulnerability assessments
allowed stakeholders to identify areas and infrastructure affected by previous DEM events,
identify high risk areas for future events, compare and contrast wet and dry patterns, and identify
watershed residents and industries at risk to future events. Stakeholder responses to the
information requirement surveys identified seasonal climate forecasts, government programs,
water conservation, and current climate risks as the highest valued information areas. The
vulnerability assessments led to the development of a suite of adaptation actions for each
preparedness plan which addressed municipal planning, inter-municipal cooperation, source
water protection, land-use management, and the communication and availability of accurate
weather, climate and hydrometric data. The watershed DEM preparedness planning project
demonstrates continual interest in adaptation planning and will serve to inform preparedness
initiatives elsewhere.
Arlene Unvoas: Executive Director, Swift Current Creek Watershed Stewards
T. Harrison: Director, Partnership & Plan Implementation, Saskatchewan Watershed Authority
D. Espeseth: Watershed Planning Coordinator, Watershed Planning & Lands Management,
Saskatchewan Watershed Authority.
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Leçons apprises de la planification de la préparation à une sécheresse à l’échelle des bassins
hydrologiques et à des conditions d’humidité excessive en Saskatchewan
A. Unvoas1, T. Harrison2 et D. Espeseth3
1
Swift Current Creek Watershed Stewards, Swift Current, Saskatchewan, Canada
2
Partnership & Plan Implementation, Saskatchewan Watershed Authority, Moose Jaw
(Saskatchewan), Canada
3
Watershed Planning & Lands Management, Saskatchewan Watershed Authority, Regina,
Saskatchewan, Canada
Les épisodes de sécheresse et de conditions d’humidité excessive dans les prairies canadiennes
sont de plus en plus courants. La variabilité dans la fréquence et l’intensité de ces épisodes
rendent nécessaires la planification de l’adaptation au changement climatique et une préparation
aux épisodes extrêmes de la part du gouvernement. Le but de ce projet était d’améliorer l’état de
préparation à la sécheresse et aux conditions d’humidité excessive en élaborant des plans de
préparation au niveau des bassins hydrologiques. La Saskatchewan Watershed Authority (SWA)
a donné, en partenariat avec cinq organismes de bassins hydrologiques sans but lucratif, des
ateliers de préparation aux épisodes de sécheresse et de conditions d’humidité excessive. Les
participants ont été guidés dans des séances d’évaluation de la vulnérabilité et de planification de
l’adaptation. Les évaluations de la vulnérabilité incluaient cinq sous-sections : cartographie
participative; échéancier; caractérisation de la sécheresse et des conditions d’humidité excessive;
planification de scénarios; et exigences d’information des intervenants. Des mesures
d’adaptation ont ensuite été élaborées afin de répondre aux vulnérabilités identifiées pour chaque
bassin hydrologique. Les évaluations de la vulnérabilité ont permis aux intervenants d’identifier
les régions et les infrastructures touchées pas des épisodes précédents, d’identifier les zones à
risque élevé lors d’épisodes futurs, de comparer et de faire contraster les modèles humides et
secs, et d’identifier les résidents et les industries du bassin hydrologique à risque lors d’épisodes
futurs. Les réponses des intervenants aux enquêtes sur les besoins en information ont désigné les
prévisions climatiques saisonnières, les programmes gouvernementaux, la conservation de l’eau
et les risques climatiques actuels comme étant les domaines d’information auxquels on accordait
le plus d’importance. Les évaluations de la vulnérabilité ont conduit à l’élaboration d’une série
de mesures d’adaptation pour chaque plan de préparation traitant de planification municipale, de
coopération inter-municipale, de protection des sources d’eau, de gestion de l’aménagement du
territoire, et de communication et de disponibilité de données exactes sur la température, le
climat et l’hydrométrie. Le projet de planification de l’état de préparation à la sécheresse et aux
conditions d’humidité excessive des bassins hydrologiques démontre un intérêt continu dans la
planification de l’adaptation et il servira à renseigner les initiatives de préparation à d’autres
endroits.
A. Unvoas: Directrice exécutive, Swift Current Creek Watershed Stewards
T. Harrison: Directeur, Partnership & Plan Implementation, Saskatchewan Watershed Authority
D. Espeseth: Coordonnateur de la planification des bassins hydrologiques, Watershed Planning
& Lands Management, Saskatchewan Watershed Authority
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Rethinking our water ways - Planning and adaptation for healthy communities and
watersheds
S. Litke
Fraser Basin Council – Healthy Watersheds and Water Resources Program Vancouver, BC
Canada
Climate change will cause many water-related impacts in different regions of BC and across
Canada including changes in stream and watershed hydrology, reduced water supplies, increased
water demand, water use conflicts, increased flood and erosion risks, water quality concerns and
a range of ecosystem impacts. Therefore, different water and watershed management planning
processes can be an important means of adapting to, and managing, these impacts. However,
many communities, agencies and organizations with key water management responsibilities may
be unfamiliar with existing water and watershed management planning tools. Further, they may
not know which tool(s) to use or how to integrate water management and climate adaptation into
broader planning processes. As part of the BC Regional Adaptation Collaborative, the Fraser
Basin Council published “Rethinking Our Water Ways - A Guide to Water and Watershed
Planning for BC Communities”. The guide is designed to help communities learn about and
build capacity for water and watershed planning for healthy communities and watersheds and to
help communities integrate considerations of a changing climate within their water-related
planning processes. The guide profiles the key characteristics and elements of ten different
planning processes available in BC to help communities manage water supply and demand;
protect drinking water quality; and integrate water, land and watersheds. In addition, the guide
shares experiences, success factors, best practices and lessons learned from communities and
practitioners that have undertaken different water and watershed planning processes throughout
BC. Please visit the following website for more information: http://www.rethinkingwater.ca.
Steve Litke: Master's Degree in Resource and Environmental Management from Simon Fraser
University and a B.Sc. in Resources Management from the University of Guelph. Steve has
worked with the Fraser Basin Council since 1998 and is the Senior Manager responsible for the
Council’s Healthy Watersheds and Water Resources Program – the program that developed the
guide Rethinking Our Water Ways and convened regional workshops on water and watershed
planning and climate adaptation. Steve also manages the Council’s Sustainability Indicators
Program and Flood Hazard Management Program. Steve’s work with the Council has involved:
program and project management; coordination, facilitation and technical support for multistakeholder, inter-jurisdictional processes; measuring and reporting on sustainability; and
communications and public education.
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Repenser nos voies navigables – Planification et adaptation pour des communautés et des
bassins hydrologiques sains
S. Litke
Fraser Basin Council– Healthy Watersheds and Water Resources Program, Vancouver (C.-B.)
Canada
Le changement climatique, aura dans différentes régions de la Colombie-Britannique et à travers
le Canada, de nombreuses conséquences liées à l’eau, incluant des changements dans
l’hydrologie des cours d’eau et des bassins, une réduction de l’approvisionnement en eau, une
augmentation de la demande en eau, des conflits relatifs à l’utilisation de l’eau, une
augmentation des risques d’inondation et d’érosion, des préoccupations concernant la qualité de
l’eau et une série d’effets sur les écosystèmes. Par conséquent, différents processus de
planification de la gestion de l’eau et des bassins hydrologiques peuvent constituer des moyens
importants pour s’adapter et gérer ces impacts. Toutefois, plusieurs communautés, organismes et
organisations ayant des responsabilités clés en gestion de l’eau peuvent ne pas bien connaître les
outils de planification de la gestion de l’eau et des bassins hydrologiques. De plus, ils peuvent ne
pas savoir quels outils utiliser ou comment intégrer la gestion de l’eau et l’adaptation au
changement climatique à des processus de planification plus larges. Dans le cadre de l’Initiative
de collaboration pour l’adaptation régionale de la C.-B., le Fraser Basin Council a publié un
guide intitulé Rethinking Our Water Ways – A Guide to Water and Watershed Planning for BC
Communities. Ce guide est conçu pour aider les communautés à s’informer et à acquérir des
capacités de planification de l’eau et des bassins hydrologiques, afin de promouvoir des
communautés et des bassins hydrologiques sains, et pour aider les communautés à intégrer des
données sur le changement climatique dans leurs processus de planification liés à l’eau. Le guide
décrit les caractéristiques et les éléments clés de dix processus de planification différents
disponibles en C.-B. pour aider les communautés à gérer l’approvisionnement et la demande en
eau; à protéger la qualité de l’eau potable; et à intégrer l’eau, la terre et les bassins
hydrologiques. De plus, le guide partage les expériences, les facteurs de succès, les pratiques
exemplaires et les leçons apprises des communautés et des praticiens qui ont entrepris différents
processus de planification de l’eau et des bassins hydrologiques à travers la ColombieBritannique. Veuillez visiter le site Web suivant pour obtenir plus d’information :
http://www.rethinkingwater.ca
Steve Litke détient une maitrise en gestion des ressources et de l’environnement de l’Université
Simon Fraser et un baccalauréat en sciences de l’Université de Guelph. Il travaille avec le Fraser
Basin Council depuis 1998 et il est le gestionnaire principal responsable de son Healthy
Watersheds and Water Resources Program, d’où est issu le guide Rethinking Our Water Ways. Il
a mis sur pied des ateliers régionaux sur la planification de l’eau et des bassins hydrologiques et
de l’adaptation au changement climatique. Il a également dirigé le Sustainability Indicators
Program et le Flood Hazard Management Program du Conseil. Ses travaux au sein du Conseil
ont inclus la gestion de programmes et de projets; la coordination, la facilitation et le soutien
technique pour des processus inter-juridictionnels à plusieurs intervenants; des mesures de la
durabilité et des rapports à ce sujet; et des communications destinées à sensibiliser le public.
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Addressing climate change risks, vulnerability and adaptation needs through the weatherwater information gateway: lessons learned from local adaptation collaboratives
Q. Chiotti1 & F. Tonto2
1
Independent Consultant
2
Toronto and Region Conservation Authority, Toronto, Ontario, Canada
This presentation reports on the lessons learned from a 28-month project to engage communitybased decision makers on climate change risks, vulnerability and adaptation options for
watershed management across Ontario. Jointly funded by Natural Resources Canada and the
Ontario Ministry of Natural Resources through the Ontario Regional Adaptation Collaborative,
the project engaged 5 Local Adaptation Collaboratives (LACs) made up of Conservation
Authorities and Municipalities, addressing key climate-related watershed issues, specifically low
water, riverine flooding, stormwater management, source water protection, and integrated
watershed management. The Gateway tool is a discovery and access portal that directs watershed
decision makers to long term data sets, information (e.g. case studies), guidance documents and
assessment tools that will help improve their awareness of climate change risks, enhance their
ability to identify vulnerabilities, and select appropriate adaptation options. The presentation
reports on the experiences from Sudbury, the Greater Toronto Area, Nottawsaga Valley, Ottawa
and Peterborough, and showcases how the Gateway can help address climate change-related
risks and adaptation needs. Other factors are also addressed including the importance of
recognizing that adaptation is a long-term process, requiring not only appropriate tools and
guidance, but also partnerships, expertise and other forms of support.

Quentin Chiotti has worked in the field of climate change adaptation for almost 20 years, as an
academic, with Environment Canada, and as Senior Scientist with Pollution Probe. Quentin was
co-lead author of the Ontario chapter in the NRCan report From Impacts to Adaptation: Canada
in a Changing Climate 2007, and has contributed in an advisory capacity to impacts and
adaptation initiatives by Health Canada, Environment Canada, and the National Roundtable on
the Environment and the Economy. He was also a member of the Ontario Expert Panel on
Climate Change Adaptation. He was co-leading the Gateway Project with the Ontario Ministry
of Natural Resources through Pollution Probe and the Association for Canadian Educational
Resources from December 2009 – March 2012.
Fabio Tonto P.Eng., MEPP is currently working with the Toronto and Region Conservation
Authority. Mr. Tonto has a strong technical background and expertise in a variety of
environmental areas including direct policy development, government relations and project
management. He is a professional engineer, and graduated from the Environmental Engineering
program at the University of Guelph in 1997. In 2008 Fabio completed a Masters degree in
Engineering and Public Policy from McMaster University. Prior to working with ACER, Mr.
Tonto was Water Program Manager for a leading Canadian environmental non-governmental
organization. Mr. Tonto worked with a leading environmental technology company where he
has played a vital role in the areas of technical support, marketing strategies and product research
and development.
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Répondre aux risques, à la vulnérabilité et aux besoins d’adaptation associés au
changement climatique par le biais de la passerelle d’information sur la température et
l’eau : leçons apprises des initiatives de collaboration pour l’adaptation locale
Q. Chiotti1 et F. Tonto2
1
Consultant autonome
2
Toronto and Region Conservation Authority, Toronto, Ontario, Canada
Cette présentation relate les leçons apprises au cours d’un projet de 28 mois destiné à engager les
décideurs locaux dans les options liées aux risques, à la vulnérabilité et à l’adaptation associés au
changement climatique pour la gestion des bassins hydrologiques à travers l’Ontario. Cofinancé
par Ressources naturelles Canada et le ministère des Richesses naturelles de l’Ontario à travers
l’Initiative de collaboration pour l’adaptation régionale en Ontario, le projet a impliqué cinq
initiatives de collaboration pour l’adaptation locale constituées d’autorités de conservation et de
municipalités, afin de traiter des problèmes clés liés au changement climatique au niveau des
bassins hydrologiques, plus spécifiquement les faibles niveaux d’eau, les inondations riveraines,
la gestion de l’eau pluviale, la protection de l’eau de source et la gestion intégrée des bassins
hydrologiques. La passerelle est un portail de découverte et d’accès qui dirige les personnes
appelées à prendre des décisions concernant les bassins hydrologiques vers des ensembles de
données à long terme, de l’information (p. ex. des études de cas), des documents d’orientation et
des outils d’évaluation qui les aideront à améliorer leur connaissance des risques associés au
changement climatique, à améliorer leur capacité d’identification des vulnérabilités et à
sélectionner les options d’adaptation appropriées. La présentation relate les expériences de
Sudbury, de la région du Grand Toronto, de la vallée de Nottawasaga, d’Ottawa et de
Peterborough, et montre comment la passerelle peut aider à aborder les risques et les besoins
d’adaptation liés au changement climatique. D’autres facteurs sont également traités, notamment
l’importance de reconnaître que l’adaptation est un processus à long terme qui exige non
seulement des outils et des directives appropriées, mais aussi des partenariats, une expertise et
d’autres formes de soutien.
Quentin Chiotti a travaillé dans le domaine de l’adaptation au changement climatique pendant
presque 20 ans en tant qu’universitaire auprès d’Environnement Canada, et en tant que scientifique
principal auprès de Pollution Probe. Il est coauteur du chapitre sur l’Ontario dans le rapport de
RNCan Vivre avec les changements climatiques au Canada: édition 2007, et il a contribué en tant
que conseiller aux initiatives sur les effets et l’adaptation de Santé Canada, d’Environnement Canada
et de la Table ronde nationale sur l’environnement et l’économie. Il a aussi été membre du Comité
d’experts sur l’adaptation aux changements climatiques de l’Ontario. Il codirigeait le projet de portail
d’information avec le ministère des Richesses naturelles de l’Ontario par l’entremise de Pollution
Probe et l’Association for Canadian Educational Resources de décembre 2009 à mars 2012.
Fabio Tonto, ingénieur, MEPP, travaille actuellement avec le Toronto and Region Conservation
Authority. Il a des connaissances techniques très poussées et une vaste expertise dans une variété de
domaines environnementaux, incluant l’élaboration de politiques directes, les relations
gouvernementales et la gestion de projets. C’est un ingénieur diplômé du programme de génie
environnemental de l’Université de Guelph depuis 1997. En 2008, il a obtenu une maitrise en
Engineering and Public Policy de l’Université McMaster. Avant de travailler avec l’ACER, Mr
Tonto était gestionnaire d’un programme sur l’eau pour une importante organisation non
gouvernementale environnementale canadienne. Il a travaillé pour une importante société de
technologie de l’environnement, où il a joué un rôle vital dans les domaines du soutien technique, des
stratégies de marketing et de recherche et développement de produits.
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Agricultural Water Management and Related Issues (CANCID) I
Session Coordinators: David Hill and Abdel-Zaher Kamal Abdel-Razek
Session Chair: David Hill
W4A - Wednesday June 6, 2012 - 10:30 to 12:00 - Room: MB 253
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Engaging in drought management workshops need not be dry: PFRA-AAFC Invitational
Drought Tournament and the institutional dynamics of culture
G. E. Strickert & H. Hill2
1
Global Institute for Water Security, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
2
Agriculture and Agri-Food Canada, National Hydrology Research Center, Saskatoon,
Saskatchewan, Canada
Droughts are challenging hazards to manage because they are slow onset, have uncertain
duration, and have very different impacts across sectors of the economy. Moreover, engaging
stakeholders to think about how they manage drought is a particular challenge. The Invitational
Drought Tournament (IDT) hosted by PRFA-AAFC is a developmental framework designed to
help institutions build their capacity around drought preparedness. The purpose of the IDT is to
use a game format to help participants identify gaps and vulnerabilities surrounding drought
preparedness. The IDT provides a forum for multidisciplinary stakeholders to discuss climate
preparedness and adaptation strategies in a workshop environment. The IDT 2011 was used to
examine the institutional dynamics of culture that emerged during the sequence of the sciencebased multi-year drought scenario. Participants scored each team’s adaptation strategies on their
ability to reduce the impact on the economy, society, and environment. Teams were scored in
each round of the tournament using a three stage process of individual, group and referee votes.
The quantitative voting procedure was complemented by qualitative data that capture preferences
for distinct ways of organizing as described by cultural theory including: hierarchy,
individualism, egalitarian, and fatalism. Results indicate that the three stage voting procedure
and audio recording of negotiations toward group votes did capture some of the power dynamics.
Further applications of the IDT are needed to determine if requisite variety (i.e. drought
adaptation strategies that balance all four ways of organizing) scored better across the three
levels of voting than those indicative of ‘single’ or ‘double’ preference strategies such as a
purely ‘market centered’ or ‘markets and hierarchies’ approaches, respectively.
G.E. Strickert: PhD (Lincoln, NZ); Postdoctoral Fellow, University of Saskatchewan.
H. Hill: PhD (Texas A&M); Manager, Climate Decision Support and Adaptation unit, National
Agroclimate Information Service, AESB Agriculture and Agri-Food Canada.
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The Invitational Drought Tournament: A novel approach to drought preparedness
capacity building
E. G. R. Davies1, H. Hill2, R. Rieger3 & M. Hadarits4
1
Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta,
Canada
2
Agriculture and Agri-Food Canada, Saskatoon, Saskatchewan, Canada
3
Agriculture and Agri-Food Canada, Regina, Saskatchewan, Canada
4
Agriculture and Agri-Food Canada, Regina, Saskatchewan, Canada
The Invitational Drought Tournament (IDT), developed by Agriculture and Agri-Food Canada
(AAFC) with support from the CWRA, is a novel, participatory approach to institutional drought
preparedness capacity-building. The IDT follows a game format in which five-member teams
compete for the best score in a multi-year drought scenario. The game begins in the near future
with an imbalance between water supply and demand in a fictitious basin (the Oxbow) in the
Canadian Prairies. There is not enough water to meet regular municipal, industrial and
agricultural demands, and teams do not know how long the shortage will last. At the beginning
of each game year, teams are given a detailed description of current drought conditions and
sectoral water demands. They are also given a budget, which they allocate to a variety of
infrastructure and policy options in four main categories – water management, financial
management, land management, and technological improvements – to reduce the impact of the
drought. At the end of each year, referees assign scores to the competing teams based on the
effectiveness of the selected options in reducing ecological, economic and social drought risk
and addressing short-term and long-term needs in the basin. This presentation, the first of two,
will describe the results of two IDT exercises held in Calgary, AB, and Saskatoon, SK, and will
walk the audience through several illustrative game turns. It will also set the stage for the second
presentation, which describes a simulation-based decision-support tool developed for the IDT.
E. G. R. Davies: PhD (UWO); Assistant Professor, University of Alberta
H. Hill: PhD (Texas A&M); Manager, Agriculture and Agri-Food Canada
R. Rieger: BA, BSc (Regina); Data Analyst, Agriculture and Agri-Food Canada
M. Hadarits: MSc (Guelph); Data Analyst, Agriculture and Agri-Food Canada
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A dynamic water balance model for the AAFC Invitational Drought Tournament
X. Wang & E. G. R. Davies
Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta,
Canada
Agriculture and Agri-Food Canada (AAFC) has developed a new gaming approach to capacitybuilding for drought preparedness in the Canadian Prairies, called the Invitational Drought
Tournament (IDT). Following our introduction of the IDT framework in the first proposed
presentation, this second of two presentations will describe the characteristics, capabilities, use
and results of the computer-based decision-support tool developed for the IDT. The IDT model
simulates water supply and sectoral (municipal, industrial and agricultural) water uses, and their
connections with agricultural production and social welfare, in the fictitious Oxbow basin, where
a multi-year drought has just begun. The model includes five components of municipal water
use; four agricultural crops, both irrigated and dry land, and pasture; four livestock types; and
reservoirs and the basin water balance. In each game year, teams allocate their adaptation budget
among available policy options in four main policy categories – water management, financial
management, land management, and technological improvements – and then advance to the next
year. Over the course of the game, the model helps each team to visualize the broad effects of the
multi-year drought, and the value of the adaptation options they have selected in preparing for,
adapting to, responding to, and recovering from the drought’s impacts. In the presentation, we
will describe the model and demonstrate its utility through a gaming scenario, by tracing the
effects of several alternative policies on the basin water balance over the course of a multi-year
drought. The presentation will end with a description of next steps for the research.
X. Wang: MSc Student, University of Alberta
E. G. R. Davies: PhD (UWO); Assistant Professor, University of Alberta
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Characterization of summer extreme drought hazard in the Okanagan Basin, BC
A. Zargar¹, R. Sadiq¹ & F. I. Khan2
1

Okanagan School of Engineering, University of British Columbia, Kelowna, British Columbia,
Canada
2
Faculty of Engineering and Applied Science, Memorial University of Newfoundland, St. John's,
NL, Canada
Drought hazard analysis commonly makes use of statistical drought indices to study drought
within the framework of their past occurrences. Drought indices such as the Standardized
Precipitation Index (SPI) are based on the characteristics of a gamma distribution fitted to points
within the study area. SPI and drought hazard analysis are however undermined by several
sources of uncertainty including climate change, variability (or aleatory uncertainty) and various
types of epistemic uncertainty including incompleteness. Given such uncertainty, SPI procedure
and subsequent results remain largely deterministic. Methods to model uncertainty in hydrologic
analyses have expanded beyond classical and Bayesian probability models. Here, we introduce
modifications to the traditional SPI to propagate various uncertainties to make possible, first, the
propagation of uncertainty, and second, the study of effects of climate change while evaluating
the significance of traditional SPI results within the framework of propagated uncertainty. This
latter part is especially important as there is recognition that any hydrologic analyses results as
good as associated uncertainty and uncertainty analysis will strengthen modeling informativeness
and overall usefulness.
A. Zargar: MSc (Memorial University, Canada); PhD candidate, University of British Columbia,
Canada. Amin’s educational background includes fields of irrigation and drainage engineering,
water resources engineering and Geographic Information Systems. His current research focuses
on uncertainty driven methods to improve the accuracy and informativeness of hydrologic
analysis and plans to apply them for drought risk analysis.
R. Sadiq: PhD (Memorial University, Canada); Associate Professor, University of British
Columbia, Canada For past twelve years, Dr. Sadiq has been involved in research related to
water quality modelling, environmental risk analysis and decision-making, lifecycle analysis and
infrastructure reliability. During this period, as a Principal Investigator he has successfully
generated ~ $2.5M national and international funding from Water Research Foundation and UK
Water Industry Research, and Canadian agencies including NSERC, Infrastructure Canada,
Canadian Water Network, BC Oil & Gas Commission, and Health Canada. He is an author of
more than 200 peer-reviewed articles.
F. I. Khan: PhD (Pondicherry); Professor, Memorial University of Newfoundland, Canada. I am
a chemical engineer at Memorial University. I earned a B.Sc. in chemical engineering from
Aligarh Muslim University, a masters in chemical engineering from Indian Institute of
Technology, Roorkee, India and a PhD in environmental engineering from Pondicherry
University, specializing in computer-aided process plant design and computer-aided risk
assessment. I am a member of Process Safety Management Group (NA), Canadian Society for
Chemical Engineering, the Indian Institution of Chemical Engineers and the Institution of Public
Health Engineering.
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Long-term drought forecasting of the SPI in Ethiopia using wavelet-neural networks and
wavelet-support vector regression
A. Belayneh, J. F. Adamowski & B. Khalil
Department of Bioresource Engineering, McGill University, Sainte-Anne-de-Bellevue, Québec,
Canada
Long term drought forecasts can be an effective tool for mitigating some the more adverse
consequences of drought. Data based models are suitable forecast tools due to their minimal
information requirements and rapid development times. This study compares the effectiveness of
five data based models for forecasting long term drought conditions in the Awash River Basin of
Ethiopia. The Standard Precipitation Index (SPI) is forecast using a traditional stochastic model
(ARIMA) and compared to machine learning techniques such as artificial neural networks
(ANNs) and support vector regression (SVR). Wavelet transforms are used to pre-process the
inputs for ANNs and SVR models. The performances of all models were compared using RMSE,
MAE, R2 and a measure of persistence. The forecast results indicate that the coupled wavelet
neural network (WA-ANN) models were the best models for forecasting SPI values over long
lead times in the Awash River Basin.
A. Belayneh: M.Sc. (Montreal); Master’s Student, McGill University.
J. Adamowski, M.B.A., Ph.D. (Montreal); Assistant Professor, Director - Integrated Water
Resources Management Program, Associate Director - Brace Centre for Water Resources
Management, McGill University.
B. Khalil: Ph.D. (Montreal); Post-Doctorate fellow, McGill University.
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Agricultural Water Management and Related Issues (CANCID) II
Session Coordinators: David Hill and Abdel-Zaher Kamal Abdel-Razek
Session Chair: Abdel-Zaher Kamal Abdel-Razek
W4B - Wednesday June 6, 2012 - 13:30 to 15:00 - Room: MB 253
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Managing water efficiently for crop production
C. A. Madramootoo, F. Jaria & O. Adenola
Department of Bioresource Engineering, McGill University, Montréal, Québec, Canada
There is increasing concern about the impacts of a changing climate on water resources
availability. In light of increased water consumption by all economic sectors and for
environmental uses, there is a push for agriculture to be a more efficient user of water. This
requires crop producers to implement irrigation technologies that conserve water, as well as
measures of irrigation scheduling that can relate water applications to crop water stress indices.
The implemented practices should also have the over-riding goals of enhancing crop water
productivity, while at the same time enhancing the international competitiveness of Canada’s
agri-food sector. This paper will describe some of our field experiments that investigate
improved drip irrigation technologies for the horticultural sector, as well as the appropriateness
of different irrigation scheduling technologies that can drive water conservation benefits for
horticultural producers. The theoretical development of various crop water stress indices, and
their application to irrigation scheduling models will be discussed. There are definitely
implications of these results in various econometric model studies, which can lead to new
economic triggers for water conservation in the agricultural sector. Technology adoption by
stakeholders appears to be high, if the appropriate socio-economic and environmental drivers are
well articulated by water management agencies.
Chandra A. Madramootoo, PhD (McGill): Professor, McGill University
F. Jaria & O. Adenola: Graduate Students, McGill University
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Water savings and efficiency gains in Alberta’s irrigation sector
J. Nitschelm & L. Healy
Alberta Agriculture and Rural Development, Research Station, Lethbridge, Alberta, Canada
The system of water resource allocation in the South Saskatchewan River Basin (SSRB) has
come under increased scrutiny by the Government of Alberta as demand for water for industrial,
commercial and agricultural development, as well as municipal growth and enhanced
environmental outcomes, has increased. The irrigation industry has put several practices in place
to reduce water lost to seepage, evaporation and operational/return flow losses. Irrigation
producers have also made significant improvements over the past few decades. The potential to
conserve water by increasing efficiencies in the irrigation sector is considerable. Model
calculations have indicated that a 1% efficiency gain in the irrigation industry could save as
much as 21 million cubic metres of water per year. An industry sector report stated that there is
a potential for close to 15% improvement in irrigation efficiency included an improvement in onfarm application efficiency of 4.4%; a 1.2% improved efficiency in water conveyance and a
9.4% improvement in irrigation efficiency by minimizing return flow. The improvements in
irrigation efficiency have come at a cost through both the public and private investment. In the
past 40 years close to two billion dollars have been spent on improving irrigation infrastructure
and have resulted in efficiency gains of approximately 32% and water saving equalling close to
675 million m3. This presentation will identify the water savings due to both public and privet
investment in irrigation infrastructure and address future opportunities for additional savings as
well as discuss potential uses for the water saved due to increased water use efficiency.
J. Nitschelm: Head Basin Water Management Branch, Alberta Agriculture and Rural
Development
L. Healy: Water Management Engineer, Alberta Agriculture and Rural Development
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Potential impact of water restrictions on irrigated crop yields in the Western Irrigation
District, Alberta
A. M. González & E. G. R. Davies
Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta,
Alberta’s water management strategy, Water for Life, challenges irrigation districts to improve
their water use efficiency by 30%. To meet this goal, the province’s thirteen irrigation districts
are working to rehabilitate their conveyance infrastructure and increase the efficiency of their
irrigation technologies. The Western Irrigation District (WID), east of Calgary in the Bow River
basin, faces significant challenges in improving its water use efficiency. These include little
surface water storage, a conveyance system that has undergone less rehabilitation than other
districts in Alberta, long water travel times, and other pressures derived from urban development.
We have used the Irrigation Demand Model (IDM), developed by Alberta Agriculture and Rural
Development, to explore water management strategies that may reduce water use in the WID.
The IDM is a process-based model that simulates annual irrigation water demands using a
comprehensive database of the districts’ infrastructure, crop and irrigation technology
information, and weather data. Output from the IDM was combined with crop production
functions that relate yields and water requirements to estimate yields under optimal and deficit
irrigation for major irrigated crops in Southern Alberta. In the presentation, we will focus on
potential impacts on crop yields of several water restriction scenarios – notably higher yield
reductions for alfalfa than for barley, canola, wheat, and other crops. WID managers, who are
considering water application restrictions as an approach to reducing district water use, and the
province’s irrigation sector, can benefit from these results as they attempt to meet the challenge
of Water for Life.
A. M. González: M.Sc. Student, University of Alberta
E. G. R. Davies: PhD (UWO); Assistant Professor, University of Alberta
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A closer look at water uses in a livestock farm
A. K. Abdel-Razek
Water Resources Management Division, NL Department of Environment and Conservation, St.
John’s, NL, Canada
Sound water resources management and planning necessitate that those resources must be i)
efficiently-utilized, ii) willingly-conserved, and iii) value-appreciated to ensure their
sustainability and security for future generations and all water use sectors including the
agricultural water use sector. Also, there is an increasing demand for agri-food production and
tools for an agricultural water user/producer to properly manage the utilized water supply at the
farm level especially during dry climate conditions. In Newfoundland and Labrador, a pilot study
was conducted to properly understand and acquire knowledge "for the first time in a livestock
farm’s operational history" on various water uses and their variability. It was encouraging to
know that the agricultural water user/producer was willing to be involved in such a study and its
results. Major interests to the agricultural water user/producer included i) daily water uses and
ii) reasons for the higher or lower than average daily uses. The higher than average daily water
use was analyzed and linked to a leakage in the piping system. The lower than average daily
water use was analyzed and linked to a lack of water delivery to animals in particular days. The
results of the continuous water use monitoring and recording will be highlighted in both tabular
and graphical presentations.
Dr. Abdel-Zaher Kamal Abdel-Razek, P.Eng.: Among several recognition awards, Dr. AbdelRazek’s outstanding contributions to water resources management and development were
recognized by CWRA 2011 Distinguished Service Award and CANCID 2011 Award. He
obtained his MSc jointly from Cairo University-MIT (USA) and Ph.D. from the University of
New Brunswick. He is currently Manager with the Water Resources Management Division, NL
Department of Environment and Conservation. He has more than thirty years of extensive
academic and professional experience in Canadian and international water resources planning,
development and management; hydrotechnical; and Aboriginal and agricultural water
management. He participated in several national and international conferences, symposia, and
congresses including organizing and chairing the 64th CWRA National Conference in St. John’s.
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Fecal coliform and sediment loading to surface water from cattle grazed pasture under
three Beneficial Management Practices
S. Baker-Ismail1, D. W. McMartin1, B. Cade-Menun2 & Y. Fouli2
1
Environmental Systems Engineering, University of Regina, Regina, Saskatchewan, Canada
2
Semiarid Prairie Agricultural Research Centre (SPARC), Agriculture and Agri-Food Canada,
Swift Current, Saskatchewan, Canada
In-field winter feeding of cattle is becoming a common practice in the Canadian Prairie where
grazing in-field provides economic advantages to agricultural producers during Prairie winters.
The potential impact on surface waters from winter in-field bale-grazing in Saskatchewan is
being evaluated under the Watershed Evaluation of Beneficial Management Practices (WEBs)
program. As part of the SK WEBs project, the impact of wintering cattle in-field (M2 and M3)
on the loading of manure-based fecal coliform (FC) in snowmelt runoff is compared both to
control fields where no winter grazing takes place (M4) and to control fields with fall-spread
manure (M5 and M6). The relationship between sediment loading and FC loading is also
investigated. The results of data collected in year one at edge of field indicated that the FC
loading from in-field bale grazing sites can exceed the 200 CFU/100 ml recreational water use
standard. Results for the controls generally indicated reduced FC loading at levels below the
recreation standard. One exception to these observations occurred at M5 where FC load was
higher than that of M3. In general, FC loading was not related to first flush but did produce a
peak load in early runoff, except at the two control sites (M4 and M6) where a delayed peak was
observed. The correlation between sediment and FC loads varied widely. Medium (> 0.3) to
strong (~0.7) correlation occurred where the peak FC occurred early in the runoff event; weak
correlation was observed when FC peak was delayed.
Samar holds MSc in Environmental Systems Engineering from University of Regina,
Saskatchewan. Samar is currently pursuing her PhD in Environmental Systems Engineering at
the same university. Samar has several years of experience in urban and regional planning
outside Canada. Samar also has 2 years of experience with the National Research Council of
Canada’s Center of Sustainable Infrastructure Research (NRC-CSIR).
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Agricultural Water Management and Related Issues (CANCID) III
Session Coordinators: David Hill and Abdel-Zaher Kamal Abdel-Razek
Session Chair: Brent Paterson
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Future of irrigation in Alberta
B. Paterson
Alberta Agriculture and Rural Development, Lethbridge, Alberta, Canada
The world’s population is expected to grow to about 9.4 Billion by 2050. The population
increase, combined with improving economic conditions in many developing countries, will lead
to a significant increase in the demand for food. It has been suggested that rapidly increasing
food prices already played a role in the “Arab Spring” uprisings in the Middle East. It is
recognized that water will be the key factor in determining whether or not a country can meet its
growing food requirements. In the future, Canada will be one of the few countries in the world
with sufficient water to be a net exporter of food. Alberta, with significant water resources, a
large dryland agricultural base, and more than 60% of Canada’s irrigation, is well-positioned to
help meet the increasing demand for food. Irrigation is recognized as the cornerstone of world
food security. Given current technologies, it is estimated that up to 80% of the additional food
required to meet the increasing demand will come from irrigation agriculture. Although
Alberta’s 650,000 ha of irrigated area is small relative to the world’s total, it will play an
important part in Alberta’s future agricultural diversification and growth in both the primary
agricultural sector and the food processing industry. With these opportunities there are also
challenges for Alberta’s irrigation industry, requiring adaptation to rapidly changing global,
provincial and regional circumstances. There is increasing competition and demand for water, as
a result of rapid urban population and economic growth, and societal expectations around
environment and health. Irrigation, the major water user in the province, will be required to
demonstrate increased conservation of water, improved water use efficiency, and greater
productivity of the water used. The irrigation industry is working closely with the Government of
Alberta to implement water conservation, efficiency and productivity programs that will
strengthen irrigation’s impact on Alberta’s economy and the environment. Over the past 25
years the irrigation industry has reduced water use by 30%, while seeing significant increases in
crop yield. On-farm irrigation efficiency has increased from about 35% in 1965 to about 75% in
2010, with further improvements expected. These conservation and efficiency gains may allow
expansion of the irrigated acreage by about 75,000 ha, which will bring Alberta’s total to about
740,000 ha. Continued research and development will result in further advances by Alberta’s
irrigation industry in water conservation, efficiency and productivity.
Brent Paterson: Executive Director (Alberta); Irrigation and Farm Water Division, Alberta
Agriculture and Rural Development
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The impact of recent hydrologic events on divestiture of federally-owned irrigation projects
in southwest Saskatchewan
D. Miller1 & R. Wiebe2
1
AECOM, Lethbridge, Alberta, Canada
2
Agriculture and Agri-Food Canada/Agri-Environmental Services Branch, Swift Current,
Saskatchewan, Canada
Agriculture and Agri-Food Canada/Agri-Environmental Services Branch (AAFC/AESB) owns,
operates and maintains 33 dams and five irrigation projects in southwestern Saskatchewan.
These works were built between 1935 and 1960 as part of a mandate to help stabilize and
contribute to the economic security of the drought prone regions of western Canada.
AAFC/AESB is divesting of the irrigation projects by 2017, and eventually other infrastructure
through amicable transfer to existing irrigators, or by shutdown. The background to divestiture
of the irrigation projects was presented at the 2011 CWRA Conference. In 2010 and 2011 record
setting summer rainfall and significant spring runoff impacted the infrastructure that is the focus
of the divestiture initiative. In the Maple Creek area specifically, the hydrologic events caused
significant damage to infrastructure which supports water storage, diversion and irrigation
works. This paper will provide an overview of the damage caused by the hydrologic events, the
public-private sector approach to recover the capacity of the water diversion infrastructure, and
the impact these types of events can have on decisions affecting divestiture.
Dale Miller, born and raised near Odessa, Saskatchewan, began his professional Civil
Engineering career in Nipawin, Saskatchewan, for Saskatchewan Agriculture. In 1977, he moved
to Alberta, working as an engineering consultant on a variety of water resource projects. He has
worked internationally in the United States, Mexico, India and New Zealand. Recently serveing
as project manager in Saskatchewan he has worked on condition assessments of the federal
irrigation projects in Saskatchewan, and the repair options for the damaged irrigation
infrastructure from the 2010 floods. Dale is currently AECOM’s water resources lead for
Western Canada. Located in Lethbridge, Alberta, he remains a dedicated and loyal “Rider” fan.
Rob Wiebe is a Civil Engineer with over 30 years of experience in water resources in design and
development of irrigation and flood control projects, regulatory and water management roles,
and now a growing experience in the area of divestiture. Rob gained most of his work
experience with the Province of Saskatchewan. For over half of his career he was located in
Swift Current working with provincial aspects of the infrastructure that is the subject of his
presentation today. In late 2008 Rob began work with Agriculture Canada as Manager of the
Water Infrastructure Division, AESB.
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Exploring irrigators’ perceptions of water sharing policies within the South Saskatchewan
River basin
M. Hall1, H. Bjornlund2 & W. Xu3
1
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
2
Economics Department, University of Lethbridge, Lethbridge, Alberta, Canada
3
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
Water scarcity has become a reality in the South Saskatchewan River Basin (SSRB) of Alberta
when most of the basin was closed in 2006. Alberta’s Water for Life (WFL) strategy relies on
the use of market-styled reallocation to ensure that future demand can be met. Since roughly
70% of consumptive water use is designated for the irrigation sector, it is important to
understand how irrigators perceive various policy options for water re-allocation or water
sharing. The goals of this research are to investigate how irrigators perceive market-based water
reallocation strategies, and to identify the most important factors influencing those perceptions.
The research methodology involved interviews with irrigators in the region as well as telephone
surveys with private irrigators and members of irrigation districts. The theory of planned
behaviour was used to identify factors influencing irrigators’ adoption of market based reallocation mechanisms and other policy options for water sharing with urban users and the
environment. It is expected that the results will indicate irrigators in the region are heterogeneous
displaying different value orientations based on their demographic characteristics, farm
characteristics, management practices, and geographic location within the SSRB.
Mathew Hall: MA Candidate; Student, University of Lethbridge
Henning Bjornlund: Canada Research Chair in Water and the Economy – International,
University of Lethbridge
Wei Xu: PhD; Associate Professor, University of Lethbridge
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Aquatic weed control and exclusion devices used in Alberta’s irrigation distribution system
R. A. Hohm & L. Healy
Alberta Agriculture and Rural Development, Research Station, Lethbridge, Alberta, Canada
Aquatic weeds and algae are an ongoing problem for irrigation districts in Souhern Alberta, as
they adversely affect the operation and maintenance of canal and on-farm infrastructure. These
problems are expected to increase if the irrigation season becomes hotter and longer as a result of
climate change. There are a wide variety of environmental factors that affect the prevalence and
abundance of aquatic weeds in Alberta irrigation district canals. The species, population,
location, density and timing of growth are influenced by a number of environmental and
geographic influences. At the present time there is only one aquatic herbicide that is registered
for use in flowing irrigation water in Canada. This herbicide is marketed under the trade name of
Magnacide H and the present supplier is thinking of discontinuing supply of the product. Alberta
irrigation districts have over 4,300 km of canals and close to 4,000 km of pipeline which are
used to deliver water to over 1.4 million acres of irrigated farmland. In the past the main tool
used to combat the effects of aquatic weed growth in irrigation canals was chemical control
using a registered herbicide “Magnacide H”. Today irrigation district are researching and testing
the use of mechanical aquatic weed exclusion devices including; mechanical screens, net booms,
gabion walls and infiltration galleries. This presentation will review the design testing and
operating parameters of number of weed exclusion devices being used in Alberta.
R. A. Hohm: Head Irrigation Secretariat, Alberta Agriculture and Rural Development
L. Healy: Water Management Engineer, Alberta Agriculture and Rural Development
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Egyptian revolution and the future of water security in the Nile River Basin
H. Mohamed
School of Planning, University of Waterloo, Waterloo, Ontario, Canada
Water Management of the Nile Basin was a vital issue since the beginning of history. For
decades, security of the Nile water depended on colonial-era agreements that granted Egypt a
large portion of the Nile water supply as its only source of fresh water. Under Mubarak’s regime,
the relationship between Egypt and its riparian neighbours was congested for a number of
reasons notably Cairo’s refusal to acknowledge the request of many Nile Basin countries to
revise treaties and recognize the Comprehensive Framework Agreement (CFA) that intended to
reshape the relationships between the Nile Basin Countries and replace the Nile Basin Initiative.
Shortly after the 25 January Egyptian Revolution, Egypt – represented by its Prime Minister –
sought to re-establish the cracked relationships with Nile Basin countries led by Ethiopia and
resolve conflicts created by Mubarak and his regime. The current situation could evolve in many
directions based on the nature of conflict and resource scarcity. And despite the encouraging
statements, less favourable development could happen. This paper aims to explore possible
scenarios that could emerge in the light of statements of several high officials of Nile Basin
Countries, who agreed to open a new chapter and expressed their willingness to cooperate with
the Nile Basin Initiative. These scenarios will form part of the knowledge base needed to better
inform the new government in Egypt for possible future decisions and actions.
H. Mohamed: MAES (Ontario); Masters Student, University of Waterloo

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

185

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Day 3 - Thursday June 7, 2012
Technical Sessions

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

186

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Developments in environmental flows science, management,
and policy I
Session Coordinator: Shaun Toner
Session Chairs: Mathieu Lebel, Tony Maas, Linda Nowlan & Robert Powell
W1A - Thursday June 7, 2012 - 8:30 to 10:00 - Room: MB 251
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The science of ecological flow needs in Canada
1

D. L. Peters & D. J. Baird2
Environment Canada, Water and Climate Impacts Research Centre, University of Victoria,
Victoria, British Columbia, Canada
2
Environment Canada, Canadian Rivers Institute, Department of Biology, University of New
Brunswick, Fredericton, New Brunswick, Canada
1

The natural flow regime (e.g., magnitude & timing) of many streams in Canada has been altered
with the introduction of dams, diversions, and water withdrawals (e.g., irrigation, hydroelectric
power production, and municipal/industrial uses), as well as via landscape alterations (e.g.,
agriculture and urbanization). Associated with changes to the flow regime are potential impacts
to the structure and functioning of the riverine system. Over the last three decades there have
been numerous simple to sophisticated instream flow needs methodologies developed to estimate
the quantity of water through time required to maintain the ‘health’ of a river in a particular state.
The purpose of this paper is three-fold: 1) review the state of knowledge of instream flow needs
in Canada, 2) compare and contrast the instream flow needs methodologies currently proposed
and/or applied in the Provinces and Territories of Canada, and 3) discuss the a first level
ecological flow needs assessment methodology recently developed by Peters et al. (2012) that
can be applied to watersheds across Canada, taking into account regionally hydroclimatic and
ecological variability.
Daniel Peters is a Research Scientist with Environment Canada. His research focuses on
assessing the effects of climate variability/change, land-use change, water abstraction and flow
regulation on flow regimes in Canada
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The Alberta desktop method for determining environmental flows
A. Paul1, A. Locke1, M. Seneka2 & C. Spytz2
1
Alberta Sustainable Resource Development, Cochrane, Alberta, Canada
2
Alberta Environment and Water, Edmonton, Alberta, Canada
The Alberta Desktop Method is an office method for establishing environmental flows and has
been developed by Sustainable Resource Development, Fish and Wildlife and Alberta
Environment. The method generalises specific findings from studies across the province to make
a flow recommendation that provides full ecosystem protection to streams/rivers. The method is
based on preserving the natural dynamic character of rivers (magnitude, frequency, duration,
timing and rate of change of hydrologic conditions). One of two components in the
recommendation is an ecosystem base flow, a flow threshold below which no abstraction of
water should occur. The Alberta Desktop Method was developed primarily for rivers that have
natural flows and to make a full protection flow recommendation where site specific information
is not available. The Desktop Method can also be used to assess the degree of impact on flows in
regulated (dams, weirs) systems or in those situations where there currently exists a high degree
of allocation.
The formula for the Desktop Method is the greater of either:
 A 15% instantaneous reduction from natural flow or,
 The lesser of either the natural flow or the 80% exceedance natural flow based on a
weekly or monthly (depending on the availability of hydrology data) time step.
Andrew Paul: Aquatic ecologist within Western Canada for over 20 years. His work has
encompassed the fields of conservation biology, community restoration, non-native species
invasions, population ecology and river ecology.
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Recommendations towards a standardized framework for the assessment of instream flow
needs in Canada
R. Wysocki1 & K. D. Clarke2
1
Federal Department of Fisheries and Oceans, Ottawa, Ontario, Canada
2
Northwest Atlantic Fisheries Centre, St John's, Newfoundland and Labrador, Canada
As part of their regulatory responsibilities under the Fisheries Act, Habitat Managers for
Fisheries and Oceans Canada (DFO) assess the potential impacts of water extractions and/or
diversions on fish and fish habitat. To provide a more consistent basis for these operational
reviews, Habitat Managers have requested scientific guidance and advice regarding a
standardized approach to assessing instream flow needs (IFN) for fish and fish habitat in Canada.
This framework must however also consider the diversity of aquatic (riverine) ecosystems in
Canada. To this end, DFO convened a scientific review to assess the various IFN methodologies,
including the benefits and assumptions of each, and situations under which they are most
appropriate and for which management purposes they were designed. Technical
recommendations from this review will move DFO towards a standardized assessment of IFN for
the management of fish and fish habitat in the Canada. Scientific advice will be provided to
Habitat Managers, including consideration of regionalization characteristics of waterways,
addressing data gaps in Canada and knowledge gaps in general, the role of adaptive
management, and addressing uncertainty in IFN assessment.
Keith D. Clarke B. Sc. (hons), M. Sc.: Keith Clarke has been working in the aquatic science field
for over 20 years. He is Section Head, Ecological Sciences, Federal Department of Fisheries and
Oceans. His research has focused on the effects of human development on salmonid and eel
fisheries. Keith is currently the section head of a research group whose focus is on ecosystem
science as it relates to fisheries for the Science Branch of DFO in Newfoundland and Labrador.
Recently Keith has been involved with the scientific review of several large developments in
Canada, chairing the departmental science review of the Lower Churchill Hydroelectric
Development as well as co-chairing the departmental science review of the proposed instream
flow needs for the Athabasca River.
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Developments in environmental flows science, management,
and policy II
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Environmental flows and the new BC Water Sustainability Act
T. White
Water Strategies & Conservation, Ministry of Environment, Victoria, British Columbia, Canada
This presentation will review the environmental flow policy provisions in British Columbia’s
proposed Water Sustainability Act and the process by which those policies were developed.The
proposed BC Water Sustainability Act (WSA) will establish a new legislative framework for
managing and ensuring the sustainability of BC’s water resources. Part of BC’s Water Act
modernization process, the proposed WSA, will update, build on and replace the current Water
Act. Environmental flows are a key feature of the proposed WSA with potential economic,
social, and environmental implications. Province-wide, legislative requirements for
environmental flows will apply under the proposed WSA, making BC the first province or
territory to protect stream health and aquatic environments in this manner. The inclusion of
environmental flows in the proposed WSA includes a mix of environmental flow provisions for
decision making and authorities to regulate water use. Operational experience, as well as a
significant First Nations and stakeholder engagement process, has informed the policy proposal
for the WSA. The policy development process is successfully demonstrating how to incorporate
a wide range of interests and develop proposals that can be implemented operationally.
Ted White: Manager of the Water Strategies and Conservation Section in with Water Protection
and Sustainability Branch of the Ministry of Environment. Ted has been involved with the
development of Living Water Smart: British Columbia’s Water Plan and the Water Act
Modernization project since 2005. Ted has worked with the province in water related initiatives
since 1994 that include: water quality monitoring in community watersheds; the BC Hydro
Water Use Planning Program; watershed planning, and alternative water governance.

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

192

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Environmental flows and adaptive management: The Bridge River flow experiment
M. Bradford1 & P. Higgins2
1
Fisheries and Oceans Canada, School of Resource and Environmental Management, Simon
Fraser University, Burnaby, British Columbia, Canada
2
BC Hydro, Vancouver, British Columbia, Canada
In circumstances where resource values are high and uncertainty is great, adaptive management
can be the optimal solution for environmental decision making. In 1996 an adaptive management
experiment was initiated to evaluate the relation between stream flows and both natural and
societal values in the regulated Bridge River, BC. By the end of the experiment in 2015 three
different flow regimes will be tested in blocks of 4-10 years. From results of the first two
treatments we learned that most of the a priori predictions about changes to the fish community
were incorrect, and that flow has had a minor influence on juvenile salmonid abundance, other
than in a 4 km reach that was previously dewatered. The experiment has been successful from
the perspective of stakeholder engagement and learning, and has resulted in a much broader suite
of evaluation criteria for flows than was initially conceived by Agency staff. In retrospect, a
more careful elicitation of stakeholder values at the outset of the experiment may have had
considerable influence on the design of the experiment and its monitoring program; both are
important considerations in a 20-year process for decision making.
Mike Bradford: Research Scientist in the Freshwater Ecosystems Section of DFO’s Pacific
Region Science Branch and has conducted research on the effects of flows, hydro projects and
other habitat alterations on stream fishes.
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The environmental flows implementation challenge – The Athabasca River
R. Powell
Mackenzie River Basin WWF-Canada, St. Albert, Alberta, Canada
The Athabasca is Alberta’s longest and only major free-flowing river, providing habitat for more
than 30 species of fish and supplying the largest direct inflow of water to the Peace-Athabasca
Delta, a wetland of global significance. The river is also the primary source of water for oil sands
mining, an important component of the Canadian and global economy. The challenge facing
water managers is to meet social, economic, and environmental interests when deciding how
much water can be taken from the river for industrial use at different times of the year. The
Phase 1 Water Management Framework, currently in place, was designed as a short-term plan to
protect the environmental flows (also known as instream flow needs) of the lower Athabasca
River during oil sands development while the objective of the Phase 2 Water Management
Framework, currently under development, is to improve on the Phase 1 framework to meet a
range of interests over the long-term. However, after years of deliberations, dialogue, studies,
and committees, there is no consensus on a long-term water management plan for the lower
Athabasca River to effectively address social, economic, and environmental interest. This
presentation will examine the science, politics, challenges, and opportunities influencing
environmental flows implementation for the Athabasca River, and its implications for protecting
environmental flows in Canada more broadly.
Rob Powell is the Director of WWF-Canada’s Mackenzie River Basin Program where his work
has focused on water and environmental flows management, Arctic offshore oil and gas
development, and protected areas. Rob was formerly a director of science and technology with
the (Alberta) Natural Resources Conservation Board and through secondments to the Energy and
Utilities Board, has reviewed the environmental effects of major resource development projects
and provided and managed scientific support for decision makers. Rob holds a B.Sc. (Zoology)
U.B.C., M.Sc. (Biology) Dalhousie, and Ph.D. (Ecology) U.B.C.
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Hydrologic impacts of a changing climate III
Session Coordinator: Sarah Boon
Session Chairs: Rajesh Shrestha, Markus Schnorbus, Younes Dibike & Daniel Peters
HW4C - Thursday June 7, 2012 - 8:30 to 10:00 - Room: KC 101
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Impact of climate change on existing urban drainage systems: five case studies
A. Mailhot1, S. Bolduc1, C. Vidil2, G. Talbot1, G. Pelletier2 & C. Larrivée3
INRS, Centre Eau Terre Environnement, Institut national de la recherche scientifique, Québec,
Québec, Canada
2
Département de génie civil et de génie des eaux, Faculté des sciences et de génie, Québec,
Québec, Canada
3
Consortium Ouranos, Montréal, Québec, Canada

1

Extreme rainfall intensity and frequency are expected to increase in a future climate due to
increasing greenhouse gases concentration. This may have a significant impact on the service
level of existing urban drainage systems which were designed using historical rainfall records.
The objective of this study is to assess the potential impact of climate change on the service level
of five existing drainage systems located in Québec with areas ranging from 310 to 738 ha
including both combined and stormwater sewer systems. Design storms with 2-year to 20-year
return periods as well as historical rainfalls were used and modified to take into account the
impact of climate change on extreme rainfall. Comparison of historical and future service level is
made through indices related to infiltration, flooding, surcharge and overflows. Results indicates
that: 1) sewer systems already vulnerable to flooding in historical climate are the ones that will
most likely experience a reduction of their service level in future climate; 2) in many cases, the
increase in rainfall intensity has a direct impact of the volume and the peak discharge flow to
receiving waters. Comparison of results from the various urban basins is made and analyzed in
terms of network types (combined or stormwater systems) and land use (percentage of
impervious areas and directly connected impervious areas). Comparison of the results using
historical rainfall series and design rainfall is also discussed. Result sensitivity and robustness to
projected increases in extreme rainfall is finally investigated.
A. Mailhot: PhD (Sherbrooke); Professor, INRS
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Towards incorporation of non-stationary landcover into climate change scenarios in the
Winnipeg River Basin
S. Wruth1, T. Stadnyk1, N. Kouwen2 & K. Koenig3
1
Department of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
2
Department of Civil & Environmental Engineering, University of Waterloo, Waterloo, Ontario,
Canada
3
Manitoba Hydro, Water Resource Engineering, Winnipeg, Manitoba, Canada
There has been a growing awareness of the uncertainty inherent in climate change projections
introduced by hydrological parameter stationarity. Such parameters are defined based on
calibration to historical or current hydrological conditions, which are not necessarily
representative of future conditions or hydrology. For example, in most hydrological models,
river- and landcover-specific parameters are calibrated based on comparison of simulated to
observed historical streamflow, using present-day Digital Elevation Model (DEM) and landSAT
landcover imagery data. Such methodologies are now thought to be flawed in long-term climate
change simulations because it cannot be assumed that landcover remains unchanged, affecting
the overall hydrological prediction due to resulting changes in soil moisture capacity,
evaporation, infiltration, and runoff. An analysis of historical landcover imagery in two subbasins of the Winnipeg River Basin will be presented to assess the changes in landcover over this
period, quantify the percent alteration of landcover due to natural, gradual change, and the
frequency and extent of landcover alteration due to forest fires. This analysis will form the
justification and basis for the utility that will be developed for the WATFLOODTM hydrological
model to alter landcover in response to climatic changes such as increasing/decreasing
precipitation and temperature. The goal is not for any one future estimate to be correct, but for
the envelope curve generated by hundreds of future hydrological simulations to more accurately
represent the uncertainty introduced by landcover non-stationarity, and for that uncertainty to be
more accurately quantified.
S. Wruth: M.Sc. Student (Manitoba); Shane is an M.Sc. Student with the Department of Civil
Engineering at the University of Manitoba. His research currently focuses on developing
landcover modification schemes for climate change scenarios in hydrological models
(specifically WATFLOOD), and has previously completed an undergraduate thesis on the topic.
Shane has also worked on a wind and terrain induced snowfall redistribution scheme.
T. Stadnyk: PhD. (Waterloo); Dr. Stadnyk is an Assistant Professor in the Dept. of Civil
Engineering at the University of Manitoba. She has developed a modelling system that uses
stable water isotopes (SWI) to identify and trace sources of water in large watersheds. She
currently manages one of the world’s largest SWI monitoring programs with Manitoba Hydro.
N. Kouwen: PhD (Waterloo); Distinguished Professor Emeritus, University of Waterloo
K. Koenig: M.Sc. (Manitoba); Water Resource Engineering, Manitoba Hydro
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Future Great Lakes water levels simulated with dynamically downscaled GCM data using
the Canadian Regional Climate Model
F. Seglenieks1 & M. MacKay2
1
Meteorological Service of Canada, Environment Canada, Burlington, Ontario, Canada
2
Science and Technology Branch, Environment Canada, Toronto, Ontario, Canada
Environment Canada is currently developing a Climate Modelling System to support the IUGLS
based on the Canadian Regional Climate Model (CRCM) coupled with the latest version of the
Canadian Land Surface Scheme and a lake level-river routing scheme. Eight simulations using
three GCMs were downscaled using the CRCM. The actual and simulated current climates were
compared for precipitation, evaporation, runoff into the lakes, net basin supply (NBS) for the
lakes, and lake levels. Data for the 2050 time slice was used to examine the expected differences
in these factors for each of the simulations. On an annual basis the future time slices showed an
increase in precipitation and evaporation with a smaller increase in runoff. The annual NBS
showed a decrease that was relatively small. Unlike previous lake level predictions with dramatic
drops in lake levels in the order of metres, the change in lake levels from this study ranged
between 40 cm below to 15 cm above current levels. When examining the differences on a
seasonal basis, the future time slices were wetter during the winter and early spring and drier
during the summer. This was also seen in the lake levels where there was a shift to higher spring
levels and lower winter levels. These seasonal shifts may have an impact on the regulation plans
currently being developed for the great lakes.
F. Seglenieks: Water Resources Engineer, Environment Canada, Burlington
M. MacKay: Research Scientist, Environment Canada, Downsview
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An examination of the relationship between changes in extreme streamflow events and
changes in extreme rainfall
D. H. Burn & A. Taleghani
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo, Ontario,
Canada
This paper explores recent changes in extreme streamflow data for several Canadian watersheds
and analyzes the results in the context of changes in extreme rainfall events. Changes in extreme
data (streamflow and rainfall) are analyzed through both a traditional trend analysis technique
and by applying a bootstrap resampling approach. The latter is used to determine how unusual
the most recent part of the data record is in relation to the entire period of record and has been
shown to be an effective method for analyzing for the effects of climate change. The streamflow
data analyzed are the series of annual maximum daily streamflows and the extreme rainfall data
that form the basis for the estimation of Intensity Duration Frequency (IDF) curves. The results
reveal locations where there is a strong coherence between the significance of changes in
extremes in streamflow and rainfall as well as locations where there are contrasting signals. The
paper examines the reasons for the agreement or disagreement in the results. As could be
expected, greater coherence is noted for streamflow data from watersheds that reflect a pluvial
regime as opposed to nival watersheds.
Donald H. Burn: PhD (Waterloo); Professor, University of Waterloo. Teaches undergraduate
and graduate courses in hydrology and water management. Conducts research dealing with
hydrologic extremes, frequency analysis, and climate change impacts on hydrologic variables.
Amir Taleghani: Graduating Candidate for B.A.Sc. (Waterloo); Junior Water Resources
Engineer, Kerr Wood Leidal Associates. Research and consulting experience in hydrologic
modelling, hydraulics, and assessing climate change impacts on hydrologic variables.
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Assessing the impact of climate change on Intensity-Duration-Frequency curves
T. Saha & P. F. Rasmussen
Department of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
Global climate models predict changes in precipitation patterns in many areas of the world.
GCM's have coarse resolution and for most practical applications must be combined with
downscaling techniques designed to resolve sub-grid variability and remove biases. Extreme
precipitation in particularly is poorly represented in climate models and even when combined
with traditional downscaling methods there are significant difficulties involved in assessing the
frequency and severity of future extreme precipitation events. At the same time, this type of
information is important for the design of urban drainage systems that typically have long design
lives and performance that will be affected by future climate change. We review and compare
two methods for estimating projected changes in Intensity-Duration-Frequency curves,
commonly used in urban hydrology. We employ both the output from global and regional
climate models to this effect. We discuss the difficulties involved in directly comparing station
data with gridded model data that represent areal averages. A theoretical approach based on
geostatistical considerations is employed to derive reasonable areal-reduction factors. The
techniques described in the paper are exemplified through an application to a set of high-quality
precipitation stations from Manitoba.
T. Saha: B.Sc. (Bangladesh); Master’s student, University of Manitoba
P.F.Rasmussen: Ph.D. (Denmark); Professor, University of Manitoba
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Hydrological implications of precipitation phase change in a Canadian Rockies headwaters
catchment
P. Harder & J. Pomeroy
Centre for Hydrology, Department of Geography and Planning, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada
Long term data (1962-present) collected at, and near, the Marmot Creek Research Basin
(MCRB) in the Canadian Rockies suggest hydrologically significant changes to air temperature
and streamflow. Continuous streamflow records show a statistically significant 22% decline in
streamflow and 27% reduction in peak flow over 1962-2007. Reconstructed air temperatures
have also increased significantly with winter daily mean air temperatures rising 4°C over 19622007. While trends in streamflow and air temperature have been observed there has not been an
associated trend observed in annual precipitation amounts, but the warming air temperatures may
have affected the phase of precipitation. The lack of historical precipitation phase observations
has inspired the development of a physically based and spatially-transferable ice bulb
temperature phase relationship. This relationship has been tested in the region and used to
reconstruct the historical precipitation phase dataset for Marmot Creek. A shift in snowfall to
rainfall of 1 mm per year is estimated to have occurred in the basin since 1962. Phase change as
a consequence of air temperature change may have played an important role in the decline in
annual and peak flows in Marmot Creek.
Phillip Harder: Masters Candidate at the Center for Hydrology at the University of
Saskatchewan. He received his BSc Honours in Physical Geography from the University of
Saskatchewan and has worked in support of hydrological research in various capacities, most
recently as the Data Manager for the Drought Research Initiative.
Dr. John Pomeroy: Canada Research Chair in Water Resources and Climate Change, and
Director of the Centre for Hydrology at the University of Saskatchewan. He received his BSc
Honours in Physical Geography and PhD in Agricultural Engineering from the University of
Saskatchewan and was a NATO Postdoctoral Fellow at the University of East Anglia, England.
He has worked as a research hydrologist for the USDA Forest Service and Environment Canada
and a professor for the University of Wales, Aberystwyth. He is President of the International
Commission for Snow and Ice Hydrology.

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

201

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Hydrologic impacts of a changing climate IV
Session Coordinator: Sarah Boon
Session Chairs: Rajesh Shrestha, Markus Schnorbus, Younes Dibike & Daniel Peters
HW4D - Thursday June 7, 2012 - 10:30 to 12:00 - Room: KC 101
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A multivariate investigation of the Canadian Climate Model (CCCma) simulations and the
boreal forest flux tower observations in Saskatchewan
K. P. Chun1, H. S. Wheater1 & A. Barr2
1
Global Institute for Water Security, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
National Hydrology Research Centre, Saskatoon, Saskatchewan, Canada
2
Climate Processes Section, Environment Canada, National Hydrology Research Centre,
Saskatoon SK Canada
Although simultaneous climate fields are important in environmental models such as evaporation
and snowmelt estimation, correlation structures between climate fields (e.g. temperature and
wind speed) are not widely considered. Investigating concurrent climate fields generally needs
simultaneous climate measurements of radiation, temperature, wind speed etc. which are less
available than the single variable measurements (e.g. temperature). As an exception, the Boreal
Ecosystem Research and Monitoring Sites (BERMS) provide high frequency multiple climate
and carbon measurements which are suitable for multivariate analyses. Another possible
approach for analysing multiple climate fields is using model simulated outputs to surrogate
observations. As a result of the intergovernmental cooperation, Global Climate Models (GCMs)
generate the gridded climate field ensembles for climate variability investigations which they can
also be used for multivariate studies for the most of the globe. However, there are not many
studies to assess the simultaneous GCM series relationships with the observations. In this
investigation, a comparison study of multivariate relationships between the Canadian Climate
Model (CCCma) outputs and the BERMS observations is performed. Visualisation, hypothesis
testing and a principal analysis are undertaken to explore the multivariate relationships between
temperature, relative humidity, wind speed, net radiation and surface pressure in the
Saskatchewan boreal forest. Results show that the CCCma series provide fairly good
corresponding temperature and radiation fields which are relatively homogenous in the
considered spatial scale (~100 km). However, for the climate fields which are spatially
heterogeneous (e.g. wind and relative humidity), the current CCCma outputs may not provide
simulations which can represent the multivariate relationships observed from the BERMS
climate series. Based on the results, possible implications and reconciliations between the
observations and the CCCma outputs are proposed.
K. P. Chun: PhD; Post-Doctoral Fellow, University of Saskatchewan
H. S. Wheater: PhD; Professor, Canada Excellence Research Chair in Water Security, University
of Saskatchewan
A. Barr: PhD; Research Scientist, Climate Processes Section, Environment Canada

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

203

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

A multisite, multivariate K-Nearest Neighbour weather generator for simulation of
historical and future climate data
L. M. King1, A. I. McLeod2 & S. P. Simonovic3
1
Department of Civil and Environmental Engineering, Western University, London, Ontario,
Canada
2
Department of Statistical and Actuarial Sciences, Western University, London, Ontario, Canada
3
Department of Civil and Environmental Engineering, Western University, London, Ontario,
Canada
Stochastic weather generators are computational tools that produce long synthetic time series of
climate data with similar characteristics to the observed record for a site. These long time-series
are particularly advantageous for risk assessments of extreme temperature and precipitation
events for hydrologic applications. Stochastic weather generators have been used as downscaling
tools to predict local effects of climate change from Atmosphere-Ocean Coupled Global Climate
Model (AOGCM) outputs. There are three major categories of weather generators: parametric,
semi-parametric and non-parametric. The non-parametric K-Nearest Neighbour (K-NN) models
have emerged as a way of producing multisite simulations of climate variables without making
statistical assumptions about their probability distributions. These models are easily transferable
between regions with minimal site-specific calibration. A drawback of traditional K-NN
approach is that historical weather data is merely reshuffled and no unique daily values are
simulated. A modified K-NN approach is presented that reshuffles and perturbs the observed
weather data while maintaining their spatial and temporal properties. The weather generator is
used to simulate precipitation and temperature data for 22 sites in the Upper Thames River Basin
of Ontario, Canada. The proposed approach is shown to adequately reproduce historical
characteristics such as monthly wet days and precipitation amounts, wet and dry spell lengths,
and extreme precipitation and temperature indices. Autocorrelation and inter-site spatial
correlation are also adequately preserved. The proposed weather generator can thus be adopted
with confidence for simulations of historic or future climate data for a site.
L. M. King: BESc (Ontario); MESc Candidate, Western University
A. I. McLeod: PhD (Waterloo); Professor, Western University
S. P. Simonovic: PhD (California); Professor, Western University
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Recent climate impacts on the water levels of Lakes Michigan and Huron
J. L. Hanrahan1, S.V. Kravtsov2 & P. J. Roebber3
1
Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta,
Canada
2,3
Mathematics, Atmospheric Sciences, University of Wisconsin – Milwaukee, Wisconsin, USA
The Great Lakes are a vital resource to the United States and Canada in terms of consumptive
use, hydroelectric power, shipping, and recreation. In addition to human dependence, more than
3,500 animal and plant species that have adapted to this environment are extremely sensitive to
changes in the lake system. While commonly considered two separate bodies of water, Lakes
Michigan Huron are connected by the deep Straits of Mackinac and their levels therefore
fluctuate together as a single lake. While the lakes repeatedly undergo seasonal transformations
associated with their mid-latitude orientation, new long-term trends are likely to have significant
impacts on this system. It has been established that the lake-level fluctuations prior to 1980 were
predominately driven by changes in precipitation. However for the first time in our years of
record, increasing evaporation, which is likely linked to anthropogenic climate change, has
begun to significantly affect the lake-levels. Summertime evaporation rates have more than
doubled since 1980 as a result of increasing water-surface temperatures and subsequent increases
in over-lake wind speeds. The summertime water-surface temperatures are significantly
correlated with decreasing wintertime ice cover, and are likely influenced by the cumulative
effect of an increasing number of summertime warming days. In addition, recent evaporation
increases are likely being underestimated due to an inadequate representation of increasing overwater wind speeds during the warm season, particularly during the fall.
Janel Hanrahan: earned her PhD in Mathematics with a focus in Atmospheric Science from the
University of Wisconsin-Milwaukee in 2010. She is currently working as a postdoctoral
researcher under the supervision of Dr. Thian Gan in the Department of Civil and Environmental
Engineering at the University of Alberta.
Sergey Kravtsov: was born in Russia and moved to the U.S. in 1993. He earned his PhD in
Physical Oceanography from Florida State University in 1998, and then worked as a researcher
at the University of California-Los Angeles. He has been at the University of WisconsinMilwaukee since 2005, where he is now an associate professor.
Paul Roebber: studied meteorology and physical oceanography at McGill University and the
Massachusetts Institute of Technology where he earned his PhD in 1991. He was a postdoctoral
researcher in Lance Bosart’s group during 1992-94, after which he joined the faculty of the
University of Wisconsin-Milwaukee, where he is now a full professor and director of the
Innovative Weather program.
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Investigation of bias correction measures for input to the Canadian Precipitation Analysis
(CaPA)
A. M. Evans1 & P. F. Rasmussen1
1
Department of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
The creation of a database of accurate gridded daily, or sub-daily, precipitation fields is an
intricate endeavor which can yield great benefit for an array of hydrological modelling
applications. The Canadian Precipitation Analysis (CaPA) strives to meet this data need,
combating the issues of insufficient and inconsistent spatial and temporal coverage that are
inherent in observational networks through the statistical interpolation of this data, with
numerically modelled atmospheric output serving as a gridded background field. However, two
sources of bias currently influence CaPA output: bias stemming from the utilization of a
precipitation transformation function prior to statistical interpolation, and bias from the direct use
of GEM background fields. A bias correction method is proposed and investigated to treat these
bias forms. The proposed procedure employs a moving-average monthly cumulative total
precipitation constraint to provide a scaling basis for 24 or 6 hour precipitation analyses, with
built-in flexibility attained through the application of monthly analysis confidence intervals. It is
hypothesized that bias correction against a monthly precipitation total will circumvent the need
for precipitation transformation, thereby eliminating this bias source. The reference monthly
analysis, when constructed using Ordinary Kriging, rather than the traditionally employed
Simple Kriging approach, also serves as a treatment for the bias manifested through the use of
unaltered GEM input fields. The specific formulation and planned implementation of this bias
correction approach, as well as proposed evaluation metrics and preliminary results, will be
presented.
Andrea M. Evans: B.Sc. (Manitoba); M.Sc. Graduate Student, University of Manitoba
Peter F. Rasmussen: Ph.D. (Denmark); Professor, University of Manitoba
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Multi-decadal variability of flood risk in Prairie Rivers
S. Gurrapu1,2, J.-M. St. Jacques2, D. J Sauchyn2 & K. Hodder1
1
Department of Geography, University of Regina, Regina, Sasakatchewan, Canada
2
Prairie Adaptation Research Collaborative (PARC), Regina, Sasakatchewan, Canada
A primary assumption made in traditional flood frequency analysis is that the annual peak flow
records are independently and identically distributed. However, recent work has suggested that
this assumption can no longer be accepted and knowledge of climate state is required before
performing flood frequency analysis, without which the analysis may lead to gross under or
over-estimation of the true long-term flood risk. This study sought to identify how flood risk in
Prairie rivers is modified by the Pacific Decadal Oscillation (PDO); a large-scale climate system
that strongly influences mean annual streamflow in the Canadian Prairies. Annual peak flow data
for the period 1950 – 2008 were stratified based on the PDO phase (cool/ 1950-1976; warm/
1977-2008), and fit to Log-Pearson III (LP3) distribution. A clear distinction between the flood
risk in each phase was observed at lower return intervals. To ensure this distinction was not due
to sampling error or unequal lengths of the data, a regional index approach was employed to
reveal greater flood in the PDO cool phase (Figure 1).

Figure 1: Log-Pearson III expected quantiles and their 90% confidence limits (dashed lines) for
the annual peak flow records of 25 gauging stations, stratified at 1976 (PDO phase shift)
Sunil Gurrapu: Graduate Student, Department of Geography, University of Regina
Dr. Jeannine-Marie St. Jacques: PhD, Research Associate, PARC, University of Regina
Dr. David J Sauchyn: PhD, Professor and Research Coordinator, PARC, University of Regina
Dr. Kyle Hodder: PhD, Associate Professor; Department of Geography, University of Regina

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

207

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

The Humber River watershed in a changing climate
J. A. Kirby1 & A. Beersing2
1
Environmental Technology (Co-op), College of the North Atlantic, Corner Brook, NL, Canada
2
Golder Associates Ltd., Calgary, Alberta, Canada
The Humber River, located on the west coast of the island of Newfoundland, is the island’s
second largest watershed (8,124 km2). The head waters of the Humber River are located in Gros
Morne National Park, a UNESCO World heritage Site. The river flows from the Long Range
Mountains to Deer Lake and from there to the Humber Arm, Bay of Islands, a distance of
approximately 160 kilometres. This paper will review the climate of the watershed and
determine the climatic and hydrologic changes that have occurred over the last 80 years, the
recorded period for the available climate and stream flow data. The water resources of the
watershed are utilized to develop hydroelectric power for the Corner Brook Pulp and Paper mill.
There are farming areas located in the lower Humber River Valley of the watershed and in the
Cormack and Reidville areas. The Humber River is considered to be one of the world’s premier
recreational Atlantic salmon fishing rivers. There is a major tourism development located in the
watershed on the north side of Deer Lake where the Humber River flows out of Deer Lake.
Temperature, precipitation (including snowfall), and stream flow data will be reviewed and
discussed. The results from global climate models will be determined and applied to the existing
data to present future climatic and streamflow scenarios.
Discover how predicted climate changes may affect this watershed located in the north eastern
corner of the new world, the island of Newfoundland.
J. A. Kirby: M.Eng. (U of C, Alberta), P. Eng., FEC, CWRA member; Instructor, College of the
North Atlantic
Anil Beersing: PhD (U of C, Alberta), P. Eng., CWRA member; Principal, Senior Water
Resources Engineer, Golder Associates Ltd.
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Carbon, energy and energy cycling in vegetation ecosystems
Session Coordinator: Ed Johnson
Session Chairs: M. A. Arain & M. Strack
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Carbon drainage pathways in a coastal BC Douglas-fir headwater catchment during preand post-harvest periods
M. S. Johnson1, 2, A. Jollymore1, T.A. Black3, R.S. Jassal3 & I. Hawthorne2
1
Institute for Resources, Environment and Sustainability, University of British Columbia,
Vancouver, British Columbia, Canada
2
Department of Earth and Ocean Sciences, University of British Columbia, Vancouver, British
Columbia, Canada
3
Faculty of Land and Food Systems, University of British Columbia, Vancouver, British
Columbia, Canada
4
Department of Forest Resource Management, University of British Columbia, Vancouver,
British Columbia, Canada
Water transports carbon from the landscape in dissolved, particulate and gaseous forms,
contributing to a lateral flux of carbon that is significant to the carbon balance of watersheds.
Working in a 90 Ha managed forest catchment near Campbell River, BC, we measured these
fluxes using standard methods (field sampling followed by laboratory-based analysis) as well as
using in situ sensors to measure dissolved CO2 in surface water and groundwater plus dissolved
organic carbon (DOC) in stream water. Measurements are ongoing since late 2007, with the
forest harvested in early 2011. In this presentation we will discuss the impact of forest harvest on
fluxes of DOC and CO2 in stream water, as well as the fate of CO2 evading from the water
surface to the atmosphere. We show that traditional methods of streamwater sampling for DOC
can underestimate DOC flux calculations by more than 30% compared to high-frequency DOC
measurements using a submersible UV-Vis spectrophotometer. Drainage fluxes of carbon will be
compared with carbon fluxes measured by eddy covariance during pre- and post-harvest periods
in order to determine the net ecosystem carbon balance (NECB) at the catchment scale.
M.S. Johnson: PhD (Cornell); Assistant Professor, University of British Columbia
A. Jollymore: MSc (UBC); PhD Student, University of British Columbia
T.A. Black: PhD (Wisconsin); Professor, University of British Columbia
R.S. Jassal: PhD (Oxford); Research Scientist, University of British Columbia
Iain Hawthorne: MSc (UBC); PhD Student, University of British Columbia
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The ecohydrological functioning of forested peatlands: Simulating the effects of tree
shading on moss evaporation and species composition.
N. Kettridge1, D. K. Thompson2 & J. M. Waddington3
1
School of Geography, Earth and Environmental Science, University of Birmingham,
Birmingham, UK
2
Northern Forestry Centre, 5320 122 Street Northwest, Edmonton, Alberta, Canada
3
School of Geography and Earth Sciences, McMaster University, Hamilton, Ontario, Canada
Forested peatlands provide an important global carbon pool and an essential regulator of regional
water dynamics. Although trees increase water losses via transpiration, it has been suggested
that trees actually act as a water conserving agent within the peatland landscape, reducing the
available energy for moss evaporation. Hydrological disturbance associated with land-use
change and changing climate conditions has the potential to increase tree growth, modifying the
density, size and spatial arrangement of trees, providing a negative ecohydrological feedback
response to drying. To determine the magnitude of this feedback response, spatial variations in
short and long-wave radiation, turbulent energy fluxes and peat temperatures are simulated
through peatlands with real and idealized tree densities and distributions. For a random
distribution of trees, an increase in tree density from 0.0 to 3.5 trees per m2 decreased average
evaporation by 30% associated with a reduction in available energy. Increased tree densities also
induced autogenic succession from Sphagnum moss to feather moss associated with reduced
light availability at the peat surface. Feather moss has a higher surface resistance than Sphagnum
and the species transition further reduced evaporation rates by a total of 72%. Potential tree
distributions were simulated using a simple statistical model. The magnitude of this negative
ecohydrological feedback response is regulated by the spatial arrangement of trees. An
improved understanding of the spatial organisation of tree growth in response to drying is
necessary to accurately determine the magnitude of this feedback response.
N. Kettridge: Lecturer, University of Birmingham
D. K. Thompson: Research Scientist, Canadian Forest Service
J.M. Waddington: Professor, McMaster University
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The hydrological limits to the smouldering combustion in boreal organic soils
D. K. Thompson1 & J. M. Waddington2
1
2

Northern Forestry Centre, Canadian Forest Service, Edmonton, Alberat, Canada
School of Geography and Earth Sciences, McMaster University, Hamilton, Ontario, Canada

Forested peatlands represent a globally significant carbon pool that is subject to periodic wildfire
disturbance. The depth and extent of smouldering combustion in peatlands is energy limited, in
contrast to fuel limited combustion of duff in upland forests. While previous lab and modelling
studies have shown peat combustion to be controlled by the ratio of fuel (peat bulk density) to
energy sink (moisture content), the water retention capacity of peat has not been examined in the
context of smouldering combustion to date. The gravimetric water content (GWC; g water g-1
dry mass) of soils at a given pore-water pressure provides a measure of energy sources and sinks
that is relevant to both smouldering energetics and the water retention capacity of soils.
Additionally, GWC can be calculated from existing water retention curves to provide a new
dimension to the data. We found that undecomposed Sphagnum fuscum has consistently high
GWC at a range of pore-water pressures that is indicative of high water content per unit dry
mass. Conversely, more humified peat across a wide range of densities had GWC that is
indicative of enhanced smouldering risk, despite a higher volumetric water content than samples
of S. fuscum at the same pore-water pressure. We also observed depressed GWC for peat with
significant wood fragment or fine root content. These data point to the absence of simple
volumetric water content thresholds for peat combustion, and instead highlight the interaction of
bulk density and humification in enhancing smouldering combustion.
D. K. Thompson: Research Scientist, Canadian Forest Service
J. M. Waddington: Professor, McMaster University
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Real-time CO2 and energy exchange during the utikuma complex forest fire
R. M. Petrone1, K. J. Devito2, L. A. Chasmer1, N. Kljun3, C. Thackeray1, S. M. Brown1,
C. Hopkinson1 & J. M. Waddington4
1
Cold Regions Research Centre, Wilfrid Laurier University, Waterloo, Ontario, Canada
2
Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada
3
Global Environmental Modelling and Earth Observation,Department of Geography, Swansea
University,Swansea, UK
4
School of Geography & Earth Sciences, McMaster University, Hamilton, Ontario, Canada
North American boreal forest fires release approximately 53 Tg of carbon to the atmosphere each
year of which models predict 50% is from direct emissions and 50% from slower decomposition
over several years. North American boreal forests have seen an almost three-fold increase in
area burned in recent decades and it is widely suspected that a warming climate will lengthen the
fire season and increase the area burned even more. The result is a higly likely positive feedback
loop that could accelerate global warming and increase fire frequency further. While there are
numerous studies on the carbon dynamics of a forested ecosystem in the aftermath of a large
wildfire, there is very little information on how carbon and energy fluxes behave during a
wildfire. This study took advantage of the recent Utikuma Complex forest fire (SWF-060,
~90,000 ha) that burned through the Utikuma Region Study Area (URSA) in May of 2011. At
the URSA, eddy covariance measurements of energy and CO2 exchange have been measured at
25 m above the surface since 2008. During SWF-060, fire was burning near, or within, the
footprint of this tower for the period of May 13 – 19. Analysis of wind direction frequency and
footprint modelling suggest that when the fire was burning near the footprint of flux
measurements no changes were observed in the energy fluxes; however the turbulent structure of
the boundary layer around the tower was altered and and significant increases of ecosystem
respiration were observed .
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Response of vegetation community and carbon exchange in a boreal Alberta bog to
simulated climate change
M. Strack, M. Perkins, B. Xu & T. Munir
Department of Geography, University of Calgary, Calgary, Alberta, Canada

1

Climate warming is anticipated to result in deeper water table position during the growing season
and warmer soil temperatures in boreal peatlands. The response of peatland carbon cycling to
this disturbance remains unclear; however, studies in eastern Canada suggest that vegetation
succession and differential responses between microforms may limit changes in ecosystem
carbon balance in response to lowered water tables. We investigated the importance of these
factors for controlling carbon cycling in a treed bog in northern Alberta by comparing species
composition, biomass, and carbon fluxes in an undisturbed site to those of a site drained 10 years
earlier. Drainage altered species composition with a shift from moss-dominated hollows at the
control site to lichen-dominated hollows at the drained site, while the abundance of the shrub
Ledum groenlandicum increased on drained hummocks. Drainage increased both above- and
below-ground biomass. Ground layer carbon fluxes suggest that the response to drainage varies
between microforms. Drained hummocks had significantly higher gross ecosystem
photosynthesis than all other plots, whereas drained hollows had significantly higher ecosystem
respiration. Methane emissions were low from both control and drained sites. Future research
will quantify the contribution of overstory trees to ecosystem carbon balance and investigate the
effect of warming, alone and in combination with short (1-3 years) and longer term (10-12 years)
water table drawdown, on peatland vegetation community, nutrient cycling and carbon exchange.
M. Strack: PhD (McMaster); Assistant Professor, University of Calgary
M. Perkins: B.Sc. student; University of Calgary
B. Xu: PhD (Southern Illinois); Postdoctoral Fellow, University of Calgary
T. Munir: PhD student, University of Calgary
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Geomorphology and landscape organization of a northern peatland complex
M. C. Richardson1, J. S. Price2, S. Ketcheson2 & P. Whittington2
Department of Geography and Environmental Studies, Carleton University, Ottawa, Ontario,
Canada
2
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada

1

The geomorphic evolution of northern peatlands is governed by complex ecohydrological
feedback mechanisms and associated hydro-climatic drivers. For example, prevailing models of
bog development (i.e. Ingram’s groundwater mounding hypothesis and variants) attempt to
explicitly link bog dome characteristics to the regional climate based on analytical and numerical
models of lateral groundwater flow and the first-order control of water table position on rates of
peat accumulation. We present new results from quantitative geomorphic analyses of a northern
peatland complex at the De Beers Victor diamond mine site in the Hudson Bay Lowlands of
northern Ontario. This work capitalizes on spatially-extensive, high-resolution topographic
(LiDAR) imagery to rigorously test analytical and numerical models of bog dome development
in this landscape. This analysis is then expanded beyond individual bog formations to more
broadly consider ecohydrological drivers of landscape organization, with implications for
understanding and modeling catchment-scale runoff response. Our results show that drainage
patterns exhibit relatively well-organized characteristics consistent with observed runoff
responses in six gauged research catchments. Interpreted together, the results of our geomorphic
and hydrologic analyses point to a scaling threshold beyond which the peatland drainage system
switches from an aggradational regime dominated by ecohydrological feedbacks to an erosional
regime driven by fluvial-geomorphological feedbacks.
M. C. Richardson: PhD (Toronto); Assistant Professor, Carleton University
J. S. Price: PhD (Hamilton); Professor, University of Waterloo
S. Ketcheson: MSc (Waterloo); PhD Student, University of Waterloo
P. Whittington: MSc (Waterloo); PhD Student, University of Waterloo
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Hydrology and the urban biophysical environment I
Session Coordinator: Sarah Boon
Session Chairs: Darryl Carlyle-Moses & Julie Schooling
HW5A - Thursday June 7, 2012 - 10:30 to 12:00 - Room: KC 303
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Development of a new approach for simplified design of stormwater source controls to
meet volume capture criteria
L. Morgan1 & C. Kipkie2
1
Kerr Wood Leidal Associates. Ltd. (KWL), Burnaby, British Columbia, Canada
2
Also with KWL (address above)
In 2011, Metro Vancouver initiated an update and expansion to the 2005 Stormwater Source
Control Design Guidelines (SSCDG) to include engineering sizing and design refinements.
Engineering equations, sizing charts and examples were added to assist municipal staff and
developers’ consultants with sizing of source controls. Using these tools, source controls in the
Metro Vancouver region can be sized simply, based on such parameters as location, lot size and
configuration, stormwater target, rainfall, and soil infiltration rate – all without the need of
running models. The sizing approach and charts were developed
through a process of continuous simulation water balance
modelling that determined unit sizing to meet stormwater targets
for each type of source control facility. The work involved many
iterations of modelling to define the range of performance and
sizing that is required across the Metro Vancouver region where
volume capture targets are set at the watershed or municipal level
and can, in theory, range from 0 to 100% of annual rainfall. The results had to be assessed for
redundancies and opportunities to simplify the approach, and the results were converted to
simplified sizing charts that yield required design volumes and/or surface areas for the various
source control measures. This presentation will review the methodology and development of the
simplified sizing approach and discuss the results including further work that could be done and
the approaches that were tested and rejected for use in the design guidance.
L. Morgan: M.Sc., P.Eng. (BC), P.E.; Stormwater Specialist, KWL. Ms. Morgan has 9+ years of
consulting experience emphasizing stormwater Low Impact Development (LID) and drainage
planning and design, hydrologic and hydraulic modelling and analysis, and environmental
restoration and permitting. Her experience with stormwater guidance development has also
included: updating the stormwater chapter of DFO’s “Land Development Guidelines”, the Metro
Vancouver “Design Considerations for the Implementation of Green Roofs”, and the vegetative
absorptive practices chapters of the City of Calgary’s “LID Technical Guidance Manual”.
C. Kipkie: M.Sc., P.Eng. (BC, AB); Stormwater Specialist, KWL. Mr. Kipkie has 14+ years
experience in the planning, modelling , design, and performance monitoring of innovative
stormwater management facilities. He has built sophisticated models for drainage and water
quality studies and worked on various LID bylaws and guidelines. He had a significant role in
the award winning Silver Ridge development in Maple Ridge, one the first large-scale single
family residential developments in BC to meet DFO stormwater guidelines. He is currently on
the team that is developing the vegetative absorptive practices chapters of the City of Calgary’s
“LID Technical Guidance Manual”.
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Assessing the impact of catchment characteristics and pond morphology on P retention in
stormwater management ponds in Southern Ontario
M. E. Lamond1, M. A. Xenopoulos2, J. M. Buttle3 & P. C. Frost2
1
Environmental and Life Sciences Graduate Program, Trent University, Peterborough, Ontario,
Canada
2
Department of Biology, Trent University, Peterborough, Ontario, Canada
3
Department of Geography, Trent University, Peterborough, Ontario, Canada
Stormwater management ponds (SWMPs) are commonly used in urban areas to mitigate
flooding, stream channel erosion, and nutrient pollution. Although they are effective in
minimizing the impacts of flooding and erosion, their treatment efficiency for nutrients is highly
inconsistent. This variability may be explained by differences in catchment characteristics and
pond design features. In order to assess the impact of catchment properties and pond
morphology on SWMP performance, this study examined phosphorus (P) retention in 14
SWMPs in three Ontarian municipalities (Peterborough, Whitby and Richmond Hill) during icefree periods in 2010 and 2011. Catchment characteristics evaluated included total area draining
to the pond (ranging from 0.083 km2 to 0.383 km2), total impervious area (41% to 52%), average
gradient, and land cover. Pond morphological properties included total area (0.00095 km2 to
0.025 km2), maximum volume (816 m3 to 54783 m3), mean and maximum depth (1 m to 3.3 m),
number of inlets and outlets, length:width ratio, and pond sinuosity. Retention was assessed
based on measured P concentrations in pond inflows and outflows, supplemented by shorter-term
mass balance calculations and observations of P concentrations in the permanent pool.
Preliminary results indicate that some SWMPs can release total phosphorus (TP) concentrations
up to 33.6 µg L-1 during baseflow conditions, exceeding the Ontario Provincial Water Quality
Guideline for TP (30 µg L-1). Therefore, identifying the critical catchment characteristics and
pond features that enhance P retention performance is imperative information for SWMP
developers and managers so that design and maintenance improvements can be made for water
quality protection.
M.E. Lamond: PhD Candidate, Trent University

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

218

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Permeable pavements in cold climates: Improving hydraulic performance and water
quality
J. Huang1, C. Valeo2, A. Chu3 & J. He4
1
Department of Civil Engineering, University of Calgary, Calgary, Alberta, Canada
2
Department of Mechanical Engineering, University of Victoria, Victoria, British Columbia,
Canada
3
Department of Civil Engineering, University of Calgary, Calgary, Alberta, Canada
4
Department of Civil Engineering, Lakehead University, Thunder Bay, Ontario, Canada
Low Impact Development (LID) technology is a relatively new stormwater management strategy
developed to reduce or eliminate the need for traditional stormwater infrastructure. Permeable
pavement is an LID that uses pavement with a high permeability to collect, store and treat
stormwater runoff on site. This study investigates the long and short term changes in storage
capacity, infiltration rates and pollutant removal efficiencies (total suspended solids, total
nitrogen and total phosphorus) in cold climate conditions, especially during freeze-up and thaw
periods influenced by Chinooks. In addition, the impacts of sanding materials and de-icing
chemicals applied over the winter period for two types of permeable pavements: inter-locking
pavers and porous asphalt are investigated. The study also aims to determine the influence of
bedding materials and geo-textile locations on the removal of sediment and water quality related
parameters; recommend the most economical design and develop proper maintenance cycles for
both pavement types. Testing is conducted on both full-scale pavement cells and laboratory
based micro cells. Results from the full-scale pavement testing show that the inter-locking pavers
are capable of excellent total suspended solids and total phosphorus removal in sub-zero
conditions, in the range of 90%-95% and 75%-85%, respectively. However, the removal rate was
very low for total nitrogen (less than 5%). Initial observation for average infiltration rate in early
winter for the inter-locking pavers was high, which is likely to degrade in the long term.
J. Huang: PhD Student, University of Calgary. Mr. Huang has worked in numerical modeling of
municipal systems and hydro-structures, and application of water/wastewater technology.
C. Valeo: PhD (McMaster); Associate Professor, University of Victoria. Dr. Valeo has worked
extensively in urban hydrology, climate change impacts and disturbance modeling in water
resources and water quality modeling.
A. Chu: PhD (BC); Associate Professor, University of Calgary. Dr. Chu is an expert in
wastewater treatment, wetland design and stormwater recycling.
J. He: PhD (Calgary); Assistant Professor, Lakehead University. Dr. He’s researh interests
include climate change impacts, water quality, and application of advanced soft computing
techniques in water resources modeling.
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Greening the stormwater infrastructure – Use of rain gardens for a parking lot
A. Aslam
AECOM Canada Ltd., Calgary, Alberta, Canada
Rain gardens not only possess an aesthetic value but are also used for achieving stormwater
management objectives in a sustainable fashion. These objectives include runoff volume and
peak reduction, stormwater quality improvement and groundwater recharge where applicable.
Design of rain garden in a cold weather climate of sub-zero temperatures, located over clayey
soils of low permeability has been a challenging task. A Park-n-Ride facility was selected to
demonstrate the application of rain gardens. A twin-cell design were developed for rain gardens
to reduce operation and maintenance and provide pre-settling of the sediments. Rain gardens
were fitted with under-drains for drainage and clean outs for maintenance. An economical soil
mix made of locally available soil and compost was proposed to be tested and used for these rain
gardens. Performance of the rain gardens was evaluated using a long-term 50-year continuous
hydrologic simulation using local climate data of rainfall, snowfall, temperature and evapotranspiration. Rain gardens were found effective for mitigating the adverse impacts of
urbanization on runoff quantity and quality. Use of rain gardens economized the system by
minimizing the need for traditional ‘hard’ stormwater infrastructure including pipes and
manholes. These were effective in reducing the peak runoff to pre-development state as well as
for achieving the desired stormwater quality improvement. Exceedance analysis showed that the
frequency of post-development runoff peaks closely approximates that of pre-development stage.
To work in cold climate and over clays, these rain gardens were fitted with under drains and
designed with controlled depth of ponding and emptying time. The facility will also serve as a
research site to help develop guidelines for such applications in future.
Asif Aslam: Senior Water Resource Engineer, AECOM Canada Ltd., Calgary, Alberta. Mr
Aslam's experience since 1997 has been in project/ engineering management, technical/ design
leadership, preparation of construction & tender documents, construction support, and business
development for medium to large scale stormwater and water resources engineering projects,
using both traditional and innovative green/ low-impact technologies. He leads sustainable
development / green infrastructure programme at various levels and holds a position of Director
with ALIDP (Alberta Low Impact Development Partnership) which is implementing innovative
stormwater technologies in Alberta.
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Developing stormwater water balance criteria for the protection of natural features
(wetlands) in an urbanizing setting
L. C. Del Giudice
Ecology Division, Toronto and Region Conservation Authority, Toronto, Ontario, Canada
Hydrology is a key factor that determines a natural feature’s ecological composition, structure
and function. Because hydrology is important to wetland, woodland, and watercourse functions,
changes in hydrology can result in negative impacts to these features. Largely due to the
increase in impervious surfaces, urban development within a feature’s catchment can cause
decreases in infiltration and evapotranspiration, and large increases in runoff volume.
Depending on the development form, design and construction, some natural features may
become wetter, while others may become drier following land use change or development.
These changes can cause major shifts and declines in vegetation communities, however the
tolerances of vegetation communities, as well as associated flora, and fauna, to these changes is
poorly understood. Toronto and Region Conservation Authority (TRCA), Credit Valley
Conservation (CVC), and our partners are initiating a study to address this, and other, knowledge
gaps that limit our ability to adequately protect the water balance of natural features through the
land development process. Currently, our ability to achieve water balance objectives for natural
features is limited by the availability of sufficient science, monitoring protocols, effective
modeling, training, and water management guidelines. We will highlight some of the details and
expected outcomes of our study, in the hopes that this improved understanding will lead to
improved consistency, efficiency, and efficacy in reviewing urban development and permitting
applications affecting the water management of natural features.
L. C. Del Giudice: M.F.C. (Toronto), B.Sc. (Peterborough); Senior Planning Ecologist. Laura
has a Bachelor of Science from Trent University and a Masters of Forest Conservation from the
University of Toronto. For the past 10 years, she has been working as a Senior Planning
Ecologist for the Toronto and Region Conservation Authority. In this role, she is responsible for
providing expert technical advice on ecological impacts associated with proposed developments
through planning and regulatory processes. She has also been involved in the development of a
number of guidelines, including a Water Balance Guideline for the Protection of Natural
Features.
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Hypothesis-driven science: Linking field observations to
earth surface processes
Session Coordinator: Tracy Brennand
Session Chairs: Jon Tunnicliffe & Brett Eaton
R1 - Thursday June 7, 2012 - 8:30 to 10:00 - Room: KC 301
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The Canadian landscape: Challenges and opportunities for geomorphology in the EarthSurface Science community
C. H. Hugenholtz1,2
1
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
2
Faculty of Environmental Design, University of Calgary, Calgary, Alberta, Canada
Geomorphology, the study of landscape dynamics, is part of a growing multidisciplinary
community of Earth-Surface Science (ESS). Canadian Geomorphology has a strong tradition of
interdisciplinary research, which is driven by the need to understand and predict landscape
dynamics within the broader context of environmental change. In this talk I will present a
personal perspective on the status of geomorphology in Canada, outlining my interpretation of
key challenges and opportunities for our discipline in the context of ESS. I will begin with an
overview of the ‘Canadian Landscape’, focussing on Canadian-based geomorphological
researchers and their research programs. From my own experiences I will outline some of the
key challenges and barriers to progress in our discipline that limit our ability to predict Earthsurface processes and landscape dynamics, including: the development of ‘testable’ hypotheses,
autogenic signals, measurement standards, access and availability of ESS data and models,
human dimensions of landscape change, and landform objects. I will try to balance these
challenges by describing emerging opportunities that exploit the strengths of geomorphology,
including: landscape reclamation, environmental effects monitoring, application of ESS
technologies, planetary surface processes (Mars), and decision support for resource-based
activities. Finally, I will refer to national programs in the USA such as NCED and NCALM as
examples of major catalysts that amplify the role of geomorphology within the broader ESS
research community. Similar initiatives could be influential in addressing some of the most
pressing environmental challenges in Canada.
C. H. Hugenholtz: PhD (Calgary); Assistant Professor, Universities of Lethbridge and Calgary.
Hugenholtz is the 2012 J. Ross Mackay Award recipient of the Canadian Geomorphological
Research Group.
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Integrating remote-sensing and ecosystem processes: Determining the ecological
significance of groundwater upwellings in glacierised catchments at a landscape scale
J. H. Crossman1, C. Bradley2, J. N. W. David1 & A. M. Milner2
1
School of Geography and the Environment, University of Oxford, Oxford, UK
2
School of Geography, Earth and the Environment, University of Birmingham, Birmingham, UK
In glacierised floodplains, streams sourced from upwelling groundwater are characterised by
significantly higher biodiversity than surface-fed streams. However the ecological significance
of these habitats at a landscape scale has not yet been determined. A remote-sensing model was
integrated with knowledge of ecosystem processes to identify the frequency and distribution of
groundwater upwellings in remote Arctic and alpine areas. Model processes are derived using
relationships established both directly from field research, and from the literature. Field research
has established that groundwater upwellings provide stable environments and high water tables,
supporting vegetation growth on otherwise barren glacierised floodplains. Upwellings are
therefore associated with characteristic isolated patches of dense vegetation. The model uses this
characteristic profiling of groundwater upwellings in a four-step process (Figure 1). The model
was calibrated in Denali National Park, and validated in Wrangell St Elias National Park,
isolating 168km2 and 259km2 of glacierised floodplains respectively. Model accuracy during
calibration was 94%, and was marginally lower during validation (83%). The high accuracy of
the model supports the wider applicability of site-specific relationships determined thus-far. In
each region, groundwater upwellings contributed to ~40% of the riverine habitat within
glacierised floodplains; in combination with their high biodiversity this suggests they are
ecologically significant. This model facilitates study site location, and represents a significant
development in macro-scale studies of groundwater upwellings in glacierised catchments.

Figure 1: Modelling process on a tributary of
the Yukon, Denali National Park. A) removal
of temporal variance; B) isolation of
glacierised floodplains using chromaticity
index; C) snow and ice removal; D)
identification of dense vegetation (associated
with sites of groundwater upwelling) using
NDVI.

J. H. Crossman: PhD (Birmingham); Postdoctoral Researcher, University of Oxford.
C. Bradley: PhD (Leicester); Senior Lecturer, University of Birmingham
J. N. W. David: MSc (Oxford); GIS researcher, University of Oxford
A. M. Milner: PhD (London); Professor, University of Birmingham
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Use of remote sensing and modelling to assess morphologic change as a result of a hydropeaking dam
H. Buehler1, B. Eaton1 & M. Hassan1
1
Geography, University of British Columbia, Vancouver, British Columbia, Canada
The 1955 damming of the Kananaskis River provides a unique opportunity to assess dam
induced changes in channel morphology. This system experienced changes in flow regime
through reduction in the magnitude of high flows and creation of daily peaking flows which still
maintain the competence to partially mobilize sediment with no associated alteration in sediment
supply. We assessed reach scale morphological change of the Kananaskis with an emphasis on
the role of vegetation in affecting channel adjustment. Pre and post-dam channel conditions were
assessed through historical photo analysis, field measurements, and airborne remote sensing
techniques. The 8 most upstream sites were characterized by modest to no narrowing over the 50
period of interest while the downstream sites exhibited statistically significant narrowing over
this same period. Additionally, throughout the entire study region the vegetated banks shifted
from dominance by grasses and shrubs to dense coniferous forests. That the response signal is
most strongly represented in the downstream section may relate to the hydro-peaking forcing
rather the reduction in formative discharge. In these downstream reaches with a more attenuated
flood pulse it appears that bank stability associated with riparian vegetation acts as an important
control on channel adjustment. Model simulations from the UBCRM support these observations.
The observed morphological dynamics correspond to a shift from approximately 5% vegetative
cover to over 50%, as defined by the bank stability parameter of the UBCRM. Therefore
changes in channel morphology cannot be explained solely by altered flow regime, but also must
consider vegetation dynamics.
H. Buehler: Masters of Science Candidate, University of British Columbia. Holly is a fluvial
geomorphologist interested in remotely sensed data as a means to quantify channel change.
B. Eaton: PhD; Associate Professor, University of British Columbia. Brett is a fluvial
geomorphologist conducting research on stream channel morphodynamics in the field and in the
laboratory.
M. Hassan: PhD; Professor, University of British Columbia. His research interests focus on:
fluvial sediment transport, headwater streams, channel morphology, sediment yield, arid lands
geomorphology, urban hydrology and urban streams, scaling relations in watershed
geomorphology, and the impact of past glacial activity on contemporary fluvial processes

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

225

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Sensitivity of simulated flow hydraulics and sediment transport rates to the selection of a
morphodynamics modelling application
Y. Y. Rousseau1, M. J. Van de Wiel2, & P. M. Biron3
1
Department of Geography, Western University, London, Ontario, Canada
2
Department of Geography, Western University, London, Ontario, Canada
3
Department of Geography, Planning and Environment, Concordia University, Montréal,
Québec, Canada
Morphodynamics models are increasingly being used in river engineering applications and
fluvial geomorphology to assess the security of installed or projected hydraulic structures and to
understand linkages between flow patterns, channel morphologies, substrate properties and
aquatic communities. These models have a great potential to help determine erosion rates and
channel evolution patterns under a variety of flow conditions, and are therefore useful in landuse management and in the assessment of climate change effects. However, little is known about
the sensitivity of the output results to the selection of a specific modelling application. This study
compares flow fields and sediment transport rate patterns predicted by different two-dimensional
morphodynamics models subject to the same input parameters, for a few river configurations.
Firstly, validation cases provided by the developers of these models are employed to test their
capacity to correctly simulate water surface elevation and flow field in morphologically simple
river channels, bends and confluences. Secondly, an independent dataset associated with a reach
of the St. François River (Quebec) is used with each model to validate predicted sediment
transport rates and associated changes in channel bathymetry and morphology. Spatial analysis
techniques are used to describe and explain observed differences.
Yannick Rousseau: is a PhD candidate in Geography. His interests reside in modelling fluvial
processes such as streamflow hydraulics, sediment transport and bank erosion.
Marco Van de Wiel: is associate professor in the Department of Geography since 2005. His
research interests include computational geomorphology, catchment sediment dynamics, and the
nature of complexity and simplicity in geomorphology.
Pascale Biron: is associate professor in the Department of Geography, Planning and
Environment since 1998. Her areas of expertise are in hydro-geomorphology, numerical
modelling, river dynamics, stream restoration for fish habitat and GIS.
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Scale, sediment transport efficiency and the establishment of stream channel grade
B. Eaton
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
The concept of stream channel grade – according to which a stream adjusts its gradient to
transport the imposed sediment load with the available discharge is one of the most influential
ideas in fluvial geomorphology. A scaling relation is derived that describes how grade can be
established by changes in the channel configuration using the dimensionless bed material
transport parameter presented by Parker and Klingeman (1982, Water Resources Research18:
1409–1423). Another scaling relation is based on a new dimensionless transport parameter using
dimensionless unit stream power: this version is nearly identical to the first relation, except that it
is independent of flow resistance. Both versions of the scaling relation are directly comparable to
Lane's original relation, but provide some surprising insights into the organization of fluvial
networks.
B. Eaton: PhD (UBC); Associate Professor, University of British Columbia. Brett is a fluvial
geomorphologist conducting research on stream channel morphodynamics in the field and in the
laboratory.
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Advances in fluvial geomorphology
Session Coordinator: Tracy Brennand
Session Chairs: Tracy Brennand & Brian Menounos
R2A - Thursday June 7, 2012 - 10:30 to 12:00 - Room: KC 301
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Braided river morpho-dynamics and deposit geometry
T. Gardner1 & P. Ashmore2
1
Stantec Consulting, Burnaby, British Columbia, Canada
2
Department of Geography, Western University, London, Ontario, Canada
Analysis of the relationship between fluvial morpho-dynamics and fluvial deposit geometry can
be developed from high-resolution data on the temporal development of river bed topography.
This has proved difficult to accomplish from field data because of the length of time over which
the deposit forms. The limitations of the time of development can be overcome by using smallscale physical models. However, many physical model experiments on fluvial systems have been
done in net-depositional environments and consequently the relationship between river morphodynamics and deposit geometry has not been assessed for the limiting condition of no net
aggradation. Close-range photogrammetric techniques are a cost-effective approach to acquiring
high-resolution digital elevation models (DEMs) from which the time-development of
topography and deposit geometry can be developed. Using photogrammetry and image analysis
to re-create the deposit geometry of a braided river over geomorphologically significant time
scales, we show the geometry of the bounding surfaces and their development over time in
relation to fluvial morphology and processes. The frequency distributions of the surfaces, the
deposit geometry, the river bed elevation and the relationship to major morpho-dynamic features
such as confluences, can be derived from the DEM data. These can also be used to characterize
the active width and depth of bed dynamics and sediment transport for quantitative analysis of
the morphologically-tied bed material transport.
Tobi Gardner: Ph.D. from the Western University in the Department of Geography. Tobi now
works for Stantec Consulting, as a Water Resources Scientist, working on hydrology and stream
geomorphology related projects.
Peter Ashmore: Professor at Western University with research expertise in fluvial
geomorphology. A major part of his work focusses on morphology and dynamics of gravel-bed
rivers and experimental fluvial geomorphology using physical models created in the large river
modeling flume at Western.
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How much data is enough? Reach channel variability along stream channels in Southern
Ontario
J. Parish1, B. Swanson1 & L. Stanfield2
1
PARISH Geomorphic Ltd., Mississauga Ontario, Canada
2
Ministry of Natural Resources, Picton, Ontario, Canada
A number of influences and processes are active at varying scales along most rivers. A basic
question faced by most practitioners of stream management, research, and restoration is how
much field data is required to properly characterize and quantify the physical processes operating
within a stream reach. Will the sampling encompass the natural variability of the river, or is it
biasing the results in some manner? In order to address the question of natural variability,
synoptic and detailed surveys were conducted along two streams in Souhern Ontario. The
streams primarily drain glacial till material comprising semi-cohesive clays, silts, and fine sands,
but the channels themselves are primarily cobbles and gravel, with sand patches. Bankfull crosssection surveys and pebble counts were conducted at intervals equal to one average” bankfull
width” along the entirety of both reaches, and the field exercise was coupled with measurements
taken from digital imagery along these waterways, and several additional streams, in order to
provide a broader spectrum of spatial scale and settings. The results indicate that, while there is
variability in the sediment distribution, the overall bankfull cross-section area and width were
relatively consistent. The role of vegetation on the channel dimensions and the interaction with
the riparian zone, based on the variability of form and the size of the channel were also
evaluated. The research was used to provide recommendations on the sampling design for field
programs conducted in the region.
John Parish: MA, P.Geo., Senior Fluvial Geomorphologist, PARISH Geomorphic Ltd.
Ben Swanson, M.Sc, Fluvial Specialist, PARISH Geomorphic Ltd.
Les Stanfield, M.Sc., Fish Habitat Specialist, Southern Science Information Section
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Quantifying fine sediment entrapment in gravel beds using an annular flume
K. Glasbergen1, M. Stone1 & B. G. Krishnappan2
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
2
National Water Research Institute, Environment Canada, Burlington, Ontario, Canada

1

Fine sediment deposition and entrapment in interstitial spaces of coarse river bed substrate can
influence the porosity and permeability of the river bed which in turn can have a profound effect
on its suitability for fish habitat and spawning. This paper presents the results of a laboratory
study conducted in a rotating circular flume to quantify the erosion and deposition characteristics
of fine sediment with plane- bed and coarse gravel bed. Gravel, cohesive sediments and river
water were collected in the Elbow River, immediately upstream of the Glenmore Reservoir in
Calgary Alberta and transported to the hydraulics laboratory at the Canada Centre for Inland
Waters. Erosion and deposition experiments were conducted under plane bed conditions to
determine the transport properties (critical shear stress for erosion and deposition, settling
velocity, particle density) of the fine sediment. Washed gravel was then added to the flume and
entrapment rates under steady shear conditions were determined and compared to plane bed
conditions. Erosion experiments were conducted to measure the re-entrainment of fine
sediments from the gravel bed under increasing shear conditions. An entrapment coefficient,
relating the rate of entrapment to the settling rate at the sediment-water interface was evaluated
using a fine sediment settling and flocculation model. The results of the study and their
relevance to water quality in the Glenmore Reservoir are discussed.
Ken Glasbergen: a Masters Candidate in the Department of Geography and Environmental
Management at the University of Waterloo. His thesis research focuses on the entrapment of
cohesive sediments in course gravel bed streams.
Dr Michael Stone: a professor in the Department of Geography and Environmental
Management at the University of Waterloo. His research program is directed towards the study
of the source, transport and fate of sediment associated contaminants in aquatic environments.
Dr B.G. Krishnappan: an Emeritus Research Scientists with Environment Canada. He worked at
the National Water Research Institute in Burlington, Ontario as a research scientist for 35 years
before retiring in 2008. His areas of research include hydrodynamic modelling in rivers and fine
and coarse grained sediment transport. He has developed several widely used flow and sediment
transport models. He has published extensively on a range of sediment transport issues
particularly with respect to basic and applied research in cohesive sediment transport in aquatic
systems.
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Characteristics of flow turbulence and bedload transport events during two floods in a
gravel-bed creek
L. C. Desrochers1 & A. G. Roy2
1
Départment de géographie, Université de Montréal, Montréal, Québec, Canada
2
Department of Geography, University of Waterloo, Waterloo, Ontario, Canada
The effect of turbulence on bedload transport in a gravel-bed river during a flood is investigated.
The experimental design is conducted at Béard creek (Québec, Canada) and is based on the
observations at high temporal resolution of bedload transport rates using a loadcell in a sediment
trap and of the near-bed streamwise (u) and vertical (w) flow velocity components using an
electromagnetic current meters (ECM). Sampling during high flow was done from a temporary
bridge over the 6 m wide creek and the sediments were collected with a trap installed in the
thalweg immediately downstream of the bridge. The vertical array of four ECMs was placed 13
cm upstream from the trap. Velocity and bedload data were recorded at 10 Hz with the same data
logger to ensure simultaneous measurements. Date were collected on the rising limb of the
hydrograph during a small (1,5 m³.s-1) and a large (5,5 m³.s-1) flood. The analysis rests on the
detection of individual bedload transport events and of the properties of the mean and
macroturbulent components of the turbulent flow. Frequency distributions of the mean sediment
transport rate, duration of sediment transport events and of the waiting time between consecutive
events are strongly right skewed and are generally represented by Gamma distributions. The
shape of the frequency distribution of the mean transport rate and the duration of transport event
flattens as discharge increases while it narrows for the waiting time between successive events.
Sediment transport intermittency reduces for the largest flood as the ratio of mean event duration
over mean waiting time changed from 5% to 33%. We observed an increase of the pressure on
the bed through the augmentation of the Reynolds normal (-ρu’², -ρw’²) and shear (-ρu’w’)
stresses and a reduction in the duration of macro turbulent events with an increase in discharge.
Strong longitudinal and vertical instantaneous flow acceleration plays a role in the displacement
of sediment particles.
L.C. Desrochers: graduate student, Département de Géographie, Université de Montréal
A.G. Roy: Dean, Faculty of Environment, University of Waterloo
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Examining the characteristic scales and mechanisms of gully initiation in ice-cored terrain
J. Tunnicliffe1 S. V. Kokelj2 & C. R. Burn3
1
Department of Geography and Environmental Studies, Carleton University, Ottawa, Ontario,
Canada
2
Renewable Resources and Environment, Aboriginal Affairs and Northern Development,
Yellowknife, Northwest Territories, Canada
3
Department of Geography and Environmental Studies, Carleton University, Ottawa, Ontario,
Canada
The Peel Plateau is a unique periglacial landscape, tundra terrain developed on gently undulating
moraine sediments and underlain by more than 40 m of massive, segregated Holocene ice and
relict Laurentide ice that has been in place at least since the waning phase of the last glaciation,
roughly 13 ka B.P. The plateau region (24 000 km2) extends from the Richardson Moutains to
the Peel River in the Yukon and Northwest Territories, Canada. Approximately 20% of the
plateau surface has been incised by a network of gullies that show local relief of up to 150 m.
The incised hillslope morphology shows evidence of large-scale thaw processes shaping
segments of the gully boundaries over the course of the Holocene, including broad scarp basins,
detrital fans and blankets, and lake-filled depressions. In this study we look at the characteristic
scales of gully initiation in six major tributary catchments of the Peel River. The general
drainage area threshold for channel initiation in the fluvial valleys is 0.8 to 1.4 km2. This is also
the scale at which some exceptionally large thaw slumps are actively eroding the Plateau.
Propagation (or arrest) of these disturbances involves complex interplay amongst the mainstem
base-level, retrogressive headscarp retreat by ablation of exposed ice, establishment of vegetative
cover and climatic effects. Progress toward understanding the factors controlling the initiation
and evolution of these thermokarst features has become a priority for managing sedimentary
impacts on aquatic ecosystems and infrastructure in the North.
J. Tunnicliffe: PhD (UBC); Research Associate, Carleton University
S. V. Kokelj: PhD (Carleton); Environmental Scientist, Aboriginal Affairs and Northern
Development
C. R. Burn: PhD (UBC); NSERC Northern Research Chair, Carleton University
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Physical simulation of subsurface stormflow structures
M. E. Sakals
BC Ministry of Forests, Lands, and Natural Resource Operations, Smithers, British Columbia,
Canada
The development of and results obtained from a soil-hydrologic experimental apparatus will be
presented. Macropores and soil pipes are known to be important in the subsurface stormflow
response of hillslopes and also in the initiation of shallow landslides. This apparatus explores the
factors of soil macropore (soil pipe) development and the resulting effect on subsurface
stormflow response. The apparatus allows for the variation of possible factors of macropore
formation such as slope gradient, hydrologic regime, soil texture and boundary conditions.
Specific boundary conditions varied include the roughness of the impermeable layer and the
presence or absence of a surface root network. Further, pre-existing organizational structures, in
the form of permeated plumbing conduits, were added to simulate decayed root pathways as
discrete subsurface features. The sample soil received a regime of conditioning flows designed to
develop the subsurface hydrologic network. Water input was maintained below the threshold at
which overland flow initiates. Subsurface hydrologic network development was assessed through
the measurement of 1) volume and texture of sediment output from the sample soil volume; 2)
response hydrograph from a standardized input before and after the conditioning period; and 3)
assessment of subsurface features identified through excavation following testing. Further
understanding the conditions of macropore and soil pipe formation and development provides a
better understanding of hillslope responses in natural and land-use effected settings.
M. E. Sakals: PhD (UBC); Research Geomorphologist, Province of British Columbia
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Water in First Nations, Métis and Inuit communities of Canada I
Session Coordinator: Shaun Toner
Session Chairs: Kuni Albert & Marie-Eve Caron
W2A - Thursday June 7, 2012 - 8:30 to 10:00 - Room: KC 305
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Water regulations in Canada and how they apply to First Nations, Métis and Inuit people
D. Burgart
WorleyParsons Canada, Edmonton, Alberta, Canada
There are key issues surrounding drinking water and source water quality in First Nations
communities. Water regulations are numerous and varied with different governing bodies
responsible for them. This talk reviews the various regulations and their regulators and discusses
potential issues that have evolved. An overview of the recently updated bill “The proposed Safe
Drinking Water for First Nations Act” which was introduced in Parliament on February 29, 2012
will be introduced.
Deanna Burgart: Manager of Business Development for WorleyParsons Canada. She began her
career in the oil and gas industry as an Oil Sands Laboratory Technician in 1997. She went on to
obtain her Chemical Engineering Technology diploma in 2000 from the Southern Alberta
Institute of Technology. After advancing her career in a variety of production engineering,
environmental and regulatory compliance roles as a Certified Engineering Technologist, she
returned to school in 2007 and obtained her Bachelor of Engineering in Chemical Engineering
(2010). Her most recent technical role was working with water management issues in the Oil
Sands. She is committed to working to find technical solutions that benefit both the industry and
the environment. Deanna is an Aboriginal mother of three, ranging in ages 15 months to 17
years, whose roots trace back to Northern Alberta from Fort Chipewyan, AB to Fond du Lac,
SK.
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First nation involvement in integrated watershed management planning in manitoba
E. Shay
Manitoba Conservation and Water Stewardship, Winnipeg, Manitoba, Canada
Water quality in Manitoba has deteriorated over the last 30 years necessitating a multi-facetted
approach to reducing nutrients basin-wide. In response, the Government of Manitoba is taking a
more integrated approach to water management. In 2005, Manitoba passed The Water Protection
Act which set out an integrated watershed-based planning philosophy to address water issues.
The province is working with local conservation districts to take the lead in plan development.
To date, 23 integrated watershed management planning initiatives have been launched across
municipal Manitoba. Planning teams are encouraged to adopt an inclusive and integrated
watershed philosophy where viewpoints from all stakeholders within a watershed are heard,
respected and considered as a plan moves through different stages of development. Since 2006,
all planning teams in the consultative phase of plan development have invited First Nations
participation to bands within their respective watersheds. Despite these efforts, First Nations
participation in watershed planning was low or absent in most watersheds, until recently. In the
past two years, First Nation participation in watershed planning has improved. The Fisher River
Integrated Watershed Management Plan has three First Nation representatives as members on the
project management team – the group of key decision makers on all aspect of plan development.
This presentation will explore why this plan has seen success with First Nation involvement, and
highlight First Nation participation in other integrated watershed management plans in Manitoba.
Erin Shay: currently working as a Watershed Planner in the Watershed Planning and Programs
Section of Manitoba Conservation and Water Stewardship. In this position, Erin works directly
with local conservation districts to coordinate the development and implementation of integrated
watershed management plans. Prior to her current position, Erin worked as a Program Officer
with the Prairie Farm Rehabilitation Administration (PFRA) Branch of Agriculture and AgriFood Canada. Erin holds a bachelors degree in Environment Science and Geography from the
University of Winnipeg. She is currently the president of the Manitoba Branch of the Canadian
Water Resources Association (CWRA).
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Collaborative water governance and Indigenous governance: A synthesis
S. von der Porten
Water Policy and Governance Group, Environment and Resource Studies Department,
University of Waterloo, Waterloo, Ontario, Canada
Increasingly, water governance organizations and government bodies are taking a collaborative
approach to water policy decision making and legislative reform. This often explicitly includes
collaboration with Indigenous peoples, and yet tends to fall short of recognizing the focus on
self-determination in Indigenous governance scholarship and practice. This research looks at
how water governance organizations and the Provincial government in British Columbia have
attempted to collaborate with First Nations, and how that has been viewed by First Nations
leaders. Recommendations on how to better foster this collaborative relationship in order to
improve water resource governance, is discussed.
Suzanne von der Porten, B.Sc., MBA: PhD Candidate, University of Waterloo. Suzanne is a PhD
Candidate in the Environment and Resource Studies Department and Researcher with the Water
Policy and Governance Group at the University of Waterloo. Her current dissertation research
focuses on collaborative water governance and Indigenous governance in the context of British
Columbia. She is a 2010 Action Canada Fellow and a former BC forest fire fighter.
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Water in First Nations, Métis and Inuit communities of Canada II
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Circuit rider training program and remote water monitoring system
W. Davis
Circuit Rider Training Program, Alberta First Nations, Alberta, Canada
A brief background of First Nations (Alberta) Technical Services Advisory Group (TSAG) and
the services will be provided. An overview of the RWMS, the background, purposes & benefits
of the Remote water Monitoring system will be presented.
Winslow Davis, C.E.T.: Manager, Circuit Rider Training Program (CRPT) has more than 20
years of experience in the technical field with over half of this time working with Alberta First
Nations. Born and raised on the Blood Reserve, Winslow has spent the first part of his work
career as a Surveyor/Design Technologist/Project manager with UMA Engineering where he was
involved in IT Support, Field Surveying, Municipal Design, and Project Management. His work
training and experience then led him back to his community where he took on the role of Public
Works Director dealing with the Municipal Infrastructure systems on the Blood Tribe.
Winslow’s motivation to support First Nations in the technical realm then led him to his current
position with TSAG. As the lead in a very diverse team, he plays a significant role in building
and growing the Circuit Rider Training Program to increase the knowledge and capabilities of
Water Treatment Operators in Alberta First Nation communities.
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Looking back to look forward - Drawing parallels between future aid methods in Africa to
Canadian Aboriginal water issues
L. Olmsted
UniWater Education Limited, Calgary, Alberta, Canada
Historical factors in Africa's past are recognized as being barriers to future development in the
water sector. Understanding the impact of these factors is the key to changing how aid is
delivered. By drawing parallels between Africa and the Canadian Aboriginal community we can
make use of these new aid models and effect change locally.
Laurra Olmsted: Executive Director of UniWater Education Limited. She has worked in the
social enterprise sector for the last six years as a founding member of Hydrogeologists Without
Borders. Her previous consulting experience in Canada and overseas was always tempered by a
desire to be able to use her knowledge to help others in the area of water supply in developing
nations. In November 2011, she started UniWater Education in a bid to follow this passion. She
is currently involved with two working commissions of the IAH, and is a member of the IAHCNC executive.
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Water economics
Session Coordinator: Shaun Toner
Session Chair: Abdel-Zaher Kamal Abdel-Razek
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Running Through Our Fingers: how Canada fails to capture the full value of its top asset
S. Renzetti1, D. Dupont2 & C. Wood3
1
Department of Economics, Brock University, St. Catharines, Ontario, Canada
2
Department of Economics, Brock University, St. Catharines, Ontario, Canada
3
White Dog Creative Inc., Ladysmith, British Columbia, Canada
Canadians consistently rank water as this country’s most important asset. We are aware of
increasing global demands for limited fresh water, but Canada is not producing the measures
needed to be confident we are realizing water’s fullest value, or that water-related investments
will be efficient and sustainable. Canadians face many important decisions regarding water over
the coming decades. These include how much to invest in improving water quality in the Great
Lakes, Lake Winnipeg and other water bodies, and how to raise billions of dollars to replace
crumbling municipal water and sewage systems. These challenges force us to think about which
course of action will derive the most value from Canada’s water resources. Past experience
strongly suggests that failing to understand water’s value to both ecosystems and the economy
contributes to poor decisions: building dams that never fill up and pricing tap water at less than
its cost to supply. This study calls sharply into question the confidence that Canadians can place
in decisions currently being made regarding water. Specifically we find that the value of aquatic
ecosystems is poorly appreciated, and that their value is at least on the same scale as the value of
water’s market uses; market uses of water contribute less than previously thought when the cost
of associated pollution is accounted for; most sectors of Canada’s economy are inadequately
informed to make efficient, sustainable choices involving water; and Canada’s competitors are
improving their decision-making by developing a better understanding of water’s many values.
Steven Renzetti is a Professor of Economics at Brock University and has been a Visiting Scholar
at the University of Colorado, Boulder and the University of East Anglia. He earned his PhD in
economics at UBC in 1990 after earning a BA (hons) in Environmental Studies and Economics
at the University of Toronto. Professor Renzetti’s research is principally concerned with the
economics of water resources. His research has been published in leading peer-reviewed journals
such as Journal of Environmental Economics and Management, Canadian Journal of Economics
and Environmental and Resource Economics. He is the author of The Economics of Water
Demands (Kluwer, 2002) and coauthor of Economics of the Environment and Natural Resources
(Blackwell, 2004). Dr. Renzetti has extensive experience working with interdisciplinary teams
and as an advisor to governments. He recently served on the International Joint Commission’s
Lake Ontario St Lawrence River Study Board as well as the Council of Canadian Academies’
Expert Panel on Groundwater. He has also acted as a consultant for a number of agencies
including Environment Canada, the Canadian Council of Ministers of the Environment, the
government of Jamaica and the World Bank. Dr. Renzetti is an Associate Editor of Water
Resources Research.
D. Dupont, PhD (UBC); Professor, Brock University
C. Wood, independent journalist; White Dog Creative Inc.
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A longitudinal study of water recycling in manufacturing plants
S. Renzetti1 & J. Bruneau2
1
Department of Economics, Brock University, St. Catharines, Ontario, Canada
2
Department of Economics, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
Industrial water use is an important part of most developed economies’ total water use and one
which is differentiated from other sectors’ water use by the prevalence of recycling. Previous
research applied to cross sectional surveys has identified the role of input prices and the scale of
plant operations in determining the volume of water recirculated. We, on the other hand, employ
longitudinal data to investigate the frequency of recirculation (that is, whether manufacturing
plants recirculate or not). Our analysis of the data from several cross sections from Canada’s
Industrial Water Survey data shows that, while there are a number of plants that either never or
always recirculate water, there is a sizable minority of plants who at times are observed to be
recirculating and at other times are observed not to be recirculating. In order to investigate these
phenomena, we construct a ‘pseudo-panel’ of data (Deaton, 1985) and estimate both a fixed
effects and GMM model of recycling frequency. Our estimation model provides insights into
industrial water recycling. In particular, water-related input prices and, in the case of the GMM
estimator, the scale of plant operations are found to be significant in explaining the likelihood of
recirculation.
Steven Renzetti is a Professor of Economics at Brock University and has been a Visiting Scholar
at the University of Colorado, Boulder and the University of East Anglia. He earned his PhD in
economics at UBC in 1990 after earning a BA (hons) in Environmental Studies and Economics
at the University of Toronto. Professor Renzetti’s research is principally concerned with the
economics of water resources. His research has been published in leading peer-reviewed journals
such as Journal of Environmental Economics and Management, Canadian Journal of Economics
and Environmental and Resource Economics. He is the author of The Economics of Water
Demands (Kluwer, 2002) and coauthor of Economics of the Environment and Natural Resources
(Blackwell, 2004). Dr. Renzetti has extensive experience working with interdisciplinary teams
and as an advisor to governments. He recently served on the International Joint Commission’s
Lake Ontario St Lawrence River Study Board as well as the Council of Canadian Academies’
Expert Panel on Groundwater. He has also acted as a consultant for a number of agencies
including Environment Canada, the Canadian Council of Ministers of the Environment, the
government of Jamaica and the World Bank. Dr. Renzetti is an Associate Editor of Water
Resources Research.
J. Bruneau, PhD (UBC); Associate Professor, University of Saskatchewan
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The provision of ecosystem goods and services by landowners in Southern Alberta: A
stakeholder perspective
W. Xu1, K. Howard2 & H. Bjornlund3
1
Department of Geography, University of Lethbridge, Lethbridge AB, Canada
2
Department of Geography, University of Lethbridge, Lethbridge AB, Canada
3
Department of Economics, University of Lethbridge, Alberta, Canada. Also at University of
South Australia
There are Increasing demands for supplying ecosystem goods and services so that the ecological
degradation of wetlands, lakes and rivers can be alleviated. A number of market-based
instruments including payments for delivering ecosystem services, funding mechanisms, tax
breaks, and environmental taxes, are proposed to complement regulations to deal with the supply
of ecosystem goods and services worldwide. In order to ensure the effective adoption and
implementation of market-based instruments, it is imperative that the proposed suite of marketbased instruments be set-up for a specific issue in a regional context and be based on the values
and nature of the community. Using data from a telephone survey of rural land owners in
Southern Alberta, Canada, this paper investigates the willingness of land owners in supplying
ecosystem goods and services and how the willingness is associated with their values and
attitudes toward the provision of ecosystem good and services through market-based instruments.
Dr. Wei Xu: Associate professor at University of Lethbridge, Department of Geography,
University of Lethbridge, Lethbridge AB, Canada
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Market-based instruments for water quality: How Q method can inform on fit and
legitimacy
G. L. Kerr1 & H. Bjorlund2
1
University of Calgary, Calgary, Alberta, Canada
2
University of Lethbridge, Alberta, Canada and University of South Australia, Australia
Societies are dependent on healthy aquatic ecosystems to supply crucial ecosystem services for
human well-being; including quality source water for drinking, economic use and recreational
opportunities. Non point source (NPS) contamination of water in Souhern Alberta’s agricultural
belt is an issue despite legislation and policy. Market-based instruments are promoted in Alberta
as a tool to help meet environmental management goals; however there is little experience with
their effective design and implementation for environmental objectives in the province. This
research develops an integrated methodological framework to be layered on the economic
principles of MBIs to increase the likelihood of their success. The framework integrates a case
study method with a relevant and realistic MBI scenario that is then tested for legitimacy and
acceptance of the tool using Q method. This presentation will focus on the use and initial results
from the Q sort undertaken in Souhern Alberta in early spring 2012. It is assumed that human
subjectivity plays a significant role in trade-off choices that individuals and groups make
generally and in particular with regard to the environment. Subjectivity, context and institutional
structures can play a significant role in the adoption/ success or failure of management tools for
environmental issues.
Gillian Kerr: PhD Candidate at the University of Calgary in the Interdisciplinary Graduate
Program. Her research is exploring some key governance issue around the development and
implementation of Market-based Instruments for Ecosystem Services objectives. Previously
education includes a Bachelors of Commerce and one in environmental science and a Masters of
Environmental Management focusing on ecological economics. She is also the Manager of the
Ecosystem Services Program at Alberta Environment and Water, in the Policy Division. The
ecosystem services work is to support cumulative effects management and trade-off decisions
within the government around environmental issues. She aims to have her PhD research inform
the Government of Alberta’s approach to the use and design of MBIs for environmental
objectives. She lives in Edmonton, Alberta where she spends her ‘spare time rescuing cats and
volunteering on homelessness and poverty issues in the city.
Dr. Henning Bjornlund: Canada Research Chair in Water Policy and Management, University of
Lethbridge, Alberta, Canada and an Adjunct Professor at the University of South Australia,
Australia
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Household water-saving retrofit and outdoor watering decisions: The role of prices and
conservation programs
D. P. Dupont & S. Renzetti
Department of Economics, Brock University, St. Catharines, Ontario, Canada
Many government agencies are attempting to encourage households to make ‘green’ indoor
retrofit decisions (low-flush toilets/low flow showers) and to change outdoor water consumption
habits. However, there is a lack of knowledge regarding households’ awareness of and sensitivity
to policy instruments such as water prices. This research investigates the role of the level,
structure, and rate of change of water prices, and socio-demographic characteristics on
households’ decision-making. We estimate indoor retrofit decisions using probit models and
outdoor garden and lawn watering frequency decisions using ordered probit models. Equations
are estimated both separately and together as a mixed process to determine the extent to which
decisions are related. Data come from Statistics Canada’s 2006 Households and the Environment
Survey (HES) on household-level choices, combined with residential water prices collected by
the authors. Results show that water prices and household characteristics play important roles in
shaping household decision-making regarding water conservation and appliance retrofit. Also,
the structure and rate of change of water prices influence retrofit indoor retrofit decisions more
than outdoor water use. Finally, there is evidence of correlation amongst outdoor water use and
appliance retrofit decisions.
Diane P. Dupont, Professor of Economics at Brock University, works in the fields of
environmental and natural resource economics. She has published in the leading economics
journals. She is a board member for the Canadian Water Network and a Research Associate of
the Centre for Water Economics, Environment and Policy at the Crawford School at the
Australian National University. She is an Associate Editor for Water Resources Research and
Canadian Journal of Water Resources.
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Singing to those not in the choir: How to encourage water conservation when water use is
largely a habitual behavior
J. A. Janmaat
Department of Economics (Unit 8), I. K. Barber School of Arts and Sciences, University of
British Columbia, Kelowna, British Columbia, Canada
Residents of Kelowna, British Columbia were surveyed about their water conservation behavior
and factors that influence such behavior. Measured factors included ecological attitudes,
Okanagan specific water knowledge, and sources of that knowledge. Ecological attitudes and
local water knowledge had little relation to self reported water conservation behavior. An
indirect measure of water price likewise had limited effect on water conservation. The strongest
predictor was the number of media sources from which a resident reported receiving a water
conservation message. This suggests that encouraging water conservation is not strictly (or even
largely) a result of changing peoples values or subjecting them to economic incentives. Rather,
exposing people to a continuous message that leads them to adopt a new habit seems to be a
more effective approach. Perhaps people should be considered creatures of habit, and water use
- something we do many times a day with little thought - seen as a habit driven process. Appeals
to deeply held values and/or changing incentives may have limited influence on decisions that
are largely automatic. Effective behavior change therefore requires changing automatic
decisions. Like effective advertising, water conservation efforts need to insert the right 'brand'
into people's psyche so that it is recalled automatically whenever they use water.
John Janmaat: Associate professor of economics at the Okanagan Campus of the University of
British Columbia. He has been a faculty member in Kelowna since 2007, and in that time has
considered the potential for water markets and neighbourhood effects in the Okanagan. He has
done work related to household drinking water treatement and wastewater management in Nova
Scotia and irrigation in India. Current work includes explorations into residential water use
behavior in Kelowna, valuing and enhancing ecosystem service provision in the south Okanagan,
and water storage management for enhancing sustainable livelihoods in Nepal.
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Water policy & governance I
Session Coordinator: Shaun Toner
Session Chair: Ute Holweger
W16 - Thursday June 7, 2012 - 10:30 to 12:00 - Room: MB Auditorium

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

249

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Connecting land and water use decisions in BC – A values framework to inform watershed
management
C. Davis, K. Ciruna & J. Vigano
Water Protection and Sustainability Branch, BC Ministry of Environment, Victoria, British
Columbia, Canada
Water is essential for healthy watersheds, resilient communities, and thriving industries. Water is
a key input to the natural resource sector. Currently in British Columbia, decisions under a range
of provincial statutes affect water; however statutory decision makers may or may not consider
water in the same way. Provincial Water Objectives (PWOs) are being considered as part of the
proposed Water Sustainability Act to create a common approach when making decisions related
to water resources. PWOs will align with the BC Cumulative Effects framework that is currently
in development. This framework will provide a consistent approach for identifying
environmental, economic, social and First Nations values to inform natural resource decision
making. By identifying water valued components for a given watershed and providing methods
to assess these values and potential risks to them from future development, a better
understanding and consideration of impacts of decision making could be achieved. This
presentation will explore a case study to show how PWOs and the Cumulative Effects
framework would inform natural resource decisions in BC and provide tools for improved
watershed management.
Celine Davis: Manager of Watershed Science and Adaptation with the BC Ministry of
Environment. She holds a M.Sc. in Ecotoxicology and has over 15 years of experience in
Aquatic Ecology, Impact Assessment and Policy Development.
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A systematic method for exploring the changing architecture of water policy actors
S. Davidson
c/o Department of Environment and Resource Studies, University of Waterloo, Waterloo,
Ontario, Canada
In the last few decades there have been dramatic changes in the governance of water in Canada.
In some locations this has resulted in more hierarchical regulation, while in others there has been
greater devolution of responsibility to watershed authorities. Both practitioners and academics
require a better understanding of how governance systems respond to social, economic and
environmental challenges. Social network analysis (SNA) has the capacity to illustrate and
assess the structural dynamics of governance actors in a system over time which would prove
invaluable to the discussion on governance system change. Since the early 1980’s a unique
network of government and non-government actors have participated in governance activities in
the Lake Simcoe Watershed, with efforts culminating with the introduction of the Lake Simcoe
Protection Act in 2009. This presentation will demonstrate how SNA was used to assess the
changes within the governance systems over time within a watershed and identify the key factors
which motivated the change, and the practical and scholarly applications of this type of analysis
to water governance.
Seanna Davidson: PhD Candidate in the Department of Geography and Environmental
Management at the University of Waterloo. Seanna is a member of the Water Policy and
Governance Group, and a researcher for the Waterloo Institute for Social Innovation and
Resilience at the University. She is also the coordinator for the CWRA Mentorship Program.
Seanna has spent over 14 years exploring ideas about water through volunteer experiences,
academic scholarship and policy work.
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Using an Ecosystem Services Approach to inform trade-offs and decision-making
G. Kerr
Ecosystem Services Program, Alberta Environment and Water, Alberta, Canada
Ecosystem services (‘ES’) are the benefits that nature provides to people. Ecosystem services
provide innumerable services that are underestimated in most development decisions; however,
these services contribute to development objectives and to realizing quality of life goals. For
example, the flood control service of wetlands can help to protect homes, infrastructure and
communities during extreme weather events. Alberta Environment and Water and other
departments have proposed that incorporating an ecosystem services approach will support and
enable the provinces work on cumulative effects management, policy development, planning,
and decision making on the landscape. In 2010 and 2011 the Government of Alberta in
collaboration with a number of expert groups, undertook an Ecosystem Services Approach Pilot
on Wetlands. The ES Pilot focused on assessing the benefits that people acquire from wetlands in
a qualitative, quantifiable and comparable way. While the pilot focused on wetlands, the concept
of ES, supports other important work in Alberta, including the Land Use Framework and
regional plans, the interim provincial wetland policy, Rocky View County, City of Calgary
polices on wetlands and riparian areas, and the Institute for Agriculture, Forestry and the
Environment’s (IAFE) work on ES and innovation in the forestry and agriculture sectors. This
presentation will provide insights into ES as a concept and approach to support trade-offs and
decisions generally and highlighting some of the results from the ES pilot.

Gillian Kerr: Manager of the Ecosystem Services Program at Alberta Environment and Water, in
the Policy Division. The ecosystem services work is to support cumulative effects management
and trade-off decisions within the government around environmental issues. She has worked
within the Department for eight years and has a Bachelors of Commerce and one in
environmental science. She also holds a Masters of Environmental Management focusing on
ecological economics. Gillian is also doing her PhD at the University of Calgary in the
Interdisciplinary Graduate Program, exploring some key governance issue around the
development and implementation of Market-based Instruments for Ecosystem Services
objectives.
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Alberta Wetland Policy
J. White
Aquality Environmental Consulting Ltd., Edmonton, Alberta, Canada
The Province of Alberta has been operating under draft policy for wetland protection in the white
and green zones of the Province since 1993. Current mitigation and compensation strategies are
based on these 1993 draft policies and the Federal wetland compensation Guidelines. The
Alberta Water Council submitted “Recommendations for a New Alberta Wetland Policy” along
with “Recommendations for an Alberta Wetland Policy Implementation Plan” to Alberta
Environment in September of 2008. Since that time, the department has met with key
stakeholders and experienced significant pushback from both Industry and Environmental NonGovernment Agency Sectors, which has stalled the advancement of wetland policy in Alberta.
All indicators point towards the new Alberta Environment and Water implementing some very
large changes in philosophy with upcoming policy adoption, likely in the summer of 2012, with
no-net loss ideologies being turned aside in favour of a “wetland values” approach to wetland
protection.
Jay White M.Sc., P.Biol.: Senior Wetland Ecologist and President of Aquality Environmental
Ltd., Alberta. Jay is a Professional Biologist registered in Alberta with a M.Sc. degree in
Ecology from the University of Alberta. He was a research associate at the University of
Alberta’s Sustainable Forest Management Network until 1999, when he formed Aquality
Environmental Consulting Ltd. Currently Jay sits on the Executive of the Alberta Water Council
(Director, Lake Environment Conservation) and Alberta Stewardship Network. He has served on
numerous conference organizing committees for ALMS, NALMS, ALIDP, Inside Education and
others. Jay’s areas of expertise include nutrient cycling in freshwater wetlands, wetland
management, wetland delineation and identification, wetland creation and restoration,
monitoring and water quality assessments. Jay has experience in water and wetland policy,
regulation, management, public and First Nations consultation, project management and
consensus decision making. Water governance, environmental education and sustainability are
his current topics of interest and he has spoken to audiences across North America. Jay has a
solid scientific background in aquatics and has published his work in national scientific journals,
books, workshops, symposia and conferences.
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Exploring policy preferences for water sharing in Southern Alberta
H. Bjornlund1, W. Xu3, A. Zuo3 & S. Wheeler4
1
University of Lethbridge, Alberta, Canada. Also at University of South Australia
2
University of Lethbridge, Alberta, Canada
3
University of south Australia, Adelaide, Australia
4
University of South Australia, Adelaide, Australia
The need for sharing scarce water resources between existing and new users including the
environment is increasing in many regions of the world. Many jurisdictions such as Alberta,
Canada have introduced policies to implement water sharing, but they are often opposed by a
broad range of stakeholder groups. Facilitating this water sharing is of great importance in order
to secure the future supply of a water of sufficient quality and to sustain our quality of life. It is
therefore essential to understand the opposition to water sharing policies and how to overcome it.
This paper explores these issues based on a survey of 1,790 non-farmer residents in four cities
and towns in Alberta. These locations differ on two parameters: i) their level of dependence on
water use for economic activity; and ii) the level of water scarcity experienced. We explore how
peoples’ policy preferences for water sharing and the factors influencing such preferences vary
along these two parameters. We find that some policy preferences are determined by the level of
water scarcity and others by the level of resource dependence. We also find that peoples’ values
and attitudes towards water, the environment and irrigation are more influential in determining
policy preferences than other socio-demographic characteristics; while the level of social
interaction with rural communities and resource users also has a significant impact on policy
preference.
Dr. Henning Bjornlund holds two academic positions: He is a Canada Research Chair in Water
Policy and Management at University of Lethbridge, Alberta, Canada and a Professor at the
University of South Australia. He has researched water management and policy issues in
Australia since 1993 and in Canada since 2005. His early work concentrated on water markets
and other water policy reforms in Australia, their design and impact on irrigators and rural
communities. Recently his work has also focused on the wider community acceptability of
policies to share limited water resources among competing users.
Dr. Wei Xu: An Associate professor at the Department of Geography, University of Lethbridge
Dr. Alec Zuo: Research Fellow at the Centre for Regulation and Market Analysis, University of
South Australia
Dr. Sarah Wheeler: Senior Research Fellow at Centre for Regulation and market Analysis, the
University of South Australia
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Geophysical and geodetic applications in hydrological sciences
Session Coordinator: Sarah Boon
Session Chairs: Rebekka Steffen & Holger Steffen
H1 - Thursday June 7, 2012 - 8:30 to 10:00 - Room: MB 252
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Water storage increase in North America and Fennoscandia hidden in GRACE gravity
data
H. Wang1, L. Jia1,2, H. Steffen3, P. Wu3, L. Jiang1, L. Xiang1,2, Z. Wang4 & B. Hu1,2
1
Key Laboratory of Dynamical Geodesy, Institute of Geodesy and Geophysics, Chinese
Academy of Sciences, Wuhan 430077, China
2
Graduate University of Chinese Academy of Sciences, Beijing 100049, China
3
Department of Geoscience, University of Calgary, Calgary, Canada
4
Department of Surveying Engineering, Shandong University of Technology, Zibo 255049,
China
The analysis of recent changes in continental water storage has been facilitated by Gravity
Recovery and Climate Experiment (GRACE) data. While the trend of present-day continental
mass change has been successfully estimated in most part of the world, this has been hindered in
North America, northern Europe and polar areas by the strong overlapping background signals of
glacial isostatic adjustment (GIA). To overcome this problem, the effects of GIA are currently
estimated by using dedicated GIA models, however, those estimates have large discrepancies and
uncertainties as those models eventually depend upon details of glacial history and mantle
viscosity which are far from perfect. In this study, we propose an inversion method that by
combining GRACE data with GPS measurements or satellite altimetry can clearly separate the
hydrology or ice-meting signals from the GIA-affected areas without involving any model
assumptions. Applying the method, we show that Central North America including Lake
Michigan experiences a strong water storage increase of 43 Gt/yr. The mass gain in the Lake
Michigan area questions recent altimetry measurements, which show a constant lake level. Water
storage also increases, though much smaller, in Souhern Fennoscandia by about 2.3 Gt/yr. In a
last step, we also successfully apply our approach for Antarctica.
H. Steffen: Dr. rer. nat. (FU Berlin); Postdoctoral Fellow, University of Calgary
P. Wu: PhD (Toronto); Full Professor, University of Calgary
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The ICA method for separating hydrology signals in GRACE data
E. Boergens1,2, E. Rangelova2, & M.G. Sideris2
Institute of Geodesy and Geoinformation, University of Bonn, 53115 Bonn, Germany
2
Department of Geomatics Engineering, Schulich School of Engineering, University of Calgary,
Calgary, Alberta, Canada

1

The Gravity Recovery and Climate Experiment (GRACE) satellite mission provides data of the
global gravity change with a spatial resolution of few hundred kilometers and a temporal
resolution of one month, 10 days, or even a week. These data are always a mixture of the
different gravity change-inducing mass signals on the Earth, which include, in addition to the
diverse hydrology signal, the postglacial rebound (PGR) signal in regions of higher latitude plus
other signals. To separate the hydrology and PGR trend, we use the Independent Component
Analysis (ICA) method. The ICA is a signal separating method under the assumption of
statistical independence and non-normality of the signals. We analyze the ability of this method
to separate the trend and hydrology signals in GRACE data under the assumption that those
signals are statistically independent at least when the trend is caused by PGR. Furthermore, we
investigate the ability of ICA to separate annual and semiannual signals in the hydrology. We set
up a simulation scenario that includes models for hydrology, PGR, ice loss in Greenland, and
ocean bottom pressure. We analyze the separation algorithm both for the global and continental
(North America) case studies, and show the advantages of this method in comparison to the
conventional method of Principal Components Analysis (PCA). The latter is not capable of
separating completely the trend from the annual hydrology signal while this can be achieved by
the ICA.
E. Boergens: BSc (Bonn), Graduate Student, Department of Geomatics Engineering, University
of Calgary / Institute of Geodesy and Geoinformation, University of Bonn
E. Rangelova: PhD (Calgary), Postdoctoral Fellow, Department of Geomatics Engineering,
University of Calgary
M.G. Sideris: PhD (Calgary), Professor, Department of Geomatics Engineering, University of
Calgary
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Defining regional ice growth coefficients for modelling freshwater ice thickness
R. N. Brooks1, T. D. Prowse1, & I. J. O'Connell2
Water and Climate Impacts Research Center, Environment Canada/Department of Geography,
University of Victoria, Victoria, British Columbia, Canada
2
Department of Geography, University of Victoria, Victoria, British Columbia, Canada

1

Ice formation and growth occurs on rivers and lakes north of the January 0oC isotherm
throughout the winter months, while air temperatures remain below freezing. The quantity and
distribution of freshwater ice, including its seasonal duration and extent, are integral to the global
climate system and are associated with numerous important physical, ecological and socioeconomic implications. With respect to increasing climate variability and change, further
research is required to understand the potential changes the climate will have on the freshwater
budget. Although the distribution of freshwater ice has been examined on a smaller scale, a
comprehensive quantification including the geographic scope and, more importantly, the volume
of freshwater ice north of the January 0oC isotherm has not been conducted. The first step
towards achieving this goal is to develop an ice thickness model, applicable across the Northern
Hemisphere, which captures regional climate variations using regional ice growth coefficients.
This paper presents a degree-day ice-growth model that incorporates surface temperature as the
primary climatic variable, defined by hydro-climatic region, to calculate peak freshwater-ice
thickness for observation sites north of the January 0oC isotherm. Hydro-climatic regions are
defined using a two-step clustering method, incorporating air temperature, precipitation, latitude,
and elevation. The model is calibrated and validated using an extensive lake- and river-ice
thickness database of 132 lake sites and 256 river sites for the Northern Hemisphere, including
Alaska, Canada, Finland, Sweden, and Russia.
R.N. Brooks: BSc (University of Victoria), MSc Candidate (University of Victoria); Graduate
Student, University of Victoria
T.D. Prowse: BES (University of Waterloo), MSc (Trent University), PhD (University of
Canterbury); Professor/Research Chair/Senior Scientist, University of Victoria
I.J. O'Connell: BA, MA (University College, Cork), PhD (University of Victoria); Senior
Instructor, University of Victoria
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High resolution monitoring of spatial and temporal variability of mountain snow covers
S. Pohl1, J. Garvelmann1, M. Weiler1 & J. Wawerla2
Institute of Hydrology, University of Freiburg, Freiburg, Germany
2
School of Computing Science, Simon Fraser University, Burnaby, British Columbia, Canada

1

The spatial and temporal variability of seasonal snowcovers plays a critical role for many
hydrological and climatic processes including flood forecasting, water resource managing, and
energy exchange between land and atmosphere. This paper presents a new, innovative approach
to continuously monitor this variability by using numerous low cost, yet accurate, standalone
snow monitoring stations (SnoMoS). These stations provide snowdepth and meteorological data
with high temporal and spatial resolution. Data collected by SnoMoS include: snowdepth, snow
temperature, air temperature and humidity, liquid precipitation, solar radiation, wind speed, and
barometric pressure. The study sites located in a mountainous environment in Souhern Germany
are crucial for stormflow runoff during winter and spring. 99 sensors were placed at multiple
locations within three meso-scale basins to cover a wide range of slopes, elevations, and
expositions in a stratified sampling design. Furthermore, “paired stations” located in close
proximity to each other, one in the open and one underneath various forest canopies, were set up
to investigate the influence of vegetation on snow dynamics. Additionally, 45 time-lapse cameras
provided continuous information on canopy snow interception, state of precipitation, snowdepth
and snow albedo. The collected data will be used as input and validation data for distributed
hydrological models such as MESH and HBV. Results from the first two winters are twofold. (1)
We were able to show considerable differences in snow water equivalent on slopes of different
elevation and exposure as well as beneath different types of forest vegetation. (2) We improved
the simulation of the models by including the high resolution data from the SnoMoS system.
S. Pohl: PhD (University of Saskatchewan, Saskatoon); Research Scientist and Project Leader,
Institute of Hydrology, University of Freiburg
J. Garvelmann: PhD Student, Institute of Hydrology, University of Freiburg, Germany
M. Weiler: PhD (ETH, Zürich); Professor, Institute of Hydrology, University of Freiburg,
Germany
J. Wawerla: PhD (SFU); Postdoctoral Researcher, Simon Fraser University
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Acoustic imaging and measurement of snow
N. J. Kinar & J. W. Pomeroy
Centre for Hydrology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
An acoustic wave was used to image the structural and thermal parameters of snowpacks in the
Rocky Mountains of Alberta, Canada. The System for the Acoustic Sounding of Snow (SAS2)
is an experimental observation device comprised of a loudspeaker and planar array of 24
microphones situated at nadir to the surface of the snowpack. An electronic circuit produces a
pseudo-random sequence that is passed through an audio amplifier connected to the loudspeaker.
The acoustic wave produced by the loudspeaker is reflected from the base and interior of the
snowpack and is then detected by the microphone array. Application of deconvolution, denoising and beamforming algorithms allowed for an acoustic image of the snowpack to be
obtained. Velocity and attenuation of the acoustic wave was related to a modified version of the
Biot theory model, coupled with the Jackson-Black theory of thermal conductivity. A mixturetheory model was used to account for changes in the snowpack structure due to snow wetness.
The SAS2 system was deployed as a stationary device in the Marmot Creek Research Basin of
the Canadian Rockies. Measurements of meteorological, snow energy-balance, and snowpack
density, depth and crystal size parameters were used to validate the SAS2 measurements. The
SAS2 device was able to autonomously take acoustic samples once an hour and store data to an
SD card. Relationships were found between the acoustic image of snow and validation
measurements. Further research and acoustic sensing system limitations are discussed.
N.J. Kinar: PhD graduate student with the Centre for Hydrology at the University of
Saskatchewan. He is a member of the CGU, AGU, CWRA, IEEE, and Audio Engineering
Societies.
J. W. Pomeroy: PhD (Saskatchewan); Professor, University of Saskatchewan. Canada Research
Chair in Water Resources and Climate Change, and Director of the Centre for Hydrology at the
University of Saskatchewan. He received his BSc Honours in Physical Geography and PhD in
Agricultural Engineering from the University of Saskatchewan and was a NATO Postdoctoral
Fellow at the University of East Anglia, England. He has worked as a research hydrologist for
the USDA Forest Service and Environment Canada and a professor for the University of Wales,
Aberystwyth. He is President of the International Commission for Snow and Ice Hydrology.
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An improved snow surface temperature model
J. Pomeroy1, R. Essery2 & W. Helgason3
1
Centre for Hydrology, Dept. of Geography and Planning, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada
2
School of GeoSciences, University of Edinburgh, Edinburgh, UK
3
Centre for Hydrology, Dept. of Chemical and Biological Engineering, University of
Saskatchewan, Saskatoon, Saskatchewan, Canada
Knowing the snow surface temperature is essential for estimating the longwave radiation flux
from snow. The snow surface temperature is frequently colder than the interior snowpack and
overlying air temperatures because the snow surface layer is often subject to turbulent exchange
with an unsaturated atmosphere, large longwave radiative cooling, small shortwave radiation
extinction and small conductive heat exchange with the snowpack. The snow surface
temperature can be diagnosed using multi-layer snow physics models that track changes in snow
properties and internal energy, however, these models are heavily parameterized and require
continuous operation from the start of the snow season so that they can estimate prognostic state
variables. A relatively simple model to estimate snow surface temperature that is not reliant on
prognostic state variables is proposed. The model is essentially a psychrometric ice bulb
temperature with adjustments for radiative energy and assumes a snow surface energy balance
between sensible heat, latent heat, longwave radiation and near-infrared radiation exchange.
Visible shortwave radiation is assumed to be either reflected from or transmitted through the
snow surface layer. Heat conduction is presumed to be negligible, and so the model is not
sensitive to snowpack temperature. The modelled temperature is sensitive to the air temperature,
humidity, ventilation and incoming longwave radiation, and is secondarily affected by absorption
of near-infrared radiation at the snow surface. The model is tested against radiative
measurements from the Canadian Prairies and Rocky Mountains, French Alps and Bolivian
Andes and is shown to accurately predict snow surface temperature.
J. W. Pomeroy: PhD (Saskatchewan); Professor, University of Saskatchewan. Canada Research
Chair in Water Resources and Climate Change, and Director of the Centre for Hydrology at the
University of Saskatchewan. He received his BSc Honours in Physical Geography and PhD in
Agricultural Engineering from the University of Saskatchewan and was a NATO Postdoctoral
Fellow at the University of East Anglia, England. He has worked as a research hydrologist for
the USDA Forest Service and Environment Canada and a professor for the University of Wales,
Aberystwyth. He is President of the International Commission for Snow and Ice Hydrology.
R. L. H. Essery: PhD (Cambridge); Reader, Edinburgh University
W. D. Helgason: PhD (Saskatchewan), Assistant Professor, University of Saskatchewan
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Hydrological modelling innovation in Canada I
Session Coordinator: David Hutchinson
Session Chairs: Wayne Jenkinson, David Hutchinson & James Craig
S1A - Thursday June 7, 2012 - 10:30 to 12:00 - Room: MB 252
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Use of high-resolution precipitation data (CaPA) as input to the hydrological model
WATFLOODTM
K. Y. Zhao1, T. Stadnyk1, K. Koenig2, P. Rasmussen3 & V. Fortin4
1
Department of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
2
Department of Water Resources Engineering, Manitoba Hydro, Winnipeg, Manitoba, Canada
3
Faculty of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
4
Recherche en prévision numérique environnementale, Environnement Canada, Dorval, Québec,
Canada
The need for high-resolution precipitation data is a well-known challenge facing hydrologists
and hydrological modellers. Traditionally, precipitation data used for hydrological models have
come from either station data or climate models. The Canadian Precipitation Analysis (CaPA)
provides high resolution gridded precipitation fields by combining the output from the numerical
weather prediction model, GEM (Global Environmental Multi-scale model) with observations
from the synoptic network operated by Environment Canada. CaPA uses the GEM model output
as initial background precipitation and adjusts the background with observation data to improve
the quality of the precipitation estimates. Manitoba Hydro has invested in extending the study
area of CaPA to the entire domain of the Nelson-Churchill Watershed. The CaPA data undergo a
rigorous validation process and are then applied as forcing data for the hydrological model
WATFLOODTM. The CaPA-generated precipitation is compared directly with observed point
station data to assess the quality of the numerical weather product as well as to conventional
interpolation of station data using inverse distance-weighting, the method typically used to force
WATFLOODTM. Finally, an assessment of measured versus simulated streamflow is performed
at the sub-basin scale. The validated CaPA product, in conjunction with a calibrated
WATFLOODTM hydrological model, is expected to improve hydrological modelling applications
for Manitoba Hydro. This presentation will show examples of the application of CaPA data with
the hydrological model WATFLOODTM and will include CaPA validation results for the NelsonChurchill Watershed.
KuangYin Zhao: M.Sc. Candidate, University of Manitoba
Tricia Stadnyk: PhD. P.Eng, Assistant Professor, University of Manitoba
Kristina Koenig: M.Sc., P.Eng. Section Head, Hydro-Climate Section, Water Resource
Engineering Department, Manitoba Hydro
Peter Rasmussen: PhD., P.Eng. Professor, Water Resource Group, University of Manitoba
Vincent Fortin: PhD. Recherche en prévision numérique environnementale (RPN-E),
Environnement Canada
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The need for precipitation lapse rates in gentle to moderate relief terrain
N. Kouwen1, K. Y. Zhao2, K. Koenig3, V. Fortin4 & T. Stadnyk2
1
Department of Civil & Environmental Engineering, Univ. of Waterloo, Waterloo, Ontario,
Canada
2
Department of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
3
Water Resources Engineering Department, Manitoba Hydro, Winnipeg, Manitoba, Canada
4
Recherche en prévision numérique environnementale (RPN-E), Environment Canada, Dorval,
Québec, Canada
Lapse rates in high relief terrain are a well-known requirement for successful hydrological
modelling with the use of point precipitation and temperature data. However, for low relief
terrain such as found in much of Canada, precipitation and/or temperature lapse rates are
generally not applied when distributing point data for use in a hydrological model. While
modelling the Winnipeg River and other areas contributing to the Nelson River, it became
apparent that certain discrepancies in computed flows could not be explained by differences in
land cover, physiography or drainage features alone. For instance, two watersheds located sideby-side, namely the English River above Umphreville and the Sturgeon River above McDougal
Mills have a very similar “look” with respect to the characteristics listed above. However,
differences in the order of 30% were found in runoff using the WATFLOOD model.
WATFLOOD does not have parameters that can adjust for differences in runoff between subwatersheds as all hydrological parameters are land cover based. In conventional models
parameters are associated with (sub)watersheds and differences in runoff would simply be
accommodated by evapo-transpiration parameters assigned on a watershed by watershed basis
and this problem might never be noticed. In examining the DEM for the Winnipeg River
watershed it became at once obvious that all meteorological stations are located at the lowest
elevations, i.e. near towns located near rivers or lakes and watersheds have generally higher
elevations. For the English and Sturgeon rivers, the difference in watershed elevation is of the
order of 100 m. The WATFLOOD model was modified so the temperature and precipitation
lapse rates can be optimized along with other parameters. With this change, the discrepancy for
the English and Sturgeon rivers was reduced to just a few percent. Similar improvements were
found elsewhere. To check the validity of this approach, 10 year gridded precipitation amounts
as computed by WATFLOOD are compared to the Canadian Precipitation Analysis (CaPA)
precipitation fields. CaPa provides a high resolution gridded precipitation field by combining the
outcome of the numerical weather prediction model, GEM (Global Environmental Multiscale
model) with observations from the synoptic network operated by Environment Canada.
Therefore it implicitly incorporates elevation effects on the production of precipitation. The
presentation will show the before and after results of the hydrological modelling and the
comparison with the CaPA data.
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Probable maximum flood modelling in coastal British Columbia: A PMF comparison for
Capilano Reservoir, North Vancouver, BC
C. E Sutherland1, A. D.Roche2, S. F. Joyce2 & D. Sellars2
1
Kerr Wood Leidal Associates Ltd., 201-3045 Douglas Street, Victoria, British Columbia,
Canada
2
Kerr Wood Leidal Associates Ltd., Burnaby, British Columbia, Canada
When constructed in 1954, the spillway at Cleveland Dam was designed to pass the 1,000-year
return period Inflow Design Flood (IDF). Subsequent downstream development and more
stringent standards resulted in a reclassification of the facility as having “Extreme” downstream
consequences, and the Probable Maximum Flood was adopted as the new IDF. The first PMF
study was carried out in 1987 based on hydrologic modelling of an estimated Probable
Maximum Precipitation (PMP). The results significantly increased the magnitude of the IDF and
required upgrades to the spillway and outlet works. In 2010, a Dam Safety Review
recommended that the 1987 PMF be updated in accordance with revised Canadian Dam
Association (CDA) Dam Safety Guidelines and current practices for estimating PMP. The PMF
was updated using two independently-calibrated hydrologic models, the UBC Watershed Model
(UBCWM) and Hydrologiska Byråns Vattenbalansavdelning – Environment Canada (HBV-EC)
model. Both models are semi-distributed, deterministic hydrologic models developed for
hydrologic prediction in mountainous watersheds. However, the models use different algorithms
to represent precipitation and temperature lapse rates, snow accumulation and melt as well as
runoff routing. Differences between these processes may not be obvious at the calibration scale
but may have impacts on the results and the suitability for use of the models for extreme event
simulation in the coastal mountains of BC.
Craig Sutherland, M.Sc., P.Eng.: Craig is a senior water resources engineer at KWL with over 10
years of engineering experience in climate/hydrological data analysis and hydrological modeling
for water resource engineering projects. He holds a B.A.Sc. in Civil Engineering from the
University of British Columbia (1999) and a M.Sc. in Water Resource Management from the
University of Glasgow, Scotland (2004).
Stefan Joyce, P.Eng.: Stefan is a senior hydrotechnical engineer at KWL with 14 years of
consulting experience in water resources modelling, analysis, design, and construction. His work
encompasses hydrologic studies, flood hazard assessment and mitigation, dam safety and
decommissioning, hydroelectric resource assessment and design, and habitat restoration. He is
the Past President of the CWRA BC Branch and a National CWRA director.
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Short-term hydrological ensemble prediction – Design and preliminary results
B. Davison1, P. Yau2, C. Lavaysse2, V. Fortin3, S. Belair3, A. Pietroniro4, R. Leconte5 & D.
Kirshbaum2
1
McGill University, Montréal, Québec, and Environment Canada, Saskatoon, Saskatchewan,
Canada
2
McGill University, Montréal, Québec, Canada
3
Environment Canada, Montréal, Québec, Canada
4
Environment Canada, Saskatoon, Saskatchewan, Canada
5
Université de Sherbrooke, Québec, Canada
The operational roots of both atmospheric and hydrologic ensemble prediction can be traced
back to the 1970s. This presentation will begin with some historical highlights of the operational
use of ensemble prediction systems in both atmospheric and hydrologic modelling communities.
The presentation will then illustrate the use of both atmospheric and hydrologic ensemble
approaches for the purpose of predicting stream flow. The question remains as to whether an
ensemble modelling approach can improve short-term (6 hour to 3 day) hydrological prediction
in general. One of the key challenges of using a hydrological ensemble prediction system (HEPS) is to understand and characterize the total uncertainty in the system. The design of an HEPS will be presented, along with preliminary results showing the impact of characterizing more
sources of uncertainty for the purpose of short-term hydrological prediction.
Bruce Davison: He has an Undergraduate degree in Systems Design Engineering and a Masters
degree in Civil Engineering, both from the University of Waterloo. He has been working with
Environment Canada in Saskatoon for over 9 years and is also currently working on his PhD in
Atmospheric and Oceanic Sciences at McGill University.
Christophe Lavaysse: Research associate with the department of Atmospheric and Oceanic
Sciences at McGill University and Environment Canada. The remaining co-authors are members
of Bruce’s PhD supervisory committee.
Peter Yau and Daniel Kirshbaum: Professors in the department of Atmospheric and Oceanic
Sciences at McGill University.
Robert Leconte: Professor in the department de genie civil at the Université de Sherbrook;
Vincent Fortin and Stéphane Belair are research scientists with Environment Canada in
Montreal.
Alain Pietroniro: Director of the Water Survey of Canada of Environment Canada.
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How can possible climate change impacts on flow regime affect water security in Southern
Alberta?
H. S. Wheater1, A. Nazemi1 & A. Elshorbagy2
1
Global Institute for Water Security, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
2
Department of Civil and Geological Engineering, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada
A critical question for water resources management is the extent to which water resources
systems are vulnerable to potential changes in flow regime due to climate change. The
conventional approach to address this question is based on forcing hydrological models by
downscaled climate scenarios, to anticipate the possible changes in flow regime, and using water
resource systems simulation models to evaluate the potential change in system performance. This
approach, however, has some major limitations since both climate scenarios and hydrological
models are highly uncertain. Here, we propose an unconventional approach which can provide
powerful graphical insight into the system vulnerability. The method consists of (a) defining a
minimum set of flow characteristics that can be used to capture the main modes of hydrograph
response to climate change, (b) reconstructing a large ensemble of flow series to represent a
feasible range of potential responses to climate change; (c) forcing water resources systems
models by the reconstructed flows, and (d) mapping system vulnerability as a function of the
flow characteristics. This method neither employs downscaled climate scenarios, nor applies
hydrological models directly, although outputs from multiple scenarios and/or models can be
mapped onto the system vulnerability plots to provide insight into the range of model
uncertainty. The proposed approach is applied to the existing water resources system in Souhern
Alberta, Canada. The system's performance is analyzed in terms of the risk of failure and the
security of the inter-provincial apportionment agreement. The results show that Souhern Alberta
is highly vulnerable to the expected decrease in annual flow volume, particularly when it is
combined with the shift in the timing of the annual hydrograph.
H. S. Wheater: PhD (Saskatchewan); Professor and Canada Excellent Research Chair in Water
Security, University of Saskatchewan
A. Nazemi: PhD (Saskatchewan); Postdoctoral Research Fellow, University of Saskatchewan
A. Elshorbagy: PhD (Saskatchewan); Professor, University of Saskatchewan
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A high resolution, multifunction hydrometeorology model for mountain watersheds
J. M. Byrne, R. J. MacDonald, E. L. Booth, S. Dalla Vicenza, S. Boon, H. Jiskoot & M. G. Letts
Department of Geography and Water and Environmental Science Centre, University of
Lethbridge, Alberta, Canada
The GENESYS (GENerate Earth SYstems Science input) was developed to simulate the detailed
landscape-dependent micrometeorological variables needed to model daily hydrometeorology
processes in diverse terrain. GENESYS functions well for operational forecasting and water
management time frames, using high-end desktop workstations. Results from diverse
watersheds in Alberta demonstrate GENESYS simulates watershed processes, including water
supply, with a high degree of accuracy. GENESYS routines include (i) micrometeorology; (ii)
spatial and temporal modeling of SWE and soil water; (iii) high-resolution spatial and temporal
runoff volumes from distinct watershed terrain categories, at spatial resolutions of 1 ha or less;
(iv) simulation of drought and fire hazard risk; (v) annual and long-term glacial mass balance
and glacial melt water runoff; (vii) surface and groundwater interactions; and (viii) a daily stream
channel water temperature model. GENESYS has functioned well at scales of hectares to
20,000+ km2 and we expect that the model can be applied in much larger watersheds and in
different geographic regions. GENESYS is an effective operational forecast modeling tool that
can be used to simulate alpine hydrology inputs to large-scale watershed and reservoir
management models. The stream temperature model is the focus of a further presentation at
CGU.
J. M. Byrne, PhD (Alberta): Professor and Chair of Geography, University of Lethbridge.
Expertise: alpine hydromet modeler, environmental change, climate change impacts on water
resource systems.
R. J. MacDonald, MSc (Alberta): PhD candidate, University of Lethbridge. Expertise: alpine
hydrometeorology. headwater stream temperature regimes, physically based spatial stream
temperature modelling.
E. L. Booth, MSc (Lethbridge): Research Associate, University of Lethbridge. Expertise: alpine
hydrometeorology, alpine glacier mass balance, climate change.
S. Dalla Vicenza: MSc Candidate; University of Lethbridge. Expertise: alpine
hydrometeorology, forest fire risk modeling.
S. Boon PhD (Alberta): Assistant Professor, University of Lethbridge. Expertise: cold regions
hydrology (12 years), currently directs the Mountain Hydrology Lab at University of Lethbridge.
H Jiskoot PhD (Leeds): Associate Professor of Geography, University of Lethbridge. Expertise:
ice flow dynamics, glacier surging, glacier-environment and glacier-climate interactions
M G Letts, PhD (King's College, London): Associate Professor of Geography, University of
Lethbridge. Expertise: bioclimatology, ecology, hydrology.
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Agricultural Water Management and Related Issues (CANCID) IV
Session Coordinators: David Hill and Abdel-Zaher Kamal Abdel-Razek
Session Chair: Laurie Tollefson
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Agricultural BMPs in WEBs research: Hydrological modeling of the Pipestone Creek, SK
C. Perez-Valdivia1, D. W. McMartin1 & B. J. Cade-Menun2
1
Environmental Systems Engineering, University of Regina, Regina, Saskatchewan, Canada
2
Semiarid Prairie Agriculture Research Centre, Agriculture & Agri-Food Canada, Swift Current,
Saskatchewan, Canada
The Canadian Prairies are characterized by intensive agricultural activities that in many cases
require the use of fertilizers and pesticides to improve crop productivity. However, there are also
negative impacts associated with these practices, which mainly affect water quality. In order to
try to quantify and mitigate agricultural impacts on water quality, the Canadian government has
implemented a Watershed Evaluation of Beneficial Management Practices (WEBs) in
Saskatchewan. The WEBs project in Saskatchewan is located in the Pipestone Creek watershed
(south-eastern SK) and implements four management practices in three different study sites. The
hydrology in the Pipestone Creek watershed is typical of cold regions where snow accumulation
and distribution during winter have an important impact on spring flows. Peak flows occur in
spring and are driven by snowmelt; however, almost seventy five percent of the precipitation
occurs during the period of May to November. Mean precipitation in the watershed is 550 mm
per year and mean temperature ranges from -14.2 to 17.3 °C for winter and summer,
respectively. As a first step to quantify large scale agricultural impacts on water quality and
quantity, the Soil Water Assessment Tool (SWAT) model is calibrated and validated at daily
time steps for the 1995-2000 and 2001-2005 periods respectively. Results of this modeling
provide important information of the performance of the SWAT model in a cold region
watershed and the assessment of agricultural impacts on water quality and beneficial
management practices for the Canadian Prairies.
Cesar Perez-Valdivia: PhD Candidate (Regina); University of Regina
Dena W. McMartin: PhD (Saskatchewan); Associate Professor, University of Regina
Barabara M. Cade-Menun: PhD (UBC); Research Scientist, SPARC-AAFC
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Greenhouse Gas mitigation under intensively irrigated cropping systems
L. C. Tollefson & S. Wright
Agriculture and Agra-Food
Saskatchewan, Canada

Canada,

Agra-Environment

Services

Branch,

Outloook,

There are 270 million hectares of irrigated land worldwide which produce 40% of the world’s
food. Irrigation is key to food security and self sufficiency in many countries. Canada currently
irrigates 1.0 million hectares. Irrigation is a key adaptation mechanism to climate change/
moisture stress but it can be an emitter of greenhouse gases and contribute to climate change.
Irrigated production can enhance C storage in soils through increased crop yields and residue.
Gains can be offset by carbon dioxide from energy used to deliver water, inefficient irrigation
practice and nitrous oxide emission from high fertilizer input. Potential increased green house
gas emissions under intensively irrigated production need to be quantified and balanced with
imitative practice. This study will describe the current work underway in AAFC to develop
information and strengthen the research network for this work both within Canada and
internationally as part of the global research alliance.
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Assessment of water demand in biofuel production scenarios in Alberta1
S. Singh, A. Kumar & B. Ali
Department of Mechanical Engineering, University of Alberta, Edmonton, Alberta, Canada
The objective of this study is to forecast the impact of biofuel production in Alberta on the water
demand. Two future scenarios are developed to evaluate the detailed effect on each river basin of
Alberta. Assumption is made that the current crops’ production are to cover the food needs and
further production is needed separately to cover biofuel production. Forecasting span starts with
historical data from 2005 as base case and projects the water demand up to 2025. Estimations of
scenario #1 show that by 2025 wheat based ethanol will reach 769 million litres, the share of
straw based ethanol is 582 million litres, and biodiesel production from rapeseed will be 92
million litres. In scenario #2 wheat based ethanol production in 2025 is estimated as 1,351
million litres and biodiesel from rapeseed assumed to be the same as in scenario #1. Water
demand is disaggregated into geographical zones through available river basins in Alberta. The
conclusion of this study indicates that the Athabasca, North Saskatchewan and Peace River
basins of Northern Alberta have enough water to grow crops for biofuels production. The water
required from these river basins for biofuels production will increase to 5.2%, 0.6% and 11.6%
of the natural flow in scenario # 1, respectively. In scenario 2, the water required will increase to
5.2%, 2.3% and 16.1% of natural flow for above mentioned river basins, respectively. These
increases in the requirement are much lower than the possible allowed withdrawals amount.
Shikhar Singh: Mechanical Designer with Stantec Consulting Ltd. and currently, he is involved
in design of carbon capture power project. He completed his Master of Science (Engineering
Management) from University of Alberta in year 2009. During this program, he focused on
evaluation of life cycle assessment of various bioenergy pathways.
Dr. Amit Kumar: Associate Professor in the Department of Mechanical Engineering at the
University of Alberta, Edmonton, Canada. He holds a PhD in the area of biomass utilization for
power and liquid fuels from the University of Alberta.
Babkir Ali: PhD student in the Department of Mechanical Engineering at the University of
Alberta, Edmonton, Alberta, Canada. His research work is mainly focused on the energy-water
nexus and renewable and conventional energy. He holds a BSc and an MSc in Engineering from
the University of Khartoum, Sudan.

1

A version of this paper has been accepted for publication in the Canadian Biosystems Engineering Journal (CBEJ) in August, 2011.
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Water regulation and purification ponds: an innovative surface drainage solution
F. Chrétien
Agriculture et Agroalimentaire Canada | Agriculture and Agri-Food Canada
Québec, Québec, Canada
To establish sustainable agriculture in Southern Quebec, the drainage network was historically
intensified, leading to an increase in peak flows and consequently to issues of flooding, bank
erosion and water quality. To date, few sustainable solutions have been developed to solve these
problems. Water regulation and purification ponds (WRPP) are a new surface drainage
technology to limit peak flows and prevent water quality issues. Three WRPP were set up in
Saint-Samuel-de-Horton (Quebec, Canada) in order to measure their impact on water quality and
the hydrology of small agricultural watersheds. These WRPP have a drawdown time of 39h, a
detention time of 5 hours and show a peak flow reduction of 30% during peak hydrological
events. Preliminary project data also confirm differences in loads of water quality parameters
between the ponds inflows and outflows. These results, combined with a hydrogeomorphological
and hydrological modelling studies, confirm that water regulation and purification ponds are an
effective means to reduce flood crests and improve the environmental performance of the
agricultural sector.
François Chrétien, agr, M.Sc.: Spécialiste en gestion de l'eau | Water sourcing and planning
scientist ; Agriculture et Agroalimentaire Canada | Agriculture and Agri-Food Canada
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Agricultural aspects of evaporability in Armenia
V. Margaryan
Yerevan State University, Yerevan, Armenia
The evaporability is a conditional value that defines the highest value of evaporation. The
evaporability may be used for the calculation of evapotranspiration; study of soil moisture; and
calculation of irrigation norms and periods. Other uses include agricultaral crops water-providing
definition; landscape’s evaluation; study of water regime of basins and agricultural fields;
evaluation of possible evaporation from projected reservoirs; water-thermal balance calculation
among other uses. Obviouesly, there is a necessity to study the evaporability. There are some
methods of evaporability calculation. Evaporator’s method is being widely used at
meteorological stations in the world and in Armenia as well. Average monthly observations of
evaporation were conducted by this method and became the focus this research study. For
example, the average monthly values of evaporation for the meteorological station at Ararat
ranges from 43 up to 198. Maximum observed values of evaporability in the Republic of
Armenia are July – August and 35-40 % of vegetation period (April - October). But, during the
same period observes a few amount of atmospheric precipitation (i.e. Moisture coefficient
fluctuates within 0.02 to 0.60). Therefore, almost all of the Republic of Armenia needs to be
irrigated and it is necessary to realize some arrangements. These are normalization of river
runoff; increasing volumes of operational reservoirs or new reservoirs; reducing of runoff losses;
and using the advanced irrigation methods in agriculture. This study concludes that in the global
warming climate conditions in the Republic of Armenia will be increasing the evaporability
especially in July – August.
Dr. Varduhi Margaryan, Assistant (Chair of Physical Geography), Department of Physical
Geography and Hydrometeorology, Faculty of Geography and Geology, Yerevan State
University
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Hydrometric network planning and supporting initiatives
Session Coordinator: Russell Boals
Session Chair: Robyn Andrishak
WH4A - Thursday June 7, 2012 - 10:30 to 12:00 - Room: MB 253
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Environment Canada’s network planning activities in support of the national hydrometric
program
A. Pietroniro1, R. Boals2, P. Coulibaly3, E. Blackburn4, M. Manore4 & D. Harvey4
1

Meteorological Service of Canada, Environment Canada, Saskatoon, Saskatchewan, Canada
Water Resources Consultant, Regina, Saskatchewan, Canada
3
Civil Engineering Department, McMaster University, Hamilton, Ontario, Canada
4
Meteorological Service of Canada, Environment Canada, Toronto, Ontario, Canada
2

In 2011, the Meteorological Service of Canada published a Strategic Plan for
Hydrometeorological Monitoring in Environment Canada, which emphasizes five strategic goals
relating to people, core networks, data management, network of networks, and data exploitation.
The implementation of this strategic plan is well underway, and includes: the definition of key
principles and practices of a Network of Networks; the definition of characteristics of the core
networks required to meet Environment Canada’s mandate; and the definition of the principles of
a framework for data collaboration. Furthermore, network evaluation and planning activities are
being undertaken to ensure that the networks are meeting the evolving priorities of Environment
Canada. Three network planning components were initiated in 2011 in support of the Canada’s
National Hydrometric Program: a review of pertinent federal legislation and literature with
respect to federal water-related policies, mandates and risk; a review of the adequacy of the
Canadian hydrometric network in terms of WMO guidelines; and the development of a network
design tool for use in optimizing the network. This presentation will provide an overview of
these efforts, as well as challenges to transforming the networks to meet current and emerging
needs for sound data and information.
A. Pietroniro, P.Eng: PhD (Waterloo); Director, Climate & Water Services
R. Boals, P. Eng: Hydrology/Water Resources Consultant
P. Coulibaly, P.Eng: PhD (Laval); Associate Professor, McMaster University
E. Blackburn: Manager, Strategies, Planning & Performance
M. Manore: Director, Network Strategies and Design
D. Harvey, P.Eng: National Manager, Hydrometric Operations
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Risk-based approach for the federal water quantity network
R. G Boals
Water Resources Consultant, Regina, Saskatchewan, Canada
In 2010, the Office of the Auditor General conducted a program audit of the water monitoring
programs conducted by Environment Canada. An element of the audit examined whether
Environment Canada managed the National Hydrometric Program to adequately monitor and
report on surface fresh water quantity in Canada. The audit recommended that Environment
Canada review and improve criteria used to assess water monitoring needs where appropriate
and to work with federal stakeholders to clarify and document roles and responsibilities for longterm water quantity monitoring. In addition, the audit examined whether Environment Canada
applied a risk-based approach to establish its water monitoring priorities. The Auditor General
suggested that a risk-based approach is needed to focus available monitoring resources on
activities and substances that pose the greatest risks to water quantity. As a result, the audit
recommended that Environment Canada apply a risk-based approach to establish new monitoring
stations, focusing on activities that pose the greatest risks to water quantity. In November of
2011 Environment Canada issued a contract to the Canadian Water Resources Association for
the purpose of reviewing and updating the federal responsibilities and interest in water quantity
monitoring, and to develop a methodology for determining and applying the risk-based approach
at the federal water quantity network level. The findings of the work are presented including a
discussion on the proposed risk-based approach for establishing priority investments in
monitoring stations for the federal government.
R. G. Boals: BSc Engineering (Guelph); Water Resources Consultant
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International Joint Commission of Canada and the U.S.: Hydrographic data
harmonization – Status and applications
M. T. Laitta1 & C. J. Wyrzykowski2
1
International Joint Commission of Canada and the U.S., Ottawa, Ontario, Canada
2
Agriculture et Agroalimentaire Canada, Winnipeg, Manitoba, Canada
The International Joint Commission, in coordination with Environment Canada, Natural
Resources Canada, U.S. Geological Survey, Agriculture and Agri-Foods Canada has made
substantial progress with the harmonization of the shared fundamental hydrographic datasets
along the Canadian-U.S. interface. Phase I and II of this effort; the alignment and editing of sub
drainage areas within the major Trans-boundary Basins and the first pass connection of the
fundamental hydrographic layers is complete. In 2012, this effort will focus on the delineation
and refinement of smaller drainage units within these now harmonized sub drainage areas as well
as the development of bi national water quality and quantity applications. This presentation will
touch upon the basic technical methods employed to facilitate the negotiation of bi national
delineations, impacts to the federal stewarding agencies, and potential opportunities for
sustainable regional based hydrologic applications.
M. Laitta: Physical Scientist/GIS Coordinator, (Washington); International Joint Commission
C. Wyrzykowski: Specialist des données du SIG (Winnipeg); Agriculture et Agroalimentaire
Canada
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The International Joint Commission’s efforts to harmonize data and coordinate modelling
in the transboundary basins
T. R. Yuzyk
International Joint Commission, Ottawa, Ontario, Canada
The International Joint Commission (IJC) deals with a broad range of water quantity and quality
issues along the Canada-US border. A significant challenge to addressing these issues is the
reconciling of different national approaches for data collection and the production of results
through the use of an array of models. As one would expect, this adds to overall uncertainty and
reduces the confidence in the findings that have been produced by these binational analyses.
Considerable progress has been made in recent years to deal with this challenge through the
IJC’s International Watersheds Initiative. Over the past five years significant strides have been
made with respect to harmonizing hydrographic data and drainage basin delineations in the
transboundary basins. This has been an important step in trying to resolve this border data
disconnect. The IJC has also recently developed “IJC Modelling Guidelines”, in order to be more
comprehensive and systematic in how they will apply hydraulic, hydrological and water quality
models to address transboundary issues. The presentation will provide further insight into these
two efforts that are leading this paradigm shift and the benefits that will be gained.
T. Yuzyk, Senior Science Adviser, International Joint Commission.
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Conference Workshops
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Cross-Generational Mentoring in the CWRA
Seanna Davidson, CWRA Mentorship Coordiantor
Room: KC 301

Day/Time: Thursday June 7th – 13:30

Workshop Synopsis:
Within the CWRA we recognize the importance of encouraging and engaging in crossgenerational learning to improve connections, knowledge and experiences amongst our
members. Join us for a fun and engaging mentoring event. In this 1.5 hour workshop, facilitated
activities will engage CWRA and SYP members to promote learning, sharing, and mentoring
opportunities.
Workshop Duration:
Directly following lunch on Thursday June 7th, the event will run 1.5 hours
Contact Information:
Seanna Davidson
mentorship@cwra.org
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Aboriginal Awareness, Water Rights and Challenges
Robert Laboucane
President of Ripple Effects Limited
Room: KC 305

Day/Time: Thursday June 7th – 13:30

Workshop Synopsis:
This program has been designed to create greater understanding and enhance communications
between Aboriginal and non-Aboriginal people. It serves as a tool for gaining awareness and
understanding of a group of people who, through historical events, location, law, legislation and
policies have remained separated, isolated, segregated and marginalized from mainstream
society. The building of trusting and respectful relationships will occur through awareness,
comfort, confidence and much improved communications.
Robert Laboucane, a Metis businessman originally from Fort McMurray, is President of Ripple
Effects Ltd. He has been delivering Aboriginal Awareness Training Seminars across Canada for
24 years. His client base includes dozens of major corporations, federal government departments,
individuals, educational institutions and aboriginal organizations.
Workshop Duration:
The workshop will be begin at 13:30 on June 7th and will take approximately one hour.
Contact Information:
Kuni Albert
kalbert@matrix-solutions.com
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Guided Walk along the Bow River
Kuni Albert
Room: KC 305

Day/Time: Thursday June 7th – 14:30

Workshop Synopsis:
Join us in a guided walk along the Bow River to discover medicinal and traditionally used flora
found within the Treaty 7 territory. Learn about the history of the Bow River and its importance
in the traditional uses of the Indigenous peoples. Flora species will be identified with a
description of its traditional use and how it can be used in our daily lives. The walk is offered as
a free workshop with a limit of 20 people.
Workshop Duration:
The guided walk will begin at 14:30 to 16:30 on Thursday June 7th from the Banff Centre and
will take approximately 1.5 hour (s). Participants will have the opportunity to remain in the
Banff townsite or walk back to the Banff Centre at the completion of the workshop.
Contact Information:
Kuni Albert
kalbert@matrix-solutions.com
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Canada Wide Water Strategy
Room: MB Auditorium

Day/Time: Thursday June 7th – 13:30

On Thursday June 7th, Canadian Water Resources Association will present on its efforts for
"Canada Wide Water Strategy". More details will be available.
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NASH Workshop
on
Filling the gaps: Are we ready for a quantum leap in hydrometric data availability?
NASH Working Group on Common Data Access
S. Hamilton, Aquatic Informatics, Vancouver, Canada
Room: MB 252

Day/Time: Thursday June 7th – 13:30

Workshop Synopsis:
There is a gap between desire and reality in our need for data on the hydrological cycle. Filling
this gap will require spatial and temporal data on runoff processes at a wide range of scales.
Substantially filling these gaps may be possible if we could mine the data that are collected at
regional, local, and site-specific scales to inform watershed management, engineering design,
academic research and other activities.
Emerging inter-operability standards offers an avenue to filling the gap. Information from
private, public, and academic data producers will be searchable by descriptive, meaningful,
metadata queries. The results of these queries will be marked with interpretive encoding linking
to methods used, traceability to source, uncertainty, and quality management standards of the
data provider.
The workshop will explore the opportunities that this standard will bring as well as identity
required enhancements. Potential barriers to data sharing and exchange will be highlighted.
Workshop Duration:
The workshop will be held on Thursday afternoon from 13:30 to 16:30
Contact Information:
For further information please contact Russell Boals
Email address: boals.russ@gmail.com
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More Value from the Same Water: Maximizing Water’s Sustainable
Contribution to the Canadian Economy
Room: MB 253

Day/Time: Thursday June 7th – 13:30

Workshop Facilitator Name(s) and Affiliation(s)
Steven Renzetti and Diane Dupont, Department of Economics, Brock University
Workshop Synopsis:
The purpose of the workshop is to provide conference registrants with an opportunity to learn
about recent research developments relating to the economic dimensions of water management.
A Canada Water Research Network-funded team has completed three years of research and has
designed the workshop to share research findings with conference participants. Members of the
research team will lead 45 minute modules organized around specific topics. Tentative topics are
the following:
1.
2.
3.
4.
5.

Markets for allocating water (Henning Bjornlund, University of Lethbridge)
Valuing water (Diane Dupont, Brock University)
Conservation pricing of municipal water (Steven Renzetti, Brock University)
Modeling water demands (Diane, Steven)
Conserving and Innovating for Agricultural water (Chandra Madramootoo, McGill
University)

Each module will begin with a presentation and then open for interaction and discussion
Workshop Duration:
Thursday, June 7th, 13:30 to 17:00
Contact Information:
Steven Renzetti (905) 688-5550, x.3121 srenzetti@brocku.ca
Diane Dupont (905) 688-5550, x. 3129 ddupont@brocku.ca
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Day 4 - Friday June 8, 2012
Keynote Speakers
8:30 to 10:00 - Room: EH Theatre
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The role of water in subduction zones
Pascal Audet (Keynote Speaker)
Department of Earth Sciences, University of Ottawa, Ottawa Canada
Water and hydrous minerals play a key part in geodynamic processes at
subduction zones by weakening the plate boundary, aiding slip and
permitting subduction - and indeed plate tectonics - to occur. Recent
discoveries of slow slip events (i.e., day- to week-long ruptures) on the
subduction zone thrust fault have elucidated a down-dip transition in
slip behavior from frictionally-controlled slip to continuous plastic
creep. In this presentation I will review seismic evidence for the role of
water on the seismogenic behavior at subduction zones. In the slow slip
region we find evidence for low-velocity oceanic crust with extremely
high Poisson's ratios that are interpreted to manifest elevated pore-fluid pressures generated
through the release of water from pro-grade metamorphic dehydration reactions within the
subducting oceanic crust. Elevated pore pressures play a key role by weakening the fault and
allowing slip to occur at low differential stress. Accordingly, the plate interface likely represents
a low-permeability boundary that prevents vertical migration of fluids into the overlying crust.
Down-dip of the slow slip region, seismic velocities show a decreasing signature of the oceanic
crust consistent with thermo-petrological models that predict metamorphic reactions from
metabasalt to anhydrous eclogite at those depths. This reaction is accompanied by the release of
water from the oceanic crust into the mantle wedge, allowing retro-grade metamorphic reactions
to produce hydrated serpentinites near the plate interface, consistent with seismic observations.
Serpentinites deform primarily via plastic creep processes, preventing slip to propagate through
such change in lithology and therefore controlling the down-dip limit of rupture. We thus
propose that the down-dip transition in both permeability and lithology, regulated by the
availability of fluids via metamorphic dehydration reactions, controls the seismogenic behavior
of subduction zone thrust faults.
Dr. Pascal Audet is an Assistant Professor in the Department of Earth Sciences at the University
of Ottawa. Dr. Audet is a geophysicist interested in the rheology, structure and evolution of the
lithosphere on Earth and terrestrial planets. His research is directed towards understanding how
tectonic plates evolve, interact and deform. He addresses these varied questions using the tools of
seismology and potential field analysis, with an emphasis on the development of data processing
techniques. Current areas of research include plate boundary seismic structure and processes, and
the flexure and evolution of planetary lithosphere. Dr. Audet is the author of several
publications in Nature Geoscience, the Journal of Geophysical Research, Nature and others.
For more information, see http://seismo.berkeley.edu/~paudet/Profile.html
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The importance of boundary conditions on water flow and residence time at the hillslope
scale
Jeffrey J. McDonnell (Keynote Speaker)
Global Institute for Water Security, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
The effects of boundary conditions on flow and transport at the hillslope
scale are poorly understood. Formative experiments in the field in the
1960s often controlled boundary conditions by covering the soil surface
and removing vegetation and/or lining the soil base with concrete or
similar impermeable material. Results from these studies still define our
conceptual framework for streamflow generation at the catchment scale.
Here I re-examine some of these benchmark works and interpretations in
light of new results focused on boundary controls at the hillslope scale.
Two examples are presented: one focused on upper soil boundary
(atmosphere-vegetation partitioning) and the other focused on the lower
boundary (the soil bedrock interface). These results show that boundary conditions are perhaps
the defining feature of water movement at the hillslope (and catchment) scale and that
partitioning at these interfaces influences most, the age, origin and pathways of water movement
from the soil surface to the stream. I illustrate these effects with examples from hillslopes in the
USA Pacific Northwest and Mexico and show how these boundary controls also have potential
ramifications for related issues of slope stability, surface-groundwater interactions and water
quality.
Dr. Jeffrey J. McDonnell is the Richardson Chair in Watershed Science and University
Distinguished Professor of Hydrology at Oregon State University. His research focuses on new
ways to measure, model and understand streamflow generation processes. Jeff has co-authored
approximately 200 articles on watershed hydrology and co-edited the Elsevier textbook “Isotope
Tracers in Catchment Hydrology”. He has served as the Senior Advisory Editor of the
“Encyclopedia of Hydrological Sciences”, published by John Wiley and Sons and is currently
Editor-in-Chief of the IAHS Book Series “Benchmark Papers in Hydrology”. Jeff is a Fellow of
the American Geophysical Union and the International Water Academy and recipient of several
awards, including the Dalton Medal from the European Geophysical Union, the Gordon
Warwick Award from the British Geomorphological Research Group, the Nystrom Award from
the Association of American Geographers and a D.Sc. from the University of Canterbury. Jeff
was the 2011 Birdsall-Driess Distinguished Lecturer for the Geological Society of America and
2012 Borland Lecturer for AGU Hydrology Days.
For more information, see http://www.cof.orst.edu/cof/fe/watershd/
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Day 4 - Friday June 8, 2012
Technical Sessions
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Geophysical applications in CO2 storage
Session Coordinator: Claire Samson
Session Chairs: Claire Samson & Don White
E1 - Friday June 8, 2012 - 10:30 to 12:00 - Room: MB 251
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Improved understanding of CO2 Rock physics: A laboratory study
G. Njiekak, H. Yam, R. S. Kofman, M. Chowdhury & D. R. Schmitt
Department of Physics, Institute for Geophysical Research, University of Alberta, Edmonton,
Alberta, Canada
To get quantitative estimates of CO2 saturation for seismic monitoring purposes requires a rock
physics model that can properly handle effects of CO2 and other in-situ fluids (e.g. oil and brine)
on seismic waves. However, today, the small number of laboratory core measurement involving
CO2 saturation (e.g., Shi et al., 2007; Lei and Xue, 2009; Purcell et al., 2010) limits the building
of a robust theoretical framework to support seismic monitoring surveys. Quantitative
assessment of injected CO2 remains one of the main challenges for seismic monitoring studies.
In this work, we focus on the effect of lone CO2 on elastic properties of rocks, investigating the
changes of waves velocities and densities in response to CO2's varying phase state (gas-liquidsupercritical fluid). Real situations may sometimes differ from the experimental conditions set up
in this study as CO2 may coexist with other in-situ fluids in the pore space. However, this work
provides an end member understanding of the possibilities with CO2 in the pore space.
Experiments were conducted under a variety of temperatures and (confining and pore fluid)
pressures representative of conditions expected in volcanic edifices and geological sequestration
projects.
G. Njiekak: PhD (Alberta); Postdoctoral Researcher, University of Alberta
H. Yam: M.Sc. (Alberta); University of Alberta
R. S. Kofman: M.Sc. (Alberta); Research Assistant, University of Alberta
M. Chowdhury: M.Sc. (Alberta); Graduate Student, University of Alberta
D.R. Schmitt: PhD (Alberta); Professor, University of Alberta
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Simulating pore-scale flow through reservoir rocks before and after CO2 exposure
M. B. Bird1 & S. L. Butler1, C. Hawkes2 & T. Kotzer1,3
Department of Geological Sciences, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
2
Department of Civil and Geological Engineering, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada
3
Cameco Corporation, Saskatoon, Saskatchewan, Canada

1

Rock core samples taken from the Weyburn oil field have been imaged at high resolution using
synchrotron X-ray tomography. In this study, we use the three-dimensional images to create
finite element meshes and solve for fluid and electrical current flow through the pore spaces.
The calculated fluxes can then be used to calculate the permeabilities and formation factors of
the samples which compare well with experimentally determined values. The results of the
calculations also allow us to visualize the fluid velocity and pressure as a function of position
within the pores which may aid in understanding chemical reaction rates. We will present the
methodology necessary to transform the tomographic images into finite element meshes. We
will also present some calculations carried out on a sample prior to and after being exposed to
CO2 in the laboratory and report on the change in the transport properties.
M. B. Bird: MSc. Student, University of Saskatchewan
S.L. Butler: PhD (Toronto); Associate Professor, University of Saskatchewan
C. Hawkes: PhD (New Brunswick); Associate Professor, University of Saskatchewan
T. Kotzer: PhD (Saskatchewan); Adjunct Professor, University of Saskatchewan
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Structural integrity of the Weyburn CO2 storage site
Z. Hajnal, B. Pandit & E. Takacs
Department of Geological Sciences, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
The structural framework of the sedimentary fill around the Weyburn Co2 storage site was
investigated by ninety-one 2D seismic reflection profiles, tied to numerous boreholes and
correlated to the prominent trends of regional magnetic and gravity data. The basement
unconformity is characterized by scattered segments of structural highs and lows. Trend analysis
of the surface exhibited north-westerly and north-easterly patterns. The dominant north-easterly
trends of the unconformity represent zones of periodic reactivation which were recognized
through mapping of subparallel fault systems within the sedimentary fill. Salt dissolution played
a dominant role in the development of the structural setting of the investigated region. The
Regina-Hummingbird trough is a prominent regional structure where the salt was completely
removed in a repeated multistage dissolution process. Several small local salt solution features
were also mapped; their close-to-circular characteristics were imaged by combined 2D and 3D
seismic images. Distinct fault systems were established in the geologically well- known area of
the Missouri Coteau, Elbow-Weyburn Linear and the Regina-Lampman Lineament. A prominent
surface signature of this structural trend is the Souris River system. Although there are diverse
and complex structures around the storage site, these were generated by local epeirogenic forces
and consequently their influences on the long term stability of the site are marginal.
Z. Hajnal: PhD; Professor Emeritus, University of Saskatchewan
B. Pandit: PhD; Professional Research Associate, University of Saskatchewan
E. Takacs: PhD; Professional Research Associate, University of Saskatchewan
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Large-scale CO2 sequestration and time-history analysis of ground motions
K.Vasudevan1 & D. W. Eaton2
1
Department of Mathematics and Statistics, University of Calgary, Calgary, Alberta, Canada
2
Department of Geoscience, University of Calgary, Calgary, Alberta, Canada
For any chosen Carbon Capture and Storage (CCS) site in central Alberta, where several
megatons of CO2 are to be sequestered, it is imperative that risks associated with such storage
from strong ground motions caused by large magnitude earthquakes along the west coast of
Canada or medium to large magnitude earthquakes triggered by such earthquakes in the
neighbourhood of the storage site are clearly understood. In principle, physically meaningful
model parameters from stochastic modeling offer a sufficient number of simulated
accelerograms that engineers and geoscientists could use in the design, construction and
maintenance of a safe CCS site. In the absence of recorded ground motions for large-magnitude
earthquakes, we used the densely sampled three-component accelerograms from the 2011
Tohoku-Oki earthquake and its aftershocks of magnitude equal to or greater than Mw 5.0 and the
three-component accelerograms from the 1985 Nahanni earthquake, the 2002 Denali earthquake,
and the 2004 Chuetsu earthquake as the basis for starting model parameters. Here, we carried out
the stochastic modelling of the ground motions using the time domain approach of Rezaeian and
der Kiureghian (2008, 2010, 2011). Since we argue that a potentially possible large-magnitude
Cascadian subduction-style earthquake, similar to the Tohoku-Oki earthquake one, could have
strong influence on the ground motions hundreds of kilometers away from the source-site, we
did the time-history analysis of the ground motion model parameters of the Tohoku-Oki
earthquake and its aftershocks. We present our results and their implications, and suggest the
future direction of this work.
K. Vasudevan: PhD (Calgary); Instructor in Mathematics and Statistics, Adjunct Faculty in
Geoscience, University of Calgary and ESQIA consulting, Calgary
D.W. Eaton: PhD (Calgary); Professor, Head of Geoscience, University of Calgary
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Magnetotelluric mapping of deep saline aquifers for carbon storage: First observations
from a survey in the St. Lawrence Lowlands
L. A. N. Tchoumkam1, B. Giroux1 & M. Chouteau2
1
Institut national de la recherche scientifique, Centre Eau Terre Environnement, Québec,
Québec, Canada
2
École Polytechnique de Montréal, Montréal, Québec, Canada
Deep saline aquifers are important prospective reservoirs for carbon sequestration due to the
large volume of pore space available. The magnetotelluric (MT) method is particularly well
suited to map deep saline aquifers because it is sensitive to changes in electrical conductivities of
rocks at great depths. On the other hand, MT measurements can be contaminated by EM
interference in electromagnetically noisy environments, and the method can be limited in
resolving thin sedimentary units. In this contribution, we present the first results of a survey
carried out in the summer of 2011 to assess the performance of MT for mapping deep saline
aquifers in the context of the sedimentary succession of the St. Lawrence platform. The saline
aquifers are found in basal Cambrian sandstones overlying the Precambrian basement, and in
Ordovician dolomites and limestones. These reservoir units are sealed by Ordovician cap rocks
of the Utica Shale and overlying fine-grained shales and siltstones up to the surface. The MT
data were acquired in the vicinity of the Parc Industriel et Portuaire de Bécancour, an area
characterized notably by the presence of an aluminum plant, power lines and a railroad. Seven
soundings were recorded, each simultaneously with a local and a remote reference. Although
data of good quality were obtained, qualitative appraisal of the apparent resistivity and phase
curves shows a characteristic response of suspicious origin in the 0.2-10 Hz band. Time series
are being processed with the multivariate approach of Egbert (1997) to better characterize the
nature of the noise.
L. A. Nzumotcha Tchoumkam: PhD student, INRS-ETE
B. Giroux: PhD (Polytechnique Montréal); Assistant Professor, INRS-ETE
M. Chouteau: PhD (Polytechnique Montréal); Full professor, École Polytechnique de Montréal
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Seismic characterization of the Potsdam sandstones for CO2 sequestration: A preliminary
appraisal
L. Perozzi1, B. Giroux1, J. G. Rubino2 & K. Holliger2
1
Institut national de la recherche scientifique – Centre Eau Terre Environment, Québec City,
Québec, Canada
2
Institut de géophysique, Université de Lausanne, Lausanne, Switzerland
Monitoring and verification of geological CO2 sequestration endeavors are essential for ensuring
storage integrity. Seismic methods are well suited for this purpose due to their high resolution
and their sensitivity to porosity and CO2 saturation. Therefore, estimating elastic-property
changes in response to the presence of CO2 is crucial to perform a proper interpretation of
seismic data. The distribution of CO2 in the pore space of the rock is not expected to be
homogeneous at mesoscopic scales, and thus, attenuation and velocity dispersion effects due to
wave-induced fluid flow may arise. As a consequence, studies based on simplifications, such as
those relying on Gassmann's equations and elastic modeling, may not be appropriate for
monitoring these kinds of reservoirs. The aim of this work is to quantify these effects in the case
of the sandstones of the Potsdam Group, a stiff geological formation characterized by low
porosity, which has been identified as a potential target for CO2 storage in the Bécancour area
(Quebec). To do this, we consider logging data of the target formation fully saturated with brine
and build a rock physics model. Next, we consider patchy distributions of CO2 and brine within
the reservoir, and apply numerical oscillatory compressibility tests in order to determine the
seismic attenuation and velocity dispersion in response to wave-induced fluid flow. This analysis
enables us to analyze the magnitude of attenuation and velocity dispersion expected in these
media. This, in turn, permits us to choose the best strategy to perform numerical simulations of
wave propagation in this area, which is crucial to evaluate the performance of seismic methods to
monitor the injection process of CO2.
L. Perozzi: PhD student at INRS-ETE (Quebec)
B. Giroux: PhD (Polytechnique Montréal), Professor, INRS-ETE (Quebec)
J.G. Rubino: PhD (Universidad Nacional de la Plata, Argentina), Post-doctoral fellow. Institute
of Geophysics, University of Lausanne, Switzerland
K. Holliger: PhD (ETH Zurich), Director, Institute of Geophysics, University of Lausanne,
Switzerland
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Lithospheric imaging, tectonics, and dynamics
Session Coordinator: Claire Samson
Session Chairs: Andrew W. Frederiksen & Fiona Darbyshire
E2 - Friday June 8, 2012 - 13:30 to 15:00 - Room: MB 251
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The fate of the lower crust at the South Island, New Zealand continental plate collision
R. Pysklywec & D. Mukanov
Department of Geology, University of Toronto, Toronto, Ontario, Canada
The continental plate collision at the South Island of New Zealand is an archetype for young
collision, yet fundamental aspects of the tectonics especially beneath the upper crust—are poorly
understood. For example, there is debate whether the shortening mantle lithosphere is
accommodated by subduction-like consumption of one plate along a narrow shear zone or if is it
converging by distributed thickening of a viscous mantle lithosphere root. Further, in the
Southern Alps, Pacific plate material is thrust over Australian along the Alpine Fault, but only
rocks of upper- and middle-crustal grade are exhumed at the surface: The fate of the lower
crustal material is still unclear. It has been interpreted that it may be thickening/accumulating
beneath the orogeny, underthrusting westwards, or perhaps is entrained into the mantle. Here,
we explore the behaviour of the lower crust at collision and its relationship with the mantle
lithosphere using forward geodynamical models that employ arbitrary Lagrangian-Eulerian finite
element techniques. In the numerical experiments we modify the rheology and density of the
lower crust, convergence velocity of collision, and surface erosion rate to determine the
parameters that may control the mode of behavior of the lower crust and whether it can be
exhumed to the surface. The modeling results are reconciled with available observables; namely,
the P-T histories of exhumed crustal material, but also geophysical information and
interpretations on deep crustal and upper mantle lithosphere structure. The work will yield a
better understanding of generic crust-mantle interactions during collision (for New Zealand, but
also generically for orogenic zones) and provide useful further information on the nature of deep
lithospheric dynamics during plate collision.
Daulet Mukanov: M.Sc. student at the University of Toronto
Russell Pysklywec: Associate Professor in Geology, Chair of the Department of Geology, and
McRae-Quantec Chair in Geosciences at the University of Toronto. He received a B.Sc. (Eng.)
from Queen’s University and M.Sc. and Ph.D. degrees in Physics from the University of Toronto
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A three-dimensional Moho depth model for the Tien Shan from EGM2008 gravity data
R. Steffen1,2, H. Steffen2 & G. Jentzsch1
Institute of Geosciences, Friedrich Schiller University Jena, Jena, Germany
2
Department of Geoscience, University of Calgary, Calgary, Alberta, Canada

1

The Tien Shan in Central Asia is the largest intracontinental mountain range in the world, but it
is 1500 km away from the collision zone between the Indian and Eurasian plates. This region has
been and still is the focus of numerous geoscientific studies, mainly because of its evolutionary
history and its unique position in the Eurasian lithosphere plate. So far, mainly seismological
data have been used to explore the origin of and ongoing seismic activity in this region, but only
one study has investigated terrestrial gravity data. In this study, a new gravity data set,
EGM2008, is used to determine the crust-mantle boundary (Mohorovičić discontinuity, Moho)
of the Tien Shan using inversion of gravity data. In addition, an isostatic Moho is calculated from
topographic data, which by comparison to the results of the gravity inversion illuminates the
effects of isostatic compensation. The results of the gravity inversion generally agree with results
of previous seismic studies and indicate that the Tien Shan has a mountain root with a thickness
of about 75 km. Furthermore, the Moho is shallow under the basins, e.g., in the Tarim and Ili
basins. The comparison with the isostatic Moho indicates an over-compensation of the orogen
and an under-compensation of the basins. The over-compensation results from the former
subduction of the Tarim Basin terrane in the south. The under-compensation of the Tarim Basin
is generated by support of the terrane between the Tien Shan in the north and the Pamir
mountains, Tibet and Himalayas in the south.
Rebekka Steffen: PhD student, University of Calgary.
Holger Steffen: PhD (FU Berlin); Postdoctoral Fellow, University of Calgary
Gerhard Jentzsch: PhD (TU Clausthal); Professor (retired), Friedrich Schiller University Jena
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Neotectonics of Eastern Anatolia: Constraints from a GPS “Strain Probe” and
interpretation from geodynamic modeling
K. Chiu, R. N. Pysklywec & P. Y. Robin
Department of Geology, University of Toronto, Toronto, Ontario, Canada
Eastern Anatolia is an area of active continental collision between the Arabian and Eurasion
plates and is characterized by several interesting tectonic features. Firstly, geological evidence
suggests synconvergent extension oriented N-NW and ~N25°E in the region. In addition, the
mantle lithosphere seems to be largely absent beneath the region and high topography persists
despite a relatively thin crust. Previous work suggests that these tectonic features may be linked
and explained by underlying delamination of the mantle lithosphere (Gogus and Pysklywec,
2008). Here, we explore the neotectonics of the region by comparing data on the present-day
strain with deformation predicted in numerical models of delamination. Using GPS data
compiled over 1988-2005 (Reilinger et al., 2006), localized surface strain in various regions of
Eastern Anatolia is determined with a “strain probe” tool. The new data shows NNW-oriented
shortening with no indication of synconvergent extension. Geological features suggesting ~N-S
extension may then represent inactive deformational processes related to earlier delamination of
the mantle lithosphere. Using forward computational geodynamic models, we investigate
whether the delamination process is consistent with this transition from synconvergent extension
to pure shortening as delamination progresses. Specifically, we focus on the later stages of
delamination to reconcile the observed data with the surface observables. Our results will help
constrain the present day lithosphere and mantle processes that govern the neotectonic regime of
Eastern Anatolia and give insight into the generic dynamics of lithospheric removal.
K. Chiu: B.Sc. (Queen’s University); M.Sc. Candidate, University of Toronto
R. N. Pysklywec: Associate Professor in Geology, Chair of the Department of Geology, and
McRae-Quantec Chair in Geosciences at the University of Toronto. He received a B.Sc. (Eng.)
from Queen’s University and M.Sc. and Ph.D. degrees in Physics from the University of Toronto
P.Y. Robin: Ph.D. (Massachusetts Institute of Technology); Emeritus Professor, University of
Toronto

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

301

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

A Markov Chain modeling of the earthquakes within the graph theory framework: Global
earthquake catalogue
M. S. Cavers & K. Vasudevan
Department of Mathematics and Statistics, University of Calgary, Calgary, Alberta, Canada
Earthquakes occur along tectonically active plate boundaries around the globe. Records of
earthquake occurrences are kept and maintained at several national sites around the globe.
Although spatial prediction of earthquakes around the globe is reasonably well-understood, the
time-prediction of or forecasting earthquakes is a challenging and an elusive problem. Here, we
propose a directed graph to represent the occurrence of earthquakes in different seismogenic
zones with each zone arbitrarily chosen based on its historical seismicity. We then introduce the
Markov Chain models to carry out the seismic hazard evaluation within the context of the
defined directed graphs. To this end, we use the NEIC global earthquake catalogue.
K. Vasudevan (Ph.D., University of Calgary): I am currently an Adjunct Faculty member in the
department of geoscience at the University of Calgary. Also, I am a part-time instructor in the
department of mathematics and statistics. My current interests are study of earthquakes and
associated hazard analysis, microseismicity, passive and statistical seismology, statistics
education for science and non-science majors in universities, graph theory applications in
geoscience, non-linear phenomena and Arctic research.
M. Cavers (Ph.D., University of Regina): He is currently an NSERC Postdoctoral Fellow
working at the University of Calgary in the Department of Mathematics and Statistics. He
received his doctorate degree in Spectral Graph Theory at the University of Regina. His research
interests include graph theory, Markov chains, optimization and related applications.
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Erosion of Archean lithosphere by subduction and rifting: A tomographic image of central
North America
A. W. Frederiksen1, I. Deniset1, T. Bollmann2, S. van der Lee2 & F. Darbyshire3
1
Department of Geological Sciences, University of Manitoba, Winnipeg, Manitoba, Canada
2
Department of Earth and Planetary Sciences, Northwestern University, Evanston, IL, USA
3
Université du Québec à Montréal, Centre GEOTOP, Montréal, Québec, Canada
The core of the North American continent was assembled by Precambrian accretionary
processes, which are generally believed to also be responsible for the formation of the underlying
continental lithosphere. Signatures of lithospheric accretion are preserved in the lithosphere in a
form detectable by observations of seismic velocity and fabric. These signatures, however, are
subject to later modification by later tectonic processes, such as orogeny, rifting, and mantle
plume impingement. We examine the lithosphere of region surrounding the southwest portion of
the Archean Superior Province using a large teleseismic data set from Canadian and American
sources. The western Superior is associated with high seismic P velocity and a strong, consistent
east-west pattern of shear-wave splitting. The western edge of the Western Superior velocity and
splitting anomalies lies ca. 200 km east of the crustal contact with the Proterozoic Trans-Hudson
Orogen, perhaps indicating that Trans-Hudson orogenic processes eroded the Superior
lithosphere. To the southwest, the Superior lithosphere is disrupted by a low-velocity lithospheric
channel ca. 250 km wide striking northwest through Minnesota and the Dakotas, which is also
associated with a sharp weakening of anisotropy. The origin of this feature is enigmatic, as it
does not correspond to any known crustal feature, though it appears to be truncated by the MidContinent Rift and so may represent a failed rift arm at the lithospheric level. The rift itself is
only partially resolved, but shows indications of low velocities; resolution of the Mid-Continent
Rift will improve over the next few years due to a combination of the eastward migration of the
Earthscope Transportable Array and new data from the temporary Superior Province Rifting
Earthscope Experiment (SPREE).
A.W. Frederiksen: Ph.D. (British Columbia); Associate Professor, University of Manitoba
Research interests: structural seismology, tectonic history of the continental lithosphere, novel
methods for recovering structural constraints from earthquake recordings.
I. Deniset: B.Sc. (Honours) Student, University of Manitoba
T. Bollmann: B.Sc. (Missouri Univ. of Sci. & Tech.); Ph.D. Candidate, Northwestern University
S. van der Lee: Ph.D. (Princeton); Associate Professor, Northwestern University
F. Darbyshire: Ph.D. (Cambridge); Professeur, Université du Québec à Montréal
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Stratification of seismic anisotropy beneath Hudson Bay
F. A. Darbyshire1, D. W. Eaton2 & I. D. Bastow3
1
Centre de recherche GEOTOP, Université du Québec à Montréal, Montréal, Québec, Canada
2
Department of Geoscience, University of Calgary, Calgary, Alberta, Canada
3
Department of Earth Sciences, University of Bristol, Wills Memorial Building, Bristol, UK
The Hudson Bay region has a complex tectonic history spanning ~4 Ga of Earth’s evolution.
During the ~1.8 Ga Trans-Hudson orogeny, the Archean Superior and Western Churchill cratons
collided following the subduction of a Pacific-scale ocean. It is thought that a significant amount
of juvenile material is preserved in the Trans-Hudson Orogen, in part due to the complex doubleindentor geometry of the Superior-Churchill collision. In the region of interest, the orogen lies
beneath a large but shallow Paleozoic intra-cratonic basin. Studies of the crust and upper mantle
beneath this region have been enabled through the HuBLE (Hudson Bay Lithospheric
Experiment) project, through the deployment of broadband seismographs around the Bay and
across the islands to the north. A surface-wave tomography study has taken advantage of the data
coverage, providing new information on phase velocity heterogeneity and anisotropy for wave
periods of 25-200 seconds (equivalent to depths from the lower crust to ~300 km). Here we
focus on the stratification of seismic anisotropy in the upper mantle beneath Hudson Bay. The
anisotropic phase velocity maps show a progression in both the amplitude and the fastpolarisation direction with period, from fast directions that wrap around the Bay, through a
strong NE-SW pattern at intermediate periods, to a transition towards E-W fast directions at the
longest periods. We model the phase velocity data to investigate variations in seismic anisotropy
with depth in the mantle, and compare our results to those from previous SKS splitting
measurements.
F.A. Darbyshire: PhD (Cambridge); Associate Professor, Université du Québec à Montréal
D.W. Eaton: PhD (Calgary); Professor & Department Head, University of Calgary
I.D.Bastow: PhD (Leeds, UK); Leverhulme Trust Research Fellow, University of Bristol
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Earth deep interior
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Session Chair: Sam Butler
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The Slichter modes of the Earth
M. N. Mamboukou & B. Seyed-Mahmoud
Department of Physics and Astronomy, University of Lethbridge, Lethbridge, Alberta, Canada
Computational methods are used to numerically predict the periods of the Earth’s Slichter
modes. These modes are the translational vibrations of the inner core about an equilibrium
position, in the surrounding fluid outer core. The detection and identification of these modes will
help improve our knowledge of the Earth’s material properties such as density jump across the
inner core boundary (ICB), and the fluid core viscosity near ICB. Although there have been
claims of the detection of these modes, there is a consensus among researchers that much work is
still needed on this topic. As a starting point, we assume that the inner core and the mantle are
rigid, and the fluid core is incompressible, self gravitating and stratified. In the traditional
approach to solving the dynamical equations in the fluid core a spherical coordinate system is
used. To include the ellipticity of the equipotential surfaces in this coordinate system the
derivatives of the material properties such as density and Lame parameters must be considered.
In the available Earth models, however, these derivatives are not well defined. To avoid the use
of these derivatives in solving the dynamical equations we use a (non-orthogonal) Clairaut
coordinate system. We will also show that in this coordinate system the boundary conditions are
implemented consistent with the approach used in the interior of the fluid.
Michel Nzikou Mamboukou: BSc, M.Sc. candidate, University of Lethbridge
Behnam Seyed-Mahmoud: PhD (York University), Academic Assistant, University of
Lethbridge
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Elliptical instability of the Earth’s fluid core in the non-linear regime
A. Moradi1 & B. Seyed-Mahmoud2
Department of Physics and Astronomy, University of Lethbridge, Lethbridge, Alberta, Canada

1,2

We investigate the elliptical instability developed in the planetary fluid cores, as a result of the
gravitational pull of nearby bodies, in the nonlinear regime. Elliptical instability is developed
when an otherwise circular flow is deformed into an elliptical one in such a way that the
elliptical streamlines conserved their figure, as long as amplitude of the flow remains linear, in a
reference frame attached to the secondary body. The amplitude of the flow then grows
exponentially and the flow becomes unstable. This phenomenon may be developed in the
planetary fluid cores as a result of the gravitational pull of a secondary body such as a moon or a
large asteroid (fig. 1). Recently, this phenomenon has received considerable attention
theoretically, experimentally and numerically in the linear regime. It has been suggested that, if
excited in the Earth’s fluid core, the elliptical instability may play a significant role in
maintaining the geodynamo. We solve the nonlinear equations and study the growth rate of the
instability and the amplitude of the motion in the nonlinear regime. Our long term goal will
include derivation of a numerical planetary dynamo based on the instability.

Figure 1 – deformation of the streamlines as a result of the gravitational pull of a secondary body
A. Moradi: BSc (Amirkabir University, Tehran, Iran); Master candidate, University of
Lethbridge
B. Seyed Mahmoud: PhD (York University, Toronto); Academic Assistant, University of
Lethbridge
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High pressure deformation and imaging techniques in experimental geophysics
H. J. Mueller1
GFZ German Research Centre for Geosciences, Potsdam, Germany

1

Deformation processes have extraordinary importance for Geosciences. Mountainbuilding, i.e.
orogenesis, slab subduction, continent-continent collision and penetration of the Earth’s mantle
transition zone are examples of such processes. There is also a strong correlation between
mineral content, phase transitions and structural properties of natural rocks. Ductile rock
deformation is a typical property for Earth’s mantle conditions. Nevertheless most of
experimental rock deformation was conducted under crustal conditions in the past. So, it was a
revolutionary event when the first Deformation-DIA was introduced about a decade ago. Today
this technique is indispensable not only for rock deformation under unextrapolated Earth’s
mantle conditions but also for attenuation measurements in the seismic frequency range and
attaining of lower mantle conditions in Large Volume Presses. In principle all these techniques
require the installation of the high pressure device at a 3rd generation light source.
H.J. Mueller: PhD (Berlin); Research Scientist, GFZ German Research Centre for Geosciences
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Iron meteorite density using non-destructive measurements
C. Fry1, C. Samson1, P. J. A. McCausland2 & R. K. Herd1,3.
1
Department of Earth Sciences, Carleton University, Ottawa, Ontario, Canada
2
Department of Earth Sciences, Western University, London, Ontario, Canada
3
Earth Sciences Sector, Natural Resources Canada, Ottawa, Ontario, Canada
Introduction: Bulk density of extraterrestrial materials can be measured using techniques such as
the Archimedean glass beads method and 3D laser imaging. Both of these methods are useful in
the fact that they are non-destructive and will preserve the samples in their original condition. In
this study, the bulk density of more than 12 iron meteorites has been measured, to better
understand the strengths and limitations of the two methods. This study extends methodologies
previously developed for stony meteorites to iron meteorites. Methods: A Vivid 9i laser camera
was used to record a series of images of all surfaces of each sample, which can then be
assembled into a volumetrically accurate model. Each meteorite had a different set of natural and
man-made features, which challenged the boundaries of image acquisition and assembly. To
complement the laser camera work, volume was also measured using Archimedes principle by
burying fragments in 100 micrometer silica beads, which act as a fluid.
Discussion: Imaging the exposed metallic surfaces of iron meteorites with a laser proved
challenging, causing gaps in coverage. In the Archimedean method, the high density of iron can
cause compression of the beads, producing biased measurements. As more iron meteorites are
studied, these sources of errors will be quantified, leading to the development of an unbiased
method. In general, it will be useful to develop a reliable method for determining iron meteorite
density, as a guide for understanding the material properties of the representatives of planetary
cores.
C. Fry: B.Sc (Carleton University); M.Sc Candidate, Carleton University
C. Samson: PhD (University of Toronto); Full Professor, Carleton University
P. J. A. McCausland: PhD (Western University); Postdoctoral Fellow, Western University
R. K. Herd: PhD (Western University); Adjunct Research Professor, Carleton University
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Using observations of GIA to constrain the role of thermal effect on mantle seismic
anomalies
P. Wu1, H. Steffen1 & H. Wang2
1
Department of Geoscience, University of Calgary, Calgary, Canada
2
Key Laboratory of Dynamical Geodesy, Institute of Geodesy and Geophysics, Chinese
Academy of Sciences, Wuhan 430077, China
An outstanding issue in the interpretation of seismic tomography is the role of thermal versus
non-thermal (e.g. compositional, partial melting) contributions. Here we use observations of
Glacial Isostatic Adjustment (GIA), e.g. global relative sea level data, GRACE observations
(with recent hydrology contributions removed) and GPS crustal uplift rates in combination with
3D GIA models to address this. After testing both ICE-4G and ICE-5G in combination with
several 1-D viscosity profiles, the one that gives consistent results is RF3 which has a moderate
viscosity increase across 670 km. Lateral mantle viscosity variation is inferred from Ekstrom &
Dziewonski’s S20A tomography model using a scaling law that includes both the effect of
anharmonicity and anelasticity. Thermal contribution to seismic tomography appears as the beta
factor in the scaling law. The values of beta in the upper mantle, shallow part and deep part of
the lower mantle are allowed to be different and the solution space of the beta values is searched
to find the best combination that gives the best fit to the GIA observations simultaneously. Our
best model shows that thermal effect increases from about 65% in the upper mantle to 80% in the
shallow part of the lower mantle and to about 100% in the deep lower mantle above the D” layer.
This is consistent with temperature excess in the lower mantle from high core heating. However,
the uncertainty increases from < 1% in the upper mantle to 20% in the shallow lower mantle and
is not very well constrained in the deep lower mantle.
P. Wu: PhD (Toronto); Full Professor, University of Calgary
H. Steffen: Dr. rer. nat. (FU Berlin); Postdoctoral Fellow, University of Calgary
H. Wang: PhD (Wuhan); Professor & Vice Director of Key Laboratory of Dynamical Geodesy,
Institute of Geodesy and Geophysics, Chinese Academy of Sciences.
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Influence of sediment deposition on lithospheric tectonics
R. Gray & R. N. Pysklywec
Department of Geology, University of Toronto, Toronto, Ontario, Canada

1

Previous geodynamic models of continental collision show that the behaviour of the lithosphere
can be strongly influenced by the presence of surface erosion. That said, absent from these
investigations are the effects of sediment deposition. We quantitatively investigate this process
using thermal-mechanical numerical experiments of the coupled processes of tectonic
deformation and crustal mass flux. The models demonstrate that the inclusion of the effects of
sediment deposition can change the style of deformation of the crust and consequently, the
evolution of the underlying deforming mantle lithosphere. In the absence of sediment
deposition, the early stages of collision are accommodated by subduction of lower crust and
mantle lithosphere along a discrete shear zone beneath the overriding plate. Following this
initial stage of subduction, the subducting lower crust and mantle lithosphere retreat from the
collision zone, permitting the sub-lithospheric mantle to upwell and come into contact with the
thickened upper crust. When sediment deposition is imposed subduction-like consumption of the
subducting plate remains stable. The presence of sediment deposition introduces a negative Vycomponent in the overriding plate in the area adjacent to the collisional zone. The negative Vycomponent leads to a greater degree of coupling between the colliding continental plates and
decoupling of the overriding lower crust and mantle lithosphere. The results demonstrate the
first quantitative insights into the feedback between surface deposition and tectonics.
Robert Gray: PhD Candidate, University of Toronto
R. N. Pysklywec: PhD (University of Toronto); Associate Professor and Chair, University of
Toronto
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Geodetic sciences and their applications to geodynamics
Session Coordinator: Marc Véronneau
Session Chair: Holger Steffen & Marcelo Santos
G23 - Friday June 8, 2012 - 10:30 to 12:00 - Room: KC 101
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Comparing absolute gravity trends and GPS deformation rates in the Northern Cascadia
Subduction Zone: Heavy deformation on the West Coast
J. A. Henton1, S. Mazzotti2, A. Lambert3, T. S. James3, H. Dragert3 & N. Courtier3
1
Geodetic Survey Division, Natural Resources Canada, Pacific Geoscience Centre, Sidney,
British Columbia, Canada
2
Géosciences Montpellier, Université Montpellier 2, Montpellier cedex 5, France
3
Geological Survey of Canada (Pacific), Natural Resources Canada, Pacific Geoscience Centre,
Sidney, British Columbia, Canada
On Souhern Vancouver Island (SVI), situated in the forearc of the northern Cascadia Subduction
Zone, absolute gravity (AG) measurements have been made typically three to four times per year
for over a decade at four sites. AG observations are sensitive to both vertical motion of the
observation site and mass redistribution within (and below) the underlying deforming crust. The
deformation gravity gradient (DGG), defined as the ratio of the time rate of change of surface
gravity (g-dot) to vertical crustal velocity (h-dot), provides insight into the deformation process.
For the four AG stations on SVI, earlier comparisons between the observed gravity trends and
vertical GPS rates indicated a linear DGG that is appropriate for a subduction zone. However
there appeared to be an offset bias between the gravity trends and the GPS rates in these prior
analyses. A recent examination [Mazzotti et al., 2011] of yearly AG and continuous vertical GPS
time series between 1996 and 2010 at seven collocated (or nearby) sites in the mid-continent
region of North America yielded a gravity-to-uplift ratio consistent with model predictions of
postglacial rebound. In order to further investigate the bias for SVI, we systematically reprocessed continuous GPS data from stations of the Western Canada Deformation Array using
the NRCan’s Precise Point Positioning (PPP) software in a manner identical to the mid-continent
data. Results of the reprocessing are more consistent and accurate by using absolute antenna
calibrations of both station and satellite antennas, the IGS05 realization of the ITRF2005
reference frame, and the latest versions of GPS products, processing software and procedures. To
provide a larger comparison, we also analysed three additional long-term AG sites in western
Canada. In contrast with the earlier analyses, the DGG is poorly defined and does not show a
clear agreement with the subduction model-predicted gradient (-0.2 µGal/mm). However the
offset between the AG trends and GPS uplift rates is confirmed by the new data, with an
indication that stations closer to the subduction fault may see a larger mass increase than stations
further away.
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Improved g-dot signature in Canada by terrestrial gravity inversion
S. Pagiatakis1 & M. El-Diasty2
1
Department of Earth and Space Science and Engineering, York University, Toronto, Ontario,
Canada
2
Geodetic Survey Division, Earth Sciences Sector, Natural Resources Canada, Ottawa, Ontario,
Canada
The long observational history of the Canadian Gravity Standardisation network–CGSN along
with repeated high precision absolute gravity measurements have been considered carefully in
anticipation to estimate the time rate of change of gravity (g-dot) in Canada that is dominated by
the glacial isostatic adjustment–GIA. We presented the first results in 2003 but a decade later
more absolute gravity observations have been taken that provide significant new information on
g-dot and GIA. We have reconsidered the inversion of the old gravity measurements with the
following new additions: a) reprocessed longer absolute gravity series to estimate more accurate
g-dot at a reference epoch with respect to which all observations are inverted, b) addition of 2
new absolute gravity stations for a total of 8 that serve as weighted g-dot constraints to the data
inversion, c) addition of 225 new relative gravity observations in the region W-NW of Hudson
Bay, d) hydrological viscoelastic loading effect reduction driven by WGHM and GLDAS global
models and e) regional constraints on g-dot that effectively filter out high spatial frequency
variation of g-dot. The new and improved g-dot map of Canada compares very favourably with
the h-dot signature that has been derived from vertical crustal movements and modern GPS
observations. Comparisons are also made to the GIA signature determined from GRACE.
S. D. Pagiatakis: PhD (UNB); Professor, York University
M. El-Diasty: PhD (York); Post Doctoral Fellow, Natural Resources Canada
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Effects of changes in frictional strength and mantle viscosity on the stress behaviour in
northeastern Canada
R. Steffen, P. Wu, D. W. Eaton & H. Steffen
Department of Geoscience, University of Calgary, Calgary, Alberta, Canada
The North American craton has remained relatively stable for the last 1.7 billion years; however,
some parts such as northern Hudson Bay are characterized by moderate intraplate seismicity. The
most active region is the Boothia Uplift - Bell Arch structure, which is a Palaeozoic weak zone
within the craton. Regional uplift due to postglacial rebound (Glacial Isostatic Adjustment, GIA)
is observed from geodetic and geophysical methods (e. g. GPS measurements, gravity data,
relative sea levels). This uplift is associated with changes in stress that can reactivate existing
faults. The analysis of local earthquakes showed thrust-faulting mechanisms, which agrees with
modeled fault mechanisms using GIA models. Stress-inversion results obtained by focal
mechanisms show discrepancies compared to modeled stress values. Real faults are not included
in previously published models of GIA, which could account for a factor for the differences in
the stress direction. Moreover, mantle viscosity has been shown to be an important factor in
determining the stress direction in these areas. We will present an analysis that evaluates a
realistic regional stress field, including the presence of known faults in the GIA models. In
addition, the sensitivity of mantle viscosity on stress direction after the inclusion of faults will be
investigated.
Rebekka Steffen: PhD student (University of Calgary)
Patrick Wu: PhD (Toronto); Full Professor (University of Calgary)
David W. Eaton: PhD (Calgary); Full Professor (University of Calgary)
Holger Steffen: PhD (FU Berlin); Postdoctoral Fellow (University of Calgary)
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Single-frequency precise point positioning using combined GPS/Galileo measurements –
Some initial results
A. Afifi & A. El-Rabbany
Department of Civil Engineering, Ryerson University, Toronto, Ontario, Canada
Traditionally, precise point positioning (PPP) has been carried out using ionosphere-free linear
combinations of carrier-phase and pseudorange GPS measurements. Unfortunately, however, the
convergence of the GPS PPP solution has been relatively slow. As a result, GPS PPP is presently
limited to static applications. To improve the solution convergence and availability, this research
takes advantage of the recently launched experimental Galileo satellites. We combine the L1 and
E1 observations of GPS and Galileo systems, respectively, to improve the dual-system PPP
solution. The research demonstrates a significant improvement in the PPP convergence time.
This study presents some initial results of the GPS/Galileo PPP integration.
Akram Afifi: Ph.D Candidate, Department of Civil Engineering, Ryerson University
Ahmed El-Rabbany: Full Professor and Graduate Program Director, Department of Civil
Engineering, Ryerson University
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Development status of UNB-VMF1
M. McAdam & M. C. Santos
Department of Geodesy and Geomatics Engineering, University of New Brunswick, Fredericton,
New Brunswick, Canada
A gridded-VMF1 and ray-traced zenith delays derived from the NCEP datasets have been
operating on a test basis. This model has been called the UNB-VMF1. The benefits of the service
would include: 1) a backup in the event of the ECMWF VMF1 or zenith delays being
unavailable; 2) greater compatibility with other NWM derived corrections, such as atmospheric
pressure loading and; 3) the availability of tropospheric delay products derived from an
independent source and ray-tracing algorithms should provide more robustness for combination
products which use these models. This presentation discusses the structure of the service, and
presents recent results of validation tests.
M. C. Santos: Ph.D. (New Brunswick); Professor, University of New Brunswick
M. McAdam: B.A.Sc. in Mechanical Engineering (Windsor), B.Sc.E. in Geomatics Engineering
(New Brunswick); M.Sc.E. student, University of New Brunswick
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Ambiguity validation in decoupled clock model based PPP
J. Shi & Y. Gao
Department of Geomatics Engineering, University of Calgary, Calgary, Alberta, Canada
Integer ambiguity resolution (AR) is important in oredr to further improve the obtainable
positioing accuarcy of PPP and to significantly reduce the long position convergence time. Both
the un-difference decoupled clock model (Collins et al 2008) and the single-difference between
satellites method (Geng et al 2009) have demonstrated the positioning accuracy improvement
and convergence time reduction by applying PPP AR. But limited work has been reported about
the validation of the resolved integer ambiguities, particularly for PPP based on the decoupled
clock model. Collins et al (2009) used three measures to validate the integer ambiguities for the
decoupled clock model which include the success rate, the ambiguity norm ratio test and the
norm difference. The results indicated that they work well only when with good satellite
geometry. In the presence of poor geometry or in case of significant geometric change during the
period of satellite rising and setting, the vadilation remains a difficulty. Shi and Gao (2010 and
2011) has also considered the use of the ratio test and the success rate for ambiguity validation in
the decoupled clock model based PPP. The same limitation was experienced. Teunissen and
Verhagen (2009) proposed the use of a varying threshold for the ratio test as an improvement to
the original ratio test using a constant threshold such as 2. But the proposed method has been
only tested for the double-difference positioning. A comprehensive ambiguity validation method
which is based on a ratio test combined with both constant and varying thresholds, the success
rate and the ambiguity norm difference has been proposed and will be investigated in this
contribution. The objective is to develop a practical ambiguity validation method for the
decoupled clock model based PPP.
Junbo Shi: PhD candidate; University of Calgary
Yang Gao: PhD; Professor, University of Calgary
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Biogeomorphology: Interactions between riparian
ecosystems, aquatic ecosystems and stream channels I
Session Coordinator: Sarah Boon
Session Chairs: Peter Ashmore, Brett Eaton & Marwan Hassan
HRW9A - Friday June 8, 2012 - 13:30 to 15:00 - Room: KC 101
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Toppled trees, jams, and wood-floodplain interactions: Interpreting the in-flood variability
of fluvial wood transport from streamside video records
B. J. MacVicar1 & H. Piégay
1
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
Ontario, Canada
2
CNRS UMR 5600 - Environnement Ville et Société, University of Lyon, Lyon, France
The dynamics of wood underlie differences in habitat and morphology between rivers. Recent
progress using a streamside video camera has allowed us to track the in-flood transport of wood
as it varies with flood stage. The objectives of this paper are to identify sources of floating wood
and characterize the interactions between wood and the floodplain. A streamside video camera
was installed at Chazey gauging station on the Ain River in 2007. Since that time, nearly
continuous video has been obtained of the water surface of the river. We present results from
three floods, including a 3 year flood that is the highest recorded (on video) to date. A rating
curve is constructed that shows the variability of wood transport in relation to flood level. A
threshold of wood transport occurs at about 2/3 the bankfull discharge. A point of inflection
occurs around the bankfull discharge. Hysteresis is strong such that the wood transport rates on
the falling limb are on average only ¼ the rates on the rising limb. Wood frequency curves
demonstrate the clustering of wood transport at different stages of the flood. Wood piece size
and secondary characteristics such as the presence of branches or the lateral position of wood
within the channel also vary with flood stage. Wood transport dynamics are explained by
considering the mobilization of wood from different sources including toppling of live trees due
to bank erosion, the break-up and mobilization of jams, and the mobilization of loose in-channel
wood pieces.
B. J. MacVicar: PhD (Montreal); Assistant Professor, University of Waterloo
H. Piégay: Director of Research, CNRS UMR 5600
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The influence of LWD on the sediment dynamics of low-sediment supply streams in the
Okanagan Basin, British Columbia
L. King1, M. Hassan2, A. Wei1 & L. Burge1&3
1
Department of Earth and Environmental Science, University of British Columbia Okanagan,
Kelowna, British Columbia, Canada
2
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
3
Geography & Earth and Environmental Science, Okanagan College, Kelowna, British
Columbia, Canada
This study quantifies the role of Large Wood (LW) in storing sediment and causing overall
sediment fining in twelve upland, low-sediment supply streams of the Okanagan Basin. Three of
the study streams had been recently burned by wildfire, and the effects of wildfire on sediment
storage were examined. Functional wood density was found to significantly increase with
increasing wood stability. Wood in the study streams stored between 0% and 90% of the
sediment in the channels. Increasing density of function wood was associated with higher
volumes of wood-related sediment storage, and low functional wood density was associated with
minimal alluvial development in the channels. In contrast to literature on the role of LWD in
supply-rich streams, LWD in the supply-limited study streams was found to have no statistical
relationship to sediment diversity and was found to be less effective at causing sediment fining.
We suggest that LWD-related sediment storage sites in supply-limited streams replace rather
than supplement alluvial storage sites as they would in sediment-supply rich streams, and thus do
not increase sediment diversity. Furthermore, LWD is a less important roughness element in
these step-pool systems compared to pool-riffle systems, and is thus not effective at causing
sediment fining under step-pool conditions. Wildfire was found to increase the total wood
density in affected channels. However, wood in burned streams was less stable than in control
systems and the density of functional wood was low, and LW-related sediment storage was
minimal.
L. King: M.Sc. (UBC Okanagan); Graduate, UBC Okanagan
M. Hassan: PhD (The Hebrew University of Jerusalem); Professor, McGill University
A. Wei: PhD (Northeast Forestry University, China); Associate Professor, UBC Okanagan
L. Burge: PhD (McGill); Faculty, Okanagan College
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Modeling reach-scale morphodynamic response to large wood addition
S. Davidson & B. Eaton
Geography, University of British Columbia, Vancouver, British Columbia, Canada
The objective of this research is to address the reach-scale impacts of large wood on stream
processes and potential aquatic habitat availability using a Froude-scaled physical model. More
specifically, the experiments aim to determine the relationship between wood load and the
hydraulic and morphologic effects of large wood. Experiments involved the addition of four
different volumes of wood, which were selected to represent points along a plausible trajectory
of wood loading in intermediate-sized streams subject to anthropogenic or natural disturbance
regimes. As expected, large wood addition decreased flow velocity while increasing mean
channel gradient, pool frequency, and surface grain size variability. Interestingly, the results
suggest that these effects are highly dependent on wood load. Further, the experiments reveal
hysteresis in stream response to wood addition and removal, suggesting that studies involving
wood removal provide a poor analogue for the time-scales and magnitude of stream response to
wood addition. Given the importance of pool availability and substrate characteristics for aquatic
habitat, these results have important implications for stream restoration activities, as well as the
scale needed for project monitoring.
S. Davidson: MSc (UBC): Graduate Student, University of British Columbia. Sarah is a PhD
student who has conducted flume experiments studying the effect of large wood on sediment
transport and storage in gravel bed streams.
B. Eaton: PhD (UBC); Associate Professor, University of British Columbia. Brett is a fluvial
geomorphologist conducting research on stream channel morphodynamics in the field and in the
laboratory.
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Can beaver dams aggrade incised streams to the point of floodplain reconnection and
recovery?
J. M. Wheaton1 , F. Consolati1, N. Bouwes1, M. Pollock2 & C. Jordan2
1
Department of Watershed Sciences, Utah State University, Logan, Utah, USA
2
National Oceanic and Atomospheric Administration, Northwest Fisheries Science Center,
Seattle, WA, USA
Beaver (Castor canadensis) arguably can have the most profound impact of any ecosystem
engineer on streams through their dam-building activities. The ecogeomorphic feedbacks from
dam-building provide benefits to many native fauna and flora that have co-evolved with beaver.
Many streams have suffered habitat degradation and incision as a result of a combination of poor
landuse, climate change impacts and lack of beaver. In a small incised stream in Central Oregon,
we partnered with beaver to restore habitat for threatened salmonids and reconnect the channel
with its floodplain. Where beaver dams can persist, they tend to aggrade and create more
complex habitat. The problem in incised streams is that many beaver dams do not persist and are
subjected to frequent failures. We conducted a large-scale experiment over 25 km of stream
installing wooden fence posts at over a 100 locations to i) reinforce existing beaver dams, ii) act
as starter dams, and iii) work in concert with each other to promote more resilient dam
complexes and colonies. The intent was to buy the beaver enough time for their colonies to
persist long enough to provide desired ecogeomorphic feedbacks. Within months many of the
structures were colonized by beavers, much of the habitat was transformed and portions of the
former floodplain reconnected. We present findings from the first three years of high-resolution
repeat topographic monitoring to demonstrate how the sediment budget and physical complexity
of this stream has been transformed as a result of beavers being able to maintain successful dam
complexes.
Joe Wheaton. Presenter: PhD (University of Southampton); Assistant Professor, USU;
Florie Consolati. Coauthor: a MS student of Dr. Wheaton’s at USU;
Nick Bouwes. Coauthor: PhD (USU); Adjunct Professor, USU;
M. Pollock. Coauthor: PhD (University of Washington); Ecosystem Analyst, NOAA
C. Jordan. Coauthor: PhD (University of Washington); Research Fisheries Biologist, NOAA
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Wood load, jam formation and sediment storage in a gravel-bed stream
B. Eaton, S. Davidson & M. Hassan
Geography, University of British Columbia, Vancouver, British Columbia, Canada
A model is presented that predicts large wood (LW) loads in a stream. LW pieces are produced
and modified over time as a result of random tree-fall, LW breakage, LW movement and piece
interaction to form LW jams. Each LW piece traps a portion of the annual bed material transport
according to rules based on the results of a recent set of flume experiments. The model predicts
steady state wood loads of 178 m3/Ha, and LW jam spacing of 3.9 channel widths; these values
are consistent with field observations from similar streams. The timescale for LW jam formation,
sediment accumulation and sediment release are similar to field-based observations reported in
the literature. We will show that the model behaviour implies that river restoration efforts using
engineered LW pieces (i.e. ones fixed in place and not permitted to move) will be less successful
at restoring the geomorphic processes responsible for producing diverse, productive physical
habitats than using LW pieces that are free to move, interact and form LW jams.
B. Eaton: PhD (UBC); Associate Professor, University of British Columbia.
Brett is a fluvial geomorphologist conducting research on stream channel morphodynamics in the
field and in the laboratory.
S. Davidson: MSc (UBC): Graduate Student, University of British Columbia.
Sarah is a PhD student who has conducted flume experiments studying the effect of large wood
on sediment transport and storage in gravel bed streams.
M. Hassan: PhD (Montreal); Professor, University of British Columbia.
Marwan is a fluvial geomorphologist studying sediment transport processes across a wide range
of spatial scales. He also conducts research on ecohydrology and urban hydrology.
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Linkages between channel morphodynamics and fish spawning habitat in small montane
streams.
P. Cienciala & M. A. Hassan
Department of Geography, University of British Columbia, British Columbia, Canada
Four reaches of a montane stream with rapid and riffle-pool morphologies were studied in order
to assess how channel dynamics influence availability of potential spawning substrate for
resident cutthroat trout and risk of egg disturbance by bed scour. Ground survey and low-altitude
aerial imagery were combined to create detailed maps of bed surface texture. These maps were
then used to identify patches of suitable gravel for spawning cutthroat. The disturbance risk was
evaluated by comparing bed scour depth to estimated mean depth of egg burial. Net change in
channel bed elevation, obtained through subtraction of consecutive digital elevation models,
served as a measure of scour and fill. In addition, a 2-dimensional hydrodynamic model
(FaSTMECH) was parameterized using field data and applied to gain better understanding of the
interactions between changes in channel morphology and flow in the study reaches.
Our results indicated that suitable spawning gravel was very limited in two steeper reaches,
primarily due to coarse nature of the bed, and increased in the lower two reaches, characterized
by lower channel gradient. Fine sediment accumulation in hydraulically sheltered zones played
an important role in further reduction of the area of available substratum. Scour disturbance did
not appear to pose a substantial risk to trout eggs in these channels during low-to-moderate
floods because it affected relatively small fraction of bed area. Spatial distribution of modelled
bed shear stress during a bankfull floods event explained relatively well the observed pattern of
scour and fill.
P. Cienciala: PhD Candidate, University of British Columbia
M.A. Hassan: Professor, University of British Columbia
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Biogeomorphology: Interactions between riparian
ecosystems, aquatic ecosystems and stream channels II
Session Coordinator: Sarah Boon
Session Chairs: Peter Ashmore, Brett Eaton & Marwan Hassan
HRW9B - Friday June 8, 2012 - 15:30 to 17:00 - Room: KC 101
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Assessing the role of wetlands in the river corridor through groundwater and stream
interactions
M. Needelman1, M. Larocque1 & P.M. Biron2
ESCER Research Centre, Département des sciences de la Terre et de l’atmosphère, Université
du Québec à Montréal, Montréal, Québec, Canada
2
Department of Geography, Planning and Environment, Concordia University, Montréal,
Québec, Canada

1

River corridors represent a complex system of land, plants, animals and streams that is not yet
well understood. This study is conducted along a 10 kilometer section of a small agricultural
river in Souhern Quebec where two small riparian wetlands are the focus. To determine whether
these wetlands play an important role in controlling river dynamics, three clusters of two
piezometers in each wetland were installed along a transect perpendicular to the river to monitor
groundwater levels. Electrical conductivity, pH, and temperature were measured in the
piezometers and the river, and river discharge was measured at ten strategic locations every two
weeks for a period of four months. Surface and ground water samples were collected for analysis
of oxygen-18 and deuterium, as well as radioactive isotope radon. Preliminary results indicate a
connection between aquifer, river and wetlands. Regional piezometric and radon data indicates a
general contribution of groundwater to surface water. Water temperature and river flow rate data
show distinct areas where the aquifer contributes to river flow. In the instrumented wetlands,
groundwater and river levels indicate a contribution from the aquifer to wetlands and to the river.
The magnitude and timing of aquifer-river-wetland interactions remain to be confirmed during
the second summer of the study. Radon time series, continuous pressure transducers, and soil
hydraulic conductivity data will contribute to better quantifying response and highlighting the
importance of wetland functions in river corridors. Validation of the Quaternary deposits map
remains to be completed.
M. Needelman; Masters student, Université du Québec à Montréal.
M. Larocque; PhD (France); Professeure, Université du Québec à Montréal.
P.M. Biron; PhD (Montreal); Associate Professor, Concordia University.
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A GIS approach to define the hydro-geomorphological regime for instream flow
requirements using geomorphic response units (GRU)
K.-E. Lindenschmidt1, J. Long2 & D. Watkinson3
1
University of Saskatchewan, NHRC, Saskatoon, Saskatchewan, Canada, Canada
2
MB Water Stewardship, Fisheries Branch, Winnipeg, Manitoba, Canada
3
Fisheries and Oceans Canada,Freshwater Institute, Winnipeg, Manitoba, Canada
Instream Flow Requirement studies typically determine riverine flow needs based on the
hydrology, water quality, connectivity, biology and geomorphology of lotic systems. This paper
focuses on the geomorphology component, which can be explained as the processes that
contribute to riverine channel structure, through the interaction of the hydrology of the system
and the substrate through which the river bed is cut. We assume that the hydrological response is
purely due to geomorphological effects, a statement first proposed and given its theoretical
framework by Rodriguez-Iturbe and Valdes (1979). The theory states that the morphology of the
network structure has a major contribution to the hydrologic response of a river and its basin.
This study focuses on GIS and multi-variate derived geomorphic response units (GRU) to
determine and classify groups of reaches along a riverine system that exhibit similar
geomorphological structure. The model assumes that many of the factors utilised in other models
can be captured and incorporated into higher-order variables thus reducing the need to measure
many variables into a parsimonious dataset. Further validation of the model will provide better
understanding of “like-for-like” habitat and allow better assessment of compensation
requirements. Advantages of such an approach are (i) its reliance solely on parameters extracted
from the stream network and stream characteristics and (ii) the direct relationship between GRUs
and critical instream habitat. The model was developed for the Little Saskatchewan River and
validated for the Birch River, both in Manitoba, Canada.
K.-E. Lindenschmidt: PhD, PEng (Saskatchewan); Associate Professor, University of
Saskatchewan; research interests – surface water quality modelling, fluvial geomorphology and
river ice processes.
J. Long: PhD (Manitoba); Manager of Fisheries Science and Fish Culture, InStream Flow
Biologist, Fish Culture Manager and SARA Biologist
D. Watkinson: PhD (Manitoba); Research Biologist at Fisheries and Oceans Canada.
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Physical habitat below a hydropeaking dam: examining progressive downstream change
and the role of tributaries
L. Winterhalt1, B. Eaton1 & M. Lapointe2.
1
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
2
Department of Geography, McGill University, Montréal, Québec, Canada
Hydropeaking dam operations often drastically alter natural flow regimes, to time flow releases
with consumer energy demands. These large alterations to natural flow regimes affect aquatic
organisms and their habitats. In this study, a 40-km stretch of the Kananaskis River (Ab) below a
hydropeaking facility was examined to assess quantitative physical changes at progressive
distances downstream from the dam, with particular attention given to the role of tributaries. The
physical habitat properties examined were depth, velocity, total suspended solids, substrate size,
and channel bed mobility. Additionally, benthic invertebrate samples were taken immediately
upstream and downstream of four tributaries. These samples are compared to similar samples
from an unregulated river to examine the relative importance of tributaries for population
recovery downstream of the dam. Seven sites were chosen to examine physical habitat
characteristics which were measured at high and low flow dam releases. Depths and velocities
were modeled using RIVER2D (a 2D hydraulic modeling program). Preliminary results suggest
that changes in physical habitat characteristics are great close to the dam, but follow less
discernible patterns at great distances downstream.
L. Winterhalt: MSc candidate (Vancouver), University of British Columbia. Lesley is currently
in her second year of M.Sc. studies in the Geography Department at UBC, after completing a
B.Sc. in Environmental Science at McGill University. Lesley is interested in how hydropower
projects influence fluvial systems and their biota. Her past research has included investigation
into greenhouse gas emissions associated with the construction of a hydro reservoir in Northern
Quebec.
B. Eaton: PhD (Vancouver); Associate Professor, University of British Columbia.
M. Lapointe: PhD (Montreal); Associate Professor, McGill University.
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Climate, hydrology, permafrost, and vegetation interactions in the Western Canadian
Arctic
P. Marsh1, W. Quinton2, S. Endrizzi3, T. Lantz4, D. Yang1 & L. Zhao5
1
Environment Canada, National Hydrology Research Centre, Saskatoon, Canada
2
Department of Geography, Wilfred Laurier University, Waterloo, Ontario, Canada
3
Department of Geography, University of Zurich, Switzerland
4
Department of Biology, University of Victoria, Victoria, British Columbia, Canada
5
Environment Canada, National Hydrology Research Centre, Saskatoon, Canada
Recent studies have documented ongoing changes in climate, hydrology, ice rich permafrost and
vegetation, throughout the arctic. Although the complex interactions between these have been
discussed, our understanding of these interactions, and our ability to model them, is very poor.
This paper will discuss: 1) the expansion of tall (or upright) shrubs into tundra areas in the
western Canadian Arctic, 2) the impact of these changes in vegetation on snow and soil
temperatures, 3) the factors controlling thaw of the hydrologically important active layer, and
hence, upper layers of permafrost, and 4) the potential impact of these changes on hydrology. In
order to help answer these questions, we will utilize 20 years of data from the Trail Valley Creek
(TVC) research basin located approximately 50 km NE of Inuvik, NWT, Canada. This area is
characterized by rolling upland tundra underlain by continuous permafrost, with a mix of tundra,
shrub tundra, and forest patches. Preliminary analysis demonstrates: 1) shrub cover has increased
by approximately 15 to 20% in the study basin over the last 32 years; 2) shrubs result in warmer
winter soil temperature, cooler summer soil temperature, and a slightly warmer annual average
soil temperature, and deeper active layer; 3) active layer melt is controlled by a complex
interaction of vegetation, snow, soil moisture, and lateral flux of active layer water. The GEOtop
hydrological model will be used to further investigate the complex interactions between climate,
vegetation, permafrost and hydrology.
P. Marsh. PhD (McMaster); Research Scientist, National Hydrology Research Centre,
Saskatoon. Dr. Marsh has carried out hydrologic studies in northern Canada for the last 30 years,
with an emphasis on snow, permafrost, and upland basin hydrology.
W. Quinton: PhD (U. of Saskatchewan); Professor, Wilfred Laurier University.
S. Endrizzi : PhD (University of Trento) ; Research Scientist, University of Zurich.
T. Lantz: PhD (University of British Columbia); Associate Professor, University of Victoria.
D.Yang, PhD (Chinese Academy of Science); Research Scientist, National Hydrology Research
Centre.
L. Zhao: PhD (University of Alberta); Visiting Fellow, National Hydrology Research Centre.
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Beaver pond contribution to increased global atmospheric methane
C. J. Whitfield1, H. M. Baulch2 & C. J. Westbrook1
1
Department of Geography & Planning, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
2
Global Institute for Water Security, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
Beavers are known to alter biogenic greenhouse gas dynamics via their physical alteration of
stream channels and bordering riparian zones. In this paper we investigate how aquatic methane
(CH4) emission to the atmosphere has changed due to fluctuations in beaver populations on three
continents. In North America, we suggest a dramatic decrease in emission due to near extirpation
of beaver during the period of European colonization, followed by an increase in CH4 coincident
with recovery of the population. For Europe we present a historical emission estimate during
population minimum as well as an estimate reflecting recent efforts to (re)introduce the beaver.
We also demonstrate a considerable increase in CH4 release to the atmosphere driven by an
explosion in beaver population following its introduction to Argentina in the mid-twentieth
century. We estimate the proportion of change in atmospheric CH4 concentration that may be
attributed to the growth of beaver populations and their engineering of the landscape during the
last century.
C.J. Whitfield: PhD (Trent); NSERC Post-doctoral Fellow; University of Saskatchewan
H.M. Baulch: PhD (Trent); Assistant Professor, University of Saskatchewan
C.J. Westbrook: PhD (Colorado State); Associate Professor, University of Saskatchewan
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Water table fluctuations and hydrological exchange between groundwater and surface
water within the floodplain of Matane River Valley, Quebec
C.-A. Cloutier1, T. Buffin-Bélanger1, & M. Larocque2
1
Département de biologie, chimie et géographie, Université du Québec à Rimouski, Rimouski,
Québec, Canada
2
Département des sciences de la Terre et de l’atmosphère, Université du Québec à Montréal,
Montréal, Québec, Canada
Areas of the Matane River Valley (Quebec) are frequently flooded 300 m away from the channel
during half-bankfull storm flows. The flooding process taking place comes from the rise of
groundwater levels in permeable superficial aquifers in hydraulic continuity with water level at
or below bankfull. The high hydraulic conductivity of the gravelly floodplain materials facilitates
the connectivity between the channel and the aquifer. The project aims to document the spatiotemporal dynamics of the groundwater and the surface water interactions in two areas of the
Matane River Valley. Thirty piezometers equipped with data loggers were installed at both sites
to monitor river and groundwater levels every 15 minutes during a storm flow. Piezometric data
suggest that during an event of 150 m3/s-1 with no overland flow in September 2011, a reverse
groundwater wave developed, resulting in high groundwater flow velocities towards the
floodplain margins. At a distance of 280 m from the river channel, this wave caused water table
to rise 70-90 cm within three days, (i.e.10 cm below topography). These and other similar results
from water level time series at the sites contribute to a better understanding of the hydrological
processes operating within floodplains of lowland rivers. They also contribute to reveal the
specific role of the Matane River during flooding events without overland flow.
Claude-André Cloutier: M.Sc student in geography, Université du Québec à Rimouski
Thomas Buffin-Bélanger: fluvial geomorphologist and professor in geography, Universié du
Québec à Rimouski.
Marie Larocque: hydrogeologist and professor, Département des sciences de la Terre et de
l'atmosphère, Université du Québec à Montréal

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

332

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Hydrology and the urban biophysical environment II
Session Coordinator: Sarah Boon
Session Chairs: Darryl Carlyle-Moses & Julie Schooling
HW5B - Friday June 8, 2012 - 10:30 to 12:00 - Room: KC 303

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

333

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Implementing Toronto Wet Weather Flow Management Guidelines in relation to surface
transit projects: The Sheppard LRT Experience
S. Ristic & J. Dai
URS Canada Inc., Markham, Ontario, Canada
In 2006, the City of Toronto adopted the Wet Weather Flow Management Guidelines
(WWFMG), which have since become the principal design standard with respect to stormwater
management for all development applications. The WWFMG specify hierarchical principles,
targets, management practices and submission requirements. Their application to surface transit
projects has been found to result in several common constraints related to the linear character of
transit infrastructure. Such constraints include relatively inflexible alignments, limited
opportunities for management practices within or adjacent to right-of-way (ROW), as well as
operational and maintenance issues associated with potential interruptions to the public transport.
The subject paper outlines the experience with the Light Rail Transit (LRT) system proposed
along Sheppard Avenue East, one of the recent (2011) major transportation initiatives in
Toronto. The project required implementation of various management practices (detention,
infiltration, rainwater reuse) in a fully urbanized area without previous considerations to runoff
controls. As such, the Sheppard LRT experience illustrates an approach to implementing the
WWFMG in a highly constrained retrofit situation. Initial investigations indicated that traditional
solutions within ROWs either could not meet the targets, or would create relatively limited value
at the catchment level in terms of the capital and operational costs. Instead, various servicing
options were developed, evaluated, ranked and integrated into the LRT design both within the
project limits and at a watershed level through a project-wide implementation plan. The paper
describes this plan in terms of design alternatives, ranking criteria, consultation process and
potential for implementation in similar metropolitan areas.
Serge Ristic, P.Eng.: Department Head, Water Resources: Mr. Ristic has more than 22 years of
experience both from the public sector and consulting industry. He has been involved in several
hundred projects, including residential, commercial, industrial, infrastructure and transportation
undertakings in Ontario and five other Provinces. Mr. Ristic participated in numerous drainage
and stormwater initiatives, including contributing as a guest lecturer at the UNESCO-IHE in The
Netherlands, Expert Witness before the Ontario Municipal Board, as well as Subject Matter
Expert on Drainage to Infrastructure Ontario. Mr. Ristic previously published and presented at
events in Ontario, British Columbia, Newfoundland and Australia.
Jenny Dai, P.Eng.: Water Resources Engineer: Ms. Dai has more than 15 years of experience
with land development and infrastructure projects, including watershed studies, flood control,
irrigation projects, erosion control, environmental studies and stormwater management plans.
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A case study: Victoria Park Lake improvements
S. Brown1, M. Ryan2 & T. Mahood3
1
Stantec Consulting Ltd., Kitchener, Ontario, Canada
2
City of Kitchener, Kitchener, Ontario, Canada
3
CH2M HILL Canada, Kitchener, Ontario, Canada
The City of Kitchener (City)’s Victoria Park Lake (Lake) has been an essential component of its
recreational and aesthetic green space for over 100 years. The Lake, which was constructed in
1895 on Schneider Creek, receives runoff from a 1400 ha predominantly urban watershed.
Runoff from the urban areas has contributed to sediment accumulation in the Lake and to the
deterioration of water quality. Despite numerous efforts to improve water quality including
outlet renovations, reinforcing shorelines and dredging, sediment accumulation and poor water
quality in the Lake have contributed to outbreaks of avian botulism, odour problems and reduced
aesthetic appeal, and has restricted visitors’ ability to enjoy the Lake and Victoria Park,
particularly in the summer months. Following completion of a Class Environmental Assessment
Study to identify the preferred solution to address both sediment accumulation and the
deterioration of water quality in the Lake, detailed design work was completed in 2011 and
construction occurred over the winter/spring 2011-12. This paper is a follow-up to one presented
at the 2011 CWRA conference and will summarize various components of the project design
including shoreline treatment approaches, the sediment management program and lake
improvement elements. Construction challenges associated with completion of this work in an
urban setting will also be reviewed, including stream diversion, fish removal, tree protection,
existing infrastructure and public presence.
Steve Brown, MBA, P.Eng.; Canada East Surface Water Lead, Stantec Consulting Ltd.
Melissa Ryan, P.Eng., Design and Construction Project Manager
Tom Mahood, P.Eng., Vice President, CH2M HILL Canada
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Modeling water quality and aquatic ecosystem response to industrial and municipal load
management scenarios in a regulated river
D. Muricken & D. McDonald
Water Policy Branch, Alberta Environment and Water, Edmonton, Alberta, Canada
Cumulative effects based adaptive management requires decision support tools that integrate
river waste loading from municipal and industrial sources with responses in water quality and
aquatic habitat. The interaction of contaminant loads with natural aquatic systems occurs via
many physical and biological processes in water. Some of these processes can be constrained by
modelling; thereby providing the ability to predict the consequences of management choices. As
a part of a pilot project for the Industrial Heartland (IH), we developed a water quality model that
can be used to provide an accurate assessment of water quality and some components of aquatic
ecosystem response. The model is developed on the Environmental Fluid Dynamics Code
(EFDC) platform and is tooled to efficiently pre- and post-process loadings and associated
effects. The EFDC model is coupled with a graphical user interface (GUI) that serves as a
platform to manipulate model inputs and observe the simulated outputs spatially and temporally.
Key variables simulated using the model include nutrients, dissolved oxygen, bacteria, epilithic
algae and rooted aquatic plants. The model incorporates recent advances in model coding, and
improves run times using multi-threading. In future, this model can be used as a management
tool to predict instream impacts from non-point sources (e.g., due to land use changes) as an
added contaminant load input from a watershed model.

D. Muricken: MASc (Regina); Water Quality Modeller, Alberta Environment and Water
D. McDonald: MSc (British Columbia); Limnologist, Alberta Environment and Water
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Too much information: Coping with the topographic detail provided by LiDAR for surface
drainage mapping
J. B. Lindsay & K. Dhun
Department of Geography, University of Guelph, Guelph, Ontario, Canada
Human alterations to the landscape can have a large impact on surface drainage patterns and yet
such anthropogenic controls are usually absent from digital elevation models (DEM) based flow
modelling. Road and railroad embankments and drainage ditches can greatly impact surface
drainage patterns in flatter areas. Although most of these features have topographical
expressions, they are not generally captured in the coarse-resolution DEMs that have historically
been used in catchment process studies. Fine-resolution LiDAR data are capable of explicitly
representing many types of anthropogenic features with micro-scale topographic expressions.
These data offer the opportunity to model surface flow patterns with unmatched detail. Although
anthropogenic features are represented in LiDAR data sets, drainage patterns derived from these
DEMs are not necessarily improved. Existing methods for DEM pre-processing, such as flow
enforcement techniques, often provide unsatisfactory results when applied to these data. This can
introduce error in subsequent hydro-geomorphic analysis. Therefore, although LiDAR data offer
the potential to greatly improve the modelling of drainage patterns in modified catchments, there
is a need to develop and test specialized DEM flow-enforcement methods that are suited to these
unique data. This research presents a novel technique for modelling surface drainage pathways in
altered landscapes. The algorithm automatically identifies streams, ditches, and culverts within a
DEM and enforces surface flow within these features. The performance of the algorithm was
evaluated on datasets for two rural test sites in Southern Ontario. These analyses showed that the
technique is highly effective at incorporating the impact of anthropogenic features into
hydrological analysis.
J.B. Lindsay: PhD (Western); Associate Professor, University of Guelph
K. Dhun: MSc (Guelph); Photogrammetric Test Technologist, Optech Inc.
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Impacts of urbanization on flood risk: The Nexus of Stormwater Management and
Floodplain Regulation
R. Ness1 & R. Scheckenberger2
1
Toronto and Region Conservation Authority, Toronto, Ontario, Canada
2
AMEC Environment and Infrastructure, Burlington, Ontario, Canada
In Ontario, 36 Conservation Authorities administer provincial floodplain management policy
through delineation of flood hazard areas and regulation of floodplain development in
watersheds containing 90 percent of the province’s population. Many of these watersheds are
the focus of intensive and extensive urban development, such as those of the Toronto and Region
Conservation Authority (TRCA) jurisdiction which have a population approaching 4.5 million
and development in some watersheds approaching 100 percent of available land area. While
stormwater management practice has incorporated detention facilities to mitigate peak runoff
increases from new developments in the TRCA jurisdiction and much of Ontario for at least 25
years, evidence suggests that development has increased and continues to increase flood risk and
the potential extent of flooding in TRCA watersheds and those of other Conservation Authorities
in developing landscapes. The above outcome illustrates a lack of integration in Ontario of the
policy regimes for floodplain management and for urban stormwater management. To address
this issue and prevent further increases in flood risk, the TRCA is conducting detailed
hydrological assessment of the potential impacts of future large-scale development with the view
to developing mitiation strategies that look beyond conventional stormwater management
objectives towards integration with floodplain regulation and management. In parallel, the
TRCA is also working, in partnership with other Conservation Authorities that are experiencing
similar challenges, to update provincial policy and technical guidance related to both floodplain
management and stormwater management to recognize this issue and facilitate the
implementation of integrated solutions.
R. Ness: Manager, Research and Development, Toronto and Region Conservation Authority, is
the Authority lead for technical and policy research in storm water management, flood
protection, ecosystem conservation and climate change impacts and adaptation.
R. Scheckenberger: Principal, AMEC Environment and Infrastructure, is the Office Manager for
the Amec Infrastructure office in Burlington Ontario and heads the company’s Water Resources
Department. The Amec Team is involved in a wide array of projects including master planning
of drainage infrastructure supporting new development as well as remediation in existing urban
areas, addressing flooding, erosion and water quality.
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Large fluctuations in flow measured on the lower Mississippi River, during the 2011
Mississippi River flood
K. A. Oberg & J. A. Boldt
U.S. Geological Survey, Office of Surface Water, Urbana, IL, USA
During the record 2011 Mississippi River Flood, the USGS and the U.S. Army Corps of
Engineers (the Corps) made discharge measurements at many locations along the Mississippi
River. Daily measurements were made above and below of the Old River Control Structure
(ORCS) and the Morganza spillway to assist the Corps’ in the operation of these structures.
Surprising differences in measured discharges upstream and downstream of the ORCS were
observed during the flood, leading to uncertainty in the true discharge. Detailed, long-duration
(>4 hrs.) flow measurements were made using ADCPs and Price AA current meters in order to
determine the cause for these differences. Analyses of these measurements indicate that two
different periodic fluctuations were present in the flow. Fluctuations having a period of
approximately 2.5 hours were evident on multiple days, though the magnitude of the fluctuation
varied from day to day. Measured flow in the Mississippi River at Red River Landing fluctuated
as much as 9,910 cubic meters per second (cms) from a mean flow of approximately 42,500 cms,
or 23% of the mean measured discharge. Fluctuations having a similar period were observed 79
km upstream, though the variation in flow was much less. Fluctuations having a shorter (5minute) period were also observed. At present, some of the observed flow fluctuations may be
explained by local site conditions, especially those with a shorter period. However, no plausible
explanation has been developed for the long-period fluctuations. Is it possible that such
fluctuations exist in many large rivers?
Kevin Oberg: National coordinator for hydroacoustics for the U.S. Geological Survey (USGS)
Office of Surface Water (OSW). Kevin leads OSW’s efforts to develop new methods in the
application of acoustics to hydraulic and hydrologic measurements in the USGS Water Mission
Area. He also directs OSW technical training, technical support, and quality assurance activities
for hydroacoustics within the USGS and internationally.
Justin Boldt: Hydrologist employed by the USGS OSW and a graduate student in Civil and
Environmental Engineering at the University of Illinois in Urbana-Champaign.
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Why does Alberta need LID practices – How does policy fit reality?
D. W. Seeliger & M. Steffler
MPE Engineering Ltd., Calgary, Alberta, Canada
Low Impact Development (LID) practices are the new science in stormwater management.
Around the world, LID practices are adopted for varying reasons and objectives, but most relate
back to a primarily goal of protecting the environment. In Southern Alberta, policy settings are
leading the push to incorporate LID’s into development. This is closely followed by new design
guidance documents and some installations and demonstration sites. This paper will explore the
key drivers behind putting this new science into practice, including exploring how policy is
being developed, how they drive the adoption of LID’s, what are the benefits, limitations and
considerations. Examples of how strict runoff targets in the Nose Creek watershed impacts on
stormwater management designs for new developments will be discussed. Do the current
proposals /designs make sense? Are there other ways? The paper will draw on local and
international examples to draw some conclusions.
D.W. Seeliger: B.Eng. (South Australia); Senior Water Resources Engineer, MPE Engineering.
David has 23 years of international experience in the field of water resources and civil
engineering including stormwater management, in general, and the implementation of LID in
urban environments, in particular. During his years in Australia, which is a leader in the
implementation of sustainable drainage practices, he collaborated with John Argue, Australia’s
LID guru and responsible for the development of Australia’s handbook for the implementation of
Source Control Practices.
M. Steffler, B.A.Sc. (Alberta) , P.Eng, Senior Project Manager, MPE Engineering. Mark has 22
years of experience covering a diverse range of civil engineering aspects in both the municipal
government and consulting fields in Alberta and British Columbia. His experience includes the
design of numerous stormwater management facilities in both Greenfield and retrofit situations.
He was responsible for the Western Headworks Canal Stormwater Quality project where various
BMPs were analyzed to establish the most cost-effective approaches to reduce TSS loadings into
the canal.
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Municipal land use planning to protect water resources
G. Roman1, D. Olson1 & R. Letourneau2
1
O2 Planning + Design Inc., Calgary, Alberta, Canada
2
City of Calgary Water Resources Strategy, Planning & Policy
Stormwater management must be carefully integrated within urban planning and development
processes to avoid impacts on downstream receiving environments and water users. Channel
stability, flood risk, water quality, stream biodiversity, aesthetics, and costs of infrastructure are
some of the main concerns associated with urban stormwater runoff. To address these
challenges, O2 Planning + Design Inc. (O2) was contracted by The City of Calgary Water
Resources to conduct an integrated research, policy, and modelling project. This included:
1)
A review of current watershed and stormwater management practices in Calgary
2)
Best practice research and review from around the world
3)
Gap analysis of Calgary’s performance for each best practice
4)
Alternative Futures Scenario Modelling for the Nose Creek watershed
The presentation will focus on the alternative futures scenario models. An urban growth/land use
model in a Geographic Information System (GIS) was coupled to the Canadian Water Balance
Model, powered by QUALHYMO. Alternative scenarios differed in the amount and pattern of
open space, dwelling units, and stormwater infrastructure types (e.g., Conventional vs. Low
Impact Development infrastructure). Indicators used to compare scenarios included impervious
area (%) and stormwater runoff volumes (mm/ha). Results will be discussed in the context of
urban planning, design, and policy.
George Roman, M.Sc.: Environmental planner with experience in watershed planning and policy
and landscape conservation projects. His problem-solving philosophy consists of integrating
policy frameworks with rigorous scientific analysis to provide practical, implementable planning
options. His past project experience includes developing best practices for watershed
management and integrated land management. He has also coordinated and authored multidisciplinary land inventory projects for various municipal and provincial authorities.
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Triple bottom line prioritization for the Calgary streambank stability and riparian
restoration project
K. Curtis & L. Hundal
Water Resources Division, AMEC Environment &Infrastructure, Calgary, Alberta, Canada
Within the City of Calgary, there are approximately 115 km of stream channel on the Bow River,
Elbow River, Nose Creek and West Nose Creek. The Streambank Stability and Riparian
Restoration project included evaluation of the streambanks for much of this channel length and
adjacent riparian areas. A total of 456 streambank sites and 59 riparian areas were identified. Of
these, 134 streambank sites and 18 riparian polygons were identified as high priority and
requiring remedial works to restore streambank stability and riparian health. For the high
priority sites, a Triple Bottom Line (TBL) prioritization was undertaken that considers
Economic, Environmental and Social factors to assess the costs and benefits associated with the
restoration of streambank and riparian area sites. A total of 19 factors were considered (9
Economic, 4 Environmental and 6 Social). Two scenarios were considered for each site, No
Project and Project. The No Project scenario provides a base case to determine the incremental
costs and benefits of the Project scenario. The incorporation of probability of flood damages is
integral to the TBL evaluation. Probability was incorporated based on varying degree of damages
that would occur for various return period flood events. Average annual damages were obtained
for most of the factors evaluated based on a flood damage curve integration. Two key TBL
prioritization metrics that are used to evaluate sites are: (1) Benefit-Cost ratio; and (2) Net Value,
which is the sum of the direct project costs, direct project benefits and indirect project benefits.
L. Hundal: M.Eng., P.Eng., Senior Water Resources Engineer, AMEC E&I
Mr. Hundal is a hydrotechnical engineer with AMEC Environment & Infrastructure and has over
30 years experience in a variety of river-related projects. He has a Post Graduate Degree in
Hydraulic Engineering from Delft, Netherlands, B.Sc. in Civil Engineering from the University
of Calgary. He has experience in flood and erosion control, watershed assessment and stream
restoration, bioengineering, sediment yield assessment, fisheries habitat enhancement, stream
morphology, hydrometric monitoring and watershed modelling. He has considerable knowledge
in river morphological processes, sediment transport and in particular, river regime studies of
erosion and scour processes.
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Implications for addressing the resiliency of Ontario’s low-water response mechanism
under potential future climate change
J. Disch1, P. Kay2 & L. Mortsch3
1
Department of Environment and Resource Studies, University of Waterloo, Waterloo, Ontario,
Canada
2
Department of Environment and Resource Studies, University of Waterloo, Waterloo, Ontario,
Canada
3
Adaptation and Impacts Research Section, Environment Canada, c/o Faculty of Environment,
University of Waterloo, Waterloo, Ontario, Canada
A growing population and the potential implications of climate change to hydrology in Southern
Ontario suggest that water allocation will become increasingly complex in the region.
Development of a resilient low-water management strategy is crucial to meet future water
challenges. We identify factors that influence the functionality of Ontario’s low-water response
mechanism (OLWR) and report on the ability of the mechanism to guide water allocation
decisions during periods of low-flow. Our findings suggest that the current OLWR mechanism
may not be resilient enough to operate under conditions of serious low-flow and that aquatic
ecosystems could be compromised during times of serious water scarcity. Water use
prioritization and classification, ambiguity surrounding the ecosystem-based approach to water
management, and the tendency of the low-water response mechanism to operate in reactive mode
emerged as issues that hinder the way the mechanism is currently administered, suggesting that
under a changing climate the mechanism may not operate in a resilient fashion. Infrequent
occurrences of drought in Ontario result in a continuous manifestation of the hydro-illogical
cycle which is perhaps one reason why shortcomings of the mechanism remain unaddressed. A
challenge is to find practical ways of enhancing the resilience of the OLWR mechanism using a
proactive approach to effectively manage water resources during times of drought. Creation of a
more resilient low-water response plan in Ontario will enhance future drought-preparedness
under projected changed climate conditions while aiding adaptation strategies to reduce future
vulnerability across Canada.
Jenna Disch: MES (Waterloo); Research Associate (Climate Impacts and Adaptation),
University of Waterloo
Paul Kay: Ph.D (Wisconsin-Madison); Associate Professor, University of Waterloo
Linda Mortsch: MES (Waterloo); Senior Researcher (Climate Impacts and Adaptation,
Environment Canada); Adjunct Professor, Faculty of Environmental Studies, University of
Waterloo
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Advanced geocomputations and applications
Session Coordinator: J. A. Rod Blais
Session Chairs: J. A. Rod Blais & M. Elhabiby
Z1 - Friday June 8, 2012 - 15:30 to 17:00 - Room: KC 303
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Some reflections on advanced geocomputations and the data deluge
J. A. R. Blais
Department of Geomatics Engineering, Pacific Institute for the Mathematical Sciences,
University of Calgary, Calgary, Alberta, Canada
The nature of advanced computations is rapidly evolving as paradigms in applied scientific
research are changing from concept oriented to experimental and simulated data mining, and
from individual pursuits to multidisciplinary and multifaceted investigations. Furthermore, as
numerous datasets are becoming practically unmovable, the data processing has to be done in
place whenever feasible. Such scientific research and development, often called ‘e-science’,
involve virtual observatories and data repositories which are the new working and collaboration
environments. Following a quick overview of advanced computations over the last decades,
some of the current limitations in hardware, software and middleware are briefly described with
the respective technological challenges. High Performance Computational Science (HPCS) is
now in part becoming Data Intensive Scientific Computing (DISC), especially in some areas of
astronomy, particle physics, biology and geoscience. Examples of these will be outlined along
with the predicted data floods and related challenges. In particular, these fundamental changes
have most significant implications for advanced geocomputations, web collaboration and the
education of future geoscientists. Some general observations and recommendations are included.
J. A. Rod Blais: Professor Emeritus in the Department of Geomatics Engineering and a member
of the Pacific Institute for the Mathematical Sciences at the University of Calgary, Calgary,
Alberta. His current research activities are in advanced geocomputations and estimation in the
geosciences.
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The latest development of the GeoCENS Platform
S. Liang, D. Chang, J. Badger & A. C.-Y. Huang
Department of Geomatics Engineering, University of Calgary, Calgary, Alberta, Canada
The next generation web-enabled sensor networks (Sensor Web) are anticipated to mimic the
growth of the WWW. They are expected to grow exponentially in terms of complexity, with
millions of heterogeneous nodes and billions of users connected at any given time. With the
rapidly increasing number of large-scale sensor network deployments, the vision of a WorldWide Sensor Web (WSW) is becoming a reality. This new earth-observation system opens up a
new avenue to fast assimilation of data from various sensors and to accurate analysis and
informed decision making. However, realizing the worldwide sensor web vision is very
challenging. Building a sensor web system requires addressing the following open problems: (1)
Discovering relevant data among the distributed sensors and delivering it to interested users
efficiently, (2) Handling heterogeneous sensor networks and their data independently of the
underlying network protocols, hardware, data models, and data formats, (3) Preventing transfer
large volumes of sensor data streams across the network, and (4) Handling large numbers of
sensors, and large numbers of users. In the GeoCENS (Geospatial Cyberinfrastructure for
Environmental Sensing) project, we design and implement an architecture and building a sensor
web platform. With GeoCENS, users can maneuver a 3D sensor web browser, within a single
virtual globe, in order to discover, visualize, access and share heterogeneous and ubiquitous
sensing resources, and other relevant information. Our aim is to address the aforementioned
technical challenges, propose innovative approaches, and provide the missing software
components for realizing a worldwide sensor web. As of today (2012 February), through
GeoCENS, researchers have access to data from more than 60,000 sensors, 1,750 real-time
sensors and 2,800 Web Map Servers - and many more are being added each month. Detailed
architecture, lessons learned as well as a live demonstration will be presented in this
presentation.
Dr. Steve Liang is an Assistant Professor, AITF-Microsoft Scholar in Open Sensor Web,
Department of Geomatics Engineering, Schulich School of Engineering, University of Calgary.
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Parallel computation for remote sensing and VBN systems processing – CUDA approach
B. Sheta, A. Elsharkawy, M. Elhabiby & N. El-Sheimy
Department of Geomatics Engineering, University of Calgary, Calgary, Alberta, Canada
In recent years, and as a result of the vast advances in the field of geomatics, speeding up the
processing of huge amount of graphics and solving computationally data-intensive problems
were a challenging tasks in this field. These challenges evolve, specially, when we are dealing
with some applications, that require real-time or near real-time processing. Organizing units of
work into independent tasks and executing multiple tasks concurrently was a traditional solution
for speeding up the process. For many years, parallel processing was introduced as an efficient
solution for this challenge using GPU (graphics processing unit), which is a
specialized electronic circuit designed to rapidly manipulate and alter memory in such a way so
as to accelerate the building of images in a frame buffer intended for output to a display. Over
the past few years, the performance of GPU has been improving at a much faster rate than the
performance of CPUs. However, the traditional GPU development is based on graphics function
library, for example OpenGL and Direct 3D, which makes the GPU used only by the
professional people familiar with graphics API, and brings many inconveniences to the common
users. Recently, CUDA (Compute Unified Device Architecture) was introduced as a novel
technology of general-purpose computing on the GPU. CUDA mainly depends on C
programming tools and C compiler, which make programming with better compatibility and
portability. Therefore, makes the developing of general GPU programs easily. In this research
paper CUDA GPU will be implemented on several image processing algorithms ranging from
edge detection using DCT to SURF algorithms. The processing time will be compared with the
Parallel Computing Toolbox in MATLAB when applying for multiple cores in the same
computer, computer cluster and GPU. Conclusions and recommendations are given with respect
to the suitability, accuracy and efficiency of this implementation.
Bassem Sheta: PhD candidate in Geomatics at the University of Calgary, who joined the MobileMulti Sensor Systems (MMSS) research group in January 2010. His main area of research
focuses on the integration of Mobile Mapping data from different platforms such as Inertial
Navigation System (INS), Global Positioning System (GPS), and medium format cameras which
used for navigation of airborne vehicles.
Dr. El-Sheimy has 19 years of experience in Geomatics Engineering. His research interests
include multi-sensor systems, mobile mapping systems, real-time kinematic positioning, and
digital photogrammetry and their applications in mapping and Geospatial Information Systems
(GIS). Prior to joining the University of Calgary, Dr. El-Sheimy held the position of VP
Research and Development with VISAT Technologies Inc.
Dr Mohamed Elhabiby: Senior Researcher at Department of Geomatics Engineering, University
of Calgary, Alberta, and an Assistant Professor, Faculty of Engineering, Ain Shams
University, Cairo, Egypt (on leave).
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Improvement of ocean tide corrections for satellite altimetry data in the West and East
Coast of Canada
F. Tang, M. G. Sideris & G. Yang
Department of Geomatics Engineering, University of Calgary, Calgary, Canada
Satellite altimetry data in coastal areas are affected by the uncertainties of ocean tide corrections.
The local tide models are believed to be better than the global ones in coastal areas but their
performance is still poor due to the effects of the shallow bathymetry and the proximity to the
coastline. In order to detect the size of the residual ocean tides and then improve the tide
corrections, least-squares spectrum analysis (LSSA) and harmonic analysis methods are used to
analyse the Sea Level Anomalies (SLA) after applying the ocean tide corrections. LSSA is
especially suitable for analysing time series of SLA, which are non-stationary and unequally
spaced. The analysis is performed on the crossover and along-track Topex/Poseidon and Jason-1
data from 1992 to 2008. 52 tidal constituents are estimated, including 21 shallow water
constituents. Ocean tides are corrected before the analysis by the Webtide model, which is
currently the best local model for Canada. The LSSA results indicate that, on average, 67.6% of
the variability in SLA is due to the residual ocean tides in the west, while the value is 51.8 in the
east. Harmonic analysis is used to estimate the amplitudes and phases. All altimetry
measurements in these two areas are subsequently assigned revised tide corrections computed by
adding the derived residual ocean tide signal. In this way, the RMS of SLA reduces from 9.6 cm
to 5.2 cm in the west coast of Canada and from 8.7 cm to 5.1 cm in the east.
F. Tang: PhD candidate (Calgary), Department of Geomatics Engineering, University of
Calgary. Her current research activities are in the estimation of coastal mean sea level by satellite
altimetry and tide gauge data.
M.G. Sideris: PhD (Calgary), Professor, Department of Geomatics Engineering, University of
Calgary.
Y. Gao: PhD (Calgary), Professor, Department of Geomatics Engineering, University of Calgary.
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Advances in glacial geomorphology
Session Coordinator: Tracy Brennand
Session Chairs: Tracy Brennand and Brian Menounos
R2B - Friday June 8, 2012 - 10:30 to 12:00 - Room: KC 301
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Do contemporary glacial erosion rates represent Quaternary landscape evolution?
M. Koppes
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
Contemporary glacial erosion rates based on current sediment yields from glaciated basins in
temperate orogens in Alaska and Patagonia are up to a factor of 5 higher than erosion rates
averaged over a glacial cycle, and up to an order of magnitude higher than long-term exhumation
rates derived from detrital apatite thermochronometry. One issue likely to contribute to these
high contemporary sediment yields is the fact that most of the glaciers studied have been in rapid
retreat since the end of the Little Ice Age. The marked retreat and thinning of these glaciers
suggests that more ice is being conveyed through the system than can be sustained by the input
of snow, resulting in steeper surface slopes, associated acceleration of sliding at the bed, and
more rapid erosion. The order of magnitude difference in rates across timescales suggests that
current rates of erosion are highly anomalous and reflect only periods of warming climate and
enhanced glacial retreat. To investigate this influence of transient and warming climate and
changing ice dynamics on glacial erosion rates, we can also compare annual to decadal sediment
yields to reconstructed fluxes of ice for glaciers across a range of temperate to polar climatic
regimes. Centennially-averaged basin-wide erosion rates decrease by almost two orders of
magnitude between temperate and polar glaciers with similar ice fluxes, from over 16 mm/yr in
temperate Northern Patagonia to 0.02 mm/yr in the Antarctic Peninsula, suggesting that climate,
and not ice volume, is the primary driver of glacial erosion. The substantial increase in measured
glacier erosion rates as many glaciers shift from polar to temperate regimes implies significant
changes in geomorphic response and sediment delivery to the continental shelves as climatic
boundary conditions change, which needs to be taken into consideration when evaluating which
field observations best reflect orogenic processes and denudation rates throughout the
Quaternary.
Michele Koppes, PhD (Univeristy of Washington): Assistant Professor, Geography, UBC.
Koppes is the 2011 J. Ross Mackay Award recipient of the Canadian Geomorphological
Research Group.
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The transient subglacial hydrology of a thin ice sheet: Insight from erosional corridor
landsytems, British Columbia, Canada
M. J. Burke, T. A. Brennand & A. J. Perkins
Department of Geography, Simon Fraser University, Burnaby, British Columbia, Canada
A positive relation between ice-dammed lake drainage and ice acceleration at contemporary ice
sheets has been implicated in enhanced ice sheet decay. However, the paucity of direct
measurements at the ice sheet bed restricts our understanding of subglacial drainage system
evolution in response to transient water inputs. We present evidence that erosional corridor land
systems on the bed of the former Cordilleran Ice Sheet (CIS) were generated subglacially in
response to the drainage of an ice-dammed lake and operated as large (up to 2 km wide)
subglacial channels. Geomorphological, ground-penetrating radar (GPR) and electrical resistivity
tomography (ERT) data reveal a simple event sequence: 1) initial drainage over broad zones
(>2.5 km wide) via inefficient drainage networks immediately down glacier from the lake; 2)
connection of this broad inefficient flow to well-established antecedent R-channels facilitated
rapid channel enlargement through bed erosion and ice melt, forming efficient large subglacial
channels (canals); and 3) rapid collapse of this bankfull canal flow into smaller esker forming ice
tunnels (at least 25 m wide) on the waning stage. Our data suggest that ice-dammed lake
drainage beneath a rapidly decaying thin ice mass that has efficient antecedent drainage networks
is not conducive to large-scale, prolonged ice acceleration. These data may aid better assessment
of the role of ice-dammed lake drainage on the dynamics of former, as well as contemporary, ice
sheets.
Matthew J. Burke: Postdoctoral fellow at Simon Fraser University, having gained his PhD
(2008) and BSc (2005) at Northumbria University, UK. He has specialist interests in Earthsurface processes and in particular the application of near-surface geophysics to glacial
environments.
Tracy A. Brennand: Associate Professor at Simon Fraser University with research interests in
Earth-surface processes, with a focus on paleoglaciology and paleohydrology.
Andrew J. Perkins: PhD student at Simon Fraser University whose research focuses on Earthsurface processes, specifically the application of geochronology and near-surface geophysical
techniques to paleoglacial environments.
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An unusual depositional record of an outburst flood in the Red Deer River valley, Alberta
K. Malowany, G. Osborn & S. Mohr
Geoscience Department, University of Calgary, Calgary, Alberta, Canada
On the edge of the Red Deer River valley in Alberta, downstream of Drumheller, is a chaotic but
well-preserved diamict that we interpret to be a relatively intact depositional product of a shortlived glacial outburst flood. The deposit, which we informally refer to as “floodite”, rests on the
bottom of a broad, shallow paleo-valley on the edge of, and parallel to, the modern river valley.
The paleo-valley cuts, and hence is at least slightly younger than, adjacent Pleistocene tills and
lake sediments. We infer that the paleo-valley was cut by the water that subsequently deposited
the floodite. Holocene incision of the river has removed some of the paleo-valley and its
deposits, but remnants remain as a 3.4-km-long bench 40 m below the general plains surface and
90 m above the modern river. The floodite is an extremely unsorted, unorganized mix of large,
angular bedrock blocks, rounded quartzite gravels, sand, silt, and clay. The bedrock blocks have
local sources, while the quartzite and less common granite and gneiss cobbles are probably
reworked from till. The large blocks, apparently ripped up locally, suggest a high-discharge
event, but their preservation, along with the rather abrupt downstream thinning of the deposit,
indicate a short transport distance. The gross lack of sorting indicates that the sediments were
deposited rapidly due to a suddenly waning discharge. The most likely source of the floodwater
is Glacier Lake Drumheller, originally mapped by Stalker (GSC Memoir 370, 1973).
Considerable uncertainty remains regarding assembly and deposition of these sediments.
K. Malowany: Undergraduate student, University of Calgary
G. Osborn: PhD (California at Berkeley), Professor, University of Calgary
S. Mohr: Undergraduate student, University of Calgary
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What does the character and distribution of eskers tell us about Laurentide Ice Sheet
hydrology?
T. A. Brennand1, D. B. Sjogren2 & M. J. Burke1
1
Department of Geography, Simon Fraser University, Burnaby, British Columbia, Canada
2
Department of Geography, University of Calgary, Calgary, Alberta, Canada
Eskers are the casts of ice-walled channels and are a common landform within the footprint of
the last Laurentide Ice Sheet (LIS). Most Laurentide eskers formed in subglacial to low englacial
ice tunnels, a condition that likely favoured their preservation. However, there is considerable
debate over 1) whether they formed gradually from astronomically-forced meltwater flows or
rapidly from glacial lake or surge-related outburst floods , 2) whether they formed in segments
time-transgressively or synchronously along their length, and 3) whether their distribution is
mainly controlled by bed deformability, bed permeability and groundwater flow, or sediment
supply. If esker character and distribution are to be used as tests for glacial hydrologic theory
and models, it is imperative that these debates be resolved. Here we approach the problem from
first principles, asking first what basic conditions are required for esker formation and what
controls these conditions, then assessing the evidence for each of these controls 1) at the scale of
the LIS and 2) in Souhern Alberta where eskers are relatively small. We conclude that esker
formation may be related to episodic (flood) flows from glacial lakes (supra-, en- or sub-glacial,
or ice-marginal) rather than perennial, basal melt and astrologically-forced flows. Thus, esker
distribution may more strongly reflect water supply limitations (via climate warming and the
location of glacial lakes), than substrate control on plumbing style. Esker formation is also
sediment supply limited and so an esker map is a minimum distribution of channelized drainage
beneath paleo-ice sheets.
Tracy A. Brennand: Associate Professor at Simon Fraser University with research interests in
Earth-surface processes, and a focus on paleoglaciology and paleohydrology.
Darren B. Sjogren: Associate Professor at the University of Calgary with research interests in
Earth-surface processes, and a focus on paleoglaciology and paleohydrology.
Matthew J. Burke: Postdoctoral fellow at Simon Fraser University, having gained his PhD
(2008) and BSc (2005) at Northumbria University, UK. He has specialist interests in Earthsurface processes and in particular the application of near-surface geophysics to glacial
environments.
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Using LiDAR to uncover the interaction of Laurentide and Cordilleran ice sheets, Hinton
to Caroline, Alberta
D. J. Utting, S. Pawley, N. Atkinson & M. Fenton
Alberta Geological Survey (AGS), Edmonton, Alberta, Canada

1

The Foothills Erratic Train is one of the most well known features representing confluence of
Laurentide and Cordilleran Ice sheets. The erratics can be traced up-ice to their source past the
Edson/Hinton area, where multiple tills and the orientation of landforms suggest the two sheets
met, and as a result their flows were deflected to the southwest. These features were identified
before the advent of digital elevation models (DEMs) such as SRTM (Shuttle Radar Topography
Mission) and LiDAR (Light Detection and Ranging). The availability of these data provides an
opportunity to map and characterize the geomorphology not available to previous researchers.
Particularly the LiDAR bare-earth imagery can reveal subtle, previously undetectable landforms,
and allow for more detailed morphometric analysis that could not be accurately completed
previously. These data show a strong ice flow pattern of Cordilleran Ice down the Athabasca
River valley. A topographically higher phase flows out towards the Swan Hills and Edson area.
As previously identified, this flow is deflected to the southwest by southward flowing Laurentide
Ice. This southward flow appears to initiate abruptly at the margin of the Swan Hills. We suspect
this is the final imprint of this phase of ice flow, and that the initiation zone of this southward
flow gradually migrated headward (to the north) to this point. Elsewhere along the mountain
front where topography would have restricted Cordilleran ice from flowing onto the plains, icemarginal features were formed by the coalesced Laurentide and Cordilleran ice flowing towards,
or obliquely to, the mountain front. This work suggests ice flow directions differing from those
previously interpreted, but that correlate with previous surface sediment mapping.
D. J. Utting: MSc (Simon Fraser University); Quaternary Geologist, Alberta Geological Survey
S. Pawley: PhD (University of London); Quaternary Geologist, Alberta Geological Survey
N. Atkinson: PhD (University of Alberta); Quaternary Geologist, Alberta Geological Survey
M. Fenton: PhD (Western University); Quaternary Geologist, Alberta Geological Survey
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Glacial and proglacial environments
Session Coordinator: Sarah Boon
Session Chairs: R. Don Moore, Joe Shea, Brian Menounos, Michele Koppes & Jeff McKenzie
R28 - Friday June 8, 2012 - 13:30 to 15:00 - Room: KC 301
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A MODIS-based tool for daily snowline detection on glaciers and icefields
J. M. Shea1,2, B. Menounos2 & R. D. Moore1,3
1
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
2
Geography Program, University of Northern British Columbia, Prince George, British
Columbia, Canada
3
Department of Forest Resources Management, University of British Columbia, Vancouver,
British Columbia, Canada
In this study, we present results from an automated snowline detection tool developed for
glaciers and ice sheets in western North America. Using daily MODIS visible (0.620 - 0.670
μm) and near-infrared (0.841 - 0.876 μm) bands at 250 m resolution (MOD02QKM), and the 500
m MOD10 cloud mask (MOD10_L2), our method successfully discriminates areas of ice from
snow and firn using a k-means cluster analysis. We produce time series of transient snowline
elevation and annual equilibrium line altitude (ELA) from (1) the elevation distributions of
snow-covered areas and (2) by extracting elevation information from the boundary between bare
ice and the snow/firn clusters. Contemporaneous Landsat 5 imagery (30 m resolution) is used to
test MODIS-derived snowlines. Our results indicate that MODIS-derived ELAs are less variable
than mass-balance derived ELAs. Significant relations exist, however, between MODIS-derived
ELAs and the observed net mass balance at seven long term mass-balance monitoring sites in
western North America (Gulkana, Wolverine, Lemon Creek, Taku, Place, Peyto, and South
Cascade). Spatial and temporal variations in MODIS-derived ELAs provide an opportunity to
evaluate regional mass-balance models, estimate surface melt contributions to sea-level rise, and
examine the cryospheric response to climate change.
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Did the drainage of glacial Lake Kootenai, Purcell Trench, BC, have a geomorphic impact
in the Channeled Scablands, WA?
J. Peters & T. A. Brennand
Department of Geography, Simon Fraser University, Burnaby, British Columbia, Canada
At last glacial maximum the Purcell lobe of the Cordilleran Ice Sheet (CIS) dammed glacial
Lake Missoula (gLM), which filled and drained numerous times forming the spectacular
landscape of the Channeled Scablands, WA. Further melting and northward retreat of the Purcell
lobe resulted in the formation of glacial Lake Kootenai (gLK): a large proglacial lake, which at
its maximum extent drowned an area of >1000 km2. Large proglacial water bodies in British
Columbia (BC), such as gLK, may provide alternative sources of floodwater to the Channeled
Scablands. Recently, it has been suggested that a jökulhlaup down the Kootenay River valley,
BC, resulted in the formation of low terraces along the Columbia Valley in WA. We investigated
>50 sites across BC, ID and MT using GIS, aerial photography, sedimentology, geomorphology
and ground penetrating radar. Through our investigations, we document the stages and evolution
of gLK from an ice marginal lake in MT to a large lake that occupied much of the Purcell Trench
in ID and BC. Geomorphic and sedimentary analyses provide constraints on the paleogeography
of gLK and insight on the style of ice decay in the Purcell Trench. The geomorphic and
sedimentary data from the Kootenay River valley allow the reconstruction of lake
paleoenvironment and insight into the paleohydrology of the gLK drainage. Our results suggest
that the drainage of gLK is unlikely to have resulted in the formation of low terraces in the
Columbia Valley, WA.
Jared Peters is an MSc student at Simon Fraser University. His main research interests focus on
the reconstruction of past glacial environments with particular attentiveness towards geomorphic
and sedimentary signatures of megafloods, deglacial hydrology and ice decay character.
Tracy Brennand is an Associate Professor at Simon Fraser University with research interests in
Earth-surface processes, and a focus on paleoglaciology and paleohydrology.
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Growth and survival of cushion plants in glacier forefields
D. P. McCarthy
Department of Earth Sciences, Brock University, St. Catharines, Ontario, Canada
The Silene acaulis cushion plant dating curve described by McCarthy (1992) is being revised.
Fifteen growth control points have recently been developed at glacier forefields in the Front
Ranges of the Rockies and the growth and survival of 59 plants was surveyed in 1996, 2005 and
2010. Most plants grew slowly (< 0.6 cm yr-1, long axis and < 0.4 cm yr-1, short axis). Lateral
growth was proportionally higher in small cushions (< 15 cm diameter) and was slow and less
variable in older cushions. A simple linear extrapolation of the fastest lateral growth (98th
percentile, 14 yr data) yields a cushion diameter of 111 cm per century; while the published
growth curve suggests a 79 cm diameter plant might be found on century old deposits. A
curvilinear growth curve calibration model that is sensitive to age-stage dependent growth is now
being explored. Large cushions on moraines offer warm burrows and good vantage points for
rodents and ground squirrels. Over the short term, rodents may cause minor damage to plants,
but rodents attract grizzly bears that can uproot plants and rework moraines that have been
untouched since the Little Ice Age. Thus, while some cushion plants might live for centuries,
animals and bad luck may limit cushion plant age to a few decades or less.
D. P. McCarthy: PhD (Saskatchewan); Associate professor, Departments of Earth Sciences and
Biology, Brock University

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

359

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Proglacial hydrogeology: Groundwater flow and storage in talus and moraine deposits
M. Hayashi1, G. Langston1,2, D. L. Muir1,3, J. L. Hood1, A. F. McClymont1,4 & L. R. Bentley1
1
Department of Geoscience, University of Calgary, Calgary, Alberta, Canada
2
Alberta Environment and Water, Edmonton, Alberta, Canada
3
Nexen Inc., Calgary, Alberta, Canada
4
WarleyParsons Komex, Calgary, Alberta, Canada
Understanding groundwater processes in alpine watersheds is critical to understanding the timing
of water release and late-season stream flow for both headwater and downstream environments.
Previous studies have indicated potential importance of moraine and talus units as groundwater
reservoirs based on chemical and isotopic compositions of stream water. However, mechanistic
understanding of groundwater processes is limited due to a small number of hydrogeological
studies in alpine environments. We will present the results of detailed hydrological and
geophysical studies in a partially glaciated watershed of Lake O'Hara in Yoho National Park.
Seismic refraction, electrical resistivity imaging, and ground penetrating radar have been used to
delineate the internal structure of moraine and talus deposits, and to identify groundwater
reservoirs and pathways. Hydrological monitoring and data analysis have been used to examine
the connectivity between surface water and groundwater, and to estimate hydraulic properties of
sediments. The key findings are: 1) proglacial moraine has significant capacity to store
groundwater, but talus appears to have limited storage capacity, 2) the topography of bedrock
surface underlying coarse sediments has a strong influence on groundwater flow, and 3) ground
ice and buried ice may have important hydrological functions that require further investigation.
Masaki Hayashi: Professor, University of Calgary
Gregory Langston: Hydrometric Technologist, Alberta Environment and Water
Danika Muir: Hydrogeologist, Nexen Inc.
Jaime Hood: Graduate student, University of Calgary
Larry Bentley: Professor, University of Calgary
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Evolving proglacial water resources: Understanding how glacier recession will impact
water quality and quantity in the Cordillera Blanca, Peru
J. M. McKenzie1, M. Baraer1, E. Walsh1 & B. G. Mark2
1
Department of Earth and Planetary Sciences, McGill University, Montréal, Québec, Canada
2
Department of Geography, The Ohio State University, Columbus, OH, USA
Dramatic glacier retreat in the Cordillera Blanca, Peru, is causing downstream hydrologic
transformations, with implications for future domestic, industrial, and agricultural water
resources. We evaluate how glacier recession will affect water quantity and quality by analyzing
two data sets: daily river discharge from 1952 to 2010 from nine stations, and various major and
trace element water chemistry data from 1998 to 2011. The relationship between glacial
recession and river discharge is investigated by comparing the daily river discharge data with a
hydrologic model that simulates how glacier retreat influences annual and dry-season discharge
and variability. Remote sensing results show that the glacierized area decreased annually by 0.8
% between 1990 and 2009. The hydrologic model provides significant evidence that the regional
watershed has crossed a critical ‘peak-water’ transition and now exhibits decreasing water
resources. If all the glaciers completely melt, the Cordillera Blanca dry season discharge would
decrease by up to 30%. Alpine glaciers significantly increase chemical and physical weathering
rates. In the Cordillera Blanca chemical weathering evolves from strongly sulfide dominated
with low pH in many sublacial zones to a combination of silicate, carbonate, and sulfide
weathering in the deglaciated zone. Our results show that some trace metal concentrations
exceed drinking water standards in many sub-watershed. The hydrochemical data indicate that
decreasing glacier area will reduce chemical weathering, though decreased river discharge and
increased mining activities will increase dissolved concentrations. By combining hydrologic and
hydrochemical data we attempt to project how water resources will evolve with ongoing glacier
recession.
J. McKenzie: Presenter; PhD (Syracuse); Associate Professor, McGill University
M. Baraer: Coauthor; PhD (McGill); McGill University
E. Walsh: Coauthor; BSc (Saint of Xavier); Graduate Student, McGill University
B. Mark: Coauthor; PhD (Syracuse); Assistant Professor, The Ohio State University
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Application of remote sensing and geographic information
systems in solving environmental issues
Session Coordinator: Ed Johnson
Session Chairs: Q. K. Hassan & E. H. Chowdhury
B1 - Friday June 8, 2012 - 15:30 to 17:00 - Room: KC 301
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A new eye in the sky: lightweight remotely-piloted aircraft platforms for remote sensing
K. Riddell1, C. H. Hugenholtz2,3, B. J. Moorman4, K. Whitehead5 & D. R. Peddle6
1
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
2
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
3
Faculty of Environmental Design, University of Calgary, Calgary, Alberta, Canada
4
Department of Geography, University of Calgary, Calgary, Alberta, Canada
5
Accuas Inc., Salmon Arm, British Columbia, Canada
6
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
Remotely-Piloted Aircraft (RPA), also known as Unmanned Aerial Vehicles (UAVs), have
evolved into a viable research tool for a range of remote sensing applications that require high
spatial resolution, operational flexibility and low cost. Significant technological advances driven
by military and surveillance programs have steadily become mainstream, affordable, and have
the potential to reinvigorate various aspects of environmental research. In this presentation we
outline research challenges and opportunities for remote sensing measurements with lightweight
RPA platforms. We begin with a brief overview of RPA systems, autopilot control, and
autonomous image acquisition. We describe the current regulatory framework in Canada so as to
establish both the limitations and opportunities for RPA-based remote sensing research and
applications. We present results from a field experiment to show the accuracy of a semiautonomous RPA imaging system for deriving digital terrain models using photogrammetric
methods. Finally, we outline our views on the future of RPA for environmental research,
including specific applications that are likely to benefit from this technology, as well as the
development of miniaturized imaging systems capable of providing application-specific remote
sensing data.
K. Riddell: MSc Candidate, University of Lethbridge.
C. H. Hugenholtz: PhD; Assistant Professor, Universities of Lethbridge and Calgary.
B. J. Moorman: PhD; Professor, University of Calgary.
K. Whitehead: MSc; Photogrammetry/Remote Sensing Specialist, Accuas Inc.
D. R. Peddle: PhD; Professor, University of Lethbridge.
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Development of advanced cloud infilling algorithm for remote sensing-based surface
temperature
E. H. Chowdhury & Q.K. Hassan
Department of Geomatics Engineering, Schulich School of Engineering, University of Calgary,
Calgary, Alberta, Canada
One of the greatest challenges of thermal earth observation satellites is the presence of cloud as it
obscures to view the earth surface. In this study, we developed an advanced cloud filling
algorithm and implemented for the major land-cover types over boreal forested regions in the
northern part of Alberta. During the period April-September 2011, we employed 8-day
composites of Moderate Resolution Imaging Spectroradiometer (MODIS)-based surface
temperature (TS) at 1 km resolution. The proposed infilling algorithm was developed by
exploiting both of the temporal and spatial variability of TS. For example, the difference of local
mean at ith and (i-1)th period for m×m moving windows were added or subtracted from the
instantaneous value of (i-1)th period in order to infill at ith period. We evaluated the performance
of the proposed algorithm by considering the good quality pixels at ith period were cloud
contaminated, thus provided the basis of measured values. A comparison between the measured
and infilled values revealed that the coefficient of determination (r2) was in between 0.90 to 0.75
with a root mean square error (RMSE) of 0.88 K to 1.44 K for 3×3 to15×15 moving windows
respectively. The values of both r2 and RMSE were degrading with the increment of moving
window size, as the spatial relationships were falling apart.
E. H. Chowdhury: PhD student and research associate, University of Calgary.
Q. K. Hassan: PhD; Assistant Professor, Department of Geomatics Engineering University of
Calgary.
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How small water bodies we can see using remote sensing and GIS: A case study in
Bangladesh
M. M. Kamal
Department of Geography and Planning, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
A ditch behind a house is a common phenomenon in a homestead in flood prone rural
Bangladesh. Soils are extracted by digging the ditch to elevate the homestead above floodplain.
In many cases, the size and the depth of these ditches are enough to hold sufficient water for
culture fisheries. A remote sensing and GIS-based pilot study was conducted in a rural district in
north central Bangladesh for inventorying such ditches that locally known as Pukur. The
assumption was that the inventory can be used for providing institutional and financial support to
the owners for using their Pukurs for fish farming. This study used one IRS 1D-Pan and two
SPOT Xi images of different dates with the support of field information and evaluated the
potentials of single date; multi-date, and spatial resolution merged images against survey data.
The findings showed that the spatial resolution merging of IRS-Pan and multispectral SPOT
multi-date images would identify about 65% of the larger than 1000 m2 Pukurs, and they
produced about 75% of total fish productions in the study area as reported by the CPP survey.
The identification capacity of the method rises at 85% when considering the size of the Pukurs
more than 2000 m2.
M. M. Kamal: PhD; Assistant Professor, Department of Geography and Planning, University of
Saskatchewan.
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Soil moisture variability in Manitoba grain fields
H. R. Manns1, P. R. Bullock2 & A. A. Berg3
Department of Geography, University of Guelph, Guelph, Ontario, Canada
2
Department of Soil Science, University of Manitoba, Winnipeg, Manitoba, Canada
3
Department of Geography, University of Guelph, Guelph, Ontario, Canada

1

Understanding the spatial and temporal variability associated with soil moisture becomes
necessary for interpretation and application of remotely sensed soil moisture estimates. Ground
data collected during a remote sensing validation campaign in Manitoba grain fields at 5
sampling times in spring 2008, included data on soil texture and surface management. The
variability of soil moisture due to management and soil texture in relatively uniform topography,
climate and cropping systems could thus be assessed between fields (31 sites), among the 16
sampling points in each field and between the 4 sampling positions in the crop furrow at each
point. The soil moisture statistical relationships varied primarily with time since rainfall. The
coefficient of variation (CV) was random in wetting conditions, constant in drying conditions
and increased with decreasing field mean moisture in very dry conditions. The low level (20%)
of surface residue in most fields reduced variance due to soil texture compared to sampling at the
top, side and bottom of the furrow without residue. While organic matter was not measured, the
relatively high (3-4%) soil carbon levels, along with surface residue, may have contributed to the
constant CV of field means with drying conditions. Soil texture and surface roughness explained
the greatest portion of variability of field mean moisture in principal components analysis with
the strongest effect at mid moisture range. Accounting for agricultural management effects on
variability of soil moisture could contribute to improved prediction of soil moisture from coarse
resolution remote sensing and in land surface models.
H. R. Manns: PhD Student, Department of Geography, University of Guelph.
P. R. Bullock: PhD; Professor, Department of Soil Science, University of Manitoba.
A. A. Berg: PhD; Associate Professor, Department of Geography, University of Guelph.
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Surface water quality classification and analysis using machine learning and MODIS
T. A. Akbar1, G. Achari1 & Q. K. Hassan2
1
Department of Civil Engineering, Schulich School of Engineering, University of Calgary,
Calgary, Alberta, Canada
2
Department of Geomatics Engineering, Schulich School of Engineering, University of Calgary,
Calgary, Alberta, Canada
Surface water bodies are the main sources of consumptive use of water in Alberta. The surface
water quality for major rivers of Alberta is monitored using Long-Term River Network program
at different sampling sites. The main objectives of this study are to classify the surface waters
and analyze the impact of land use and climatological factors on the water quality of selected
major rivers of Alberta. The methodology consists of : (i) principal component analysis (PCA) to
identify the major principal components; (ii) K-means clustering algorithm for classification of
the water quality; (iii) MODIS images of land cover and snow melting period to analyse the
impacts on water quality. From PCA we obtained five principal components which were
indicators of hardness, mineralization and anthropogenic activities. Five water quality clusters
were obtained using K-means clustering, with cluster 1 being the best and the cluster 5 the worst.
Higher cluster numbers, an indication of deterioriating water quality, were observed for all rivers
in the growing seasons. Agricultural activities showed the highest impact on the deterioration of
water quality as compared to other land cover classes.
T. A. Akbar: PhD Candidate, Department of Civil Engineering, University of Calgary.
G. Achari: PhD; Professor, Department of Civil Engineering, University of Calgary.
Q. K. Hassan: PhD; Assistant Professor, Department of Geomatics Engineering, University of
Calgary.
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Application of GIS for drought assessment and management in Bangladesh
M. Rahman1, E. H. Chowdhury2, & M. A. Hossain3
1
Department of Civil and Environmental Engineering, University of Windsor, Windsor, Ontario,
Canada
2
Department of Geomatics Engineering, Schulich School of Engineering, University of Calgary,
Calgary, Alberta, Canada
3
Department of Civil & Environmental Engineering, Markin/CNRL Natural Resources
Engineering Facility, University of Alberta, Alberta, Canada
Drought is a natural event that results from lack of precipitation from the normal (average)
condition for a prolonged period of time. The changing climate conditions and agricultural
practices in Bangladesh have leaded the country towards more vulnerable to drought like many
other regions in the world. In this study, the intensity of agricultural drought was assessed and
mitigation measures were investigated based on geo-spatial characteristics and temporal climatic
variables at sub-district levels in Bangladesh. A computational framework, DRought ASsessment
(DRAS) was developed to reduce the drought severity and optimization of irrigation water for
agricultural crops. Agricultural drought was investigated for different agro-ecological regions
using the climate, soil, land, crop and management variables. A water balance model was
developed for assessing the yield losses of crops due to water stress in the root zone of soil.
Agro-ecological drought maps were produced for dry year condition for the major crops,
transplanted rice and wheat. To minimize the yield losses of crops due to drought, irrigation
water requirements were assessed for the selected crops grown in different agro-ecological
regions. The model simulated amounts of irrigation water were applied in the field level studies
and the crop productions were found almost double using the irrigation water. Based on the
model results and field verifications, the DRAS was found to be a suitable tool for drought
assessment and management as well as for optimal use of available water resources and to
increase crop productions.
M. Rahman: Research Associate, University of Windsor
E. H. Chowdhury: PhD student and research associate, University of Calgary
M. A. Hossain: M.Eng Candidate, University of Alberta
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Long-term watershed monitoring - From science to water
management I
Session Coordinator: Sarah Boon
Session Chairs: Sarah Boon & Rita Winkler
HW11A - Friday June 8, 2012 - 10:30 to 12:00 - Room: KC 305
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Long term watershed research sites as platforms for trans-disciplinary insights for regional
watershed management: The tale of one study
U. Silins1, M. Stone2, M. B. Emelko3, A. Collins4, B. G. Krishnappan5, S. Boon6, K. Bladon7,
M.J. Wagner1, C.H.S. Williams1 & A. Anderson8,
1
Department of Renewable Resources, University of Alberta, Edmonton, Alberta, Canada
2
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
3
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
Ontario, Canada
4
ADAS UK Ltd., Wolverhampton, UK
5
Canada National Water Institute Environment Canada (emeritus), Canada Centre for Inland
Waters, Burlington, Ontario, Canada
6
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
7
Department of Natural Resource Sciences, Thompson Rivers University, Kamloops, British
Columbia, Canada
Research contributions to water management are often constrained by the looking glass through
which we view the world of water management challenges (engineering, physical geography,
forestry, etc. - Vit Klemes). However, teams of researchers’ from widely differing specializations
in water and watershed sciences have the potential to advance both trans-disciplinary linkages
among these specializations, and develop meaningful insights into challenging water / watershed
management issues that would not be possible for more focused research teams. However, this
seemingly simple notion is not without significant challenges including multi-scale, long term
commitments to collecting the data needed to support development of such insights for
stakeholders with varied information needs. Both challenges and benefits of trans-disciplinary
water research will be discussed using the case example of one such study in the Souhern Rocky
Mountains of Alberta (Southern Rockies Watershed Study).
U. Silins: PhD (Alberta); Professor, University of Alberta
M. Stone: PhD (Ontario); Professor, University of Waterloo
M. B. Emelko: PhD (Ontario); Associate Professor, University of Waterloo
A. Collins: PhD (United Kingdom); Water Service Product Leader for Science, ADAS Ltd.
B. G. Krishnappan: PhD (Ontario): Research Scientist (emeritus), Can. Centre for Inland Waters
S. Boon: PhD (Alberta); Assistant Professor, University of Lethbridge
K. D. Bladon: PhD (British Columbia); Assistant Professor, Thompson Rivers University
M. J. Wagner: MSc (Alberta); Forest Hydrologist, University of Alberta
C. H. S. Williams: BSc (Alberta); Forest Hydrologist, University of Alberta
A. Anderson: PhD (Alberta); Water Program Lead, Foothills Research Institute
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Incomplete recovery of water quality after wildfire in Alberta’s Rocky Mountains: insights
from eight years of watershed research
K. D. Bladon1, U. Silins2, M. Stone3, S. Boon4, M. B. Emelko5, C. H. S. Williams2 & M. J.
Wagner2
1
Department of Natural Resource Sciences, Thompson Rivers University, Kamloops, British
Columbia, Canada
2
Department of Renewable Resources, University of Alberta, Edmonton, Alberta, Canada
3
Department of Geography and Environmental Management, University of Waterloo, Waterloo,
Ontario, Canada
4
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
5
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
Ontario, Canada
The Southern Rockies Watershed Project (SRWP) was established following the 2003 Lost
Creek wildfire, and includes seven watersheds with varying levels of disturbance (burned,
burned and salvage logged, and unburned). Concentrations, yields, and exports of various forms
of limiting nutrients, phosphorus (P) and nitrogen (N), were analyzed from streams over eight
years (2004-2011). All forms of P (soluble reactive, total dissolved, particulate, and total)
remained significantly elevated (2- to 13-times) in streams draining burned and post-fire salvage
logged watersheds throughout the post-disturbance period. Alternatively, N was 2- to 7-times
greater in burned watersheds in the first year after fire, but recovered to baseline rapidly. The
length of record of this research has provided valuable insights into the temporal pattern of P and
N recovery after watershed disturbance that wouldn’t be possible from shorter-term research.
Specifically, P recovery has been very slow (2011: P still 7- to 8-times greater in the burned
watersheds), likely due to strong coupling of P with sediment, high regional precipitation, and
steep topographic relief of the study watersheds. The highest PP concentrations and lowest
TDP:PP ratios occurred during high streamflows which coincide with periods of peak sediment
production. While PP is not immediately bioavailable, the legacy of the adsorbed fraction of P
can become an important long-term source for aquatic ecosystems, after release from particle
surfaces into the water column. This research may be of value to scientists, land managers, and
policy makers for understanding the legacy of natural disturbances and the potential incremental
effects of post-disturbance management interventions such as salvage harvesting.
K. D. Bladon: PhD (Alberta); Assistant Professor – Ecohydrology, Thompson Rivers University
U. Silins: PhD (Alberta); Professor – Forest Hydrology, University of Alberta

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

371

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

The Carnation Creek Watershed Experiment – 1970-2012: A multi-disciplinary study of
the effects of forest practices on watershed processes and Pacific salmon.
P. J. Tschaplinski
Aquatic Ecosystems Conservation Science, Ecosystems Protection and Sustainability Branch,
Ministry of Environment, Victoria, British Columbia, Canada
The effects of forest practices on watershed processes and salmon have been studied for more
than 40 years at Carnation Creek on the southwest coast of Vancouver Island. This basin-scale,
intensive case study has generated some of the longest continuous datasets on fish-forestry
interactions anywhere. The study was initiated to: (1) provide an understanding of the physical
and biological processes operating within a coastal BC watershed; (2) reveal how the forestry
practices of the time affected these processes; and (3) use the results to make reasonable
decisions concerning land-use management, and fish and aquatic habitat protection. The project
is currently quantifying the long-term patterns of impact and recovery in biological and physical
processes as the second forest grows. The research approach incorporates process linkages
among hillslopes, the stream channel network, and outcomes for aquatic ecosystems and fish.
Research is focused on decade-scale post-harvest responses of the hydrologic regime, hillslopes,
stream channel network, riparian forest (canopy closure), aquatic habitats (mainstream, tributary,
and off-channel network), water temperatures, salmon species abundance, growth, age structure,
survival, and smolt production. More than 200 publications have been generated from studies at
Carnation Creek over the past 40 years and the results have been widely used to develop forest
management practices, regulations, and guidelines in British Columbia and elsewhere in the
Pacific Northwest. Examples include the Coastal Fishery Forestry Guidelines (1987-1994), and
the hillslope, stream, and riparian management provisions of the BC Forest Practices Code
(1995–2004) and its successor, the BC Forest and Range Practices Act.
Peter J. Tschaplinski, PhD, PAg Research Scientist - Fish-Forestry Interactions and Watershed
Science. Peter specializes in the fields of Fish Biology, Aquatic Ecology, and Fish-Forestry
Interactions. He managed the provincial Watershed Research Program (Research Branch, BC
Ministry of Forests and Range) from 2001 to 2010 prior to joining the BC Ministry of
Environment in 2011. He has conducted research on the ecology of Pacific salmon and on the
effects of forest management on aquatic ecosystems and fish for more than 30 years, and has led
the Carnation Creek Watershed Study since 1995.
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Snow and streamflow response to logging at Upper Penticton Creek
R. D. Winkler1, S. Boon2 & D. L. Spittlehouse3
1
BC Ministry of Forests, Lands and Natural Resource Operations, Kamloops, British Columbia,
Canada
2
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
3
BC Ministry of Forests, Lands and Natural Resource Operations, Victoria, British Columbia,
Canada
Data provided through long-term hydrometric monitoring is key to quantifying hydrologic
response to forest change. The Upper Penticton Creek Watershed Experiment, established in
1985, now provides 25 years of streamflow record from three small headwater basins in the
Souhern Okanagan. Snow surveys have been conducted in two of the study watersheds since
1995 and weather has been monitored since 1992. These long-term records provide the basis for
numerous multi-disciplinary studies. This paper evaluates hydrologic response to logging based
on differences in snow and water yield between study watersheds over time. Clearcutting
resulted in a 13% increase and a 12% decrease in April 1 snow water equivalent at low and high
elevations, respectively. Ablation rates averaged 1.2 times higher in the low elevation clearcut
than in the forest and remained unchanged at high elevation. Snow in the low and high elevation
clearcuts disappeared 9 and 13 days earlier than in the forest. When changes in snow
accumulation and ablation occurred over a small area, interannual variability in weather
overwhelmed the effects of logging on water yield. As logging extent increased to 50% of total
watershed area, the variability in daily flows increased dramatically, peak flows occurred earlier,
and both maximum daily flow and annual water yield increased by up to 23% in the logged
watershed. These results quantify hydrologic responses of concern in forest development
planning and watershed assessments. Continued long-term monitoring will provide opportunities
to address the effects of forest re-growth and the implications of climate change on water
supplies.
R. D. Winkler: PhD (British Columbia); Research Hydrologist, BC Ministry of Forests, Lands
and Natural Resource Operations, Adjunct Professor, Thompson Rivers University
S. Boon: PhD (Alberta): Assistant Professor, University of Lethbridge
D. L. Spittlehouse: PhD (British Columbia); Research Climatologist, BC Ministry of Forests,
Lands and Natural Resource Operations
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Simulating the effects of pine beetle and wildfire on snow accumulation and melt in the
Okanagan region
S. Boon1, R. Davis1, R. Winkler2, J. Pomeroy3 & D. Spittlehouse4
1
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada,
2
BC Ministry of Forests, Lands and Natural Resource Operations, Kamloops, British Columbia,
Canada
3
Centre for Hydrology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
4
BC Ministry of Forests, Lands and Natural Resource Operations, Victoria, British Columbia,
Canada
The 241 Creek watershed is part of the long-term Upper Penticton Creek (UPCk) watershed
experiment (1985-present). We apply the Cold Regions Hydrological Model to this watershed to
simulate snow accumulation and melt response to a range of forest disturbances (undisturbed,
pine beetle, wildfire, clearcut) of varying elevational and areal extent. Model simulations are
conducted for a high and low snowpack year and differences assessed between the two. Results
show that lower elevations are most sensitive to post-disturbance forest canopy change given
lower overall snowfall amounts. At low elevations, peak SWE increases with disturbance while
snow removal dates show minimal change. At high elevations, however, peak SWE remains
similar between disturbance types, but enhanced melt rates due to increased canopy
transmissivity substantially alter the date of snow removal. High melt rates following wildfire are
attributed to the incorporation of post-fire soot into the snow albedo parameterization. Variable
melt rates with elevation following pine beetle infestation are likely a result of less uniform
forest cover and variations in snow shading and canopy radiation transmission. At the watershed
scale, total snow water equivalent is minimally affected by pine beetle disturbance, but more
significantly affected by wildfire and clearcut harvesting – particularly in the low snow year.
Forest disturbance increases the potential for increased snow accumulation and more rapid snow
melt, which may lead to increased and earlier spring peak flows and subsequently reduced lateseason flows. This has implications for forest management and water supply from snowmeltdominated regions susceptible to disturbance.
S. Boon: PhD (Alberta): Assistant Professor, University of Lethbridge
R. Davis: MSc student (Lethbridge)
R. D. Winkler: PhD (British Columbia); Research Hydrologist, BC Ministry of Forests, Lands
and Natural Resource Operations & Adjunct Professor, Thompson Rivers University
J. Pomeroy: PhD (Saskatchewan); Professor & CRC in Water Resources and Climate Change,
Centre for Hydrology, University of Saskatchewan
D. L. Spittlehouse: PhD (British Columbia); Research Climatologist, BC Ministry of Forests,
Lands and Natural Resource Operations
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Long-term watershed monitoring - From science to water
management II
Session Coordinator: Sarah Boon
Session Chairs: Sarah Boon & Rita Winkler
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One hillslope does not a watershed make: An analysis of throughflow thresholds across 30
hillslopes for 6 years
K. Jencso, B. McGlynn & L.Marshall
Land Resources & Environmental Sciences, Montana State University, Bozeman, MT, USA
Rainfall-runoff data from single hillslope trench studies around the world have indicated the
presence of precipitation thresholds required for lateral subsurface flow (throughflow) initiation.
Threshold behavior has been proposed as a descriptor of hillslope response to storm
precipitation. However, catchments are comprised of many hillslopes of varying sizes and
shapes. There has been a paucity of multiple hillslope studies within single catchments. We
addressed this shortcoming by examining the threshold initiation-cessation of throughflow across
24-30 different hillslopes (up to 180 shallow groundwater recording wells) across six contrasting
snowmelt years (2006-2011) in the Tenderfoot Creek Experimental Forest (Rocky Mountains of
Montana, USA). The Antecedent Precipitation Index values for throughflow initiation and
cessation were relatively static across hillslopes for the six years of observation and were
exponentially related to hillslope upslope accumulated area. We discuss the implications of
these findings for catchment comparison, prediction in ungauged basins (PUB), and the
sensitivity of catchment hydrology to climate variability.
Kelsey Jencso: PhD (Montana, USA); Research Associate, Montana State University
Brian McGlynn: PhD (Montana, USA); Associate Professor, Montana State University
Lucy Marshall: PhD (Montana, USA); Assistant Professor, Montana State University
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Using long term agricultural runoff water quantity and quality monitoring data in the
initial assessment of more recent installations
J. A. Elliott1, D. A. A. Gallen1, J. A. Vanrobaeys2 & J. Yarotski3
1
National Hydrology Research Centre, Saskatoon, Saskatchewan, Canada
2
Agriculture and Agri-Food Canada, Morden, MB Canada
3
Agriculture and Agri-Food Canada, Regina, SK Canada
Nutrients in runoff from agricultural land contribute to eutrophication in Lake Winnipeg but
specific nutrient sources and transport mechanisms are poorly understood. Agricultural and
Agri-Food Canada (AAFC) and Environment Canada have been collaborating with a local
producer group (Deerwood Soil and Water Management Association) on water quality research
in the South Tobacco Creek (STC) watershed in Manitoba since 1993. Through this long term
research, we have determined that the implementation of agricultural beneficial management
practices (BMPs) can improve runoff water quality in a small agricultural watershed.
Additionally, the impacts of some individual BMPs have been evaluated while evaluation of
other BMPs is still underway. Complex interactions between site characteristics, hydrology and
climatic controls mean that assessments of practices or sites can be a lengthy process. The STC
project is beginning to yield useful data identifying nutrient sources on agricultural land and
evaluating agricultural practices. However, the STC watershed is located on the Manitoba
escarpment and the applicability of these data to other regions of the province or Lake Winnipeg
sub-watersheds has not been confirmed. In 2009, Environment Canada (in collaboration with
AAFC) established two edge of field sites and two small watershed monitoring sites on the flood
plain in the Red River valley. By analyzing data from the flood plain in conjunction with data
from similar sites in the STC watershed, we are able to place the data from the new sites in
context and draw some preliminary conclusions from the limited data on the impact on
downstream water quality.
J.A. Elliott: PhD (Saskatchewan); Research Scientist, Environment Canada
D. Gallen; Research Technician, Environment Canada
J.A. Vanrobaeys; Senior Land Resource Specialist, Agriculture and Agri-Food Canada
J. Yarotski, Hydrologic Engineer, Agriculture and Agri-Food Canada
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Sensitivity of Yukon hydrologic response to climate warming: A case study for community
and sectoral climate change adaptation
J. R. Janowicz
Water Resources Branch, Yukon Department of Environment, Whitehorse, Yukon, Canada
The climate of Yukon Territory has fluctuated considerably over the last century with increasing
temperatures and precipitation resulting in permafrost degradation. Studies have shown that
climate change has produced alterations to the Yukon hydrological cycle. Annual peak
streamflows within the last three decades have decreased within regions of significant
permafrost, while winter low flows have increased. Break-up timing on major rivers has
advanced by one week over the last century, while break-up severity has generally increased.
There is also an apparent trend of increasing peak flows and water levels within Yukon’s glacial
regime. This study includes a detailed sensitivity assessment of hydrological response to climate
warming and associated permafrost thawing using the Cold Regions Hydrological Model
(CRHM) at the Wolf Creek Research Basin, followed by the application of CRHM to other
Yukon regions and communities to provide the necessary climate warming sensitivity
information to develop sectoral adaptation strategies. The sectors included in the study are
mining, hydroelectric, transportation, oil and gas, agriculture, forestry, tourism and recreation
and municipal. Using a range of climate change scenarios, assessments have been carried out in
Yukon’s four hydrological regions. Model outputs include projected changes to magnitude,
timing and interaction of water balance components (precipitation, evapotranspiration, runoff
and storage). Projected changes to hydrological response (extreme and drought events, annual
and seasonal flows) are summarized allowing for the development of adaptation strategies and
options which may include improving flood forecasting and warning systems, infrastructure
design modification, land zoning changes and changes to policy, regulation and legislation.
J. R. Janowicz: Manager Hydrology, Yukon Department of Environment
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Not losing the investment: Can we archive data and foster collaboration between watershed
researchers?
S. Ouellet1, A. Anderson1 & M. Scarth2
1
Water Program, Foothills Research Institute, Hinton, Alberta, Canada
2
Tesera Systems Inc., Cochrane, Alberta, Canada
Collecting hydrology research data is expensive and labour intensive and some long-term
datasets can span an academic’s career, resulting in massive scientific resource investment.
Regardless of the original objectives, changing landscapes and climate may make these data
irreplaceable for current and future scientists. Researchers are reluctant to share data outside of
closed groups because there is the possibility of losing scientific gains and unintended miss-use
of data can lead to wrong conclusions. This presents a significant risk to investment in data and
the associated potential knowledge. Recently, there has been much advancement in data sharing
and storage technology; however the value of research datasets may still be at risk of loss. We
will present results of an experiment designed to test one such multi-million dollar online data
management system; the Water and Environment Hub (WEHUB). Our goal is to test if the
WEHUB can be used as platform to archive and capture the value associated with current and
historical research data for future research collaboration. To test this platform we enlisted the
help of three academics leading long-term research sites in Alberta. With the aid of a data
manager, the researchers tried the data input, retrieval and sharing functions then we asked predetermined questions to assess if WEHUB will likely:
1) foster collaboration between researchers, policy makers, regulators and industry;
2) provide a platform to capture research data value;
3) respect data ownership, rights and privacy; and
4) provide a standard format for sharing and storing data.
Shireen Ouellet: Shireen is a Project Coordinator with the Water Program at Foothills Research
Institute (FRI). Her five years with FRI had her working in watershed and fisheries research.
Shireen has a Bachelor of Science from Thompson Rivers University and is currently a
Biologist-in-Training with the Alberta Society of Professional Biologists.
Axel Anderson: Axel is the Water Program Lead at the Foothills Research Institute, on
secondment from the Government of Alberta. He is an engineer, forester and adjunct Professor at
the University of Alberta.
Mike Scarth: Business Development Manager, Tesera Systems Inc. Mike Scarth has been
actively involved in the research and development of new businesses, technologies and programs
for over 25 years. Mike holds a Bachelor of Commerce from the University of Alberta.
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Adapting to climate change: The influence on a decision making process to naturalize
channelized streams
C. Tu & R. Ness
Toronto and Region Conservation Authority, Toronto, Ontario, Canada
Many sections of urban watercourses within the Toronto and Region Conservation Authority
(TRCA) jurisdiction have been channelized with concrete lining or other hard bed and bank
treatments. While this past practice was intended to improve the conveyance capacity of the
channel, current knowledge on the mechanisms of fluvial geomorphology shows that this
approach is detrimental to the overall health of the stream and can lead to extreme erosion
problems at the site or downstream of the channelization. The end of the design life of many of
these channels is approaching (concrete lined channels typically are designed for 50 years) and
with weather systems increasing in intensity within Souhern Ontario, linked to a changing
climate, some of these channels are being stressed beyond their current structural stability and
major failures have been recently been experienced. In response to these conditions, the TRCA is
concluding the development of a strategy that identifies where naturalization of channelized
areas could occur without compromising the need for adequate flood control and protection for
human safety and property. Through this process, benefits to the natural environment, potential
reduction in long term costs for channel maintenance and increases in ecological services are
being quantified, to the extent possible, and used to prioritize naturalization opportunities.
Christine Tu, M.Sc.: Senior Aquatic Ecologist, with the Ecology Division at the Toronto and
Region Conservation Authority. Christine has over 12 years experience both researching and
evaluating urban aquatic ecosystems with a current focus on developing watershed-based
fisheries management plans, leading thermal impact mitigation initiatives and advancing
strategic planning of stream naturalization projects.
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Assessing temporary streams in the Canadian Prairie Provinces
G. W. MacCulloch1 & P. H. Whitfield2,3
1
Environment Canada, Calgary, Alberta, Canada
2
Environment Canada, Vancouver, British Columbia, Canada
3
Department of Earth Sciences, Simon Fraser University, Burnaby, British Columbia, Canada
This presentation explores an assessment methodology that could be useful in determining
hydrological characteristics of temporary streams using observational data from Canada’s
Reference Hydrological Basin Network. Temporary streams on the Canadian Prairies have a dry
streambed with some regularity. These attributes could be used to compare temporary streams
with perennial streams from the same area, and as a contribution to broader stream classification.
Understanding the expected hydrologic response of the gauged network is fundamental to
making valid estimates of basin yield where gauged data is not available. This study
demonstrates some defining characteristics of natural streams in the Prairie Provinces and
compares streams from the Rocky Mountains, Parkland and Boreal, and Grasslands areas.
G. W. MacCulloch, P.Eng, Water Survey of Canada, Calgary, AB.
Paul H.Whitfield, Environment Canada and Simon Fraser University, Burnaby, B.C.
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Hydrologic analysis and hydraulic design for fish passage through culverts in Northern
Regions
C. Propp, E. Blais, J. Friesen & T. Ehnes
AECOM, Winnipeg, Manitoba, Canada
Manitoba’s northern region, with its abundance of natural resources, is a vital part of the
Province’s economy. A higher traffic volume on existing transportation routes has created the
need for upgrades to provincial roads to make them safer and more durable. Many of these roads
have culvert crossings that act as barriers to fish passage. This presentation looks at design
upgrades to culverts in Northern Manitoba to meet Department of Fisheries and Oceans (DFO)
regulations for fish passage. The methods of estimating design flows in Manitoba are based on
the Rational Method and a Regional or index stream method. The accuracy of the both methods
is dependent on determination of catchment boundaries and the parameters affecting runoff
characteristics. The Regional method also requires identification of a gauged stream with similar
characteristics. Hydraulic design of culverts and channels is based on DFO regulations for the
allowable water velocity through the culverts during the 3DQ10 flow event. The 3DQ10 flow is
defined on the 10-year event hydrograph by locating the reduced flow associated with a 3 day
span between the rising and recession limb. The culvert design must not impede fish passage for
more than 3 days for a 10-year event. Several design options were considered to accommodate
fish passage in areas where the natural stream gradient produced velocities in excess of
guidelines. Solutions included culvert embedment, installation of rock riffles in the culvert, and
construction of pool and riffle fish ladders.
Chris Propp, P.Eng. Water Resources Engineer, AECOM, Winnipeg. Chris graduated in 2006
from the University of Manitoba with a B.Sc. in Civil Engineering. Chris has been involved in a
wide variety of municipal and rural drainage projects including hydraulic modelling for the Lake
St. Martin Emergency Outlet Channel and drainage design for major roads in Manitoba’s
northern regions. He has experience with hydrological analysis, hydraulic modelling, and GIS
software.
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Hydraulic design optimization of bridges with earth embankments
A. S. Seuarz1 & J. A. Vasquez2
Kerr Wood Leidal, 200-4185A Still Creek Drive, Burnaby, British Columbia, Canada
2
Northwest Hydraulic Consultants, Vancouver, British Columbia, Canada

1

The design of bridges over rivers is typically driven mostly by structural and economical aspects.
For example, in a river with fairly wide floodplains it is common to combine an expensive
concrete/steel bridge structure with a less expensive earth-filled embankment (causeway), with
the purpose of minimizing the initial construction cost. However, a short bridge opening with
long embankments can produce a significant flow contraction leading to substantial backwater
effects upstream and intense scour at the bridge section, in many cases leading to bridge failure
during extreme floods. As the bridge opening L reduces, the height of the piers, abutments and
embankment needs to increase leading to an increase on their unit costs. In this paper we propose
a methodology to obtain the optimum bridge opening length Lopt that provides the minimum total
cost of a structure capable of supporting the effects of flood and erosion for a given design
discharge. This total cost includes four components: embankments, deck, piers and abutments
which all are a function of L. The one-dimensional hydraulic model HEC-RAS is used to
calculate the water levels and local scour depths for different bridge openings, which are later
used to estimate the other component’s dimensions and their costs, to finally determine the
bridge optimum length that provides the minimum overall cost.
A Seuarz: B.Sc. (Piura, Peru); Hydraulic Modeller, Kerr Wood Leidal Associates.
Alisson obtained his bachelor degree in Civil Engineering from the University of Piura, Peru, in
2005. Since 2007, she has been working in Vancouver doing a variety of water resources
projects, her experience include hydraulic and hydrologic modelling, water supply simulation
systems and frequency analysis.
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A methodology based on particle image velocimetry for ice velocity measurement
A. Daigle1, 2, F. Bérubé1, N. Bergeron1 & Pascal Matte1
1
INRS-ETE, Québec, Québec, Canada
2
Département de physique, Collège F.-X.-Garneau, Québec, Québec, Canada
River ice spatial distribution and velocity measurements are necessary in many applications,
including the prediction of ice jams and flooding, the maintenance of waterways during winter,
and the assessment of loads exerted by ice on banks and shoreline structures. In most cases, the
analysis of ice movements is based either on a qualitative visual assessment, or on acoustic
Doppler profiler measurements. Such measurements are 0D, and can be difficult or impossible
near structures or under flood conditions. These limitations call for a remote and 2D
measurement method, two conditions that are met by Particle Image Velocimetry (PIV) based
measurement. The general objective of the work presented is the development of an in-field
PIV-based methodology for the measurement of river ice velocity. PIV is an imaging technique
based on the observation of a flow seeded with tracers (here, the ice floes). The velocity field is
obtained by detecting a sub-area of the image in two successive images, and dividing by the
delay between the two images. This is repeated with sub-areas covering the whole image,
resulting in a 2D velocity vector field. PIV was firstly developed for laboratory applications. Infield implementation of PIV requires many adaptations, including image orthorectification,
correction for the camera movements, accounts for the variations in luminosity, etc. We will
present a methodology that takes these issues into account and that was tested on two rivers of
very different sizes and ice conditions (St-Lawrence River and Montmorency), in order to test
the flexibility of the proposed method.
Anik Daigle, PhD. Research Associate at INRS-ETE and College François-Xavier-Garneau,
Quebec City. Anik Daigle obtained her PhD in physics at Laval University in 2006. Since 2007,
she works as research associate in the Statistical Hydrology Research Group of the Institut
national de la recherche scientifique (INRS). Her research focuses on the characterization and
modeling of water temperature and flow regimes of North American rivers.
F. Bérubé: (U. Laval); Research Assistant, INRS-ETE
N. Bergeron: PhD (U Buffalo); Professor, INRS-ETE
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Physical model study of scouring phenomenon around bridge pier (Case study: Chiniot
Bridge over River Chenab)
M. M. Wasim1 & Jahanzaib2
1
Department of Hydraulics, University of Engineering and Technology, Lahore, Pakistan,
2
Department of Water Management Research Centre, University of Agriculture, Faisalabad,
Pakistan
Local scour involves the removal of bed material around a structure located in moving water.
Such scour can cause failure of the bridge especially during the river floods. Scouring
phenomenon is linked to approximately 95% of all severely damaged and failed highway bridges
constructed over waterways in the world. In Pakistan during the floods of August 1996, one of
the under construction piers of 2 meter dia of West Channel Bridge over Chenab River near
Chiniot was washed away while the central pile showed the sign of settlement in the form of cracks
in the transom. The purpose of this study was to evaluate the local scour with time at a bridge pier
and effect of pier size on scouring and contour maps of scour depth were drawn to represent the
scouring phenomenon around the bridge pier. The study was conducted using a straight
laboratory flume under one flow condition (Design discharge). The time development of the
scour hole around the model pier with different sizes was compared with similar studies on
bridge piers. The physical model study indicates that the scour depth is largely dependent on
duration of time and its extent increases as the time progresses. Deposition is also found during
the test due to the movement of ripple forms on the bed. It also concluded that the scour depth
increases as the diameter of the pier increases. As scouring is due to the horseshoe vortex system
whose dimension is a function of the diameter of pier.
M.M Wasim: M.sc (Pakistan); Lab engineer, U.E.T, Lahore
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Application of collaborative modelling to enhance watershed values in the Kananaskis
Valley, Alberta Canada
M. W. Nemeth1, M. Kelly1, M. Van Ham1, D. F. Hill2, J. Stelfox3, & J. Young4
1
Alberta Society for Sustainable Water Management and Related Technologies (Alberta
WaterSMART), Calgary, Alberta, Canada
2
Alberta Innovates-Energy and Environment Solutions (Water Resources), Edmonton, Alberta,
Canada
3
Alberta Tourism, Parks and Recreation, Canmore Provincial Building, Canmore, Alberta,
Canada
4
Alberta Sustainable Resource Development, West Cochrane, Alberta, Canada
Water management has been extensive in Souhern Alberta over the past century. The challenge
in the future will be to accommodate increasing population and economic activity, while
retaining the natural features that enhance the region’s quality of life and define its character.
The Kananaskis River System, which has extensive recreational facilities and use, is a major
tributary of the Bow River, in the South Saskatchewan River Basin (SSRB) in Southern Alberta.
In 2010, the Bow River Project Research Consortium (the Consortium) was established to
explore options for re-managing the Bow River System from headwaters to confluence. As part
of that work, changes to how Lower Kananaskis Lake and the Kananaskis River could be
managed were modelled using the Bow River Operational Model (BROM) based on the
operation parameters proposed in 2001 by the Fisheries and Recreation Enhancement Working
Group (FREWG). The results indicated that, for relatively modest costs, 1) the water level in
Lower Kananaskis Lake could be stabilized, thereby increasing productivity by about 3-fold,
greatly improving the fishery and creating new and enhanced recreational and tourism
experiences and 2) the extreme fluctuation in flows in the Kananaskis River could be reduced,
which would greatly improve the aquatic ecology and the existing fishery. Alternative scenarios
were considered relative to associated economic, environmental and social costs versus benefits
for the entire Bow River System. The Consortium’s work showed that improvements in
managing the Bow River system are both realistic and attainable, with very specific
improvement in the Kananaskis River System.
Michael W. Nemeth: Project Specialist at WaterSMART Solutions Ltd. Michael completed a
graduate degree in Physical Geography (Hydrology) around climate change impacts on
streamflow in the upper North Saskatchewan River Basin. He began building his water resources
experience through his work as the Water Resource Modeller with the Water and Environmental
Hub; a Project Data Coordinator with the Alberta Water Research Institute; and as the
Reclamation Research Assistant with Syncrude Canada Ltd.
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Integrated river management in the South Saskatchewan River Basin for identifying and
adapting to potential impacts from climate variability and change
M. Kelly1, M. W. Nemeth1, M. V. Ham1 & D. F. Hill2
1
Alberta Society for Sustainable Water Management and Related Technologies (Alberta
WaterSMART), Calgary, Alberta, Canada
2
Alberta Innovates-Energy and Environment Solutions (Water Resources), Edmonton, Alberta,
Canada
Alberta’s natural resources and economic vitality depend on an ever improving understanding
and adaptive management capacity to deal with natural climate variability as well as the
prospects and potential impacts of global climate change. Water resources are often the first
visible impact of climate events; and Alberta has experienced droughts, floods and is
experiencing increasing water demands to deal with population growth, economic development
and environmental management. This initiative is about harnessing the efforts and intelligence of
the people for whom water is fundamental to their community and who are working together to
create a shared future by building a common understanding of what is possible given the
uncertainties of climate variability and change. This initiative builds on prior work from the Bow
River Project in 2010. Through the use of a suite of existing analytical and fit-for-purpose
decision support tools, this initiative will create the capacity for an informed, collaborative and
adaptive management approach to water resource management in the South Saskatchewan River
Basin (SSRB). This approach will enable organizations, communities and individuals to
determine their most suitable response to climate changes, within the physical realities of the
SSRB river flows, requirements and infrastructure. Specifically, this work will collaboratively
explore improvements to water storage and the management of facilities and resultant timing of
flows in each contributing watershed, balancing environmental, social and economic interests.
Once the SSRB work is complete, the knowledge base and process can be applied to other
watersheds in Alberta and potentially outside of the province.
Mike Kelly: Project Manager at WaterSMART Solutions Ltd. Mike Kelly is the recently retired
Director of Water Resources at TransAlta Corporation. His responsibilities included developing
water strategy as an emerging issue and opportunity, identifying potential water developments,
and managing other water issues related to sustainable development. Prior to taking on the water
portfolio at TransAlta, Mike was their Director of Environment, Health and Safety.
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The International Joint Commission’s peer review process for a major transboundary
water project – A case study
P. J. Pilon, T. R. Yuzyk & S. M. A. Moin
International Joint Commission, Ottawa, Ontario, Canada
In 2007, the International Joint Commission (IJC) launched a 5-year $17.2 million scientific
investigation entitled the International Upper Great Lakes Study (IUGLS). The intent was to: 1)
examine physical processes and ongoing changes in the St. Clair River and their impacts on
levels of Lake Michigan-Huron; and 2) review the regulation of Lake Superior outflows and the
need for improvements to address both the changing conditions of the upper Great Lakes and the
evolving needs of the many interest served by the system. Recognizing the importance of peer
review and having had recent experience in an independent review of its International Lake
Ontario – St. Lawrence River Study, the IJC considered various possible models with the intent
of increasing benefits from the review process. It decided to adopt a dual model that comprised
internal peer review and external, independent peer review. The external process was managed
by two learned organizations, namely the Canadian Water Resources Association and the
American Society for Civil Engineers; and it comprised a three-tiered approach. These tiers
included: 1) methodological reviews of the Study’s strategy or approaches to be undertaken for
each major sub-project; 2) sub-product reviews of selected reports detailing the work undertaken
in a major sub-project; and 3) synthesis product reviews of final report chapters and the overall
final report. The presentation will provide an overview of external peer review models that were
considered and will describe in more detail the model that was adopted. An assessment will also
be provided of the benefits and concerns that arose through its application to the IUGLS.
Overall, it was concluded that the process worked well, provided significant adjustments to the
scientific approaches and studies undertaken and significantly improved the overall products and
outcomes of the Study. It is anticipated that the three-tiered process undertaken by the IJC may
be of interest to other organizations responsible for large studies, as well as practitioners.
P.J. Pilon: PhD, P.Eng. (Ottawa); Engineering Adviser, International Joint Commission
T.R. Yuzyk: MA (Ottawa); Senior Science Adviser, International Joint Commission
S. M. A. Moin: PhD (McMaster); Senior Scientist, International Joint Commission
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Federal licensing of projects on international rivers and transboundary rivers
M. N. Lalonde & R. Kallio
Environment Canada, Sustainable Water Management Division, Gatineau, Québec, Canada
Forty percent of the Canada-United States boundary is shared water. In 1909, the two countries
signed The Boundary Waters Treaty which established the principles and mechanisms to prevent
and resolve disputes along the boundary. In order to implement and maintain its commitments
under The Boundary Waters Treaty, the federal government enacted two statutes that require
licensing for the construction, operation or maintenance of certain projects on transboundary
rivers and international rivers: a) the International River Improvements Act (IRIA), and b) the
International Boundary Waters Treaty Act. The presentation will explain both acts and licensing
requirements in each case, and show how they apply to the various projects. A particular focus is
given to the IRIA. The IRIA was passed in 1955. The responsibility for administering the Act
has been with the federal Minister of the Environment since June 1971. The goals of the IRIA
are to ensure that Canada’s commitments under The Boundary Waters Treaty are maintained and
water resources in international river basins are developed and utilized in the national interest.
The International River Improvements Regulations detail requirements for licence applications
and exceptions to the application of the Act. Examples of the IRIA licensing process and
exception cases will be presented. As well, the cases where the IRIA is a trigger for an
environmental assessment under the Canadian Environmental Assessment Act will be discussed.

Manon N. Lalonde, M.Sc., P.Eng.: Senior Project/Program Engineer, Environment Canada,
Gatineau. Manon is a water resources engineer with fifteen years experience in conducting
hydrologic and hydraulic studies in the private sector and for government agencies. Since joining
Environment Canada, Manon has become the administrator of the International River
Improvements Act and now leads administrative activities carried under this Act.
R. Kallio: P.Eng. (Ontario); Senior Water Resources Engineer, Environment Canada
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Watershed cumulative effects assessment and management in Canada: Institutional
arrangements, capacity, and scale
R. J. Patrick & B. F. Noble
Department of Geography and Planning, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
While environmental impact assessment (EIA) has attempted to assess the relative impact of
certain activities, the cumulative impact of all development at the watershed scale remains poorly
understood. The current practice of conducting cumulative effects assessment and management
(CEAM) in Canada has been criticized in the literature as ineffective, possibly causing more
harm than good. While the “science” of conducting CEAM is advancing, it is generally
recognized that the institutional requirements necessary to support CEAM are not well
understood. In the absence of institutional requirements to support CEAM, combined with
increasing urban, industrial and agricultural development pressure, the future is uncertain for
watershed health in Canada. In this research we examine the necessary institutional requirements
to support CEAM at the watershed scale using qualitative interviews across four watersheds in
Canada, the South Saskatchewan, the Athabasca, the lower Fraser Basin, and the Grand River.
Lessons learned across these watersheds identify eight key institutional requirements, or
requisites, necessary for effective CEAM. At present, capacity to support the identified requisites
varies between these watersheds. As a unit of study, the watershed appears to be a useful scale
for CEAM.
Robert J. Patrick: Assistant Professor; I joined the Department of Geography and Planning at the
University of Saskatchewan in 2008. My background includes working as a regional planner in
BC and Australia (1990-2002). I teach Geography, as well as Regional and Urban Planning,
courses. My current research interests include watershed planning for source water protection,
integrated water resource planning, First Nations access to safe water, as well as regional and
urban planning for sustainability.
Bram F. Noble: PhD (Memorial); Professor, University of Saskatchewan
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Does the USA need a national water (fill in the blank) vision, strategy, policy, ethic…?
M. E. Campana1,2
1
American Water Resources Association, Middleburg, Virginia, USA
2
College of Earth, Ocean, and Atmospheric Sciences, Oregon State University, Corvallis,
Oregon, USA
The USA faces a number of water resources challenges, such as: increasing population, growing
water demand, climate change, aging infrastructure, lack of coordination, and ecosystem
degradation. Despite these daunting challenges, the USA seems ill-equipped to address them.
The Federal government has a large role in water management, a role that is divided among 25 or
so agencies with oversight and appropriation of funds vested in 36 Congressional
committees/subcommittees. The states are active in water management, especially water
allocation, and are wary that the Federal government will usurp their powers. This wariness is
especially evident in the generally arid Western states, where a system of water rights based
largely on the prior appropriation doctrine has been in effect for over 100 years. A patchwork of
laws and regulations, often in conflict, further complicates water resources management. Against
this backdrop a number of individuals and organizations have called for the development of a
national water policy, vision, strategy, or ethic. These various calls, however, are not all recent;
some extend to the early 1960s. Whatever it is called – policy, strategy, vision, plan - the
development of any sort of national approach to water will be viewed with suspicion by the
states, other political jurisdictions, nonprofits, environmental groups, regional agencies, and
certain communities, most notably agriculture, a large water user. This will be true even if a
deadly ‘one size fits all’ approach is avoided. The presentation will examine past, present, and
future attempts to engender better water management in the USA.
Michael E. Campana is 2012 Past President of the American Water Resources Association
(AWRA), Professor of Hydrogeology and Water Resources Management at Oregon State
University, and former Director of its Institute for Water and Watersheds. He held the Albert and
Mary Jane Black Chair of Hydrogeology and directed the Water Resources Program at the
University of New Mexico, where he is now Emeritus Professor. He has supervised 75 graduate
students. His expertise includes hydrogeology, hydrophilanthropy, water resources policy and
management, WaSH (water, sanitation, and hygiene), and transboundary water resources. He
blogs at WaterWired http://www.waterwired.org Campana founded and runs the nonprofit
hydrophilanthropy Ann Campana Judge Foundation (http://www.acjfoundation.org).
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Managing hydrologic regimes in Canada
Session Coordinator: Shaun Toner
Session Chair: Monica Wagner
W6 - Friday June 8, 2012 - 13:30 to 15:00 - Room: MB Auditorium
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Community water management response to extreme hydrology in a Canadian Prairie
wetland basin
N. E. Seitz, J. W. Pomeroy, C. J. Westbrook & K. R. Shook
Centre for Hydrology, Department of Geography and Planning, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada
Canadian Prairie wetland basins have been subject to intensive wetland drainage and
development of rural road networks to promote land access for cultivation since European
settlement began in the late 1800s. Whilst these developments have provided benefits to
agricultural production and rural access, they have modified the natural hydrology by reducing
depressional storage capacity and increasing contributing area. Smith Creek Research Basin,
located in southeast Saskatchewan, is a tributary of the Assiniboine River which has undergone
extensive wetland drainage, channelization, road development and culvert installation to permit
drainage across roads. Some culverts have gates installed, to temporarily restrain drainage in
high flow periods. The basin has mild topography, mixed cultivation, pasture and woodland and
had high wetland density in the mid-20th century. The 2011 spring melt produced the 2nd highest
peak discharge on record in Smith Creek. In order to protect the local infrastructure and
cultivated land from rising water levels, the local governments and citizens took an autonomous,
reactive approach to control floodwaters. Observed actions included closing culvert gates,
building up road surfaces, cutting through roads, and sandbagging, all for the purposes of first
restraining and then enhancing drainage through the system. The effectiveness of these measures
is being assessed and was highly variable. Extreme events such as floods and droughts are
anticipated to occur more frequently as a result of a changing climate, thus adaptive management
such as practiced in Smith Creek is expected to become more prevalent as communities strive to
protect local resources and infrastructure.
N.E. Seitz: MSc; Research Officer, University of Saskatchewan
J. W. Pomeroy: PhD; Professor, Canada Research Chair in Water Resources and Climate
Change, Director of the Centre for Hydrology, University of Saskatchewan
C. J. Westbrook: PhD; Associate Professor, University of Saskatchewan
K. R. Shook, PhD; Research Scientist, University of Saskatchewan
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Blowing in the wind: Hydraulics of the Netley-Libau Marsh
S. P. Clark, M. Haresign & P. Aminian
Department of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
The Netley-Libau marsh is located at the south end of Lake Winnipeg in Manitoba, Canada and
is one of the largest inland marshes in North America. Over the past several decades the
ecological health of the marsh has declined, coincident with the continual eutrophication of Lake
Winnipeg. As a variety of stakeholders within Manitoba are evaluating how to increase the
nutrient filtering potential of the marsh, it was immediately identified that there was virtually no
data regarding the bathymetry or hydraulics of this complex area of interconnecting lakes and
channels. To address this data gap a hydraulic data acquisition program has been conducted
since 2009. This program has endeavored to provide baseline data for subsequent numerical
model development that will ultimately assist with evaluating various mitigation options. It was
established early on that water levels and flows within the marsh are controlled primarily by the
wind that blows across Lake Winnipeg. As the 10th largest freshwater lake in the world, Lake
Winnipeg has been observed to experience wind setup events in excess of 1 m on a relatively
frequent basis. Measurements using ADCP’s and upwards-looking Sontek Argonauts have
observed dramatic shifts in flow velocity and direction within the marsh channels. Relatively
simple statistical analysis has shown that water level data from a Water Survey of Canada gauge
at Gimli – 40 km north on Lake Winnipeg – can be used to hind-cast channel velocities within
some of the marsh channels.

Figure 1: Bathymetry of the Netley-Libau marsh.
Shawn Clark, Ph.D., P.Eng.: Assistant Professor in the Department of Civil Engineering at the
University of Manitoba, where his duties include managing the Hydraulics Research & Testing
Facility. His fields of research are varied, and include river ice engineering, ecohydraulics, as
well as physical and numerical hydraulic modeling.
M. Haresign Coauthor: Graduate Student, University of Manitoba
P. Aminian Coauthor: Undergraduate Student, University of Manitoba
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Options for emergency reduction of water levels on Lake Manitoba and Lake St. Martin
E. L. Blais, T. Ehnes, J.Greshuk, C. Propp & X. Qu
AECOM, Winnipeg, Manitoba, Canada
The Assiniboine and Souris Rivers in Manitoba experienced extreme flooding in 2011 with peak
flow rates near or exceeding past records and a volume and duration of flooding beyond any
historic event. The flood protection works on the lower Assiniboine River were stressed to the
breaking point and resulted in the diversion of unprecedented peak flows and volumes into Lake
Manitoba. This resulted in lake levels above previous historic extremes and widespread flooding
and wave damage to homes, cottages and agricultural lands around the Lake Manitoba. This
flood impact was also felt on First Nation communities adjacent to the Fairford River, Lake
Pineimuta, Lake St. Martin and Dauphin River system conveying flow from Lake Manitoba to
Lake Winnipeg. Manitoba Infrastructure and Transportation (MIT) assigned AECOM and KGS
the task of identifying and analyzing options that would provide significant relief from the flood
conditions on Lake Manitoba and Lake St. Martin. More than eight (8) flood channel routes were
considered from Lake Manitoba and Lake St. Martin to Lake Winnipeg, and four flood
management options on the Assiniboine River were analysed and costs estimated in just 5 weeks.
The Province accepted AECOM’s recommendation to construct a 6km long diversion channel
with 45m base width requiring 1.4 million m3 excavation in flooded peat and till. The channel
was designed to convey peak flow rates of 225 cms allowing the upstream Fairford River Water
Control Structure to discharge at maximum rates throughout the winter achieving earlier lake
level reduction.
Eric Blais B.Sc., M.A.: Manager of the Water Resources Division, AECOM, Manitoba. Eric is a
Hydrologist with over 30 years experience in the water resources field; including hydrologic
modelling, flood forecasting, design of erosion and sedimentation control measures and
environmental impact assessment. His experience includes providing detailed hydrologic
analysis of major water management projects for use in the environmental impact assessment
process, mine closures, watershed scale models and transportation projects. He was the project
manager on studies and construction projects dealing with the 2011 flood in Manitoba and was
the technical expert on the Lake Manitoba Regulation Review Advisory Committee.
T. Ehnes: Water EIT, AECOM, Winnipeg, MB
J.Greshuk: Water Engineer, AECOM, Winnipeg, MB
C. Propp: Water Engineer, AECOM, Winnipeg, MB
X. Qu: Water Engineer, AECOM, Winnipeg, MB
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Detailed design and construction of the Lake St. Martin emergency outlet
E. L. Blais, A. J. Friesen & G. Hutchinson
AECOM, Winnipeg, Manitoba, Canada
AECOM’s work in support of the project “Options for Emergency Reduction of Lake Manitoba
and Lake St. Martin Levels” was unprecedented in Manitoba both in terms of the speed at which
the project was conducted and the coordination of resources required. Manitoba Infrastructure
and Transportation assigned AECOM the tasks of detail design of the Lake St. Martin
Emergency Flood Relief Channel in mid-July 2011, construction management in mid-August,
and the channel construction was completed by November 1. The channel was located in a
remote area only accessible by boat or helicopter. AECOM completed and modified the design
of the outlet channel, provided construction management, monitored construction activities for
environmental responsibility and impacts, coordinated logistic support to the client and
contractors including arranging boat transport, internet and cellular communications, and
developing protocols for communication and safe operation of helicopters. Three contractors
mobilized more than 100 pieces of equipment and 150 personnel to excavate 1.4 million cubic
meters of peat and till from the 6 km long channel. First Nation staff involvement peaked at over
50 percent, providing engineering, construction, consultation, and support roles. The Lake St.
Martin Emergency Flood Relief Channel was put into emergency service within the agreed
timelines and under the budget estimates provided. The positive results are evident as water
levels drop on Lake Manitoba and Lake St. Martin.
Eric Blais B.Sc., M.A.: Manager of the Water Resources Division, AECOM, Manitoba. Eric is a
Hydrologist with over 30 years experience in the water resources field; including hydrologic
modelling, flood forecasting, design of erosion and sedimentation control measures and
environmental impact assessment. His experience includes providing detailed hydrologic
analysis of major water management projects for use in the environmental impact assessment
process, mine closures, watershed scale models and transportation projects. He was the project
manager on studies and construction projects dealing with the 2011 flood in Manitoba and was
the technical expert on the Lake Manitoba Regulation Review Advisory Committee.
A. J. Friesen: Project Engineer, AECOM, Winnipeg, MB
G. Hutchinson: Water Engineer, AECOM, Winnipeg, MB
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Towards a better understanding and improved predictions of hydroclimate extremes in the
Canadian Prairies
K. K. Szeto
Climate Research Division, Environment Canada, Toronto, Ontario, Canada
The Canadian Prairies is characterized by frequent occurrences of droughts and pluvials that
significantly affect the region's agricultural activities. To better understand the key physical
processes that affect the development of these hydroclimate extreme events, monthly time series
of regional scale surface and atmospheric water budgets were calculated for the 1960-2002
period by using various datasets. Results from correlation analysis performed with the budget
components were interpreted with knowledge of hydroclimate processes in the region to clarify
the roles of different interacting processes in governing the interannual variability of warm
season precipitation. Results of the analysis suggest that the interannual variability, including the
development of extremes, of warm-season Prairie precipitation is strongly affected by synoptic
activities that occur in its Souhern vicinity. It was further found that the variability of warmseason synoptic activities that affect the area are controlled by characteristic largescale upperlevel flow features that are at least partially forced by sea surface temperature anomalies over the
tropical and mid-latitude Pacific. Based on the results of the study, a new approach will be
proposed to improve the prediction of Prairie hydroclimate extremes.
Kit Szeto, PhD: Research Scientist at the Climate Research Division of Environment Canada. He
has wide-ranging research interests in the analysis and modelling of weather and climate
systems. His recent research is mostly related to the quantification, modelling and diagnosis of
water and energy cycling processes. In particular, he has focused in studying physical
mechanisms that govern regional climate variability and change, including the development of
climate extremes such as drought and pluvials. He had been actively involved in Canadian
research networks that addressed these regional climate issues, such as MAGS and DRI.
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Lake level simulation to enhance decision support system for lakes in Manitoba that are
undergoing cyclical level variation
F. S. Unduche
Senior Water Control Systems Planning Engineer, Manitoba Water Stewardship, Winnipeg, MB
Canada
Historical level records on various lakes across Manitoba (e.g. Shoal Lakes, Whitewater Lake,
Salt Lake) indicate that the lakes have been experiencing a cyclical variation of dry and wet
cycles. Most of Manitoba is currently experiencing a wet cycle that began in the mid-1990s. This
has resulted in greater than normal precipitation and a commensurate increase in runoff. As a
consequence of this increase in runoff, the water levels on most of the lakes have increased and
the lakes are at or near record high levels. This resulted in flooding of farm land and properties,
as well as provincial and municipal roads. These flooding problems initiated the need to develop
long and short term plans for alleviating the flooding problem. Hence, as one factor, it was
necessary to examine the expected lake level in the upcoming years. Doing so was, however,
challenging and became more complicated as the lake level is going through cyclical variation
and not following a linear trend. For this reason, lake level outlook model was developed based
on a water balance approach and was calibrated by using recorded data. The model was then
used to predict lake levels for Shoal Lakes and Whitewater Lake for normal, wet and dry season.
Normal, wet and dry season inflows were generated based or record water levels and inflows. It
was found that, for lakes where level varies cyclically, the developed model enhanced decision
support system by indicating cost and time implications of various flood mitigation alternatives.
Dr. Unduche, P.Eng. obtained his Ph.D. degree from the University of Manitoba in Civil
Engineering, his M.Sc. degree from IHE-The Netherlands in Hydraulic Engineering, and his
B.Sc. degree from Arbaminch University Ethiopia in Water Resources Engineering. Dr.
Unduche is presently a Senior Water Control Systems Planning Engineer at Manitoba Water
Stewardship. Dr. Unduche has been involved in the design and analysis of many hydraulic
structures, watershed modelings and hydrological analysis. Prior to that Dr. Unduche has worked
as a water resources engineer at AECOM-Canada, and as a faculty member of the Arbaminch
Water Technology Institute.
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Municipal and industrial water demand
Session Coordinator: Shaun Toner
Session Chair: Abdel-Zaher Kamal Abdel-Razek
W9 - Friday June 8, 2012 - 15:30 to 17:00 pm - Room: MB Auditorium
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Water for energy: An integrated assessment of global and regional water demands for
electricity generation to 2095
E. G. R. Davies1, P. Kyle2 & J. J. Dooley3
1
Department of Civil and Environmental Engineering, University of Alberta, Edmonton, Alberta,
Canada
2
Joint Global Change Research Institute, Pacific Northwest National Laboratory, Maryland, USA
3
Joint Global Change Research Institute, Pacific Northwest National Laboratory, Maryland, USA
Electric power plants use large quantities of water – an estimated one-half of the global industrial
water use, or 10% of all current water use. Continued expansion of the electric sector over this
century is probable, with projections of a three- to five-fold increase in electricity generation by
2100; however, the consequent effects on water demands are uncertain and depend on water
intensities that currently vary by two orders of magnitude by electricity technology. Using the
Global Change Assessment Model (GCAM), a well-known integrated assessment model of
energy, agriculture, and climate change, we will explore the evolution of electric-sector water
withdrawal and consumption both globally and in several of the model’s fourteen geopolitical
regions over the next century. We will focus on the effects of uncertainties related to withdrawal
and consumption intensities for a variety of electricity generation technologies, rates of change
of power plant cooling system types, and rates of adoption of a suite of water-saving
technologies. The presentation will show that the water withdrawal intensity of electricity
generation is likely to decrease in the near term with capital stock turnover, as wet towers replace
once-through flow cooling systems and advanced electricity generation technologies replace
conventional ones, but that an increase in consumptive use accompanies the decrease in water
withdrawal rates. We will also show that the selection of electricity generation technologies into
the future, the rate of technological progress, and climate policy can play a significant role in
determining long-term electric-sector water requirements.
Dr. Evan Davies is an assistant professor in the Department of Civil and Environmental
Engineering at the University of Alberta, and specializes in water resources planning and
management. His research focuses on numerical simulation of water use in the domestic,
agricultural and industrial sectors, with an emphasis on the impacts of alternative management
policies on water resources at a variety of scales, from local to global, and from the near-term to
2100. Although his work typically concentrates on water quantity, he has some experience with
modeling water quality through doctoral research and several ongoing research projects.
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Development of water demand forecasting model for energy sector
B. Ali & A. Kumar
Department of Mechanical Engineering, University of Alberta, Edmonton, Alberta, Canada
The objective of this research is to develop a data intensive model for assessment of total water
requirement for a jurisdiction taking into account all the demand and supply energy sub-sectors
(e.g., residential sub-sector, industrial sub-sector, transportation sub-sector, agricultural subsector, electricity generation sub-sector). Input to the developed computer model includes data
on energy demand and supply pathways and the model forecasts different amounts of water
demand as output from the model in a particular scenario. A number of scenarios could be
assessed using this model. For example, water requirement could be assessed for scenarios in
which more advanced coal power plants are built or more natural gas based power plants are
built or impact of more natural gas use in energy demand sector. The model includes water
consumption factors over life cycle for different pathways of energy conversion including a
number of unit operations for extraction of energy resource, technology used, and technical
characteristics of each energy sub-sector. Water consumption factors for various pathways have
been included in the model and these are combined with energy demand and supply projections
for forecasting the amounts of water required in a particular scenario. Scenarios of
implementation of more fossil fuels such as coal and natural gas have higher water demand
compared to other energy conversion pathways. Scenarios involving implementation of more
renewable energy in energy supply sector such as wind and photovoltaic have low water demand
compared to biomass and hydro power based scenarios.
Babkir Ali: PhD student in the Department of Mechanical Engineering at the University of
Alberta, Edmonton, Alberta, Canada. His research work is mainly focused on the energy-water
nexus and renewable and conventional energy. He holds a BSc and an MSc in Engineering from
the University of Khartoum, Sudan. He has also worked as a researcher at the Solar Energy
Department, Energy Research Institute, Sudan.
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Development of life cycle water demand coefficients for coal based power generation
technologies
B. Ali & A. Kumar
Department of Mechanical Engineering, University of Alberta, Edmonton, Alberta, Canada
The objective of this study is to develop water demand coefficients over life cycle for a number
of coal based power generation pathways. There has been limited research on system level
assessment of water footprints of coal based power generation over life cycle. Earlier studies
have focussed mostly on the water consumption in the conversion process. This study is an effort
to address this gap. Twenty four different coal based power generation pathways were assessed.
These conversion pathways were based on the type of mining processes (e.g., surface and
underground mining), type of power generation technologies (e.g., subcritical, supercritical,
ultra-supercritical power plants), and type of cooling systems (e.g., cooling towers, cooling
ponds). The water demand coefficients for these pathways were estimated. These water demand
coefficients are defined as the total consumption of water in each of the unit operations involved
in production of electricity from coal (e.g., coal mining, coal processing, electricity generation
and disposal of by-product) over the life cycle per unit electricity output. The water
consumption coefficients are in the range of 1 to 3 liters/kWh of electricity generation pathways
for the twenty different pathways which were assessed in this study. A case study was also
carried out for coal based power generation in Alberta and a review of coal based electricity
generation was also performed.
Babkir Ali is a PhD student in the Department of Mechanical Engineering at the University of
Alberta, Edmonton, Alberta, Canada. His research work is mainly focused on the energy-water
nexus and renewable and conventional energy. He holds a BSc and an MSc in Engineering from
the University of Khartoum, Sudan. He has also worked as a researcher at the Solar Energy
Department, Energy Research Institute, Sudan.
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Municipal residential water uses: Canadian and international perspectives
A. K. Abdel-Razek
Water Resources Management Division, NL Department of Environment and Conservation, St.
John’s, NL, Canada
Municipal residential and commercial water uses are considered to be major water uses in
Canada and globally. With the need to efficiently utilize; willingly conserve; and value
appreciate our precious water resources, there is a pressing need for reliable figures on the daily
per capita water use at global, national and regional levels including the Province of
Newfoundland and Labrador (NL). The main objective of this study is to examine; analyze;
compare; and present Canadian and international municipal residential water uses with a
reference to municipal commercial uses. Variations were found in reported figures that were
estimated through water use surveys or metering of municipal residential and commercial water
users with or without conservation measures. Based on several driving factors, the reported
average daily per capita water uses include 126 litres in Germany and a range of 190 litres up to
720 litres in United States. In Canada, the municipal water use represents 10% of the total water
used with a reported average daily per capita water use of 343 litres. In this study, a close
monitoring and analysis of metered residential water uses were conducted. It was found that the
actual average daily per capita water use is 307 litres with a nonlinear water use trend for the
monitored period. This average is about 60% of a recent reported average of 504 litres for NL,
Canada. Therefore, the reported figures may not properly be reflecting the actual daily per capita
water use and should be based on metered uses.
Dr. Abdel-Zaher Kamal Abdel-Razek, P.Eng.: Among several recognition awards, Dr. AbdelRazek’s outstanding contributions to water resources management and development were
recognized by CWRA 2011 Distinguished Service Award and CANCID 2011 Award. He
obtained his MSc jointly from Cairo University-MIT (USA) and Ph.D. from the University of
New Brunswick. He is currently Manager with the Water Resources Management Division, NL
Department of Environment and Conservation. He has more than thirty years of extensive
academic and professional experience in Canadian and international water resources planning,
development and management; hydrotechnical; and Aboriginal and agricultural water
management. He participated in several national and international conferences, symposia, and
congresses including organizing and chairing the 64th CWRA National Conference in St. John’s.
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Hydrological modelling innovation in Canada II
Session Coordinator: David Hutchinson
Session Chairs: Wayne Jenkinson, David Hutchinson & James Craig
S1B - Friday June 8, 2012 - 10:30 to 12:00 - Room: MB 252
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Ranked regression analysis for the prediction of long-term streamflow conditions
K. Terry, J. Cathcart, C. Nistor & T. Perkins
Knight Piésold Ltd., Vancouver, British Columbia, Canada
Many mining, energy and infrastructure projects require accurate long-term streamflow estimates
for engineering design and environmental assessment. A common approach for developing such
estimates is to correlate relatively short site records with concurrent data from a watercourse
within the same hydrologic region for which a long-term record is available. For the
development of daily streamflow conditions the correlation often takes the form of an
empirically calibrated transfer function (or a set of functions), which is then applied to the longer
record (surrogate) to generate a long-term synthetic flow series for the watercourse of interest
(prototype). This approach requires that the prototype and surrogate watersheds are
hydrologically similar and that the timing flows are reasonably synchronized. Knight Piésold
Limited (KPL) has developed an approach for cases in which flows are moderately or wellcorrelated at coarser time scales (i.e. monthly or seasonally), but are not well-correlated on a
daily basis due to differences in storm timing, hypsometry and snowmelt timing, glacier cover
and glacier melt timing, and runoff attenuation characteristics. This alternative approach
involves the regression analysis of seasonal groupings of ranked daily streamflows for the two
records being compared, and using the formulae of the best-fit lines as the transfer functions.
Paired flows with equal rank in the two ordered datasets have equal frequencies of exceedence,
so the best-fit relations amount to transfer functions between the seasonal flow duration curves of
the two records. The goal of the analysis is to produce a synthetic long-term daily flow series for
expected future conditions in the watercourse of interest that has the same mean and variability
statistics to the actual historical flow series, but not necessarily precisely the same daily flow
pattern. Details of this approach and example applications will be presented.
K. Terry: B.Sc., Water Resource Scientist, Knight Piésold Ltd.
J. Cathcart: Ph.D., P.Eng., Specialist Hydrotechnical Engineer , Knight Piésold Ltd.
C. Nistor: M.Sc., P.Geo., Senior Geoscientist, Knight Piésold Ltd.
T. Perkins: M.A.Sc., P.Eng., Senior Water Resources Engineer, Knight Piésold Ltd.
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Using a flexible hydrologic modelling framework to test the impact of model decisions
J. R. Craig & B. A. Tolson
Department of Civil & Environmental Engineering, University of Waterloo, Waterloo, Ontario,
Canada
Operational models that are used to simulate the hydrological cycle at the watershed scale
typically do not have the luxury of being fully physically-based: our understanding of processes
at the scale of interest is insufficient, our ability to upscale the physics we do understand is
limited, and the computational cost of representing all of the important physics at the fine scale is
excessive. Because there is no clear ‘right way’ to simulate the various components of the
hydrologic cycle at the watershed scale, each process (e.g., infiltration, sublimation) typically has
a number of acceptable algorithmic implementations used in practice. Some of these are
empirical, others are quasi-physically-based, and others are purely conceptual. Most existing
hydrological modeling tools are assembled from a single set of these algorithms, so the impacts
of algorithm choice, while influential, are difficult to ascertain. Recently, the authors have
developed a flexible hydrological modelling framework (Raven) that contains a library of
process algorithms. Once the option to plug-and-play different alternative model decisions is
available, we may begin to assess whether those decisions are (1) at all significant for prediction,
(2) interchangeable with equally appropriate decisions, (3) appropriate representations of
watershed functioning or (4) at all warranted given their computational cost. In addition, the
model output uncertainty associated with the uncertainty in model structure may be explicitly
evaluated. The Raven framework provides a tool for making these assessments, and encourages
modellers to question and assess the decisions made in the model construction process. We here
introduce and examine one such technique which utilizes an ensemble approach to evaluate the
impact of individual sub-model decisions.
J. R. Craig: PhD (Univ. at Buffalo): Assistant Professor, University of Waterloo
B. A. Tolson: PhD (Cornell): Assistant Professor, University of Waterloo

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

408

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Automation of SSARR model calibration process/Élaboration d'un utilitaire d'étalonnage
automatique pour le modèle SSARR
N. Thiémonge1 & A. Daigle2
1
Unité Conception des aménagements de production hydraulique et géotechnique, HydroQuébec, Montréal, Québec, Canada
2
Groupe de recherche en hydrologie statistique, INRS-ETE, Québec, Canada and Canadian
Rivers Institute, Fredericton, N.B., Canada
SSARR is a lumped deterministic model developed by the US Army Corps of Engineers. It is
used by Hydro-Quebec for the design of hydraulic structure and more recently to estimate the
impact of climate changes on the hydrology of Quebec drainage basins. This recent application
allows to assess the need to account for expected hydrological changes in the design of hydraulic
structures. Manual calibration of over 40 parameters of the SSARR model can take several days.
A Matlab script was developed in order to facilitate and speed up the calibration process. This
algorithm allows to determine groups of parameters that provide different, but equally acceptable
simulations. Having ensembles of simulations then allows for the estimation of uncertainty
associated with flows simulated by the model. Inspired by the algorithm proposed by Bardossy
and Singh (2008), the Matlab script iteratively explores the parameter space using depth
functions and uses one (or numerous) performance criterion (criteria), such as the Nash
coefficient. The algorithm and a number of case studies will be presented.
Le modèle SSARR est un modèle déterministe global développé par le U.S. Army Corps of
Engineers et utilisé chez Hydro-Québec pour la conception des ouvrages hydrauliques. Depuis,
récemment il est utilisé pour estimer l'impact des changements climatiques sur l'hydrologie des
bassins versants du Québec ainsi que la pertinence et la nécessité de tenir compte de ces
changements sur la conception des ouvrages hydro-électriques. L'étalonnage manuel de sa
quarantaine de paramètres peut prendre plusieurs jours. L'accès à un script d'étalonnage
automatique permet d'accélérer grandement ce processus en plus de permettre l'obtention d'un
groupe d'ensemble de paramètres équifinaux. Ces ensembles de paramètres peuvent ensuite être
utilisés pour estimer l'incertitude induite par l'utilisation d'un modèle hydrologique sur la variable
à estimer, soit le débit. Le script écrit en Matlab permet une exploration itérative de l’espace des
paramètres basée sur une (ou plusieurs) mesure de performance (ex : le coefficient de NASH) et
sur la notion de fonction de profondeur. L’algorithme est inspiré de celui proposé par Bardossy
et Singh (2008). La théorie sous tendant le script et des études de cas seront présentées.
N. Thiémonge: ing. (Montréal); Ingénieure, Hydro-Québec
A. Daigle: PhD (Québec); Associée de recherche, INRS-ÉTÉ
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A simple yet rigorous approximation of Richard’s Equation applied to the soil-water
balance for streamflow simulation
1

2

3

4

E. D. Soulis , J. Craig , B. Davison , M. Mekonnen & G. Liu

5

1

Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
Ontario, Canada
2

Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
Ontario, Canada
3
4
5

National Laboratory for Hydrometeorology and Arctic Meteorology, Environment Canada
Centre for Hydrology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
AquaResource Inc., Breslau, Ontario, Canada

Sub-grid lateral flow is among the most poorly parameterized processes in hydrologic
modeling. The physics are well represented by the Richard’s Equation, which is essentially the
mass and momentum balance for flow through a soil matrix. Modelers usually abandon the
daunting task of solving Richard’s Equation and resort to empirical relationships that at best
produce satisfactory runoff estimates. However, other surface processes that are particularly
important in hydrological modeling also require the distribution of retained soil moisture at the
surface. An approach is being developed for the near-surface water balance based on
an approximate but very accurate analytical solution to Richard's Equation for a sloped aquifer
for both saturated and unsaturated conditions. The results are compared to simulations using a
one- dimensional fully-implicit Crank-Nicolson finite-difference scheme. For a wide variety of
soils, bulk saturations and internal water balance are within a quarter percent of the numerical
solution. Furthermore, the resulting recession curves are well approximated by a power law of
the form often used traditionally. This vindicates the use of the traditional empirical
relationship: Q = Q0·[(S-SR)/(SC-SG)]b. However, the coefficients can be defined a priori from
soil and topographic information. The theory has been extended to demonstrate the solution
approaches exactness for saturated flow condition. The primary advantage of this method is the
more accurate representation of basin storage with the result that the recession curves are more
realistic. Nash- Sutcliffe coefficients for simulations of South Saskatchewan River basin have
improved from 0.5 to 0.8.
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Validation of an upscaling approach for surface boundary conditions in regional
conjunctive models
A. P. Snowdon1 & J. R. Craig1
1
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
Ontario, Canada
To properly simulate and understand the relationships between groundwater (GW) and surface
water (SW) at the regional scale, it is necessary to accurately upscale GW-SW fluxes. The use
of fine-resolution conjunctive models is sufficient to represent GW-SW exchanges at the local or
small scale, however new methods need to be designed and implemented when individual
computational units (e.g., cells or basins) are large enough to contain multiple surface water
features. The determination of topography-driven relationships between surface water processes
and mean groundwater variables, such as head and saturation, make it possible to generate rating
curves that describe the GW-SW fluxes. These upscaled rating curves are then used to discern
behavioural patterns in the GW-SW fluxes at the regional or coarse scale. The behavioural
patterns were first determined with a 1-dimensional conjunctive model and then later with a 2dimensional conjunctive model. Initial comparisons and benchmarking were conducted on
specific processes (i.e., evapotranspiration). The rating curves generated from the 1- and 2dimensional simulations are used as the driving flux relationships in upscaled regional GW-SW
models.
A. P. Snowdon: PhD Candidate (Waterloo).
J.R. Craig: PhD (Buffalo); Assistant Professor, University of Waterloo.
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The Canadian Hydrological Model Stewardship (CHyMS) Project: Development support
and quality control for Canadian hydrological models
W. Jenkinson1, M. Serrer1, N. Kouwen2 & M. Quick3
1
National Research Council, Ottawa, Ontario, Canada
2
University of Waterloo, Waterloo, Ontario, Canada
3
University of British Columbia, Vancouver, British Columbia, Canada
Many excellent and widely-used hydrological models have been developed by Canadian
researchers and some of the more established models have found application in operational
forecasting systems. However, very often the models have a very small number of key
developers (1-2) the involvement of whom is critical to each model’s survival. Additionally,
good software engineering practices (issue tracking, quality assurance, version control,
documentation) are often not observed when the models are developed or released for public use.
The long-term risk associated with using or updating these models for hydro utilities,
conservation authorities, consultants and even other researchers may be prohibitively high. The
National Research Council of Canada (NRC) has launched the Canadian Hydrological Model
Stewardship (CHyMS) project to support hydrologic models developed in Canada that suffer
from these high-risk conditions. The CHyMS project will provide a long term support for the
models, but will also provide a framework to transfer new science to these models while still
assuring the model quality for operational applications. The CHyMS project currently supports
HBV-EC, WATFLOOD and the UBC Watershed Model. This paper will present the details of
CHyMS project, the including the online solution that allows for to model quality assurance and
reduced-risk collaborative model development.
W. Jenkinson: Research Engineer, National Research Council
M. Serrer: Software Developer, National Research Council
N. Kouwen: Professor (retired), University of Waterloo
M. Quick: Professor (retired), University of British Columbia
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Managing and rehabilitating rivers and their corridors: New
approaches I
Session Coordinator: Ed Johnson
Session Chairs: Jack G. Imhof & Mark Hartley
BW3A - Friday June 8, 2012 - 13:30 to 15:00 - Room: MB 252
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On the inseparability of hydrology and ecology
A. Curry
Biology Department, University of New Brunswick, Fredericton, New Brunswick, Canada
The CWRA has its roots in the field of hydrology, river hydraulics, hydrological engineering as
they pertain to “managing” flowing waters of Canada. While historically biology was a
component in some of what was considered “water management” in Canada, it was restricted to
addressing organic wastes being introduced to flowing waters, e.g., industrial and municipal
wastewater. In the last 20 years, water management everywhere has been evolving beyond just
hydrology and simple biology because we have significantly increased our demands on our
rivers, e.g., abstracting, diluting pollutants, generating hydroelectricity, while experiencing the
realization that rivers provide many services beyond just the physical water, i.e., what we now
call “ecosystem services”. This has been the emergence of the discipline of “ecohydrology”.
The inseparability of hydrology and ecology is not a new concept. The earliest pioneers of river
sciences discussed the challenges of studying the complex interconnectedness of physical and
biological structures, functions, and processes in river ecosystems, and highlighted the
connection of the river to its shoreline to it catchment (e.g., Horton 1945, Leopold and Maddock
1953, Hynes 1975, Vannote et al. 1980). In this talk I’ll discuss the importance of Canada’s
rivers and streams in the context of their ecohydrologic structure and the increasing demands for
the water itself. My goals will be to demonstrate that healthy rivers require integrative
management and rehabilitation.
Dr. Allen Curry: PhD in Zoology from the University of Guelph, an MSc in Watershed
Ecosystems from Trent University, and a HonsBES (Geography and Biology) from the
University of Waterloo. He is a professor of biology, forestry, and environmental management at
the University of New Brunswick in Fredericton, and holds the Cloverleaf Professorship in
Recreational Fisheries and Assistant Director, NB Cooperative Fish and Wildlife Research Unit.
For the last eight years, he has been the Director of the Canadian Rivers Institute. His research
interests and publications span issues in freshwater sciences with an underlying philosophy that
understanding physical and biological processes is critical but societal issues are immediate.
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River restoration/rehabilitation: The state of the science and practice
W. K. Annable
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo, Ontario,
Canada
Over the past 4.2 Billion years, fluvial processes have played a significant role in molding
Earth’s landscapes. Very recently, anthropogenic manipulations of upland regions for
agricultural, resource, transportation, and occupational exploits have resulted in rivers
responding to the land-use stressors. In attempts to mitigate / arrest / reverse channel change,
humans have imposed a litany of floodplain and channel works to counter geologic evolution
including: conversions of watercourses into storm-sewer networks and floodways, hardening of
channel beds and banks, introduction of grade-control structures, construction of reservoirs,
storm-water management facilities, and bio-engineering. Some have attempted to maintain or
“restore” river patterns to perceived historical or pre-disturbance conditions. Concomitantly,
these measures have often resulted in the decline of riparian corridor diversity and aquatic health.
Further uncertainty exists in riverscapes where landuse signals are changing (in particular urban
watersheds) where both changes to bed material supply and its transport via changes in the
volumes, rates, frequency and distribution of in-channel and overland flow further alter the
stability characteristics and quasi-equilibrium end-points. A relationship offered by Lane many
decades ago which identifies that the discharge regime and slope are in proportion to the bed
material supply and grain sizes to maintain a stable river corridor still holds today in river
investigations and rehabilitation designs. This presentation will provide an overview of the
driving forces and process involved in river corridor rehabilitation, identify some of the
contemporaneous challenges in river corridor restoration, and aim to dispel many of the myths
that exists in practice.
Dr. W. K. Annable: Associate Professor, Associate Chair, Department of Civil and
Environmental Engineering, University of Waterloo. Bill has advanced degrees in hydrogeology
and river and water resource engineering. He lectures on river hydraulics, stream mechanics and
sedimentology as well as designing and implementing major river and floodplain restoration
work in North America and Europe.

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

415

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

How dynamic are our streams? Channel change and stability along streams draining
glacial till deposits, Southern Ontario.
J. Parish1, C. Cummings1 & M. Tilston2
1
PARISH Geomorphic Ltd., Mississauga, Ontario, Canada
2
Department of Engineering, University of Ottawa, Ottawa, Ontario, Canada
One of the main tenets governing stream and river restoration and management is that alluvial
channels are dynamic systems that continually adjust their form to accommodate changes in flow
regime and sediment supply. However, rates and magnitudes of channel change associated with
altered runoff and (or) sediment yields are generally unknown, and likely vary depending on a
variety of watershed factors (e.g., surface geology, vegetation, climate). Often, regulators and
managers presume that channel adjustment is much faster and much more severe than what
might actually be occurring, leading to unnecessary or overblown responses. In Souhern
Ontario, rapid development and milder winters have impacted the volume and timing of runoff
along many waterways, but a decade of channel monitoring suggests that adjustments are much
smaller than what might normally be expected. Annual survey events have been conducted at
monumented cross sections along a number of streams draining the semi-cohesive glacial till
deposits mantling the region. Data collected at the sites include erosion pin exposure, crosssectional area, longitudinal profiles, bed sediment size distribution s, and repeat photography.
The data indicate these streams, which vary in type and size, are relatively stable, requiring large,
episodic events to achieve substantial changes in channel form. Furthermore, the data provides
an opportunity to develop relations between channel size and erosion rate in an effort to
determine whether a threshold value can be identified.
John Parish: MA, P.Geo., Senior Fluvial Geomorphologist, PARISH Geomorphic Ltd. John has
a Masters in the field of fluvial geomorphology from Wilfrid Laurier University. He has been a
practicing fluvial geomorphologist for over 20 years. His company has been involved in many
stream restoration projects as well as contributing to research and the development of Natural
Channel Systems Approaches in Ontario and in the Maritimes.
Chris Cummings, Restoration Specialist, PARISH Geomorphic Ltd.
Mike Tilston, M.Sc., Department of Engineering, University of Ottawa

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

416

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Overview and examples of river management in Germany (water framework directive)
W. Ploeger1 & T. Evertz2
1
Golder Associates Ltd., Calgary, Alberta, Canada
2
Golder Associates GmbH, Theodorstra, Hamburg, Germany
Since October 2000, river management in Europe is regulated by the EU Water Framework
Directive (WFD). The framework was developed to overcome the contradictions and lack of
consistency in legislation and regulation governing water quantity and quality among the 25 EU
countries and has been incorporated into national legislation by the EU member nations. The
WFD establishes a management system based on natural river basin districts rather than regional
and national boundaries. The aim is to bring together all water managers, the public and all
aﬀected sectors to safeguard ground and surface waters, and achieve good ecological status by
2015. In spite of improved water management practices and water quality, in many cases the
ecological function of the European Rivers has not improved as expected. The slow recovery
suggested that factors other than water quality and quantity were involved and pointed to
anthropogenic changes in river corridors and channel morphology as possible causes.
Consequently, the EU included measures to improve the ecological structure of rivers in the river
basin management plans being developed. This paper will provide an overview of river basin
management planning under the EU Water Framework Directive and will provide examples of
projects undertaken in Germany to improve the ecological structure of rivers.
Dr. Wolf Ploeger: studied civil engineering with an emphasis on water resources in Hamburg,
Germany. After completion of his Doktor Thesis on the survey and simulation of the
development of bed forms in rivers he co-founded a consulting company with focus on flood
simulations and river restoration. In 2008 his company joined Golder Associates in Germany. In
2010 he transferred to Calgary, Canada. Dr. Ploeger specializes in river engineering with an
emphasis on numerical modelling, hydraulic modelling, water resource management, flood risk
analysis, sediment transport, river restoration, impact of climate change and project management.
Dr. Thorsten Evertz: studied water resource engineering in Hamburg, Germany. After
completion of his Doktor Thesis on elastomeric revetments he co-founded a consulting company
with focus on flood simulations and river restoration. In 2008 his company joined Golder
Associates in Germany. Dr. Evertz specializes in hydraulic modelling, water resource
management, flood risk.
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Managing and rehabilitating rivers and their corridors: New
approaches II
Session Coordinator: Ed Johnson
Session Chairs: Jack G. Imhof & Mark Hartley
BW3B - Friday June 8, 2012 - 15:30 to 17:00 - Room: MB 252
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“Freedom Space” for streams: A river management approach to help mitigate climate
change impacts
P. M Biron1, T. Buffin-Bélanger2, G. Choné1, C.-A. Cloutier2, S. Demers2, M. Larocque3, M.
Needelman3, M.-A. Ouellet3 & T. Olsen2
1
Department of Geography, Planning and Environment, Concordia University, Montréal,
Québec, Canada
2
Département de biologie, chimie et géographie, Université du Québec à Rimouski, Rimouski,
Québec, Canada
3
Département des sciences de la Terre et de l’atmosphère, Université du Québec à Montréal,
Montréal, Québec, Canada
Anticipated impacts of climate change such as more frequent floods or prolonged low flow
conditions and increased water temperature in the summer require that we develop mitigation
strategies for rivers and their riparian zone. In this context, it is particularly important to
recognize the natural dynamics of rivers, their constantly changing geometry through erosion and
depositional processes and their sensitivity to environmental changes. This understanding also
encompasses links between surface and sub-surface flow in riparian wetlands. Current
management schemes in Quebec rely on riparian buffer zones of minimal width varying between
3 and 15 metres promoting “natural” bank stabilization techniques using vegetation. However,
these specifications assume that rivers and streams will remain static over the short and medium
term, an unlikely scenario, particularly in the context of a changing climate. A management
approach based on hydro-geomorphological concepts which would allow streams to maintain
their natural functions of water and sediment transport appears as a promising alternative to
improve resilience of rivers to increased discharge variability. Our objective is to propose a river
management program in Quebec based on a “freedom space” for rivers in order to help mitigate
climate change impacts. This space includes the mobility corridor, the flooding space and
riparian wetlands. Here, we present our approach which is applied to three rivers chosen to
represent a range of hydro-geomorphological conditions in Souhern Quebec in order to develop a
methodology that could be applied to all rivers based on current and future climate scenarios.
Pascale Biron: Associate professor at the Department of Geography, Planning and Environment
at Concordia University. She is a fluvial geomorphologist working on problems related to river
dynamics, river restoration and fish habitat combining field, laboratory and numerical modelling
approaches. She is currently leading a river management project in Quebec on the concept of a
"space of freedom" for rivers in a context of climate change.
Thomas Buffin-Bélanger: Professor, Université du Québec à Rimouski.
Guénolé Choné: M.Sc. student, Concordia University.
Claude-André Cloutier : M.Sc. student, Université du Québec à Rimouski.
Sylvio Demers: Research professional, Université du Québec à Rimouski.
Marie Larocque: Professor, Université du Québec à Montréal;
Michael Needelman : M.Sc. student, Université du Québec à Montréal;
Marie-Audray Ouellet : Research professional, Université du Québec à Montréal
Taylor Olsen: Research professional, Université du Québec à Rimouski
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The use of geomorphic principles in natural channel design in Southern Ontario
N. D. Sampson
Western University, London, Ontario, Canada
The physical function of river, how water and sediment are moved throughout the system and
how channel shape (cross-sectional and planform) alter in response to these two drivers of
channel change impact how channels function and therefore are important in the design of
channels. There are three geomorphic principles that impact the design of channels in Souhern
Ontario: discharge, cross-sectional and planform geometry, and sediment continuity and transfer.
This presentation will explore how these principles are or are not incorporated into the design of
natural channel designs in the Credit Valley Conservation Authority and the Toronto and Region
Conservation Authority and the constraints designers may face when approaching a design.
From physical to administrative constraints to the approvals process in Ontario.
Nina Diane Sampson: Master’s of Science from the Western University and an Honours
Bachelor of Environmental Studies/Geography from Lakehead University. Her master’s research
project focused on how the design process for natural channel systems is undertaken in Souhern
Ontario.
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Planning, designing and managing for river channel rehabilitation in an urban watershed.
C. Murray1 & W. K. Annable2
1
City Manager, City of Hamilton, Hamilton, Ontario, Canada
2
Department of Civil and Environmental Engineering, University of Waterloo, Waterloo,
Ontario, Canada
The Red Hill Creek Valley in Hamilton, Ontario was acquired in the 1950’s for the purpose of
developing an expressway corridor through the valley to alleviate future planed landuse
development. By the 1980’s an approved road design was secured which included encasing
5500m of the creek in a concrete channel to maintain the existing channel alignment and provide
infrastructure protection to the newly designed highway. Since the late 1950’s, Red Hill Creek
adjusted in dimension, pattern and profile at an alarming rate as a result of rapid landuse change,
changes in hydrology, sediment supply and delivery, and several capitol infrastructure projects
which incrementally changed the alignment of the creek. The proposed highway corridor was
re-examined in the late 1990’s to determine if an alternative method could be employed to
accommodate an expressway while reducing the habitat impacts to the creek corridor. The City
of Hamilton elected to develop a river corridor that not only appeared to look like a river channel
but function in that regard for the contemporaneous land use which was significantly different
than historical conditions. The valley corridor design also addressed approximately 60 years of
infrastructure encroachment to offset future impacts to the creek channel. The resulting design
changed the paradigm within the City of Hamilton on how to manage riparian corridors. The
channel rehabilitation approach was not only cheaper than the concrete channel alternative, the
trajectory of the channel has been design to minimize long-term maintenance costs for many
decades to come.
Craig Murray: City Manager, Hamilton, Ontario. Chris has been City Manager since January 1,
2009. Under his leadership, the City has experienced its lowest tax increase since amalgamation
and is forging ahead with a number of City building initiatives including public transit
implementation, the Pan Am games, and a renewed focus on the downtown and waterfront.
Chris is a registered professional planner with 20 years experience implementing public works
projects, including his most well known, the Red Hill Creek Valley Project. During this time
Chris directed the redesign of this controversial project including the development of a series of
landmark agreements with Six Nations.
Dr. W. K. Annable: Associate Professor, Associate Chair, Department of Civil and
Environmental Engineering, University of Waterloo. Bill has advanced degrees in hydrogeology
and river and water resource engineering. He lectures on river hydraulics, stream mechanics and
sedimentology as well as designing and implementing major river and floodplain restoration
work in North America and Europe.
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Calgary streambank stability and riparian assessment and restoration project
L. Hundal1, F. Frigo2, L. Ma2 & N. Possada2
Water Resources Division, AMEC Environment &Infrastructure, Calgary, Alberta, Canada
2
Water Resources, The City of Calgary, Calgary, Alberta, Canada

1

Within The City of Calgary, there are approximately 115 km of stream channel (230 km of
streambank) on the Bow River, Elbow River, Nose Creek and West Nose Creek. The
Streambank Stability and Riparian Assessment and Restoration project included evaluation of
the streambanks for much of this channel length and adjacent riparian areas. The overall
objective of the study was to develop information and techniques to support ongoing
management of capital, operation and maintenance activities around bank and riparian assets or
areas.. The scope included development of a geo-referenced catalogue of existing and future
erosion, flood protection and riparian restoration works compatible with The City’s Geographic
Information Systems (GIS), including past and current condition assessments, references/links to
relevant reports, photos, drawings, field inspections, estimated capital value, design information,
retrofits and maintenance history and related data. Streambank and riparian sites for new
restoration works were identified based on site assessments, historical river information,
hydraulic, morphologic, water quality and infrastructure protection considerations. Conceptual
designs and cost estimates to enhance areas with highest priority based on Triple Bottom Line
analysis were completed. Design guidelines were developed to provide guidance for the
planning, analysis, configuration, specification and construction of new or rehabilitation erosion
and flood control and riparian restoration projects.
L. Hundal: M.Eng., P.Eng., Senior Water Resources Engineer, AMEC E&I
Mr. Hundal is a hydrotechnical engineer with AMEC Environment & Infrastructure and has over
30 years experience in a variety of river-related projects. He has a Post Graduate Degree in
Hydraulic Engineering from Delft, Netherlands, B.Sc. in Civil Engineering from the University
of Calgary. He has experience in flood and erosion control, watershed assessment and stream
restoration, bioengineering, sediment yield assessment, fisheries habitat enhancement, stream
morphology, hydrometric monitoring and watershed modelling.
F. Frigo: P.Eng.;Sr Planning Engineer Infrastructure Planning, The City of Calgary, Water
Resources
L. Ma: M.Eng., P.Eng.; Planning Engineer, Infrastructure Planning, The City of Calgary, Water
Resources
N. Possada: M.Eng., P.Eng.; Watershed Engineer, Strategic Services, The City of Calgary, Water
Resources
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Opportunities and limitations to restoring aquatic habitats by manipulating the river’s
flow
Robert Newbury
Newbury Hydraulics, Lake Country, British Columbia, Canada
There are opportunities to create pools, riffles, spawning bars, insect habitats and various refugia
in degraded and channelized rivers by manipulating the division of the available specific energy
between depth and velocity. Typical combinations in the range of river flows are plotted below.

The degree of restoration is set by the flood capacity of the channel and the limitations of
conventional hydraulic equations and programs. Increasing the habitat features ensures that
proper physical and ecological functions are available at all stages. Low flow stages require
special attention in many Canadian streams where post-glacial runoff conditions have entrenched
channels and left large coarse lag deposits.
R. W. Newbury: Stream hydraulics and fisheries restoration have been the focus of Dr.
Newbury’s 40 year career. His fisheries research began as a Research Scientist with the
Freshwater Institute in Winnipeg in 1968. His research has focused on river restoration projects
using “Newbury riffles” and other natural features to restore channelized rivers and streams.
Projects have been built in several countries in cooperation with government agencies. Bob
currently conducts training workshops in Canada for Fisheries and Oceans and continues to teach
an annual stream interpretation course for Environment Canada that has been held for over 30
years in western Canada. Web: www.newbury-hydraulics.com
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Quality assurance and uncertainty of hydrometric records
Session Coordinator: Russell Boals
Session Chair: Robyn Andrishak
WH4B - Friday June 8, 2012 - 10:30 to 12:00 - Room: MB 253
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Quality assurance of hydrologic instrumentation
J. M. Fulford
U.S. Geological Survey, Hydrologic Instrumentation Facility, Stennis Space Center, MS, USA
The U.S. Geological Survey Hydrologic Instrumentation Facility (HIF) quality assures and
evaluates a wide range of hydrologic instrumentation. The quality assurance and evaluation of
hydrologic instrumentation help the USGS provide high quality water data that support the goals
of the U.S. Geological Survey Water Mission Area to provide hydrologic information needed for
the optimal utilization and management of the Nation’s water resources for the overall benefit of
the people of the United States. Instruments quality assured and evaluated at the HIF include
water level, water velocity and water chemistry sensors. An overview of the quality assurance
process, including equipment sampling and test processes, are discussed. New instrument
evaluations, including the submission and selection of equipment for evaluation and evaluation
testing methods are also discussed.
Janice M. Fulford (Alberta): Associate Professor, University of Calgary
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Results of ADCP Testing Regatta by Illinois Water Science Center, June 2010
K. A. Oberg1 & J. E. Hortness2
1
U.S. Geological Survey, Office of Surface Water, Urbana, IL, USA
2
U.S. Geological Survey, Illinois Water Science Center, IL, USA
In June 2010, detailed comparison discharge measurements were made at the Fox River in
Montgomery, IL. Comparison measurements were made under steady-flow conditions using 24
different ADCPs over a 2-day period. All measurements were made using tethered boats located
at four measuring sections in the reach, using rope-and-pulley systems installed across the
stream. A single ADCP, referred to as the reference ADCP, was used to measure continuously at
one of the sections. At three other sections, 19 Teledyne RD Instruments (TRDI) Rio Grande
ADCPs (7 600 kHz and 12 1200 kHz) and 3 StreamPros were tested. In addition, a SonTek M9
ADCP and TRDI RiverRay were tested in the same section as the StreamPros. A minimum of
four transects were obtained for each ADCP in these measuring sections. Some instruments
were equipped with differential GPS, allowing for GPS data to be used as a boat velocity
reference. Standard USGS protocols were followed for all measurements. The measurements
were analyzed by comparing the relative difference of each instrument to the rating curve
discharge for the gauging station and by comparing the discharges measured by each instrument
and the reference ADCP. While analyses are currently ongoing, preliminary results indicate that
for all measurements made on Day 1, the mean percent difference between the reference
instrument and all other instruments was 1.2%. For all measurements made on Day 2, the mean
percent difference between the reference instrument and all other instruments was -0.4%. No
biases were identifiable based on the person performing the measurements. Comparisons
between the M9 and RiverRay and the reference instrument are in progress.
Kevin Oberg: National coordinator for hydroacoustics for the U.S. Geological Survey (USGS)
Office of Surface Water (OSW). Kevin leads OSW’s efforts to develop new methods in the
application of acoustics to hydraulic and hydrologic measurements in the USGS Water Mission
Area. He also directs OSW technical training, technical support, and quality assurance activities
for hydroacoustics within the USGS and internationally.
Jon Hortness: Surface Water Specialist for the USGS Illinois Water Science Center and the Chief
of the Dekalb Field Office. Jon has extensive experience in the application of hydroacoustics for
flow measurement and numerical modeling techniques in hydrology.
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Results of the under ice measurement workshop, February 2012
R. Andrishak1 & J. Woodward2
1
AMEC, Edmonton Water Resources, Edmonton, Alberta Canada
2
Saskatchewan Watershed Authority, Moose Jaw, Saskatchewan, Canada
The First North American Stream Hydrographers (NASH) Under Ice Workshop was held in
Edmonton, Alberta from February 21 to 23, 2012. The purpose of this workshop was to promote
the use of hydro-acoustic equipment for conducting discharge measurements on ice covered
rivers. The workshop focused on obtaining measurements using a variety of instruments
including the Sontek FlowTracker, Ott ADC, ADCPs (Sontek and TRDI), and the standard Price
current meter. Procedures for conducting field measurements were presented followed by one
field day of measurements. The results of this workshop with emphasis on the state of the
technology for measuring in this environment will be presented and discussed.
Robyn Andrishak: Senior Water Resources Engineer with AMEC
Jeff Woodward: Hydrometric Program Manager, Saskatchewan Watershed Authority, Moose
Jaw, SK
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Toward estimation of uncertainty of streamflow records: discharge measurements and
rating curves
J. E. Kiang, T. A. Cohn & R. R. Mason, Jr.
Office of Surface Water, US Geological Survey, Reston, VA, USA
Estimates of the uncertainty of streamflow records can be used to improve operation of a
streamgauge network or to inform calibration and validation of hydrologic models that depend
on observed streamflow data. Estimates of the uncertainty of individual discharge measurements
as well as the stage-discharge rating curve are needed as precursors to overall streamflow
uncertainty. Two methods for estimating the uncertainty of velocity area discharge
measurements, the new Interpolated Variance Estimator (IVE) and the established International
Standards Organization (ISO) method, are compared. The IVE uses a statistical analysis of atsite information to estimate uncertainty while the ISO method applies the results of previous
empirical and laboratory studies to do so. It is proposed that the uncertainty of the stagedischarge rating curve can be estimated by fitting a LOWESS curve to discharge measurement
data. This method allows flexibility in assigning weights to measurements of varying quality,
age, and relevance to discrete portions of the rating curve. Additional work is required to
generalize the method for streamgauge locations with difficult ratings as a result of frequent
shifts or very few measurements.
J. E. Kiang: Hydrologist, Office of Surface Water, US Geological Survey
T. A. Cohn: Hydrologist, Office of Surface Water, US Geological Survey
R. R. Mason: Assistant Chief, Office of Surface Water, US Geological Survey

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

428

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Hydrometric procedures and standards
Session Coordinator: Russell Boals
Session Chair: Robyn Andrishak
WH4C - Friday June 8, 2012 - 13:30 to 15:00 - Room: MB 253
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autoQ - accelerated rating curve development through innovation of a fully automated
multi-discharge recording system
D. J. Ainsley
Knight Piésold Ltd., Vancouver, British Columbia, Canada
The collection of discharge measurements over a wide range of unique stage values for the
development of a rating curve can be an expensive and time consuming task. Access, weather,
and logistics can make it extremely difficult to get to your site to perform a discharge
measurement when the stage is within a unique range. Quite often the target conditions occur
when we are not there to measure them. In an attempt to rapidly and cost effectively collect the
stage and discharge data required for rating curve development, Knight Piésold Ltd. has designed
autoQ - a fully automated multi-discharge recording system which utilizes the dye dilution, slug
injection method to perform discharge measurements. The autoQ system is comprised of three
key components which communicate wirelessly through radio signals, and it can be deployed on
site to automatically measure stage and discharge over a range of conditions during a flow event.
The system is trigged by user defined changes in water level, which instructs autoQ to start
recording fluorescence and inject a calibrated volume of dye. This allows us to perform several
discharge measurements at defined stage intervals over a large range of flows without being on
site for the specific event, capturing flows that are otherwise elusive. The autoQ system has been
successfully tested in several streams in British Columbia. Knight Piésold Ltd. is currently in the
process of validating the results and enhancing usability features.

D. J. Ainsley: Field Service Technician, Knight Piésold Ltd.
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Implementation of new hydroacoustic technologies in a national operational hydrometric
monitoring program: Water Survey of Canada’s Hydro Acoustic Technical Working
Group (HATWG)
J. F. Cantin & A. Bouchard
Environment Canada, Québec, Québec, Canada
In recent years, there have been many advances in the field of hydrometry and most notably in
field technologies with the introduction of hydroacoustic instruments dedicated to the
measurement of water velocity and bathymetry from which discharge can be derived. The rapid
pace of introduction of these instruments has led to a number of challenges in the areas of
assessing the applicability of the new technologies for the various field conditions encountered
across Canada, standardization of procedures for approved technologies, training, verification of
the impact of technological change on data quality and development of data processing systems
that can handle the data. In order to deal with these issues in a coherent manner, the Water
Survey of Canada (WSC) has put together the Hydro Acoustic Technical Working Group
(HATWG) dedicated to ensure that hydroacoustic technologies are implemented in a smooth
fashion across the country and that they produce the expected benefits in terms of data quality
and operational efficiencies. Because of the many common areas of interest, the WSC HATWG
regularly exchanges with counterparts in the USGS, Hydro-Québec, the Centre d’Expertise
Hydrique du Québec and the Saskatchewan Watershed Authority, to name a few, that are
involved in similar activities. This ensures a level of coherence across North America as well as
cost benefits resulting from the exchange of information that may be useful to all parties.
HATWG’s priorities and workplan will be presented with the objective of informing the
audience on available information and to stimulate discussion and further exchanges on this
important topic.
Jean-François Cantin: After obtaining his civil engineering technician diploma in 1983, Mr.
Jean-François Cantin completed a civil engineering degree at Laval University in 1989 and a
Master ’s degree in water sciences at the Institut National de la Recheche Scientifique (INRS) in
1992. His research subject was the numerical modelling of physical processes affecting oilderived products spilled in river environments. He then joined Environment Canada to work on
the numerical modelling of the Saint-Lawrence River and on the management of the hydrometric
networks in Quebec region.
André Bouchard: André Bouchard graduated with a degree in geological engineering from Laval
University in Québec City in 1987. He joined Environment Canada in 1988 and has worked in
the fields of water quality, hydrometry involving the measurement and analysis of current
dynamics with ADCPs, statistical hydrology and systems design and development for automated
hydrometric data production and for the operationalization of integrated eco-hydraulic modelling
tools developed for the St. Lawrence River to be used for environmental prediction purposes.
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Multi stakeholder based hydrometric standards and training
R. G Boals1 & I. S. McLaurin2
1
Water Resources Consultant, Regina, Saskatchewan, Canada
2
Water Information Consultant, Port Perry, Ontario, Canada
Across North America, hydrometric data are collected to support decision-making for a variety
of reasons. In cases where standards and protocol are not followed, the quality and reliability of
these hydrometric data is often called into question. The United States Geological Survey
(USGS) and Water Survey of Canada (WSC) maintain standard operating procedures and offer
quality hydrometric training within their respective organizations. Some agencies, such as the
Province of BC Ministry of Environment, maintain a manual of hydrometric operating standards
but offer no training. Most other agencies in North America, such as state, provincial, regional,
municipal, academic, ENGO, tribal, private sector operators, do not maintain standard operating
procedures, nor offer quality hydrometric training to their staff. Hydrometric data produced
without standardized procedures and training may fit the purpose of the agency’s mandate, but
without accepted protocol and standardized training, comparability of data between agencies is
often not possible. As well, the current trend towards real-time water data and the introduction
of new measurement technologies has led to a heightened awareness of the importance of
hydrometric standards and training. The North American Stream Hydrographers (NASH) has
established a Hydrometric Standards and Training Working Group to aid in the establishment of
standardized protocol, measurement methods and training for hydrometric data collection,
analysis, and dissemination across North America. The objective is to promote the appropriate
selection of methods and sampling procedures best suited to local conditions and that data
assembly is executed with competence. The end result will be high quality, reliable hydrometric
data.
R. G. Boals: BSc Engineering (Guelph); Water Resources Consultant
I. S. McLaurin: BSc Engineering (Guelph); Water Information Consultant
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Hydrometric data access and sharing
Session Coordinator: Russell Boals
Session Chair: Robyn Andrishak
WH4D - Friday June 8, 2012 - 15:30 to 17:00 - Room: MB 253
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Into the void: an analysis of hydrometric data sharing
A. S. Hamilton1, A. Bouchard2 & M. Allchin3
1
Aquatic Informatics, Vancouver, British Columbia, Canada
2
Environment Canada, Québec, Québec, Canada
3
Mapmatics, Clearwater, British Columbia, Canada
Hydrology is a place-based science. There is a gap between theory and reality in our ability to
adequately describe and explain the role of landscapes in modifying the hydrological cycle.
Filling this gap will require data that are informative of the spatial-temporal variability of runoff
processes at a wide range of scales. We are, mostly, dependent on National Hydrometric
Programs to provide the needed data. Agencies charged with the responsibility for collecting data
at a national scale are obligated to spread their limited resources strategically. This strategic
placement of monitoring effort provides a framework of isolated point locations of reliable data
separated by large data voids. Substantially filling these gaps may be possible if we could mine
the data that are collected at regional, local, and site-specific scales to inform watershed
management, engineering design, academic research and other activities. Emerging interoperability standards could ensure that all relevant and useful data will be available to support
evidence-based hydrological problem solving and decision-making. Information from private,
public and academic data producers could be searchable by descriptive, meaningful, metadata
queries. The results of these queries could be marked with interpretive encoding linking to
methods used, traceability to source, uncertainty, and quality management standards of the data
provider. Such a future would require agreement on, and implementation of, a comprehensive
framework of data standards. Barriers to sharing need to be understood and mitigated. Methods
to accommodate heterogeneous dataset uncertainty and to better utilize fragmented data are
needed. This review provides a perspective on the current state of technological readiness; the
willingness and capability of the hydrometric community to adapt; and the implications of mixed
provenance datasets for hydrological analysis.
A. S. Hamilton: M.Sc. Current president of NASH; member of Hydrological Domain Working
group of the Open Geospatial Consortium; Canadian Liaison to Technical Committee 113
International Standards Association; Senior Hydrologist Aquatic Informatics
André Bouchard graduated with a degree in geological engineering from Laval University in
Québec City in 1987. He joined Environment Canada in 1988 and has worked in the fields of
water quality, hydrometry involving the measurement and analysis of current dynamics with
ADCPs, statistical hydrology and systems design and development for automated hydrometric
data production and for the operationalization of integrated eco-hydraulic modelling tools
developed for the St. Lawrence River to be used for environmental prediction purposes.
M. Allchin: Hydrogeomatics specialist for Wallingford HydroSolutions (Oxfordshire, UK);
former Data & Information Manager for Improved Processes, Parameterization and Prediction
in Cold Regions Hydrology (University of Saskatchewan) and Western Canadian Cryospheric
Network (University of Northern BC).
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Water survey products and services
L. Liu
Water Survey, Environment Canada, Ottawa, Ontario, Canada
This presentation will first give a general overview on the hydrological products and services
provided by Water Survey of Canada. Historical hydrometric data dissemination will be talked
briefly on the product shift from HYDAT CDROM to Environment Canada Data Explorer
(ECDE) and HYDAT mdb database. The focus of the presentation will be the real time
hydrometric data dissemination, which will cover its linkage to the hydrometric work station
(HWS), the architecture of the system, on-going project and future plan, the opportunities and
challenges with the implementation of HWS. The presentation will be concluded with useful
links for WSC data products and services.
Lingling Liu: M. Sc. and M. Eng. from School of Computer Science and Department of Civil
and Environmental Engineering, Carleton University, Ottawa. She joined Water Survey of
Canada in January, 2003 with a background in environmental engineering process, water and
wastewater monitoring and analysis, and information and system science. Her previous job
functionality was to develop hydraulic models aiming to improve the hydrometric operations
from quality, time efficiency and operational safety and health perspective. She built a
Measurement Database which consists of more than 65000 stream flow measurements. She was
involved in the ADVM project for data analysis and processing with FlowCal software
application. Lingling is currently working as a Hydrological Products and Services engineer
who oversees the Water Survey dissemination system for real time and historical data
dissemination, ensuring the service is uninterrupted on daily basis. Lingling is leading a few
projects related to products and services of Water Survey.
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Regional data services to support flash flood situational awareness
S. Fuest1, D. Maidment2, M. Ables1 & P. Stefanoff1
1
KISTERS North America
2
Civil Engineering at University of Texas at Austin, Center for Research in Water Resources,
University of Texas, Austin, TX, USA
Emergency management is an interdisciplinary field dealing with strategic organizational
management processes that rely on timely information, situational awareness, and quick decision
making. Regional decision makers also need to take advantage of the information provided by
the flood warning centre, as well as from other sources. This process results in a mesh of
dependencies which is not strictly hierarchical, and can lead to delays and errors in decisions,
potentially causing loss of life and damage to property. KISTERS and the University of Texas at
Austin (UTA) have teamed up to develop a regional data hub to support the situational
awareness for flash flooding in the Central Texas area surrounding Austin, Texas. This regional
data hub is using KISTERS’ new Web Interoperability Solution (KiWIS) to create a “network of
networks” using web services for water and geospatial data to acquire and display data from
multiple sources. The project that is described here shows that:
• data acquisition is a complex process since data sources are sometimes standardized, and
other times provided in custom formats
• mediation of measurement information is important to be able to develop homogenous
information (e.g "Waterlevel", "Stage", "Level")
• algorithms to classify the current status can continuously be run to provide additional
indicators for decision makers
• data dissemination should follow standards like web services, but should provide multiple
formats and service types to allow all existing client software to interface in a smooth and
easy manner
Dr. Fuest: GIS/Web Manager. He has authored and presented several papers on emerging GIS
and Web technologies at national and international conferences and symposiums. As head of the
GIS/Web department at KISTERS AG, he leads a team of developers in the adoption of new GIS
and Web technologies in KISTERS’ leading environmental and energy monitoring software.
Currently, Dr. Fuest is pioneering the use of open data standards like WaterML and SOS for use
in flood and flash flood warning centers.
David Maidment: Ph.D., Professor of Civil Engineering at University of Texas at Austin, Center
for Research in Water Resources, University of Texas, Austin, TX, USA. David R. Maidment_ is
the Hussein M. Alharthy Centennial Chair in Civil Engineering at the University of Texas at
Austin.
Matt Ables: Project Manager, M.Sc., KISTERS North America. Matt Ables is an accomplished
hydrologist and licensed professional geologist in Texas.
Phil Stefanoff: Director of Business Development, KISTERS North America.
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Water and Environmental Hub
A. Joseph1, S. Cox2, M. Scarth2 & S. Liang3
1
Cybera Inc., Calgary, Alberta, Canada
2
Tesera Systems Inc., Cochrane AB, Canada
3
Biogeosciences Institute, University of Calgary, Calgary, Alberta, Canada
The Water and Environmental Hub (WEHUB) project has created a cloud-based, open source
web platform that aggregates, federates, and connects water and environmental data. It better
enables users from across the water community to access, mashup, analyze, model and interpret
water data, information, issues and opportunities. By combining water expertise with an open
web development approach the project spurs economic diversification and benefits both public
users and the private sector by improving access to water data, information, and tools for
academia, government, industry, NGOs, and the general public. In partnership with other open
data repositories around water, the WEHUB has developed a web-based platform that not only
provides a water-related data catalogue, but delivers an innovative aggregator service that is
linked with a unified output service (API). This allows organizations and users to develop
customized applications on top of the WEHUB web platform and gain access to all of the
WEHUB's aggregated data. Open standards (e.g. OGC standards such as WMS, WFS, SOS,
WaterML, GroundWaterML, etc.) are used whenever practical, efficient and economical to meet
the needs of users. The project extends across Alberta, Western Canada, and North America,
with scalability a key design thrust. This two year (2010-12), $1.8 million project is funded by
Western Economic Diversification, the University of Lethbridge, and Cybera Inc. The project is
driven by the University of Lethbridge, and Cybera Inc.. Tesera Systems Inc. and Dr. Steve
Liang (GeoSensor Web Lab) are the lead developers for the project.
Alex Joseph: Alex is the Executive Director of the Water and Environmental Hub
(http://www.waterenvironmentalhub.ca), a cloud-based, open web platform that aggregates water
and environmental data enabling custom tools and applications. He works for Cybera, an
Alberta-based not-for-profit that works to spur and support innovation, for the economic benefit
of Alberta, through the use of cyberinfrastructure. He has a Masters of Environmental Design
and an MBA in Global Energy Management and Sustainability from the University of Calgary, a
Bachelor of Science in Geography from University of British Columbia, and is a Canadian
Certified Environmental Practioner (CECAB).
Mike Scarth: Strategic Development Manager for Tesera Systems Inc.
Spencer Cox: Informatics Manager for Tesera Systems Inc. , an Alberta-based consulting
Dr. Steve Liang: Assistant Professor in the Department of Geomatics Engineering and the
Director of the GeoSensorWeb Laboratory at the University of Calgary. He received his Ph.D. in
Earth and Space Science from York University. http://sensorweb.geomatics.ucalgary.ca
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EqHaz: A Monte Carlo simulation program for
Atkinson
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Stream water temperature modeling and water /
air temperature relationships
*Connecting spatial variability of thaw to
preferential permafrost degradation within the
T. Veness & W. Quinton
discontinuous permafrost zone: Scotty Creek,
Northwest Territories, Canada
*Using high resolution LiDAR data to spatially
G. Sutherland, R.M. Petrone,
scale and assess the accuracy of ET estimates
L. Chasmer & K.J. Devito
in the Western Boreal Plains
Functional coupling of water table dynamics to
T. P. Duval, J. M. Waddinton
wetland plant distributions: an example from
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J. Garvelmann, S. Pohl & M. *Influence of vegetation on snow processes in a
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Upgrading standards and procedures for the
Beaudin, A. Mailhot, G.
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Talbot, D. Huard, S. Biner, R. projects in a climate change context
Lagacé, N.-R. Rocha & A.
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R. C. Zanatta, S. K. Carey,
Conceptual hydrogeological model for Potsdam
and M. C. Richardson
sandstone in southwestern Québec
*Hyporheic zone influence on reach-scale
N. Benoit, M. Nastev, R.
water budgets within a boreal shield catchment
Morin, R. Godin & A.Rouleau
of Quebec, Canada
N. Benoit, M.Nastev, M.B.
Sustainability of the groundwater resources in
Kone & J.Molson
the Chaudière River Watershed, Québec
Infiltration
and
percolation
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a
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mexican tropical dry forest soil: controls on
near-surface soil water storage dynamics
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Soil response change during earthquake shaking and building fundamental resonances
under dynamic loading
D. Mihaylov1 & M. H. El Naggar2
1
Division of Mining and Geotechnical Engineering, Luleå University of Technology,
Luleå, Sweden
2
Faculty of Engineering, Western University, London, Ontario, Canada
The results from seismic microzonation for site response and predominant soil resonances,
obtained from ambient seismic noise or small earthquakes reflect only the elastic soil behavior.
The problem with soil resonances from microzonation study is how to predict the changes of
their frequencies and amplifications when the soil layers are affected by strong earthquake. The
application of weak-motion tremors for estimation of ground shaking from strong earthquakes
needs an assessment of possible nonlinear effects and degradation of soil parameters. A
simplified model can describe the changes in soil shear strength and damping at different level of
shear strain. Degradation of soil shear modulus and damping ratio versus shear strain was
averaged over published laboratory test data for soft soils. A lower soil resonant frequency and
increased damping factor should be expected during a strong earthquake. The buildings will be
affected by soil response which differs from microzonation observations. On the other hand the
fundamental resonance of a building will have lower frequency and higher damping during and
after this earthquake because of deterioration of the stiffness of the structure. A benchmark
building with reinforced concrete construction was monitored starting from the free field soil
response function and the building resonances after completion of the structure. Changes in the
fundamental resonant frequency at first vibration mode were recorded. This change is a result of
relatively small dynamic forces due to wind loading and traffic induced vibrations. Changes of
soil and building resonances in the same direction can occur during a strong earthquake. If a new
building with relatively high resonant frequency built on soft soil layers with close response is
affected by strong local earthquake, it will be possible to sustain higher damages than an older
structure with lowered resonant frequency. These changes in the soil and building resonances
should be implemented as HAZUS provision to predict the vulnerability of structures and
seismic risk.
D.Mihaylov: PhD, Senior Researcher, Luleå University of Technology (Sweden). Dr. Mihaylov
holds a M.Sc. from the University of Mining and Geology, Faculty of Geophysics, Sofia, 1970;
and PhD. from the Western University, Faculty of Engineering, 2010.
M. H. El Naggar: PhD, P.Eng.: Professor at the Western University (London, Ontario)
Poster Session ID - EW4
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Development of an inventory methodology for urban seismic risk study
M.-J. Nollet1, M. Nastev2 & C. Désilets1
1
École de technologie supérieure, Département de génie de la construction, Montréal, Québec,
Canada
2
Natural Resources Canada, Geological Survey of Canada, Québec, Québec, Canada
One of the first steps of any seismic risk assessment study is the inventory of the exposed assets.
The distribution of building classes according to use, construction material, design level and
lateral-force resisting system is combined with respective fragility curves in order to obtain
damage estimation. Structural type and other building parameters are generally collected by
traditional sidewalk survey methods considering the global visual building characteristics. This
approach is time consuming and the reliability of the assigned structural type is highly dependent
on the surveyor expertise. A methodological approach for rapid building inventory is proposed
with the objective to increase efficiency and reduce subjectivity in data collection. Our approach
considers the evolution of typical construction systems in Quebec City and Quebec province in
general. An inference matrix was developed that associates the most probable structural type
with building parameters that can be commonly found in the municipal databases: year of
construction, number of stories, building use and the floor area. The downtown Quebec City was
selected as a study area to test the developed approach. First, two samples of different size, 200
and 2000 buildings, were considered to validate the inference matrix. The procedure was then
used to collect information for a set of 16,421 buildings for which a seismic risk analysis will be
performed with HAZUS.
Marie-José Nollet : PhD, P.Eng. is structural engineering and professor at École de technologie
supérieure, Montreal. Her field of expertise relates to seismic vulnerability evaluation of
existing structures with a focus on the development of evaluation tools.
Miro Nastev: Research scientist with Geological Survey of Canada, part of the Earth Sciences
Sector of Natural Resources Canada. He is the project leader of the ongoing Quantitative Risk
Assessment Project.
Claudia Désilets: Undergraduate Construction engineering student, École de technologie
supérieure, Montréal.
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EqHaz: A Monte Carlo simulation program for seismic hazard applications
K. Assatourians & G. M. Atkinson
Department of Earth sciences, Western University, London, Ontario, Canada
We developed an open-source probabilistic seismic hazard analysis program based on the Monte
Carlo simulation method (following Musson 1999, 2000; and Hong et al., 2006). Synthetic
earthquake catalogs are generated to cover a sufficiently long time span, such that all sources’
parameter spaces are sampled properly. In this method the seismic sources are specified by linear
or areal geometries. Uncertainty in the seismicity input parameters is handled by specifying
alternative values and weights. The synthetic catalogs are combined with alternative ground
motion prediction models and corresponding variabilities (sigma), to generate catalogs of ground
motion for specified sites. The ground motions associated with a user-specified range of
probabilities are calculated. This simplistic and practical approach works well for areas with low
to moderate seismicity and with poor information on specific faults, like central and eastern
Canada; allows for easy incorporation of epistemic and aleatory uncertainties of parameters and
models in hazard calculation; allows for easy derivation of motion fractiles by sampling portions
of catalogs; and allows explicit identification of scenario events that drive the hazard. It also
allows for incorporation of more advanced features like time dependent recurrence parameters,
smoothed seismicity concepts, or direct ground-motion simulation approaches. Simulated events
with an underlying probabilistic basis provide appropriate input as scenarios into HAZUS or
other earthquake risk studies. Initial program validations show that the 475 and 2475 year return
period motions agree well with the FRISK program (Risk Engineering) results for the 2005/2010
hazard maps of Canada, as produced by the GSC.
K. Assatourians: PhD; Research Associate, Western University (London, Ontario)
Gail Atkinson: Professor & Canada Research Chair in Earthquake Hazards and Ground Motions,
Western University, Department of Earth sciences, London (ON). Her Research interests are in
the field of seismic hazards, with a focus on eastern North America and the Cascadia subduction
zone; empirical analysis of earthquake ground motions; study of earthquake ground motions
processes, including source, path and site; real-time seismological applications (SHAKEMAP);
and ground-motion modeling algorithms.
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Interpretation of M9.0 2011 Tohoku, Japan Earthquake Ground-Motions with Application
to Scenario Ground Motions for HAZUS Applications in South-Western BC
H. Ghofrani1, G. M. Atkinson1, K. Goda2 & K. Assatourians1
1
Department of Earth Sciences, Western University, Canada
2
Department of Civil Engineering, University of Bristol, United Kingdom
We performed stochastic finite-fault simulations to obtain a source and attenuation model to
match the M9.0 Tohoku earthquake motions, accounting for the effects of site response. We
accommodated the expected attenuation, along with appropriate average regional site conditions
and their amplification effects. Linear site amplification is estimated using spectral ratios of pairs
of borehole-surface stations from the KiK-net network in Japan. The nonlinearity and temporal
behavior of the soil column are studied using a moving window technique. We found that there
was localized nonlinearity, but the effects of nonlinearity were subtle. Stochastic finite-fault
simulations generated by EXSIM are used to calculate the predicted response spectra at different
distance ranges. We used a modified version of the GSI model for the fault parameters. The
simulated spectra are normalized based on an acceleration normalization scheme, considering a
stress drop of 200bars. The high-frequency decay of ground motions is modeled using a kappa
value of 0.044. Geometrical spreading has a slope of -1 for all distance ranges, and the duration
of time-series is modeled using: T=T0+0.4027R. For each simulation, random draws determine
the hypocenter location and slip weights. We simulated the double shock feature of the Tohoku
earthquake by joining two sets of simulations with different nucleation points. Overall, the
predicted ground motions are in good agreement with the observed ground motions. The
calibrated simulation model for Tohoku can be modified for use in predicting ground motions for
a M9.0 Cascadia mega-thrust event by suitable modifications of the regional attenuation and site
parameters.
Hadi Ghofrani: Ph.D. Geophysics Candidate 2012, Western University
Gail M. Atkinson: Professor and Canada Research Chair in Earthquake Hazards and Ground
Motions, Western University
Katsuichiro Goda: Lecturer in Civil Engineering, University of Bristol, United Kingdom
Karen Assatourians: Engineering Seismology Research Associate, Western University
Poster Session ID - EW4

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

444

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

A survey of suspended sediment settling velocities from 17 glacier-fed lakes of British
Columbia and Alberta
K. R. Hodder, D. Barrett & J. Richards
University of Regina, Regina, Saskatchewan, Canada
Many of the glacier-fed lakes of British Columbia and Alberta contain varved sediment from
which hydroclimatic forcings have been interpreted on annual to inter-decadal timescales. The
rate at which the signal is recorded is a function of settling velocity, and the character of the
record is a function of the size, quantity and density of the particles deposited. Cohesive
sediments have only recently been documented in a glacier-fed lake, and can modify both rate
and character of the sedimentary record. The objective of this study was to survey 17 glacier-fed
lakes to (a) provide a reference ‘rate’ database for paleoenvironmental interpretation derived
from clastic sediments; (b) assess lake-to-lake differences in rate; (c) assess the effect of ion
concentration on rate, and (d) shed light on the contribution of cohesive sediments to clastic
proxies. To our knowledge, this is the first attempt to provide a reference database of settlingvelocity measurements (‘rate’), and to investigate the effect of a lacustrine chemocline on the
generation of cohesive sediment. Across all lakes in this survey, sediments accumulate at a rate
three orders of magnitude below that typically assumed, and an increase in ion concentration
coincides with an increase in settling velocity. Measurements of settling velocity have significant
application in paleoenvironmental investigations based on clastic varve records, especially those
based on particle-size distribution or microsedimentology.
K.R. Hodder: PhD (Queen’s); Associate Professor, University of Regina
D. Barrett: MSc candidate, University of Regina
J. Richards: BSc, University of Regina
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Influence of curvature and aspect ratio on flow and erosion patterns in a channel bend
S. Kashyap1, G. Constantinescu2, C. D. Rennie1 & R. Townsend1
1
Department of Civil Engineering, University of Ottawa, Ottawa, Canada
2
Department of Civil Engineering, University of Iowa, Iowa City, IA, USA
Erosion of river channels can pose substantial risks to existing infrastructures such as roads,
bridges, and buildings. Although it is well known that channel characteristics such as curvature
ratio (bend radius (R)/channel width (B)) and aspect ratio (B/H) can significantly affect erosion
levels, the mechanisms leading to scour are not fully understood. This study uses advanced
numerical modeling to investigate the influence of curvature ratio and aspect ratio on coherent
structures and flow patterns, and their relation to scour. Five curvature ratios (1.5, 3, 5, 8, and 10)
and four aspect ratios (5.00, 6.67, 9.09, 12.50) are investigated, and experimental validation is
provided for the base cases (R/B=1.5, B/H=5.00 and 6.67). The results show that channel bend
geometry significantly affects velocity distributions, secondary circulation patterns, and bed
shear stress levels (which are an indicator of scour). High curvature bends (R/B≤3) show
remarkably different velocity distributions compared to bends of milder curvature. They are
found to contain multiple co-rotating secondary circulation cells which appear to influence both
the distribution of streamwise velocity and bed shear stress. The strength of the secondary
circulation cells and the magnitude of bed shear stress levels are affected by both curvature ratio
and flow depth. These results will be useful in understanding how scour patterns may change
under flood conditions, and with changing river geometry.
S. Kashyap: Ph.D. Candidate (Ottawa); Dept. of Civil Engineering, University of Ottawa
G. Constantinescu: Associate Professor (Ottawa); Dept. of Civil & Environmental Engineering,
University of Iowa
C.D. Rennie: Associate Professor (Ottawa); Dept. of Civil Engineering, University of Ottawa
R. Townsend: Emeritus Professor (Ottawa); Dept. of Civil Engineering, University of Ottawa
Poster Session ID – HRW10

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

446

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Assessing the role of LIDAR DEMs for watershed-scaled studies in hydro-geomorphology
P. M. Biron, G. Choné, C. Usnik & L. Holman
Department of Geography, Planning and Environment, Concordia University, Montréal, Québec,
Canada
The increasing availability of high-resolution digital elevation models (DEMs) generated from
LIDAR data in Quebec and elsewhere triggers questions concerning the possible use of such data
in hydro-geomorphology. At the scale of a watershed, DEMs are commonly used to extract
drainage network and calculate water surface slopes. Multiplying slope and discharge results in
stream power of river channels, which is a key variable in hydro-geomorphology to characterize
river dynamics, particularly with regards to mobility space assessment in river corridor
management. However, computing these variables directly from LIDAR DEMs is complex, due
to flow direction issues in channels with a width of several cells, and because of the heavy
computing resources required. Resampling at a coarser resolution is thus needed. For the purpose
of stream-power estimation, standard watershed-scaled GIS operations have been applied on a 1m LIDAR DEM of the Matane River (Quebec) that was resampled at resolutions of 5m, 10m and
20m using different resampling approaches. River water surface slopes at different scales were
calculated in order to compare the loss of information and the appropriate resolution linked with
the scale of the watershed. These slopes were compared to those obtained from DGPS field
measurements. The same comparative processes have also been applied to DEMs available
everywhere in Quebec - interpolated at a pixel size of 10 m from contours – to determine at
which scale it is relevant to use LIDAR DEMs for hydro-geomorphological river management
purposes.
Pascale Biron: Associate Professor, Concordia University
Guénolé Choné: M.Sc. student, Concordia University
Cyril Usnik: B.Sc. Honours student, Concordia University
Larissa Holman: B.Sc. Honours student, Concordia University
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Historical and future decadal-scale oscillations in river morphology of a sand-gravel bed,
semi-alluvial river
J. J. Luce1, A. G. Roy2, C. Boyer3 & P. M. Verhaar3
1
Trent University, Environment and Life Sciences, Peterborough, Ontario, Canada
2
University of Waterloo, Faculty of Environment, Waterloo, Ontario, Canada
3
Université de Montréal, Département de géographie, Montréal, Québec, Canada
Decadal scale variation in river discharge from oscillations in regional climate likely drive
expansion and contraction phases in river widths but there are few documented cases.
Characterizing the normal range of variability of a river’s morphology is important to enable the
detection of perturbations to the system. In this study, we document historical (1966 to 2010)
changes in channel form for a mixed sand-gravel bed river, a laterally active section of the
Nicolet River, near Saint-Albert, Quebec. These data are used with archival discharge records to
hind-cast changes in channel width using the UBCRM-H Regime model. To adapt the model to
the mixed sand-gravel bed case, a sediment transport function that performs well on this river
type was added to consider a range of grain size fractions. Through a series of model validation
runs, we selected a ‘best’ model. To illustrate how hind-cast data can provide context for
assessing change, the validated model was used to predict river widths for the period 2044-2070,
considering four climate change scenarios. The historical data show the oscillation cycle in river
width, and established a baseline case for variability on this river type. The inclusion of the sand
bed sensitive transport equation improved the accuracy of the regime model estimates. The
cohesive properties of till and presence of a lag deposit term also had to be accounted for in the
‘best’ model. The historical periods of river width expansion and contraction affected the
available habitat area and, extent and distribution of bedform scale morphology (i.e. smaller
scale habitat structure). Subsequent work will examine alternative methods to incorporate bank
cohesion effects with the aim to further develop a parsimonious morphometric model to be used
with river ecosystem models.
Jamie Luce is a Research Associate with Trent University and affiliated with the Aquatics
Research and Development Section of the Ontario Ministry of Natural Resources.
André G. Roy is now the Dean of the Faculty of Environment at the University of Waterloo,
after holding the Chaire de recherche du Canada en dynamique fluviale at the Université de
Montréal.
Claudine Boyer is a Research Associate with the Université de Montréal and project manager
and investigator on the Nicolet River.
Patrick Verhaar is a Resesearch Associate with the Université de Montréal.
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Approaches to quantifying year round runoff and water quality in surface and subsurface
runoff in tile drained agricultural fields in Southern Ontario
M. L. Macrae1, R. Brunke2, M. C. English3, K. McKague4, V. Lam1, I. O’Halloran5, G. Opolko3
& Y. Wang5
1
Department of Geography and Environmental Management, University of Waterloo, Waterloo
ON, Canada
2
Nutrient Management, Ontario Ministry of Agriculture, Food and Rural Affairs, London,
Ontario, Canada
3
Department of Geography and Environmental Studies, Wilfrid Laurier University, Waterloo,
Ontario, Canada
4
Water Quality, Ontario Ministry of Agriculture, Food and Rural Affairs, London, Ontario,
Canada
5
Ridgetown Campus, University of Guelph, Ridgetown, Ontario, Canada
Agricultural watersheds have long been identified as a source of phosphorus (P) to surface water
bodies. However, there is uncertainty regarding the relative contributions of surface runoff
(overland flow) and runoff through drainage tiles to the export of both particulate (PP) and
dissolved (DP) forms of P from fields. There is also uncertainty regarding if (and how)
management practices such as tillage type affect the partitioning of runoff and P export via these
pathways. Unfortunately, much of the existing scientific research done on these topics has been
conducted in warmer climates, primarily during the growing season. It is unclear if the P export
patterns observed in these studies hold true in Canadian (Ontario) climates, where most annual
runoff occurs outside of the growing season and a significant portion of annual runoff and
nutrient losses occur during the spring freshet. A major reason for the paucity of data during the
winter period in Ontario is the logistical complication of collecting data during the winter
months. A set of new projects has been initiated with the objective of quantifying year-round
runoff and water quality from no-till agricultural fields in Southern Ontario. Sub-objectives of
these studies include determining the effects of tillage practices on P export and the relative
contributions of surface runoff and tile drainage to field scale biogeochemical losses. Six sites
across Southern Ontario have been instrumented with runoff monitoring equipment, automated
water samplers and meteorological stations to collect high-frequency data year-round.
Instrumentation and sampling approaches used across the different sites are demonstrated in this
presentation.
M.L. Macrae: PhD (Ontario); Associate Professor, University of Waterloo
R. Brunke: MSc (Ontario); Nutrient Management Engineer, OMAFRA
M.C. English: PhD (Ontario); Professor, Wilfrid Laurier University
K. McKague: MSc (Ontario); Water Quality Engineer, OMAFRA
V. Lam: MSc Candidate (Ontario); University of Waterloo
I. O’Halloran: PhD (Ontario); Associate Professor, University of Guelph
G. Opolko: MSc Candidate (Ontario); Wilfrid Laurier University
Y. Wang: PhD (Ontario); Postdoctoral Fellow, University of Guelph
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Development of rainfall-runoff model in ungauged basin using spatiotemporal parameters
S. Firuzi1 & K. Borna2
Northen Khorasan Regional Water Company, Iran, Bojnourd,
2
Department of Civil Engineering, Islamic Azad University Bojnourd Branch, Iran, Bojnourd,

1

The object of this study is to provide a model for estimating the mean monthly runoff for the
ungauged basin. The study methodologies are applied to Darkesh and Shirabad basin systems.
They are two small basins which are located in the North Khorasan province of Iran. First,
monthly meteorology and hydrology data for a period of 35 years was prepared and analyzed in
the basins and all effective parameters were considered as temporal and spatial parameters. In the
next step, some empirical equations of runoff estimation were evaluated in regional conditions
and four methods that provide acceptable results in terms of basin were selected as the major
equations.The temporal parameters such as monthly precipitation and air temperature with
Spatial parameters were used in empirical equations to estimate the amount of monthly runoff.
These results were introduced as the combination of input vectors for ANN model. Design of the
network is multi-layer perceptron network (MLP) that is performed via back propagation error
law. The results showed 93% regression between observation and prediction runoff for Darkesh
basin. As same as previous methods, the input data of Shirabad basin was entered to the trained
ANN in Darkesh basin and the monthly runoff for Shirabad basin was predicted as output of
network. Comparison between the output model and recorded flow data in Shirabad basin shows
the designed model can predict monthly runoff for homogenous basin.
Sh. Firuzi: M.Sc. (Iran); River Engineering and Surface Water Resources Expert, Northern
Khorasan Regional Water Company, Ministry of Energy.
K. Borna: M.Sc. (Iran); Member of Civil Engineering Faculty, Islamic Azad University.
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Regional Intensity-Duration-Frequency (IDF) curves derived from ensemble empirical
mode decomposition and scaling property
C. C. Kuo1, T. Y. Gan2, S. Chan3 & J. L. Hanrahan4
1,2,4
Department of Civil & Environmental Engineering, University of Alberta, Edmonton,
Alberta, Canada
3
Infrastructure Services, Drainage Services, City of Edmonton, Edmonton, Alberta, Canada
Because of the large spatial variability of most precipitation data, site-specific Intensity Duration
Frequency (IDF) curves cannot be reliably transferred to ungauged sites, even those located
nearby. We propose deriving regional IDF curves using the scaling property of precipitation data
derived via the ensemble empirical mode decomposition (EEMD). Selected stations of annual
maximum precipitation were first decomposed by EEMD to intrinsic mode functions (IMFs).
Next, the scaling property of IMFs was examined and representative scale exponents were
estimated. Two approaches of quantile estimates, Extreme Value type I derived by Method of
Moment (EVI-MOM) and General Extreme Value distribution derived by probability weighted
moment (GEV-PWM), are evaluated. Results show that quantiles derived from GEV-PWM are
more accurate than those derived from EVI-MOM, whose underestimation of rainfall intensity
becomes obvious when the return period is over 25-yr, especially for storms of durations less
than an hour. Three of the four IMFs of precipitation data were used to derive regional IDF
curves because they show simple scaling property. These regional IDF curves predicted accurate
storm intensities for rain gauging sites at both the calibration and validation stages, though for
storm of high return periods, e.g., about 100-year or higher, the predicted storm intensities are
more subject to uncertainties.
Chun-Chao Kuo: PhD from the Department of Hydraulic & Ocean Engineering, at National
Cheng-Kung University in Taiwan. Dr. Kuo is currently a post-doctoral fellow in the Department
of Civil & Environmental Engineering at the University of Alberta.
Thian Yew Gan: Professor at the University of Alberta since 1993. His teaching/research work
has been in snow hydrology, remote sensing, hydrologic modeling, hydroclimatology, climate
change, and water resources management and planning. Dr. Gan recently published the book
Global Cryosphere – Past, Present and Future.
Steven Chan: Master of Engineering degree in Water Resources from the University of Alberta
in 1987. He is currently a Senior Assessment Engineer for the City of Edmonton Drainage
Services Branch and has more than 25 years of experience in urban sewer system assessment.
Janel Hanrahan: PhD in Mathematics with a focus in Atmospheric Science from the University
of Wisconsin-Milwaukee in 2010. She is currently working as a postdoctoral researcher in the
Department of Civil & Environmental Engineering at the University of Alberta.
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Fuzzy-set based uncertainty propagation: A case study using abiotic factors and datadriven modelling to predict DO concentration
U. T. Khan1, C. Valeo2, A. Chu3 & J. He4
1
University of Victoria, Department of Mechanical Engineering; Victoria, British Columbia,
Canada
2
University of Victoria, Department of Mechanical Engineering; Victoria, British Columbia,
Canada
3
University of Calgary, Department of Civil Engineering; Calgary, Alberta, Canada
4
Lakehead University; Department of Civil Engineering; Thunder Bay, Ontario, Canada
Dissolved oxygen (DO) is an important indicator of aquatic ecosystem health. Research has
shown that data driven modelling methods using abiotic factors (climatic and hydrometric
conditions) are capable of adequately predicting DO concentration in rivers. This is particularly
useful when the governing physical processes behind DO concentration are unknown or are too
complicated to be effectively captured in physically-based models. However, considerable
uncertainty and variability exists in the input data used to construct these models. A fuzzy-set
based methodology is proposed to characterize and propagate uncertainty through a linear
(multiple linear regression) and a non-linear (multiple layer perception neural network) model
using abiotic factors as inputs. The objective is to increase the accuracy of DO concentration
prediction and to develop a probabilistic representation of model output. Discharge, water
temperature and DO concentration from the Bow River in Calgary, AB for the years 2006
through 2008 are used to construct the linear and non-linear models. Model outputs with and
without the use of the proposed methodology are compared. Preliminary results demonstrate that
the inclusion of the fuzzy-set methodology can reduce the occurrence of the predicted DO
concentration to be below minimum DO guidelines.
Usman T. Khan: PhD student at the University of Victoria in the department of Mechanical
Engineering. He received his MSc in Environmental Engineering in 2010 and his BSc in Civil
Engineering in 2008, both from the University of Calgary.
Dr. Caterina Valeo joined the University of Victoria's Mechanical Engineering Department in
October of 2011 after spending 11 years as a Professor at the University of Calgary in Geomatics
Engineering and Civil Engineering. She has worked extensively in urban hydrology, climate
change impacts and disturbance modelling in water resources and water quality modelling.
Dr. Angus Chu: Associate professor at University of Calgary specializing in wastewater and
stormwater quality.
Dr. Jianxun (Jennifer): Assistant Professor in the Civil Engineering Department of Lakehead
University. Before she joined Lakehead University in September of 2011, she was a postdoctoral at the University of Calgary, where she obtained her PhD in Water Resources
Engineering. Her current research interests include climate change impacts, water quality, and
application of advanced soft computing techniques in water resources modelling.
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Bias compensation in at-site flood frequency analysis
J. He1, A. Anderson2 & C. Valeo3
Department of Civil Engineering, Lakehead University, Thunder Bay, Ontario, Canada
2
Foothill Research Institute, Calgary, Alberta, Canada
3
Department of Mechanical Engineering, University of Victoria, Victoria, British Columbia,
Canada

1

Flood frequency analysis (FFA) is essential for water resources management. Long flow records
improve the precision of estimated quantiles; however in some cases, sample size in one location
is not sufficient to achieve a reliable estimate of the statistical parameters and thus, regional FFA
is commonly used to decrease the uncertainty in the prediction. In this paper we evaluated the
bias of a commonly used parameter estimator (L-moment method) applied to the general extreme
value distribution using a Monte Carlo simulation due to unknown distribution parameters and
quartiles and proposed a bias compensation methodology. The bias compensation model was
then applied to stream flow records. The results suggest that compensation of the bias due to the
estimator and short sample size would significantly improve the accuracy of quantile estimation.
In addition, at-site FFA is able to provide reliable estimation based on short data when
accounting for the bias in the estimator.
Dr. Jianxun (Jennifer) He: Assistant Professor in the Civil Engineering Department of Lakehead
University. Before she joined Lakehead University in September of 2011, she was a postdoctoral at the University of Calgary, where she obtained her Ph.D. in Water Resources
Engineering. Her current research interests include climate change impacts, water quality, and
application of advanced soft computing techniques in water resources modelling.
Dr. Axel Anderson is the Water Program Lead at the Foothills Research Institute, on secondment
from the Government of Alberta. He is an engineer, forester and adjunct Professor at the
University of Alberta.
Dr. Caterina Valeo joined the University of Victoria's Mechanical Engineering Department in
October of 2011 after spending 11 years as a Professor at the University of Calgary in Geomatics
Engineering and Civil Engineering. She has worked extensively in urban hydrology, climate
change impacts and disturbance modelling in water resources and water quality modelling.
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Stream water temperature modeling and water/air temperature relationships
N. El-Jabi1, D. Caissie2 & N. Turkkan1
1
Department of civil engineering, Université de Moncton, Moncton, New Brunswick, Canada
2
Department of Fisheries & Oceans, Moncton, New Brunswick, Canada
Water temperature has both economic and ecological significance when considering issues such
as water quality and biotic conditions in rivers. The thermal regime of rivers is influenced by
many factors such as atmospheric conditions, topography, riparian vegetation, stream discharge,
and streambed thermal fluxes. Knowledge and the ability to predict stream water temperature are
essential to address thermal discharge problems, water quality and in conducting environmental
impact studies. A better understanding of the natural thermal regime of a river system is also
very important in the management of water supply. The first step in the overall understanding of
the stream thermal regime is to be able to study and predict natural variation in stream water
temperatures. The present study deals with the modelling of stream water temperatures by means
of Stochastic Models (SM1 & SM2) and two intelligent algorithms such as genetic
programming (GP) and polynomial neural networks (PNN) to relate air and water temperatures
in Little SW Miramichi River, New Brunswick. The results indicated that it was possible to
predict daily mean and maximum stream temperatures using air temperatures and that the four
models produced similar results in predicting these temperatures. The root mean square error
(RSME) varied between 1.51°C and 1.77°C on an annual basis from 1990 to 2010. Of the four
models, the SM1 (Multiple Regression) and PNN were preferred based on performance and
simplicity in development.
Nassir El-Jabi: PhD (Montreal); Professor, Université de Moncton.
Daniel Caissie: PhD (Dalhousie); Research Scientist, Fisheries and Oceans.
Noyan Turkkan: Researcher and Retired Professor, Université de Moncton.
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Connecting spatial variability of thaw to preferential permafrost degradation within the
discontinuous permafrost zone: Scotty Creek, Northwest Territories, Canada
T. Veness1 & W. Quinton2
1
Department of Geography & Environmental Studies, Wilfrid Laurier University, Waterloo,
Ontario, Canada
2
Department of Geography & Environmental Studies, Wilfrid Laurier University, Waterloo,
Ontario, Canada
This study examines the spatial pattern of seasonal thaw in order to understand the factors
controlling the observed spatial pattern of permafrost thaw at the Scotty Creek Research Basin,
50km south of Fort Simpson, Northwest Territories, Canada. Soil moisture, water table depth,
frost table, snow cover depth, and radiation regimes were measured at points on 10
representative transects and on a 64-point grid to improve the understanding and ability to
predict spatial and temporal patterns of ground thaw. Frequency distributions of thaw depth for
different stages of active layer development indicate that the snow-cover duration, soil moisture
and canopy factors are important factors controlling the ground thaw pattern, but surface albedo
was not. Differential thaw resulted in differential drainage which influenced the soil moisture
distribution and therefore the pattern of thaw. This study indicates that permafrost is most
susceptible to thaw in topographic lows including collapse scars where water collects, areas of
decreased canopy cover, and Souhern exposures.
T. Veness: B.A. (Ontario); MSc. Candidate, Wilfrid Laurier University
W. Quinton: PhD. (Saskatchewan); Associate Professor, Wilfrid Laurier University
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Using high resolution LiDAR data to spatially scale and assess the accuracy of ET
estimates in the Western Boreal Plains
G. Sutherland1, R. M. Petrone1, L. Chasmer1 & K. J. Devito2
1
Cold Regions Research Centre, Wilfrid Laurier University, Waterloo, Ontario, Canada
2
Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada
In Canada a large portion of the boreal forest is comprised of the mosaic landscape of the
Western Boreal Plains (WBP). The WBP experiences consistent water deficit conditions where
potential evapotranspiration (PET) exceeds precipitation (P) on an annual basis. This means that
evapotranspiration (ET) is the primary driver of the hydrologic balance in the WBP and that
future changes to the climate of this region will have significant impacts on the water balance.
Within a study site representative of the WBP, this study uses high resolution (1m x 1m) LiDAR
data to acquire spatially explicit canopy structure information which is used as an input into the
Penman-Monteith (PM) equation. This method is used to examine the spatial variability in ET
across dominant land covers in the WBP. A spatially explicit estimate of ET is compared with a
simple lumped canopy model using spatial averages to estimate ET to determine the benefits of
using high resolution spatially variable parameters. Eddy covariance measurements are used for
validation. Subsequently, the high resolution spatially explicit estimate of ET will be compared
with a lower resolution estimate representative of modern global satellite systems, i.e. SPOT
(10m), Landsat (30m), MODIS (250m, 500m, 1km). This will determine the enhanced accuracy
of high resolution vs. low resolution estimates of ET in a region where ET is the most significant
hydrologic flux in the water budget.
G. Sutherland: MSc Candidate, Wilfrid Laurier University
R. M. Petrone: PhD (University of Waterloo); Associate Professor, Director, Cold Regions
Research Centre, Wilfrid Laurier University
L. Chasmer: PhD (Queens University); Post Doctoral Fellow, Cold Regions Research Centre,
Wilfrid Laurier University
K. J. Devito: PhD (York University); Associate Professor, Department of Biological Sciences,
University of Alberta
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Functional coupling of water table dynamics to wetland plant distributions: an example
from calcareous fens
T. P. Duval1, J. M. Waddinton2 & B. A. Branfireun3
1
Department of Geography, University of Toronto Mississauga, Mississauga, Ontario, Canada
2
School of Geography and Earth Sciences, McMaster University, Hamilton, Ontario, Canada
3
Department of Biology, Western University, London, Ontario, Canada
Wetlands are characterized by prolonged root-zone saturation and low oxygen levels,
necessitating physiological adaptations in vascular plant species, most notably through extensive
aerenchyma formation. Different species have varying capacities for aerenchyma formation and
tolerance to saturated conditions. Thus, the role of the water table is of much greater importance
to plant success and distribution in wetlands than in terrestrial habitats; however, characterizing
water table dynamics in a manner that is functionally relevant to plant species has remained
elusive. Here we present several measures of water table dynamics and compare them in regards
to their explanatory power of the distributions of vascular plants in calcareous fens of Souhern
Ontario. Plant responses to these water table metrics were assessed assuming a logistic growth
model using the 95th quantile of the distribution cloud. Mean and standard deviation of the water
table, total duration of saturation, and number of water table downcrossings from a series of
wells across the sites were poor predictors of plant distribution. Total water table amplitude and
the duration of initial growing season saturation provided far better segregation of species that
mimicked actual spatial distributions. It is shown that the duration of initial growing season
saturation is the functionally most relevant representation of water table dynamics to plant
physiology. The use of hydrological metrics that have a strong control over plant species
responses can be used to generate realized ranges or tolerances of plants to hydrology, which in
turn can be applied to wetland restoration, rehabilitation, and creation strategies.
T. D. Duval: PhD (McMaster); Assistant Professor, University of Toronto Mississauga
J. M. Waddington: PhD (York); Professor, McMaster University
B. A. Branfireun: PhD (McGill); Associate Professor, Western University
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Landscape analysis of forested margins (laggs) in ombrotrophic peatlands, New Brunswick
Caractérisation des écotones forestiers (laggs) de tourbières ombrotrophes au NouveauBrunswick
M. Langlois1, J. S. Price2 & L. Rochefort3
1,2
Department of Geography and Environmental Management, University of Waterloo, 200
University Avenue West, Waterloo, Ontario, Canada
3
Département de phytologie, pavillon Paul-Comtois, Université Laval, Québec, Québec, Canada
Of Swedish origins, the term “lagg” is used to describe transitional zones that tend to form at the
margins of natural bogs. While often mentioned in the literature, little research has specifically
focussed on the characterisation of their ecological functions. During the summer of 2011,
transitions from bog center to mineral land were studied in the New Brunswick eastern lowlands.
Data on soil water pressure (?), water table, and hydrochemistry were collected over six natural
peatlands. Based on four influential gradients (topography, hydrology, chemistry, and
vegetation), a combination of airborne LiDAR data, hydrological, and hydro-chemical
monitoring are being used to parameterise a conceptual model of this ecotone, providing the
opportunity to initiate the movement towards predictive modeling of the presence of laggs in a
maritime environment.
D’origine suédoise, le mot « lagg » est utilisé pour décrire la zone de transition souvent observée
en bordure des tourbières ombrotrophes (bogs). Malgré que cet écotone soit souvent mentionné
dans la littérature, peu de chercheurs s’y sont spécifiquement intéressés. Basée sur quatre
gradients d’influence, cette étude a pour objectif de créer un modèle conceptuel de la transition
entre tourbière et terre minérale. Pendant l’été 2011, six bogs naturels situés dans le nord-est du
Nouveau-Brunswick ont été instrumentés afin de recueillir de l’information sur l’hydrologie et
l’hydrochimie des laggs. En combinaison avec des données LiDAR aériennes, ce modèle amorce
le mouvement vers la modélisation prédictive de la présence de laggs dans un environnement
maritime.
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Lichen bags and lichen species richness give a crude measure of seasonal and spatial
differences in airborne heavy metals.
D. P. McCarthy
Department of Earth Sciences, Brock University, St. Catharines, Ontario, Canada
Lichen species surveys, lichen transplantation from clean to dirty environments and elemental
analysis of lichen tissue by ICP-MS have been used to investigate, map and crudely characterize
point and line source emissions of heavy metals in some Ontario cities. For example, in 2004 and
in 2009, lichen surveys in Hamilton (770 and 1190 trees), found variations in lichen cover were
linked to local land use and disturbance history. Airborne fallout from a cement plant was
tracked to residential areas through the use of lichen bags (mesh bags containing lichens) that
were placed in trees for several months. In the summer of 2009, a lichen survey (580 trees, 116
sites) was also done in Durham Region (Pickering-Ajax-Whitby-Oshawa). It identified lichen
dieoff zones linked with major transportation routes. Lichen bag chemistry (27 bags for 3
months) was then used to characterize inorganic fallout in Durham and along the MacDonaldCartier Freeway (Hwy. 401, 136 bags over one year). In Hamilton, elevated lead and zinc in the
lichen bags were likely airborne byproducts from the grinding of galena and sphalerite which are
found in the Niagara Escarpment. Along the MacDonald-Cartier Freeway, a sharp drop in copper
(brakes), chromium (engines), aluminum (soil or engines) and manganese (MMT in gasoline)
was found with distance from the road. Lichen bags can give a crude characterization of
inorganic load, but their use lacks standardization. Careful replication is needed to evaluate the
importance of bag placement and the sensitivity of certain lichen species.
D. P. McCarthy: PhD (Saskatchewan); Associate professor, Departments of Earth Sciences and
Biology, Brock University
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Throughfall, stemflow and canopy interception loss in a juvenile lodgepole pine (Pinus
contorta var. latifolia) stand
C. E. Lishman1 & D. E. Carlyle-Moses2
1
Graduate Program in Environmental Science, Thompson Rivers University, Kamloops, British
Columbia, Canada
2
Department of Geography, Thompson Rivers University, Kamloops, British Columbia, Canada
Rainfall, throughfall and stemflow were measured for 36 of 37 events (cumulative rainfall
=252.9 mm) that occurred from May 16 – September 30, 2010 in a juvenile Pinus contorta var.
latifolia stand in south-central British Columbia (51°12'49” N, 120°23'43" W, 1290 m a.m.s.l.).
For each of nine trees (DBH range = 1.4 – 4.6 cm) throughfall was measured with 16 manuallyread Tru-Chek® wedge gauges, with four gauges placed along N, W, S, and E transects - adjacent
to the tree base, the mid-canopy point, the canopy edge, and at a random distance in the open
between tree canopies. Tree-scale throughfall was estimated by taking the area-weighted average
of each below-canopy zone. Stemflow was measured using plastic funnel collars affixed to each
tree using caulking with stemflow diverted to a 3.8 L collection reservoir. Throughfall and
stemflow were extrapolated to the plot-scale based on the number and size characteristics of the
trees within the plot. Study period throughfall and stemflow were calculated at 221.9 and 4.5
mm (87.7 and 1.8 % of the rainfall), respectively. Assuming canopy interception loss to be the
difference between rainfall and the sum of throughfall and stemflow, this evaporation component
was estimated at 26.2 mm (10.5 % of rainfall). The sparse canopy versions of the Gash and Liu
interception loss models both estimated this flux at 24.5 mm (9.7 % of rainfall), an underestimate
of 2.0 mm (7.5 %) of the observed value. Poorer agreement between the models and observed
canopy interception loss was found at the event-scale.
C.E. Lishman B.A. (Thompson Rivers University): M.Sc. Candidate Thompson Rivers
University)
D.E. Carlyle-Moses Ph.D. (Toronto): Associate Professor (Thompson Rivers University).
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Influence of vegetation on snow processes in a mid-latitude mountainous environment
J. Garvelmann, S. Pohl & M. Weiler
Institute of Hydrology, University of Freiburg, Fahnenbergplatz, D-79098 Freiburg, Germany
Vegetation and topography have a crucial influence on the spatial distribution and temporal
evolution of snowcovers. Most studies have explored this influence through extensive synoptic
sampling campaigns, yet continuous observations are missing and therefore event based analysis
is often not possible. To continuously observe the snowcover dynamics among different
topographies and vegetation covers, an extensive network consisting of numerous standalone
snow monitoring stations (SnoMoS), as well as time-lapse cameras was deployed in three
mesoscale catchments (40-160 km2) in the Black Forest (Germany), a typical mid-latitude
medium elevation mountain range (400-1500m) with a high percentage of forest cover. To
investigate the influence of vegetation cover on snow processes, SnoMoS and time-lapse
cameras were installed underneath various forest canopies and in adjacent open field sites
throughout the catchments. The SnoMos provide hourly snowdepth and meteorological data such
as air temperature, humidity, incoming solar radiation and wind speed over the entire winter.
This approach assures that a wide range of canopy characteristics, elevations, and expositions are
covered. Interception and melt rates for coniferous and deciduous forests compared to adjacent
open areas were calculated for numerous events at different locations throughout the catchments.
Mean interception was 39,5% in coniferous and 8.8% in deciduous forests. Mean melt rates
under forest canopies compared to open areas were found to be reduced by 43% for coniferous
and 24% for deciduous forests. The study will present a detailed event based analysis of the
influence of topography, meteorological conditions and vegetation characteristics on the spatial
and temporal evolution of the snow cover in temperate mountain ranges.
J. Garvelmann: PhD Student, Institute of Hydrology Freiburg (IHF)
S. Pohl: PhD (Saskatoon); Research Scientist and Project Leader, IHF
M. Weiler: PhD (Zürich); Professor, IHF
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Toward national water adaptation guidance: A compendium and knowledge exchange
forum on best practices in water resources adaptation to climate change for Canadians
C. Sharma & H. Switzman
Watershed Management Division, Toronto and Region Conservation Authority (TRCA),
Toronto, Ontario, Canada
This poster presentation will highlight work done by the TRCA, in partnership with the Canadian
Foundation for Climate and Atmospheric Sciences and several other national partners (i.e.,
CWRA and ICLR) to create a compendium of best practices on climate change adaptation in
water resource management. The compendium exists as a searchable and updatable web database
that is accompanied by a summary report on the state of practice in water adaptation nationally.
These products aim to make knowledge on the adaptation of water resource management to
extreme weather and hydrologic easily accessible to Canadian water resource practitioners and
decision makers. Issues such as coastal erosion, aquifer degradation, irregular surface water
flows, flooding, drought, infrastructure stress, and the associated water quality impacts, are all
anticipated to intensify with climate change. Recognizing that communities across the country
are under pressure to adapt to these water-related climate change hazards, this project has
searched and compiled knowledge on how different communities are adapting their water
resource management to climate change. The case studies, applied science, policies, and
technical measures available in the compendium were gathered from a comprehensive search of
both national and international adaptation programs. A group of Canadian water and climate
change stakeholders (including practitioners and researchers) were consulted to refine the scope,
design and content of the compendium and summary report. These products are intended to
foster the sharing of knowledge, and contribute to the dialogue across communities of
practitioners from different operational, jurisdictional and disciplinary backgrounds.
Chandra Sharma, MCIP RPP, Watershed Specialist Senior Manager, Climate Programs (TRCA):
Chandra Sharma is a Professional Planner with over 14 years of experience in the environmental
field. She is currently working as a Watershed Specialist and Senior Manager Climate Programs
at the Toronto and Region Conservation Authority (TRCA). In her current role at the TRCA,
Chandra is responsible for leading multi-partner corporate climate change initiatives and
collaborative watershed management programs. Chandra has also been actively involved with
the Canadian Institute of planners (CIP) Council and served as a director on the Ontario Nature
Board including one year as Vice-President. Chandra holds a Master of Environmental Studies
(MES) and Planning from York University and Management Certification from Schulich School
of Business, Toronto.
Harris Switzman, Project Manager, Climate Change Adaptation (TRCA), M.A.Sc Candidate
(McMaster/United Nations University-Institute for Water, Environment and Health): Harris is
the project manager of climate change adaptation at the TRCA and is simultaneously finishing
his masters in water resource engineering in the Water Without Borders program at McMaster
University and the United Nations University. He has worked on water quality monitoring and
research for Environment Canada’s National Water Research Institute and has held positions in
community organizations working on water and environmental sustainability. His interests are in
integrated groundwater-surface water modelling and community-level sustainable water
management.
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Upgrading standards and procedures for the design of agricultural land development
projects in a climate change context
A. Michaud1, A. Drouin1, I. Beaudin1, A. Mailhot2, G. Talbot2, D. Huard3, S. Biner3, R. Lagacé4,
N.-R. Rocha4 & A. Blondlot3
1
Institut de recherche et de développement en agroenvironnement inc. (IRDA), Québec, Québec,
Canada
2
Institut national de la recherche scientifique (INRS), Centre Eau Terre Environnement, Québec,
Québec, Canada
3
Ouranos, Montréal, Québec, Canada
2
Université Laval, Québec, Québec, Canada
Numerous land development projects are underway in Quebec as part of agrienvironmental
initiatives targeting water quality. However, criteria and methods currently used in the
agricultural sector to predict peak watershed discharge date back to the 1980s and have not been
upgraded since. Anticipated increases in summer rainfall intensities and winter mild spells due to
climate change call for the updating of the design criteria for hydro-agricultural structures to
ensure that they serve tomorrow’s water regimes. The goal of this project is to produce a userfriendly tool to support the design of land development projects at field and small watershed
scales in rural areas. This tool will take into account the recent evolution in rainfall intensity,
duration, and frequency (IDF), as well as winter mild spells, resulting from climate change.
This project will provide results and tools to help end-users in the planning of hydro-agricultural
land development. These will include:
• A user-friendly software for the estimation of hydrological design criteria (Ex. peak discharge,
runoff volumes);
• Web publication of indices for mild spells and rainfall intensity-duration-frequency (IDF)
curves for current precipitations and projections of these under future climatic conditions;
• A hydro-pedological dataset for Quebec;
• Training sessions offered to the project’s targeted end-users.
This poster presents the overall project and main results.
Mr. Aubert Michaud Ph.D.: Institut de recherche et de développement en agroenvironnement inc.
(IRDA). Aubert R. Michaud holds a B.Sc. and a M.Sc. in Soil Science obtained at McGill
University and a Ph.D., also in soil science from Laval University. Employed by IRDA since its
creation in 1998, Aubert R. Michaud is a researcher in soil and water conservation. His areas of
expertise include hydrology, soil physics, diffuse contamination of surface water, geomatics,
remote sensing and modeling applied to field and watershed management. Prior to joining IRDA,
Mr. Michaud worked for 10 years at agriculture ministry of Québec where he was provincial
coordinator in transfer technology in soil and water conservation.
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Hyporheic zone influence on reach-scale water budgets within a boreal shield catchment of
Québec, Canada
R. C. Zanatta¹, S. K. Carey²& M. C. Richardson¹
¹Department of Geography and Environmental Studies, Carleton University, Ottawa, Ontario,
Canada
²School of Geography and Earth Sciences, McMaster University, Hamilton, Ontario, Canada
Mass loss of solute (NaCl) and gross channel water losses and gains were quantified in an effort
to understand the importance of the hyporheic exchange process on water budgets of boreal
shield catchments. Six series of tracer injections were performed on 9 reaches of a small stream
network within a subwatershed of Gatineau Park, Quebec from July to November, 2011. Mass
loss was substantial and increased throughout the summer baseflow recession to a maximum of
88% at one reach. High solute exchange exists for all reaches despite most exhibiting slight
positive net discharge values, resulting in minimum gross losses of water no less than 34% of
upstream discharge during low flow conditions. Strong power law relationships for all reaches
(R² >0.9) suggest discharge as the most important variable on the magnitude of mass loss, with a
large increase in the rate of loss associated with flows less than 10L/s. Solute fate and water
exchange may also have some dependence on contact time or velocity. Inter-reach variability in
mass loss would seem to imply watershed control on exchange potential, however preliminary
results of DEM derived morphometric parameters (channel slope, average catchment slope,
average valley width, wetness index, and local contributing area) show no correlation to mass
loss as has been previously reported for alpine catchments.
R. C. Zanatta: BSc (Brock); MSc candidate, Carleton University
S. K. Carey: PhD (McMaster); Associate Professor, McMaster University
M. C. Richardson: PhD (Toronto); Assistant Professor, Carleton University
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Conceptual hydrogeological model for Potsdam sandstone in southwestern Québec
N. Benoit1, M. Nastev1, R. Morin2, R. Godin3 & A. Rouleau3
1
Natural Resources Canada, Geological Survey of Canada, Québec (Québec), Canada
2
US Geological Survey, Mail Stop 403 Denver Federal Center, Denver, CO, USA
3
Université du Québec à Chicoutimi, Département des sciences appliquées et Centre d'études sur
les ressources minérales, Chicoutimi, (Québec), Canada
Potsdam sandstones extend over the international border between Canada and the USA south of
Montreal. Two sandstone formations, basal arkose and conglomerate and upper well-cemented
quartz arenite form the regional aquifer unit. Glacial till, littoral sand and gravel, and marine silt
and clay discontinuously overlie the aquifer. For the period between 1964~2002, the average
annual precipitation in the study area was 956 mm. The estimated bulk annual rates of the
evapotranspiration, surface runoff and infiltration were 546 mm, 224 mm and 186 mm
respectively. The calibrated recharge rate to bedrock aquifers was approximately 150 mm, or in
average 21 mm for fine marine sediments, 112 mm for glacial sediments, 251 mm for coarse
sand and gravel, and 191 mm in areas of shallow glacial sediments and/or rock outcrops. In
sandstone formations, sub-horizontal bedding planes are ubiquitous and display significant
hydraulic conductivities, 2 to 4x10-5 m/s, that are orders of magnitude more permeable than the
intact rock matrix. Due to their different lithologic and structural characteristics, the two
sandstone units impose rather different controls on groundwater flow patterns in the study area.
Flow is sustained through two types of fracture networks: few sub-horizontal, laterally extensive
fractures in the basal sandstone, where hydraulic communication is very good horizontally but
very poor vertically and each of the water-bearing bedding planes can be considered as a
separate planar 2-D aquifer unit; and the more fractured and vertically jointed system found in
the upper sandstone that promotes a more dispersed, 3-D movement of groundwater.
Nicolas Benoit: Research officer with Geological Survey of Canada (GSC), part of the Earth
Sciences Sector of Natural Resources Canada. Mr. Benoit holds a B.Sc. in engineering geology
and a M.Sc. in hydrogeology from École Polytechnique de Montréal. Before joining the GSC, he
worked for consulting firms in Montreal. His scientific and engineering experience is related
to geology, environmental hydrogeology and regional hydrogeology. Currently he is in charge of
the hydrogeological study of the Chaudière River watershed, Québec.
Miroslav Nastev: Ph.D., Research Scientist - Hydrogeology, GSC - Québec
Roger Morin : Ph.D., U.S. Geological Survey - USGS Denver, Colorado
Rejean Godin : MSc. student, Université du Québec à Chicoutimi, Québec
Alain Rouleau: Ph.D., professor, Université du Québec à Chicoutimi, Québec.
Poster Session ID – WH5

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

465

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Sustainability of the groundwater resources in the Chaudière River Watershed, Québec
N. Benoit1, M. Nastev1, M. B. Kone2 & J. Molson2
1
Ressources naturelles Canada, Commission géologique du Canada, Québec (Québec), Canada
2
Département de géologie et de génie géologique, Université Laval, Québec (Québec), Canada
The Chaudière River watershed, located south of Quebec City, encompasses approximately 6700
km2. The northern part is relatively densely populated with some 150,000 inhabitants and
extensive agriculture; in the Souhern part, forest and pastures dominate the hilly landscape.
Some 50,000 inhabitants rely on groundwater as main source of potable water. The regional
aquifer consists of sedimentary rocks and occasionally of coarse surficial sediments. Glacial
sediments are practically ubiquitous over the study area. They are overlain by Champlain sea
sediments and more recent alluvion to the North. On average, the watershed receives 1110 mm
of precipitation annually. 1D hydrological modelling partitioned the precipitation into
evapotranspiration (447 mm), surface runoff (478 mm), and infiltration (185 mm). The
subsurface runoff was estimated to 155 mm, whereas the remaining 30 mm percolates further to
the fractured aquifer. The annual groundwater use was estimated to 0.6% of the groundwater
present in storage. The measured potentiometric surface closely drapes the major topographic
features and reflects the general flow direction of the surface water. On its path from recharge to
discharge areas, the groundwater is subject to a variety of hydrogeological and geochemical
processes. The analytical results of 155 groundwater samples and multivariate analyses helped
built a hydrogeochemical evolution model and corroborated the flow regime. A 3D numerical
flow model has been built including a distributed infiltration, baseflow discharge and
groundwater use. It is being used to determine sensitivity of the water levels to over-exploitation
and changing climate.
Nicolas Benoit: Research officer with Geological Survey of Canada (GSC), part of the Earth
Sciences Sector of Natural Resources Canada. Mr. Benoit holds a B.Sc. in engineering geology
and a M.Sc. in hydrogeology from École Polytechnique de Montréal. Before joining the GSC, he
worked for consulting firms in Montreal. His scientific and engineering experience is related
to geology, environmental hydrogeology and regional hydrogeology. Currently he is in charge of
the hydrogeological study of the Chaudière River watershed, Québec.
Miroslav Nastev: PhD., Research Scientist - Hydrogeology, GSC - Québec
Mathy Brun Kone : MSc. student, Université Laval, Québec
John Molson: Ph.D., professor, Université Laval, Québec.
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Title: infiltration and percolation in a mexican tropical dry forest soil: Controls on nearsurface soil water storage dynamics
B. Branfireun1 & K. Farrick2
1
Department of Biology, Western University, 1151 Richmond Street, London, Ontario, Canada
2
Department of Earth Sciences, Western University, 1151 Richmond Street, London, Ontario,
Canada
Infiltration and percolation exert strong controls on near-surface soil water storage dynamics. A
key initial step in understanding runoff is to characterize these processes which govern the entry
of water through the soil surface and can contribute to surface runoff generation. In tropical dry
forests, the prolonged dry season may affect infiltration due to the development of soil water
repellency (SWR), and the short duration rainy season may limit periods of percolation and soil
water recharge. As the soil water balance governs ecosystem processes and the translation of
surplus water downslope as event runoff, an understanding of soil water dynamics is essential to
predicting both current and future water availability in these already water-limited catchments.
Investigations were carried out at a small dry forest catchment in central Jalisco State, Mexico.
Rainfall and soil water content were continuously monitored, while soil surface infiltration and
water repellency were measured during the wet and early dry seasons. During the early dry
period, the average cumulative infiltration rate was 9 mmh-1 and soils were strongly
hydrophobic. Unlike the dry period, the wet season characterized by higher infiltration rates (200
mmh-1) resulting in rapid increases in soil moisture to small rainfall inputs.
Brian Branfireun; PhD (McGill): Associate Professor and Canada Research Chair, Western
University. For over a decade his research has focused on watershed hydrology, wetland
biogeoscience and the cycling of mercury in the environment. He is the Vice-President of the
Canadian Geophysical Union.
Kegan Farrick; MSc (Waterloo); PhD Candidate, Western University. Currently in the third year
of his PhD, his work focuses on the controls of runoff generation and streamflow response in
tropical dry forest watersheds.
Poster Session ID - WH5/W13

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

467

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Day 3 Poster Session - Thursday June 7, 2012
Session ID

Session
Coordinator

Poster Presenter Name(s)

Title

Groundwater-surface water interactions and
biogeochemistry of a bog-fen-stream complex
in the Hudson Bay Lowlands
Photosynthetic water-use by colonizing and
Ed Johnson M. G. Letts, C. H.
Hugenholtz, B. A. Jefferies & established vegetation in active and stabilized
O. Crouteix
dunes of the Big Stick Sandhills, Saskatchewan
L. C. Braschi, N.J. Shatilla, P. The role of water table fluctuations in soil
G. Wilson & N. T. Roulet
moisture content at the Mer Bleue Bog
Comparison of water and carbon fluxes for
S. K. Carey, R. M. Petrone, G.
newly reclaimed and regenerated aspen stands
B. Drewitt & S. M. Brown
in northwestern Alberta
Development of an ecological water needs
D. L. Peters, W. A. Monk &
framework for deltaic environments: Part 1:
D. J. Baird
Are existing riverine assessment methods
applicable?
T.P. Duval, K.J. Devito, G.
Effect of forest harvesting on water and solute
Sarah Boon Kiyani, A. Palmer & R.M.
cycling in Western Boreal Plain watersheds
Petrone
Searching for indications of runoff generation
D. Watt & D.L. Peters
change in tributaries supplying water to the
lower Athabasca River, Alberta, Canada
The influence of rooting zone soil moisture and
S. M. Brown, R. M. Petrone,
soil suction on evapotranspiration from a
M. S. Lazerjan, L. Chasmer,
regenerating aspen dominated upland, Western
C. Mendoza & K.J. Devito
Boreal Plain, Alberta Canada
D. van der Kamp, J.
*Dates of snow disappearance in British
Trubilowicz, R.D. Moore & S. Columbia, Canada, and connections to largescale climate indices
W. Taylor
*Analysis of spring freshet characteristics and
R. Ahmed, T. D. Prowse and
atmospheric teleconnections of four major
Y. B. Dibike
pan-Arctic river basins
Sarah Boon G. S. Walker and T. D.
*Climate-change effects on water storage in
Prowse
the Athabasca catchment
H. C. Linton, T. Prowse & Y. *Spatial and temporal variation in climatic
B. Dibike
streamflow drivers in Western Canada
*The role of synoptic climatology on rivers
B. W. Newton & T. D. Prowse originating on the leeward slopes of the Rocky
Mountains in Canada
T. A. Ulanowski, B. A.
Branfireun & C. Charron

B2

H3

HW4

*

Student Poster

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

468

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Day 3 Poster Session - Thursday June 7, 2012 (Continued)
Session ID

Session
Coordinator

Poster Presenter Name(s)
C. C. Kuo, J. L. Hanrahan &
T.Y. Gan

HW4

Sarah Boon

Tracy
Brennand

R1

Dave
A. Smith, C. Delavau, T.
Hutchinson Stadnyk & K. Koenig

S1
W11/W16
WH4

*

K. Adamowski , S. Ousmane,
J. Adamowski & U.
Muhammad
T. Hamilton & C. H.
Hugenholtz

Shaun Toner N. Therrien and J.A. Janmaat
Russell Boals

A. Bergstrom, J. Mallard, B.
McGlynn & T. Covino

Title
Comparison of MM5’s simulations with other
RCMs from the NARCCAP multi-model
ensemble simulations in central Alberta
Impacts of land use and climate variability on
flood characteristics
To what extent does topography control
landcover diversity? A case study
*The effects of land cover on the composition
of stable water isotopes in streamflow within
the lower Nelson River basin
*Source water protection vs drinking water
treatment: Are they substitutes?
*Stream network travel times: The combined
influences of watershed and stream network
geometries

Student Poster

Banff Centre, June 5 to 8, 2012, Banff, Alberta, Canada
Banff Centre, 5 au 8 juin 2012, Banff, Alberta, Canada

469

Proceedings of the 2012 CWRA-CGU National Conference - Actes de la Conférence Nationale ACRH-UGC
“Earth, Wind & Water - Elements of Life” - "Terre, Vent & Eau - Éléments de vie"

Groundwater-surface water interactions and biogeochemistry of a bog-fen-stream complex
in the Hudson Bay Lowlands
T. A. Ulanowski1, B. A. Branfireun2 & C. Charron3
1
Department of Earth Science, Western University, London, Ontario, Canada
2
Department of Biology, Western University, London, Ontario, Canada
3
Terrestrial Assessment Unit, Ontario Ministry of the Environment, Toronto, Ontario, Canada
The Hudson Bay Lowlands (HBL) of northern Ontario currently sequesters more than half of
Canada’s terrestrial soil carbon. Increases in annual temperatures and precipitation regimes as a
result of a changing climate are expected to modify the hydrology of this region, potentially
altering the carbon dynamics of these peatland systems. Understanding the hydrological
connections among different peatland types to streams via fens and first order streams is required
to explain changes to surface water quality. Until recently, the inaccessibility of the region has
impeded comprehensive geochemical studies partitioning snowmelt, surface runoff, and
groundwater inputs into river flows, leaving concerns over changes to surface water quality
unaddressed and based solely on conjecture. We aim to provide a baseline of groundwatersurface water interactions by measuring the flow and geochemical evolution of groundwater
along a ~2.5 km bog-fen-stream sequence, using a network of over 80 groundwater monitoring
wells and piezometers. This work represents the first attempt at using stable isotopes of oxygen,
hydrogen and carbon to partition and provide data on the relative contributions of peatlandderived runoff to the total water and carbon fluxes of HBL tributaries. This study complements a
larger, long-term carbon flux monitoring program run by the Ontario Ministry of the
Environment.
T.A. Ulanowski: HBSc Chemistry and Environmental Analysis (Toronto); MSc Candidate
Peatland Hydrology and Biogeochemistry, Western University
B.A. Branfireun: Associate Professor and Canada Research Chair at Western University. For
over a decade his research has focused on watershed hydrology, wetland biogeoscience and the
cycling of mercury in the environment. He is the Vice-President of the Canadian Geophysical
Union.
C. Charron: Supervisor for Terrestrial Assessment Unit, Ontario Ministry of the Environment
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Photosynthetic water-use by colonizing and established vegetation in active and stabilized
dunes of the Big Stick Sandhills, Saskatchewan
M. G. Letts1, C.H. Hugenholtz2, B. A. Jefferies3 & O. Crouteix4
1
Department of Geography, Alberta Water and Environmental Science Building, University of
Lethbridge, Alberta, Canada
2
Department of Geography, Alberta Water and Environmental Science Building, University of
Lethbridge, Alberta, Canada,
3
Department of Geography, University of Lethbridge, Alberta, Canada
4
SupAgro, Montpellier, France; currently a Research Assistant, Department of Geography,
University of Lethbridge, Alberta, Canada
Sand dunes of Souhern Saskatchewan are undergoing a rapid phase of stabilization, due to
colonization by vegetation. To develop an understanding of plant function and water-use
strategy in these unique sand dune ecosystems, we measured meteorological and
pedoclimatological conditions, as well as seasonal patterns of plant physiological characteristics
in the Big Stick Sandhills of southwestern Saskatchewan. We measured photosynthetic gasexchange in two shrubs (Rosa acicularis and Artemisia frigida), one grass (Agropyron smithii)
and one rhizomatous legume (Psoralea lanceolatum) in contrasting topographic settings. The
active dune was colonized almost exclusively by P. lanceolatum, while all four species were
present on stabilized dune and interdune sites. In a wetter than normal summer (2011), water
availability was as high or higher at the bare dune site than at the vegetated dune and interdune
site, likely due to differential plant water extraction, consistent with higher vegetation density on
the interdune site. In contrast with the pattern of water availability, nitrogen availability (NO3N) was highest in the interdunal sites, followed by the vegetated and active dunes. On a leaf area
basis, net photosynthesis rate (Amax) was highest in P. lanceolatum throughout the summer, and
both Amax and transpiration (E) were at least as high on the vegetated dune as in the interdunal
sites in all species. Overall, our findings suggest that the high water availability and low
nitrogen availability of sand dunes is suitable for colonization by the rhizomatous legume P.
lanceolatum, and subsequently by grasses and shrubs.
Matthew G. Letts: Ph.D. (London), Associate Professor, University of Lethbridge
Chris H. Hugenholtz: Ph.D. (Calgary), Associate Professor, University of Lethbridge
Basil A. Jefferies: B.Sc. (Lethbridge)
Orianne Crouteix: M.Sc. Candidate (Montpellier SupAgro)
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The role of water table fluctuations in soil moisture content at the Mer Bleue Bog
L. C. Braschi1, N. J. Shatilla1, P. G. Wilson1,2 & N. T. Roulet1,2
1
Department of Geography, McGill University, Montréal, Québec, Canada
2
GEC3, McGill University, Montréal, Québec, Canada
Peatlands are complex adaptive systems because the hydrology of peat is negatively regulated by
the net ecosystem productivity. Wilson et al. determined that water table depth varies with
variations in peatland microtopography, and found that the statistical distributions of water table
depth can be inferred from the statistical distribution of peat elevation. In my research, I
calibrated a soil moisture probe to test if the relationship with microtopography extends to the
soil moisture content above the water table. It does when the mean water table depth < ~ 0.4 m,
but not when the water table depth is greater. The lack of relationship at greater depths can be
explained by a decoupling of soil moisture content from the water table due to properties of the
peat. This trend is also compared in two plots with different vegetation assemblages.
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Comparison of water and carbon fluxes for newly reclaimed and regenerated aspen stands
in northwestern Alberta
S. K. Carey1, R. M. Petrone2, G. B. Drewitt1 & S. M. Brown2
1
School of Geography and Earth Sciences, McMaster University, Hamilton, Ontario, Canada
2
Cold Regions Research Centre, Wilfrid Laurier University, Waterloo, Ontario, Canada
There has been considerable work examining water and energy balances in the western Canadian
boreal forest. Large integrative projects such as the Boreal Ecosystem and Atmosphere Study
(BOREAS) and Boreal Ecosystem Research and Monitoring Sites (BERMS) have provided
baseline information on the influence of climate, species, and stand age on water, energy and
carbon balances. In addition, post-disturbance recovery of boreal forest ecosystems has also been
partially assessed. However, there has been limited work comparing forest stands immediately
post-harvest (secondary succession) with those newly established after oil sands reclamation
activities (primary succession), which are rapidly expanding. Here, we present comparative
water, energy and CO2 flux data measured using the eddy covariance technique for two young
aspen (populus tremulodies) stands in northwestern Alberta after harvest and oil sands
reclamation. Each site has over 5 years of data from the initial time of establishment post
harvest/reclamation along with concomitant information on soil water, suction, leaf area index
and other pertinent ecohydrological variables. Comparative metrics are mean monthly water and
energy balance data, evaporative efficiency (LE/Rn) and water use efficiency (WUE). Results
indicate that during the early stages of succession, water and energy balance terms vary interannually due to climate forcing and the development of site vegetation. As LAI increases, ET
increases along with the evaporative efficiency. Differences between regenerating and
reclamation stands are observed, and are hypothesized to be due largely due to: 1) clonal root
system in the regenerating stands that more efficiently accesses soil water compared with
reclamation stands with new root systems, 2) differences in soil properties, and 3) increased
stand density during early years at the regenerating site. Early chronosequence ecohydrological
information along primary and secondary successional trajectories such as these are critical to
forest management and reclamation strategies of both the forestry and oilsands industries.
S.K. Carey: PhD (McMaster) Associate Professor, McMaster University
R.M. Petrone: PhD (Waterloo) Associate Professor, Wilfrid Laurier University
G.B. Drewitt: PhD (UBC) Research Associate, McMaster University
S.M. Brown: MSc (Laurier) Research Officer, Wilfrid Laurier University
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Development of an ecological water needs framework for deltaic environments: Part 1: Are
existing riverine assessment methods applicable?
D. L. Peters1, W. A. Monk2 & D. J. Baird2
1
Environment Canada, Water and Climate Impacts Research Centre, University of Victoria,
Victoria, British Columbia, Canada
2
Environment Canada, Canadian Rivers Institute, Department of Biology, University of New
Brunswick, Fredericton, New Brunswick, Canada
A significant scientific effort has been invested in the last three decades in improving our
understanding the relationship between streamflow, geomorphology and aquatic ecology. For
instance, a water management framework was recently development for the lower Athabasca
River to protect the ecological integrity of the river mainstem during oil-sands development.
The framework outlines on a weekly basis the maximum percentage of water deviation from
historical natural flow conditions and management actions to reduce water withdrawals if
necessary to meet the instream flow needs guidelines (IFN). The Athabasca River is an
important, direct source of water to a downstream delta lake-wetland complex, the PeaceAthabasca Delta (PAD), which was designated a Ramsar Site in 1982 and is located within the
Wood Buffalo National Park and First Nations land. A key question is whether riverine focused
IFN methodologies are applicable to deltaic environments? The goal of this poster presentation
is twofold: i) Review the IFN science and determine their potential applicability to deltaic
environments where small changes in water level/depth have important implications for surface
water connectivity and associated habitat quality, and ii) Explore the development of an ecohydrological framework and tools necessary to assess potential future change to the aquatic
ecology of wetlands within the PAD.
Daniel Peters is a Research Scientist with Environment Canada. His research focuses on
assessing the effects of climate variability/change, land-use change, water abstraction and flow
regulation on flow regimes in Canada
Wendy Monk is a NSERC Visiting Research with Environment Canada, with a research focus in
hydroecology
Donald Baird is a Research Scientist with Environment Canada, focusing on aquatic biodiversity
assessment and monitoring across Canada.
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Effect of forest harvesting on water and solute cycling in Western Boreal Plain watersheds
T. P. Duval1, K. J. Devito2, G. Kiyani2, A. Palmer2 & R. M. Petrone3
1

Department of Geography, University of Toronto Mississauga, Mississauga, Ontario, Canada
Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada
3
Cold Regions Research Centre, Wilfrid Laurier University, Waterloo, Ontario, Canada
2

Adaptive management of the Western Boreal Plain (WBP) and its resources requires
consideration of the varied hydrogeologic settings and landcover units of the region, as well as
their hydrological connectedness, in order to understand the effects of landscape perturbations.
The aspen dominated forests of the WBP are targets of harvesting for their pulp resource;
however, the effect of this perturbation on catchment water and solute cycling in the WBP has
not been well studied. Experimental watersheds were clear-cut over a three-year period and
stream hydrochemistry was compared to neighbouring reference watersheds. Very few statistical
differences were found in stream solute concentrations between the cut and uncut watersheds.
Stream-borne nitrate and soluble reactive phosphorus levels decreased, while ammonium and
total nitrogen levels increased, post-cut in both harvested and reference watersheds, suggesting a
strong response to climate signals. There also appeared to be an effect of catchment size,
reflected in larger variability in stream solute concentrations in the nested headwater catchments
that were muted downstream. In contrast to the apparent limited effect of harvesting on stream
chemistry in this study, nutrient availability did increase in the (de-)forested surface soils of the
harvested watersheds. Forest landcover units are hydrologically disconnected from the catchment
drainage network in most years, negating any transfer of this elevated nutrient availability to the
catchment outlet. Best management practices of the WBP will need to consider the role of
hydrological connectedness in relation to climate cycles in order to predict the effect of
landscape disturbances on surface water quality.
T. D. Duval: PhD (McMaster); Assistant Professor, University of Toronto Mississauga
K. J. Devito: PhD (York); Professor, University of Alberta
G. Kiyani: PhD Student, University of Alberta
A. Palmer: MSc (Alberta)
R. M. Petrone: PhD (Waterloo); Associate Professor, Wilfrid Laurier University
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Searching for indications of runoff generation change in tributaries supplying water to the
lower Athabasca River, Alberta, Canada
D. Watt1 & D. L. Peters2
1
Water-Climate Impacts Research Centre, University of Victoria, Victoria, British Columbia,
Canada
2
Environment Canada, Water-Climate Impacts Research Centre, University of Victoria, Victoria,
British Columbia, Canada
Recent studies have reported that mean/median flows on the lower Athabasca River (LAR) in
northwestern Canada have declined significantly over the last 50 years. A continued decline in
Athabasca River flow could have an effect on downstream water availability for expanding
development (e.g., oil-sands mining) and competing instream and water level needs for the
connected Peace-Athabasca Delta and Lake Athabasca system. Research was thus undertaken to
determine if the findings from the watershed-scale studies also apply to smaller tributaries that
are experiencing potential hydrologic stressors from climate and development. A suite of
established approaches (Mann-Kendall trend test, statistical change-point, and double-mass
curve) were used to examine the available hydrometric data spanning 1974 to 2010 to discern the
potential effects of historical climate variability/change and/or development on runoff
generation. A key to our approach was the incorporation of “reference” tributaries adjacent to
the zone of development, for comparison to tributaries with known development activities.
Our preliminary results are as follows: Negative trends in total annual precipitation and a
snowpack index were identified in the south end of the study area near Fort McMurray, while at
a higher latitude (Fort Smith) air temperature warming trends were detected (α=0.05). Five
significant trends in hydrologic indices were detected at α=0.05, and 6 probable trends identified
at α=0.10. Initial results regarding potential change-points reveal no distinct regional pattern, and
no obvious hydrologic change with known development or climatic oscillations. Expected trends
toward reduced peak runoff magnitude and earlier occurrence of streamflow timing measures
were not present in the time series. Overall, our preliminary findings suggest that the declining
streamflows identified by other studies at the watershed scale do not necessarily apply to smaller
tributaries supplying water to the LAR.
Dillon Watt: B.Sc. (Hons) (Victoria); Water-Climate Impacts Research Centre, University of
Victoria
Daniel L. Peters: Research Scientist, Environment Canada, Water-Climate Impacts Research
Centre, University of Victoria
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The influence of rooting zone soil moisture and soil suction on evapotranspiration from a
regenerating aspen dominated upland, Western Boreal Plain, Alberta Canada
S. M. Brown1, R. M. Petrone1, M. S. Lazerjan1, L. Chasmer1, C. Mendoza2 & K. J. Devito3
1
Department of Geography and Environmental Studies, Cold Regions Research Centre, Wilfrid
Laurier University, Waterloo, Ontario, Canada
2
Department of Earth and Atmospheric Sciences, University of Alberta, Edmonton, Alberta,
Canada
3
Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada
The Western Boreal Plain (WBP) of northern Alberta is comprised of a complex mosaic of small
ponds, riparian buffer zones, and upland aspen dominated mixedwood forests surrounded by
low-lying peatlands. The hydrology of the WBP is strongly influenced by climatic drivers and
surficial geology, whereby water budgets are often controlled by vertical fluxes. During most
years, potential evapotranspiration (PET) exceeds precipitation (P), and changes in P as a result
of climatic change will likely alter actual evapotranspiration (ET) and regional water balances.
Of particular interest are the micro-scale interactions between rooting zone soil moisture (θRZ),
soil suction (ψRZ) and ET and the observed differences between natural and harvested uplands of
the WBP. In order to quantify the impacts of forest harvesting on site-scale water cycling, ET
was characterized using the eddy covariance (EC) technique at multiple locations within a
staggered harvest from 2005 to 2010 during the growing seasons. θRZ and ψRZ were
characterized using profiles of time domain reflectrometry (TDR) probes and soil tensionmeters
at 0.1, 0.3 and 0.5 m depths at various silt-rich moraine deposit upland soils. The initial impacts
of foresting harvesting show a staggered response with the progression of vegetation recovery
and sapling regeneration. The greatest impact on the interactions between θRZ and ψRZ is
observed during the initial regeneration year post harvest with subsequent years returning to
natural, pre-harvest hydrologic conditions. Precipitation inputs, soil storage potential and type of
vegetation present are the main drivers behind the observed relationships. Over all periods the
θRZ response is delayed until ET reaches peak daily values at which time ψRZ decreases until
daily ET is limited and a “bleeding effect” of soil water demand permits the capillary rise to
occur, causing θRZ to increase gradually.
S. M. Brown: M.Sc. (WLU); Hydro-Met Research Technician, Wilfrid Laurier University
R. M. Petrone: Ph.D (Waterloo); Associate Professor, Wilfrid Laurier University
M. S. Lazerjan: M.Sc. (Noshahr Chalous University); PhD Candidate, Wilfrid Laurier University
L. Chasmer: Ph.D (Queens); Post-Doctoral Fellow, Wilfrid Laurier University
C. Mendoza: Ph.D (Waterloo); Associate Professor, University of Alberta
K. J. Devito: Ph.D (York); Professor, University of Alberta
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Dates of snow disappearance in British Columbia, Canada, and connections to large-scale
climate indices
D. van der Kamp1, J. Trubilowicz2, R. D. Moore3 & S. W. Taylor4
1
Department of Geography, The University of British Columbia, Vancouver, British Columbia,
Canada
2
Department of Geography, UBC, Vancouver, British Columbia, Canada
3
Department of Geography, UBC & Department of Forest Resources Management, Vancouver,
British Columbia, Canada
4
Canadian Forest Service, Victoria, British Columbia, Canada
The date of snow disappearance is an important influence on streamflow timing and water
resource availability, and on the start of the wildfire season. The objectives of this study were: a)
to develop a method for estimating dates of snow disappearance from snow course data, and b)
to test the hypothesis that snow disappearance is correlated with large-scale climate indices,
including El Niño-Southern Oscillation (ENSO) and Pacific Decadal Oscillation (PDO). Dates
of snow disappearance can be readily determined using continuous daily measurements at
automatic snow pillow stations by noting the date at which snowpack water equivalent drops to 0
mm. However, there are only 70 snow pillow sites within BC, few of which have multi-decadal
periods of record. Therefore, the date of snow disappearance at the 444 snow course sites
throughout BC was estimated by extrapolating from the last non-zero snow measurement. The
extrapolation employed a statistical model that related melt rate over the last two weeks of snow
cover to the April 1 snowpack water equivalent. Cross-validation indicated that the errors in the
predictions were much smaller than inter-annual variability. The date of snow disappearance is
negatively correlated with the Pacific Decadal Oscillation index (PDO) and positively with the
Southern Oscillation index (SOI) at stations throughout BC.
D. van der Kamp: PhD Student, UBC
J. Trubilowicz: PhD Student, UBC
R.D. Moore: Professor, University of British Columbia
S.W. Taylor: Forestry Officer, Pacific Forestry Centre, Canadian Forest Service
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Analysis of spring freshet characteristics and atmospheric teleconnections of four major
pan-Arctic river basins
R. Ahmed1, T. D. Prowse2 & Y. B. Dibike3
1
Water and Climate Impacts Research Center, Department of Geography/University of Victoria,
Victoria, BC, Canada
2
Water and Climate Impacts Research Center, Environment Canada @ University of Victoria,
Victoria, British Columbia, Canada
3
Water and Climate Impacts Research Center, Environment Canada @ University of Victoria,
Victoria, British Columbia, Canada
The marine Arctic actively influences the global climate system through thermohaline
circulation, which is partly controlled by movement of low-salinity waters in the Arctic Ocean
(International Arctic Science Committee, 2005). To better understand this relationship, there is a
desire to establish a volumetric and temporal analysis of the spring freshet events of major Arctic
river systems. River runoff is the greatest freshwater input to
the Arctic Ocean (Aagaard and Carmack, 1989), which in turn
affects the Arctic Ocean freshwater budget (AOFWB). Of the
total annual runoff contribution, the spring freshet is the
predominant discharge event in the nival-dominated regimes of
the pan-Arctic region. Thus, the purpose of this study is to
quantify the spring freshet events of the four major Arctic river
systems: the Mackenzie (N. America); the Lena (Eurasia); the
Yenisey (Eurasia); and the Ob (Eurasia); see figure. Archived
hydrometric data is obtained from the Arctic Rapid Integrated
Monitoring System (ArcticRIMS). A preliminary analysis of hydrometric data at the four major
outlet stations will be used to survey teleconnections of spring freshet timing and magnitude with
large scale atmospheric variability indices such as El Niño/Southern Oscillation (ENSO) and
Pacific Decadal Oscillation (PDO), derived from NCEP/NCAR climate datasets for available
years of overlap with archived hydrometric data. Also discussed are methods used to determine
the start and end dates of spring freshet, since the selection of these dates are critical in obtaining
a reliable determination of freshet characteristics.
Roxanne Ahmed: B.Eng (University of Victoria); M.Sc. Candidate, University of Victoria
Terry D. Prowse: PhD (University of Canterbury); Professor, University of Victoria
Yonas B. Dibike: PhD (Technical University of Delft); Physical Scientist, Environment Canada
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Climate-change effects on water storage in the Athabasca catchment
G. S. Walker1 & T. D. Prowse2
1
Water and Climate Impacts Research Centre (W-CIRC), Department of Geography, University
of Victoria, Victoria, British Columbia, Canada
2
Water and Climate Impacts Research Centre (W-CIRC), Environment Canada, University of
Victoria, Victoria, British Columbia, Canada
Freshwater stored on the surface of the earth is used for a variety of purposes around the world.
As the global climate warms, the hydrologic cycle is likely to intensify, changing the water
balance in Canada’s watersheds (e.g., Prowse, 2009). These changes may affect freshwater
surface storage in different ways depending on the size and type of storage. The Athabasca River
region of northern Alberta, Canada is an example of an area characterized by several different
types of water storage including shallow natural ponds (Peace-Athabasca Delta), medium-depth
engineered lakes (oil sands End Pit Lakes), and deeper storage reservoirs being considered for
use in seasonal redistribution of flows for growing industrial demands. This project is examining
the effects of climate change on the future water budgets of these three types of water storage in
the Athabasca catchment. Climatic data from a suite of Regional Climate Models (RCMs) are
being used to drive a lake model MyLake (NIWR, 2004), which considers the effects of heat
storage and ice-cover dynamics on water-budget components, especially evaporation. A special
focus of the final analysis is being placed on determining the frequency and magnitude of
extreme drying or wetting conditions. The former situation could lead to ecological problems for
aquatic systems, and the latter to environmental problems such as overtopping of engineered
storage types. This poster presentation describes the RCM ensemble being used, the driving
climatic data, the fundamentals of the MyLake model, and key physical differences of the water
budget controls for each storage type.
G. S. Walker: B.Sc. (McGill); M.Sc. Candidate in Hydrological Sciences, University of Victoria
T. D. Prowse: Ph.D. (University of Canterbury, NZ); Professor / Research Chair / Senior
Scientist, Water and Climate Impacts Research Centre (W-CIRC), Environment Canada,
University of Victoria
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Spatial and temporal variation in climatic streamflow drivers in Western Canada
H. C. Linton, T. D. Prowse & Y. B. Dibike
Water and Climate Impacts Research Centre, University of Victoria, Victoria, British Columbia,
Canada
The climate has changed significantly in the past century, and is projected to continue changing
in the future. Changes in temperature and precipitation patterns will modify the amount of snow
fall and snow melt available to contribute to streamflow in Western Canada (Stewart, 2009).
Understanding the past changes and possible future patterns of snow accumulation and snow
melt can help to provide understanding of how a changing climate may affect streamflow in
Western Canada. This research project will determine the temporal and spatial variations in
climatic flow drivers across Western Canada. This will include analysis of historical trends and
possible future scenarios of temperature, precipitation, snow fall and snow melt.

Figure 1 - Map displaying
watersheds to be included in project

Analysis will be completed by comparing watersheds across Western Canada according to
selected hydrometric stations. These basins are located in the Saskatchewan River Basin, the
Mackenzie River Basin, and the individual basins that drain British Columbia to the Pacific
Ocean (Figure 1). The major objectives of this project include assessing historical trends in
climatic variables affecting flow using reanalysis data, assessing possible future scenarios in
climatic variables affecting flow using regional climate models, and assessing spatial variation in
climatic flow drivers across Western Canada using spatial statistics. This poster presentation
will present methodologies and may include preliminary results.
H.C. Linton: BSc (UVic); MSc Candidate, Department of Geography, University of Victoria
T.D. Prowse: PhD (Canterbury); Professor, University of Victoria/Senior Scientist, Environment
Canada
Y.B. Dibike: PhD (TU-Delft); Physical Scientist, Environment Canada
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The role of synoptic climatology on rivers originating on the leeward slopes of the Rocky
Mountains in Canada
B. W. Newton1 & T. D. Prowse2
1
Water and Climate Impacts Research Centre, Department of Geography, University of Victoria,
Victoria, British Columbia, Canada
2
Water and Climate Impacts Research Centre, Environment Canada/Department of Geography,
University of Victoria, Victoria, British Columbia, Canada
Large-scale atmospheric circulation affects the timing and magnitude of processes related to
surface climate variables, such as temperature and precipitation. To assess the relationship
between these patterns and climate variables of interest, analyses are performed to produce a
synoptic catalogue of frequently occurring pressure patterns at various heights. One of the
concerns with such pattern analysis is the ability to retain sufficient data to produce an accurate
catalogue and avoid misinterpretations of synoptic pattern frequency or persistence. This study
compares the use of principal components analysis (PCA) and self-organizing maps (SOM).
PCA identifies variability in a dataset and produces set of eigenvectors that each represents a
percentage of the total variability. PCA requires a choice of the number of eigenvectors to
retain. SOM is an unsupervised learning process that uses all of the input data to create a map of
synoptic patterns, and requires the user to define the output grid size. The resulting synoptic
catalogue is used to assess the relationship between 500 hPa synoptic-scale circulation and
snowpack/snowmelt records for the leeward slopes of the Rocky Mountains in Canada, and
extreme summertime precipitation/drought events across the Prairie Provinces. Winter
snowpack provides the largest proportion of annual streamflow to streams originating in the
eastern Rocky Mountains, and summer flow is influenced by summer precipitation patterns.
Advantages and disadvantages of both methods are discussed based on a literature review in
reference to their suitability to this particular hydroclimatic application.
B. W. Newton: BSc (Alberta); MSc Candidate, University of Victoria
T. D. Prowse: PhD (Canterbury); Senior Scientist, Research Chair, and Professor, Water and
Climate Impacts Research Centre, Environment Canada, University of Victoria
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Comparison of MM5’s simulations with other RCMs from the NARCCAP multi-model
ensemble simulations in central Alberta
C. C. Kuo1, J. L. Hanrahan2 & T. Y. Gan3
1,2,3
Department of Civil & Environmental Engineering, University of Alberta, Edmonton,
Alberta, Canada
A regional climate model, MM5, is used to simulate summer precipitation of central Alberta.
The model is forced with ERA-Interim reanalysis data and run using a one-way two-domain
nested framework, with an outer domain resolution of 9 km and an inner domain resolution of 3
km. Annual Maxima of precipitation (AMP) data are required to develop Intensity Duration
Frequency (IDF) curves necessary for designing municipal hydrologic infrastructures. The AMP
values of 3-, 6-, 12-, and 24-hr durations for 2-, 5-, 10-, and 25-yr return periods, are computed
from MM5’s high resolution output. First, simulated rainfall statistics were compared to those of
local rain gauge data obtained from the City of Edmonton. The analyzed results indicate that
short-duration (15-min to 1-hr) quantiles of AMP calculated from MM5 simulated rainfall, are
similar to observation, while longer-duration (2-hr to 24-hr) quantiles of AMP are overestimated.
The simulated average rainfall intensity is generally representative of observation but the total
overall rainfall amount and frequency has a large positive bias. Second, to evaluate model
uncertainties, the MM5 rainfall data were compared to those of other regional climate models
(RCMs) from the North American Regional Climate Change Assessment Program (NARCCAP),
which were driven by NCEP reanalysis data. Our results show that MM5’s performance, in terms
of average rainfall intensity and total rainfall frequency, is comparable to that of other RCMs and
that they are within the bounds of intra-model uncertainty. However, the quantiles of AMP and
total rainfall amounts are outside the bounds of intra-model uncertainty.
Chun-Chao Kuo: PhD from the Department of Hydraulic & Ocean Engineering, at National
Cheng-Kung University in Taiwan. Dr. Kuo is currently a post-doctoral fellow in the Department
of Civil & Environmental Engineering at the University of Alberta.
Janel Hanrahan: PhD in Mathematics with a focus in Atmospheric Science from the University
of Wisconsin-Milwaukee in 2010. She is currently working as a postdoctoral researcher in the
Department of Civil & Environmental Engineering at the University of Alberta.
Thian Yew Gan: Professor at the University of Alberta since 1993. His teaching and research
work has been in snow hydrology, remote sensing, hydrologic modeling, hydroclimatology,
climate change, and water resources management and planning. Dr. Gan has supervised 30
graduate students, and recently published the book Global Cryosphere – Past, Present and
Future.
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Impacts of land use and climate variability on flood characteristics
K. Adamowski1, S. Ousmane1, J. Adamowski2 & U. Muhammad1
1
Department of Civil Engineering, University of Ottawa, Ottawa, Ontario, Canada
2
Department of Bioresource Engineering, McGill University, Montréal, Québec, Canada
Land use and climate variability directly influences watershed hydrology. In this study, statistical
methods were used to directly distinguish between the effects of climate variability and land use
changes. The rapidly increasing urbanisation, deforestation, and reclamation of wetlands have
inadvertent effects on the hydrological regime, including increases in flood occurrence. Trend
analysis was performed for watersheds with different land use (urban, agricultural and forested),
and for various flood characteristics (flood volume and timing, and maximum and minimum
flows). Numerical analysis was performed for the South Nation River Watershed, Ontario,
Canada. Results indicate the presence of trends in all watersheds (urban, agricultural, and
forested) and for all flow characteristics. This might be attributed to land use changes as well as
to climate change; however, only urban watersheds exhibit statistically significant trends, thus
indicating the effects of urbanisation land use changes on flow characteristics.
Kaz Adamowski – Retired Professor, University of Ottawa
Ousmane Seidou – Assistant Professor, University of Ottawa
Jan Adamowski – Assistant Professor, McGill University
Umair Muhammad – Graduate Student, University of Ottawa
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To what extent does topography control landcover diversity? A case study
T. Hamilton1 & C. H. Hugenholtz2,3
1
Department of Environmental Science, University of Lethbridge, Lethbridge, Alberta, Canada
2
Department of Geography, University of Lethbridge, Lethbridge, Alberta, Canada
3
Faculty of Environmental Design, University of Calgary, Calgary, Alberta, Canada
Topographic variability can create spatial variations in micro-environments that influence the
distribution of landcover types, especially in temperate regions. In this presentation we show that
topographic variability in a Canadian Prairie dunefield plays a role in the spatial distribution of
landcover diversity, but the extent to which this is evident depends on the scale of the data and
the location within the dunefield. The topographic setting of this large (~3000 km2) inland
dunefield contrasts with the relatively smooth surrounding glaciogenic landscape, which is
almost entirely modified by crop agriculture. The mixed grassland vegetation of the GSH has
evolved over the last 200 years as desert barchan dunes transformed into vegetation-stabilized
parabolic dunes. For the analysis we used a LiDAR-derived DEM to quantify various
topographic parameters of the GSH. We rescaled and combined these layers to create a
predictive map of landcover diversity. We then derived landcover diversity from a classified
SPOT image and compared this to the diversity predicted from the topographic metrics. The
hypothesis was that landcover diversity is higher in areas with increased topographic variability.
Results showed that the level of correlation between the actual and hypothesized landcover
diversity varied across the GSH. We interpret this in terms of the spacing of dunes and historical
changes in dune activity. We also found that the spatial scale of the data influenced the level of
correlation and its spatial variability. Overall, this case study shows the importance of testing
hypotheses about the role of topography over multiple scales.
T. Hamilton: BSc (Lethbridge); MSc Candidate, University of Lethbridge
C.H. Hugenholtz: PhD (Calgary); Assistant Professor, Universities of Lethbridge and Calgary
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The effects of land cover on the composition of stable water isotopes in streamflow within
the lower Nelson River basin
A. Smith1, C. Delavau1, T. Stadnyk1 & K. Koenig2
1
Department of Civil Engineering, University of Manitoba, Winnipeg, Manitoba, Canada
2
Water Resources Engineering Department, Manitoba Hydro, Winnipeg, Manitoba, Canada
Stable water isotopes (SWI’s) are beneficial to hydrological investigations as they undergo
systematic fractionations during phase changes allowing for the unique labelling of water from
differing geographic sources as well as components such as runoff, groundwater, and surface
waters. To achieve a better understanding of water sources, cycling and future water availability,
in 2011 a SWI monitoring network was established by Manitoba Hydro (MH) within the lower
Nelson River Basin (LNRB) in northern Manitoba, Canada. This basin is significant to MH’s
network as it represents 75% of their power generation potential. The LNRB is topographically
flat, therefore the movement and runoff of water as well as isotopic composition of streamflow is
suspected to be highly impacted by changes in landscape and hydrography. This research utilizes
SWI analyses (δ18O and δ2H) to quantify regional runoff patterns and local evaporation losses
from dominant land cover types within the LNRB. The correlation of land cover with isotopic
composition is assessed annually and seasonally for tributaries with headwaters within the
LNRB. This correlation is made by tracking changes in isotopic signature in tandem with
changes in land cover of the contributing drainage areas; beginning in the headwaters and
progressing downstream. Results from this work will help to establish and determine the
significance of hydrological sources and sinks in the LNRB as well as have an effect on
hydrological model calibration in this important watershed.
A. Smith: B.Sc. C.E. (Manitoba); Aaron is an undergraduate Civil Engineering student at the
University of Manitoba. This research is the culmination of his undergraduate thesis entitled:
Assessing Hydrologic Controls in the Nelson River Basin using Stable Water Isotopes. Mr. Smith
plans to commence his M.Sc. in the summer of 2012 under the supervision of Dr. Trish Stadnyk.
C. Delavau: PhD. Candidate, E.I.T. (Manitoba); Carly is a PhD. Candidate with the Department
of Civil Engineering at the University of Manitoba. Her research focuses on spatially distributing
SWI’s in precipitation across Canada. Eventually, Carly’s research will include calibration and
validation of isoWATFLOOD in the LNRB and Mackenzie River Basin.
T. Stadnyk: PhD., P.Eng. (Waterloo); Dr. Stadnyk is an Assistant Professor in the Department of
Civil Engineering at the University of Manitoba. She has developed a modelling system that uses
SWI’s to identify and trace sources of water in large watersheds. She currently manages one of
the world’s largest SWI monitoring programs in the NRB with Manitoba Hydro.
K. Koenig: M.Sc., P.Eng. (Manitoba); Hydrologic and Hydroclimatic Studies, Water Resources
Engineering Department, Manitoba Hydro.
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Source water protection vs drinking water treatment: Are they substitutes?
N. Therrien & J. A. Janmaat
Department of Economics (Unit 8), I.K. Barber School of Arts and Sciences, University of
British Columbia, Kelowna, British Columbia, Canada
Concerns about municipal drinking water quality have been heightened in Canada since the
Walkerton tragedy in 2000. In Kelowna, British Columbia, this concern has manifested itself as
a debate about whether private property should be permitted around upland drinking water
reservoirs. A multiple bounded discrete choice instrument was administered to a sample of
Kelowna residents to explore two strategies for managing water quality concerns. The first
question focused on the willingness to pay for improved treatment, while the second considered
source water protection as the willingness to pay to purchase private lots around drinking water
reservoirs and thereby control land use. Preliminary results suggest that Kelowna residents are
willing to pay more for drinking water treatment than they are for source water protection. This
may reflect an awareness that the proposed protection measures do not control as many threats to
drinking water as treatment can. Further analysis will explore the influence of attitudinal and
demographic variables on these willingness to pay values.
Nick Therrien: Forth year science student, majoring in economics at the Okanagan campus of the
University of British Columbia. He was raised in Anchorage, Alaska and began his studies at
UBCO in 2006. As a lifelong outdoor enthusiast, Nick has a keen interest in natural resource
issues. At the beginning of the 2011 academic year, Nick began a directed studies econometrics
course with Dr. Janmaat. These results were developed as part of the research in this course.
John Janmaat: Associate professor of economics at the Okanagan Campus of the University of
British Columbia. He has been a faculty member in Kelowna since 2007, and in that time has
considered the potential for water markets and neighbourhood effects in the Okanagan. He has
done work related to household drinking water treatment and wastewater management in Nova
Scotia and irrigation in India. Current work includes explorations into residential water use
behaviour in Kelowna, valuing and enhancing ecosystem service provision in the south
Okanagan, and water storage management for enhancing sustainable livelihoods in Nepal.
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Stream network travel times: The combined influences of watershed and stream network
geometries
A. Bergstrom, J. Mallard, B. McGlynn & T. Covino
Montana State University, Department of Land Resources and Environmental Sciences, MT,
USA
The structure of a watershed influences the magnitude and spatial location of water and solute
delivery to stream networks. In turn, stream reach flow velocities and network geometry further
influence the timing of water and solute export from watersheds. Here, we examine how
watershed and stream network organization affect stream network travel times. We quantified
the relationship between stream discharge and tracer velocity, and watershed structure and
network geometry across six study watersheds (11 to 63 km2) located in the Sawtooth Mountains
of central Idaho, USA. We developed variable velocity, input-weighted travel time functions that
represent the distribution of travel times of water and solutes from entry into the stream network
to the watershed outlet. We suggest that these analyses are critical to understanding spatial
sources of streamflow generation and stream network travel times to facilitate interpretation of
signals observed at watershed outlets.
Anna Bergstrom: B.S. Montana State University (MSU); Research Associate, MSU
John Mallard: M.S. candidate MSU; B.S. University of North Carolina – Chapel Hill
Brian McGlynn: PhD, State University of New York; Associate Professor, MSU
Tim Covino: PhD, MSU; Post-Doctoral Associate, Duke University
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Petrophysical properties of the Lower Watrous seal zone
S. Sule, E. Takacs, B. Pandit & Z. Hajnal
Department of Geological Sciences, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
The 55 m thick interval of the Lower Watrous formation forms regionally extensive cap-rock to
the Weyburn reservoir. In other areas of the region the interbedded sandstone, muddy siltstone
and lack of dolomitization constitute it to a hydrocarbon reservoir. In the investigated area the
average interval velocity of the formation is around 4000 m/s, with maximum variation around
12 percent. High velocity values dominate the northeast. Minimum velocity values are limited to
small isolated zones, but there is a gradational decrease in velocity from the northeast to
southwest, suggesting regional change in dolomitization and porosity. More comprehensive
analysis of the lithology was achieved through study of the logs of 27 boreholes which have the
appropriate set of wireline information (RHOB/NPHI/GR/CAL/SP/DT/LLD/LLS/MSFL/PEF),
and by utilization of the Interactive Petrophysics (IP) software system. Cross plots of density
versus photo-electric factor (PEF) and density versus neutron porosity (NPHI) displayed that the
wireline values fall in the region of the dolomite line although the gamma ray values were
relatively high. In addition the deterministic technique derived the effective porosity, shale
content and water saturation. The basis of the joint (well-log/seismic) porosity estimation was the
seismic impedance inversion of the reservoir seal. The correlation between the impedances
derived from the well-logs and the seismic data was enhanced from about 60% to 90% using the
neural network algorithm. In the central part of the area utilizing a 20 km2 3D seismic volume,
the geostatistical variance of the physical properties was established.
S. Sule: MSc; Graduate Student, University of Saskatchewan
E. Takacs: PhD; Professional Research Associate, University of Saskatchewan
B. Pandit: PhD; Professional Research Associate, University of Saskatchewan
Z. Hajnal: PhD; Professor Emeritus, University of Saskatchewan
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Seismic detection modelling for CO2 migration scenarios near the Aquistore CO2 injection
site, Estevan, Saskatchewan
R. Nader1, C. Samson2 & D. White3
1
Carleton University, Ottawa, Ontario, Canada
2
Department of Earth Sciences, Carleton University, Ottawa, Ontario, Canada
3
Geological Survey of Canada, Ottawa, Ontario, Canada
Underground CO2 storage is a potential solution for the reduction of greenhouse gas emissions
into the atmosphere. It has the potential to prevent billions of tonnes of CO2 from reaching the
atmosphere for thousands and possibly millions of years. The Aquistore site is a proposed CO2
injection site located near Estevan, Saskatchewan, where injected CO2 will be stored in a saline
aquifer at a depth of approximately 3000 m. This study used fluid replacement modelling
software to determine the simulated effects of CO2 migration from the injection interval into
overlying saline aquifers. The objective of this study was to discover whether or not, and to what
degree, seismic surveys could resolve the presence of CO2 above the reservoir near the Aquistore
site. Petrophysical data from a nearby well were analyzed to investigate the effects of CO2 on
the various physical properties of the subsurface, including density, P-wave velocity and acoustic
impedance. Two sets of synthetic seismic traces – with and without CO2 present – were
generated and compared. The preliminary results of this modelling study revealed that small
amounts of CO2 caused a more pronounced change in seismic response closer to surface than it
did at depth.
Don White: Senior research scientist with the Geological Survey of Canada. He is an applied
seismologist whose research interests include seismic applications to CO2 storage monitoring
and mineral exploration. He serves as the Chair of the Science and Engineering Research
Committee for the Aquistore Project which is demonstrating CO2 storage in a saline formation.
He is an Adjunct Professor at the Ottawa-Carleton Earth Science Centre.
Claire Samson: Professional engineer with a M.Sc. in geological sciences from McGill and a
Ph.D. in physics from the University of Toronto. She joined Carleton University in 2003. Her
current interests include: seismic and electromagnetic geophysical methods, 3D imaging and
planetary geology.
Ryan Nader: Fourth year BSC Honours student in Earth Sciences at Carleton University after
enrolling in 2008. He performed his undergraduate thesis under the supervision of both Don
White (Geological Survey of Canada) and Claire Samson (Carleton University), on the subject of
Seismic detection modelling for CO2 migration near the Aquistore CO2 injection site. Ryan has
developed a particular interest in the geophysical side of his Earth Science studies.
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Investigating upper-mantle and lithospheric fabric across the south-west edge of the
Superior Province by shear-wave splitting
I. Deniset & A. W. Frederiksen
Department of Geological Sciences, University of Manitoba, Winnipeg, Manitoba, Canada
Investigation of upper-mantle and lithospheric characteristics provides insight into the tectonic
and orogenic processes that have, or are currently acting on modern cratons. Measurement of
lithospheric fabric via seismic anisotropy is a particularly good indicator of past and present
strain directions. Shear-wave splitting analysis has been conducted across the southwestern edge
of the Archean Superior Province, using 24 broadband seismometers deployed as part of the
Earthscope Transportable Array. Measured splitting parameters indicate a drastic drop in delay
time to the south compared to previous shear-wave splitting studies conducted throughout the
northern and central Superior. Moderate to high split times of 0.78-1.45 s located immediately
south of the Ontario-Minnesota border show an average fast axis direction of 54°, consistent with
previous studies and indicating a lithospheric fabric oriented sub-parallel to surficial tectonic
features and absolute plate motion. Delay times decrease steadily to the south following a NWSE orientation of constant value correlating well with the trend of observed low velocity mantle
features within the area. The lowest split times, 0.15 s and 0.18 s, occur near the Souhern
boundary of the Superior and exhibit high errors on their associated fast axis measurements,
making interpretation of fabric orientation difficult. Little to no effect was seen on fast axis
orientation at stations flanking both the Trans-Hudson Orogen and the Midcontinent Rift System,
suggesting little influence from post-accretionary tectonic events on the Superior lithospheric
fabric. The cause of the large decrease in split time towards the south is still unclear and may be
due to alteration of fossilized strain; there appears to be a relationship with an associated lowvelocity tomographic feature which may indicate a lithospheric erosion or modification event.
I. Deniset: B.Sc. (Honours) Student, University of Manitoba.
A. W. Frederiksen: Ph.D. (British Columbia); Associate Professor, University of Manitoba.
Research interests: structural seismology, tectonic history of the continental lithosphere, novel
methods for recovering structural constraints from earthquake recordings.
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SKS splitting measurements of seismic anisotropy in Southern & Central Québec
T. E. Hobbs1 & F. A. Darbyshire2
1
Department of Earth and Planetary Science, McGill University, Montréal, Québec, Canada
2
Centre de Recherche GEOTOP, Université du Québec à Montréal, Montréal, Québec, Canada
We are conducting a study of the seismic anisotropy of the upper mantle beneath central and
Souhern Québec to investigate mantle fabric and flow patterns. The nine broadband stations from
which data are being analysed are situated within the Grenville and Superior Provinces,
potentially providing information about tectonic processes as far back as the Archaean. The
method used for obtaining quantitative anisotropic data in this study is shear wave (SKS)
splitting, after Silver and Chan (1991). When a shear wave passes through an anisotropic
medium it is split into two different waveforms, polarized to the fast and slow directions of the
medium, respectively. The angular displacement and time-delay between arrivals from large
teleseismic earthquake events are compiled to obtain an average splitting value for a given
location, using the semi-automated approach of Teanby et al. (2004). The average splitting
parameters for each station are initially examined in the context of interpretation as a single
anisotropic layer; however, we also consider the variations in individual splitting results as a
function of earthquake back-azimuth in order to investigate the possibility of multiple layers of
anisotropy in the upper mantle. The spatial variation of the results will be interpreted in the
context of structural fabric (such as past and present deformation foliation or layering) and
sublithospheric flow, using comparisons with regional tectonics and models of mantle flow
directions.
T. E. Hobbs: Senior Undergraduate, McGill University
F. A. Darbyshire: PhD (Cambridge); Associate Professor, Université du Québec à Montréal
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Possible melt focusing in the mantle beneath mid-ocean ridges caused by strain-induced
porosity bands with anisotropic mantle viscosity
S. L. Butler
Department of Geological Sciences, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
The volume of melt emplaced as new oceanic crust at mid-ocean ridges exceeds what could
reasonably be produced in the region directly below the ridge. Also, seismic observations imply
melting over a broad region at depth and geochemical observations indicate that melt is not in
equilibrium with the rock through which it passed. These observations indicate that a
mechanism is necessary to focus melt towards the ridge axis. One possible mechanism involves
strain-induced porosity bands which could form high permeability conduits to carry melt towards
the ridge axis. The orientations of the strain bands to the principle stress directions seen in
laboratory experiments are different from those found in theoretical and numerical calculations
with isotropic matrix viscosity. Recently, it has been proposed that the upper mantle viscosity
may be anisotropic because of the stress-induced redistribution of melt at the grain scale. I will
present results from numerical simulations and linear theory that show that for matrix anisotropy
that is consistent with fluid arranged in long pockets parallel to the direction of maximum stress,
that the calculated bands form at angles that are consistent with those seen in laboratory
experiments and are in the correct orientation to channel melt towards ridge axes.
S. L. Butler: PhD (Toronto); Associate Professor, University of Saskatchewan
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Atmospheric pressure loading signature in precise point positioning
B. A. Watson, M. C. Santos, E. Ralstron, C. A. Garcia & L. Urquhart
Department of Geodesy and Geomatics Engineering, University of New Brunswick, Fredericton,
New Brunswick, Canada
This presentation focus on the sensibility of precise point positioning (PPP) towards atmospheric
pressure loading (APL). Daily data from a sub-set of IGS stations covering the globe have been
processed for the whole year 2010 with and without an APL model (the GSFC model was used).
Analysis shows that the signature of APL can be retrieved at the mm-level. Impact of APL on
daily repeatability of heights, the component most affected by APL, is negligible.
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Proglacial evolution in front of a retreating alpine glacier, Bridge Glacier, British
Columbia
L. MacKenzie
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
Located in the Southern Coast Mountains of British Columbia, Bridge Glacier has been
retreating steadily since the end of the Little Ice Age, leaving behind a large area of
unconsolidated deposits. While some of this material was directly deposited by the glacier itself,
they have been added to and modified by a proglacial lake, fluvial activity in the area as well as a
series of outburst floods from a short-lived series of ice-dammed lakes in a tributary valley. By
examining the current characteristics of deposits in the area and analyzing remotely sensed data
dating back to the 1960s, this study proposes a timeline of the evolution of the proglacial area in
the last couple of centuries, outlining events and processes that led to the current environment.
Taking the history of the area as a framework for understanding the characteristics of the
proglacial area, this study also examines the geomorphic and biogeographical characteristics of
different deposits in order to contrast between ages and types of deposits. Measures of vegetation
density, species relative abundance as well as size are compared to the temporal framework of
the area in order to determine their relationship to events and processes that have occurred since
deglaciation. Clast form and size distributions within each of the deposits are used to examine
post-depositional modifications to the deposits. Preliminary analysis of this data shows that
processes occurring in the proglacial area have subdued the relationship between clast form and
size and deposit type that have been described in other studies. Studying the relationships
between these types of characteristics in the context of an active glacial area gives insight into
what types of characteristics should be examined when reconstructing glacial history in
unglaciated areas.
L. MacKenzie: BSc (Vancouver); Student, University of British Columbia. Lucy MacKenzie
spent the summer collecting data at Bridge Glacier, British Columbia as part of a undergraduate
thesis project.
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Longitudinal heat advection as a dominant energy balance component in proglacial
streams
J. M. Knudson1 & R. D. Moore2
1
Department of Geography, University of British Columbia, Vancouver, British Columbia,
Canada
2
Department of Geography and Department of Forest Resources Management, University of
British Columbia, Vancouver, Canada
Proglacial stream temperature dynamics are not well understood due to complex interactions
between unsteady flow, travel time, thermal memory, and energy exchanges at the surface and
bed. A heat budget equation including longitudinal advection was used to analyse water
temperature dynamics along sub-reaches in Lillooet River, a large proglacial river (drainage area
2100 km2) in the Coast Mountains of British Columbia. Longitudinal heat advection has often
been assumed negligible in many stream temperature studies; however, in this study it was found
to dominate the energy budget. Longitudinal temperature gradients switched between negative
and positive on a diurnal cycle, demonstrating that advection had an alternating warming and
cooling effect. At the upper reach, advection was in phase with net vertical heat flux, causing
water temperatures to peak several hours before the lower reach, where advection lagged vertical
flux by several hours. Unsteady flow effects can be inferred from the meltwater wave, which
typically passed the upper reach by morning and the lower reach by midday. Within the falling
limb of the wave, upstream boundaries within each reach saw lower flow, lower heat capacity,
and higher temperature than downstream boundaries, and thus, a positive advective flux.
Advective warming persisted at the lower reach hours after vertical flux approached zero,
reflecting thermal memory in the system. Longitudinal advection is an important influence on
the spatial and temporal variations in proglacial stream temperature, and must be included in
predictive models.
J. M. Knudson: BSc (Montana State University); MSc Student, University of British Columbia
R. D. Moore: PhD (University of Canterbury); Professor, University of British Columbia
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Sediment transport in vegetated flows
C. Le Bouteiller & J. Venditti
Department of Geography, Simon Fraser University, Burnaby, British Columbia, Canada
This study aims at modeling and explaining the morphological changes that have been observed
in the last decades on Roberts Bank tidal flats (Southwest B.C.). Since eelgrass meadows are an
important feature in this area, the interactions between vegetation, flow and sediment transport
need to be understood. The presence of vegetation on the bottom of a flow creates a drag that
tends to reduce the velocity and modify the flow structure. Flexible vegetation, which bends as
the velocity increases, creates even more complex patterns of interactions between the flow and
the vegetation. Sediment transport is governed by the flow therefore it is also affected by
vegetation. We perform a series of flume experiments of flow over submerged flexible
vegetation. Various vegetation densities and spatial arrangements are used with different flow
velocities. Sediments of uniform size are introduced into the system and recirculated. In a 1D
depth-averaged description of the flow, vegetation is found to increase the friction and modify
the sediment transport capacity. In a more detailed description, measurements show that the
presence of vegetation modifies the velocity profiles and the turbulence properties, which creates
local patterns of sediment scour or deposition.
C. M. Le Bouteiller: PhD (Grenoble, France); Postdoctorate, Simon Fraser University
J. G. Venditti: PhD (UBC); Assistant Professor, Simon Fraser University
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Impacts of land and soil management practices on hydrology: A case study in the Canadian
Prairies
K. Wu1, Y. Fouli2, C. Perez-Valdivia3, E. Soulodre1 & B. J. Cade-Menun2
1
Saskatchewan Watershed Authority, Regina, Saskatchewan, Canada
2
Agriculture & Agri-Food Canada, SPARC, Swift Current, Saskatchewan, Canada
3
Environmental Systems Engineering, University of Regina, Regina, Saskatchewan, Canada
Understanding hydrological processes at the field and landscape scales is crucial to developing
agricultural beneficial management practices (BMPs) to minimize water contamination from
agriculture. Agriculture and Agri-Food Canada initiated a project evaluating agricultural BMPs
on watersheds across Canada (WEBs), including the Pipestone Creek Watershed in
Saskatchewan. Four BMPs were selected for testing: cattle winter site management, cropland
nutrient management, conversion of annual crop to perennial forage, and wetland restoration in
pastures. Fourteen field scales sites were selected, ranging in area from 0.5 to 4.7 ha. On each
site, a 2-inch 45 degree trapezoidal flume was installed and an ISCO 6712 automatic sampler,
with an integrated bubbler system, was used to measure runoff and collect water quality samples.
Soil temperature and soil moisture, along with other climatic data, were also collected. This
study characterizes the hydrological properties of two common land uses: perennial grassland
cover (alfalfa) versus annual cropland (canola/wheat). Snow surveys and infiltration rate
measurements were made in situ. Snowmelt and rainfall runoff were collected in spring and
summer, respectively. There were no significant differences between snowmelt runoff from both
land uses. Frozen soils limited infiltration and resulted in approximately 90% of the snowpack to
be lost as surface runoff. However, in situ infiltration rates were higher in pasture compared to
annual cropland, explaining greater rainfall runoff measured on cropland compared to pasture in
summer 2010. These results indicate the importance of land use and soil management on
hydrology and soil erosion risks in the prairie landscape.
Kangsheng Wu: PhD (Louisiana State); Ecologist, Saskatchewan Watershed Authority
Y. Fouli: PhD (Penn State); PostDoc Researcher, AAFC
C. Perez-Valdivia: PhD Candidate, University of Regina
E. Soulodre: MSc (University of Alberta); Senior Range Agrologist, Saskatchewan Watershed
Authority
B. J. Cade-Menun: PhD (UBC); Research Scientist, AAFC
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Testing hydrological models using 45 years of data from a semiarid agricultural watershed
W. Helgason1, A. Peterson1 & B. McConkey2
Department of Chemical and Biological Engineering, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada
2
Agriculture and Agri-Food Canada, Swift Current, Saskatchewan, Canada
1

Within the Souhern regions of the Canadian Prairies, agricultural practices have a strong
influence on the hydrological cycle. For instance, over the past three decades, conservation
tillage practices have been widely implemented to conserve soil moisture and enhance crop
yields. Thus, it is expected that there has been a corresponding change in the water balance due
to increased crop evapotranspiration and reduced surface runoff. Examining the long-term effects
of agricultural land use changes upon the regional hydrology can most efficiently be examined
through the application of hydrological models. In order to test the general suitability of
hydrological models for this purpose, the water balance was simulated over a 45-year period for
three 5-ha plots in an experimental watershed located near Swift Current, Saskatchewan. The
models tested were the Cold Regions Hydrological Model (CRHM) and the Soil and Water
Assessment Tool (SWAT). Model performance was evaluated by comparing the simulated soil
moisture content and surface runoff to measured values. In this semiarid environment, the
majority of the runoff events were caused by snowmelt. Thus the ability of the model to
accurately represent the accumulation, redistribution, and subsequent melt of snow was
determined to be the most critical process. It was also noted that subtle differences in seasonal
growing conditions played a large role in the resulting soil moisture, but were not easily
reproduced in the models.
W. Helgason: PhD (Saskatchewan); Assistant Professor, University of Saskatchewan
A. Peterson: BSc (Saskatchewan); Student Research Assistant, University of Saskatchewan
B. McConkey: PhD (Washington State); Physical Science Senior Advisor, Agriculture and AgriFood Canada
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Water quality and aquatic biodiversity in the Sturgeon River watershed
L. Hunt1 & D. Webb2
1,2
Biological Sciences Technology, School of Sustainable Building and Environmental
Management, Northern Alberta Institute of Technology, Edmonton, Alberta, Canada
The Sturgeon River is approximately 260 km long and drains a 3,600 square kilometre sub-basin
of the North Saskatchewan River. Anecdotal accounts from long-time residents indicate that the
water quality, water flow and depths, and fish and wildlife populations have all diminished in the
past 20-30 years. The cumulative pressures on this small watershed from agricultural land use,
road construction, urban sprawl, recreational property development, gravel extraction, and water
withdrawal for golf courses and market gardens, are having a negative impact on what was once
a productive fish and wildlife habitat. In 2011, students and research staff from the Northern
Alberta Institute of Technology (NAIT) assessed water quality and aquatic biodiversity at 21
sites throughout the watershed to identify relationships between water quality, aquatic
biodiversity and adjacent land use.
Laurie Hunt: Associate Chair and Senior Faculty Researcher in the Biological Sciences Program
at NAIT. She completed her undergraduate degree in zoology and her M.Sc. in Conservation
Biology, at the University of Alberta. Following graduate work, Laurie taught applied field
courses on raptor ecology in Alaska and Montana and completed a teaching certificate from the
University of Victoria. In 1993, Laurie joined NAIT to teach in the Forestry Program in Hinton,
and then in 2003 joined the Biological Sciences Program. Currently, Laurie is working with
students, research staff, stakeholders, and the community to identify key issues and best
management practices within a small watershed in central Alberta.
Debbie Webb: Instructor and Senior Faculty Researcher in the Biological Sciences Program at
NAIT. She has a Biological Sciences Diploma from NAIT, and a BSC in Zoology and an MSc in
Limnology from the University of Alberta. Debbie began teaching water-related courses at NAIT
in 1989. For the past several years she has also been involved in doing applied research within
the Sturgeon River watershed with research staff, students and the community to find ways to
prevent further degradation of this watershed, and to restore some of the former ecological
function to the aquatic and riparian communities.
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Hydrological and hydraulic modelling of the Athabasca watershed for the oil sands
research and monitoring program
Y. Dibike1, T. Prowse1, M. Ali1 & H. Eum1
1
Water and Climate Impacts Research Centre (W-CIRC), Environment Canada, University of
Victoria, Victoria, British Columbia, Canada
A key component to the delivery of the Integrated Oil Sands Environment Monitoring Plan is the
development and validation of appropriate hydrological and hydraulic models. Any calculation
or projection of river flow, sediment/oil sands by-product fluxes and water availability in the
Athabasca basin requires the use of sound hydrological and hydraulic models for the terrestrial
landscape and major flow pathways in the watershed. The proposed approach is to use an
ensemble of hydrologic and hydraulic models driven by high-resolution reanalysis and regional
climate model data. This poster presents the overall plan of the modelling study and identifies the
different types of models that are being implemented ranging from event-based to regional
response, and from in-channel hydraulics to catchment hydrology. Physically based distributed
hydrologic models such as VIC, MESH and MIKE-SHE will be investigated to assess their
applicability to the Athabasca basin. Event-based hydrologic and hydraulic models of
downstream tributaries that are major natural sources of oil sands products will be setup using
the semi-distributed hydrologic models such as HBV and river-ice and hydraulics models such as
CRISSP, HEC-RAS and RIVER1D. In addition to analyzing flow and transport patterns of the
baseline period, these models would also help in assessing catchment response to different
climate scenarios and management strategies.
Y. Dibike: PhD (Delft); Physical Scientist, W-CIRC / EC, University of Victoria
T. Prowse: PhD(Canterbury);Professor & Senior Scientist, W-CIRC/EC, University of Victoria
M. Ali: PhD (Alberta); NSERC Visiting Fellow, W-CIRC / EC, University of Victoria
H. Eum: PhD (Seoul); NSERC Visiting Fellow, W-CIRC / EC, University of Victoria
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Development of an e-flows program within the context of the Grand River Watershed
Water Management Plan
A. W. Wong
Grand River Conservation Authority, Cambridge, Ontario, Canada
Research and application on environmental flows in Canada has been developing from
experience gained in other parts of the world, however there has been limited research and
application in management and policy in Ontario. There is a need to determine metrics and
methods to consider in an environmental flows study with relevance in Ontario, as tools relating
flow to ecology have yet to be developed and rigorously tested in the Ontario context. The Grand
River Conservation Authority (GRCA) in southwestern Ontario is in the process of developing a
framework for determining appropriate environmental flow regimes regulated reaches of the
Grand River. Investigations are considering how to modify reservoir operations – currently used
mainly for flood control and flow augmentation – to better mimic natural flow regimes to
support healthy stream ecology in the downstream reaches. These regimes must be considered
along with the implications to economic, social and environmental interests, as a main focus of
the organization is water quantity and quality management. A major hurdle in environmental
flows science for the Grand River watershed is the lack of data to verify the transferability of
methods developed elsewhere by other environmental flows experts. Yet the key to proper water
management of environmental flows will be to have unique regimes specific for each
subwatershed, while having a generic and acceptable development framework to follow. This
presentation will explore the process of developing an environmental flows framework and how
this may be applied in the Grand River Watershed Water Management Plan currently under
development.
Amanda Wong: Water Resource Analyst at the Grand River Conservation Authority where her
work focuses on surface water hydrology, water quantity assessments and environmental flows
for programs such as Low Water Response, Source Protection Planning and most recently the
Grand River Water Management Plan. Amanda is leading the process developing a framework
for determining appropriate environmental flow regimes in vital subwatersheds of the Grand
River. In October 2011, she organized Ontario’s first workshop for environmental flows that
included 10 other speakers, panel discussions and almost 150 participants. Amanda holds an
MSc from the Department of Geography, University of Guelph and is currently working on an
M.Eng from the School of Engineering, also at the University of Guelph.
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The evolution of stormwater management in Ontario from grey to green and from
advocacy to policy
S. Dhalla
Toronto and Region Conservation, Toronto, Ontario, Canada
Effective management of stormwater is critical to the health of our streams, rivers, lakes,
fisheries and terrestrial habitats. The practice of managing stormwater continues to evolve as the
science of watershed management and understanding of our watersheds grow. The Toronto and
Region Conservation Authority (TRCA) and has been involved in integrated watershed planning
and monitoring activities for many years, and the results of this work have revealed that the
health of a watershed declines with increasing urbanization. This deterioration has occurred
despite widespread adoption of conventional stormwater management approaches that rely
heavily on end-of-pipe practices such as detention ponds. Recent watershed studies have
concluded that supplementing conventional approaches with low impact development practices
is essential to protect watershed health and improve resiliency to anticipated impacts of climate
change. In an effort to improve stormwater management in Ontario, the TRCA published the
Low Impact Development Stormwater Management Planning and Design Guide in 2010 as a
tool to help developers, consultants, municipalities and landowners understand and implement
more sustainable stormwater practices. Since then, the TRCA and its partners have hosted a
number of training sessions and rolled out a number of innovative programs on sustainable
stormwater management. The TRCA is now working to update stormwater policy and criteria.
This presentation will provide an overview of the evolution of stormwater management from
grey to green infrastructure. It will provide information on new programs, guidelines, criteria
and policies that are currently being developed in Ontario to address the need for change.
Sameer Dhalla: Senior Manager of Water Resources at the Toronto and Region Conservation
Authority. He has 14 years of experience in both the private and public sector and has worked on
many projects from watershed planning to floodplain management. At the TRCA, Sameer
manages a team of engineers and scientists in reviewing development applications, implementing
water resources projects and developing water management guidelines and policies.
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Characterization of ephemeral streams using electrical resistance sensors in a Southern
Ontario watershed
S. Peirce & J. Lindsay
University of Guelph, Department of Geography, Guelph, Ontario, Canada
The active stream network is able to expand and contract as a result of changes in basin moisture
conditions. A fully contracted stream network includes only the continuously flowing perennial
streams while a fully expanded stream network also includes intermittent and ephemeral streams.
Intermittent streams have seasonal dryness while ephemeral streams only experience streamflow
in response to precipitation. Following a precipitation event, ephemeral streamflow is able to
transport water, sediments and nutrients to downstream reaches. As precipitation dominated
features, ephemeral steams are highly sensitive to anthropogenic disturbances and climate
change and could be an unmitigated source of contaminants. Traditional methods of stream
monitoring and mapping are inadequate for use in ephemeral channels because of their flashy
nature, small size and abundance on the landscape. Challenges with monitoring these streams
have made it difficult to characterize the exact nature of network expansion and contraction and
have often left ephemeral channels unmanaged. Specialized sensors called electrical resistance
(ER) sensors have provided a cost-effective way to monitor the presence of water within
ephemeral channels. The aim of this study was to characterize the pattern of network expansion
and contraction using ER sensors and to identify the primary spatial and temporal controls on
ephemeral streamflow. The results suggest that incomplete coalescence is the most common
mode of network expansion while contraction mostly commonly occurs by disintegration.
S Peirce: M.Sc. (Guelph): Graduate Student, University of Guelph
J Lindsay; PhD (Western): Associate Professor, University of Guelph
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Mineral soil weathering in northern Saskatchewan
C. J. Whitfield1, & S. A. Watmough2
1
Department of Geography and Planning, University of Saskatchewan, Saskatoon, Saskatchewan,
Canada
2
Environmental and Resource Studies, Trent University, Peterborough, Ontario, Canada
Acidification of boreal ecosystems in Alberta and Saskatchewan is an ongoing concern as acidic
deposition in the region is anticipated to remain elevated for several decades. Some of the most
acid-sensitive lakes in the country are located in northern Saskatchewan; however little is known
about the acid-sensitivity of upland forest soils in this region. During 2011, 107 upland forest
plots distributed across the boreal ecoregions of Saskatchewan were surveyed in order to assess
critical loads of acidity. Detailed soil physicochemical data were used to calculate base cation
weathering rates for a group of upland mineral soils (n = 35) using a process-oriented kinetic soil
model. In order to calculate weathering rates for the remaining sites where fewer variables were
measured (e.g. texture, bulk density and pH), an empirical method for regional estimation of
weathering rates was developed. Critical loads of acidity were calculated for all sites,
highlighting a wide range in acid-sensitivity. It remains difficult to generalize acid-sensitivity
beyond the study sites, as within ecodistrict weathering rate variability remains considerable.
C. J. Whitfield: PhD (Trent); NSERC Post-doctoral Fellow; University of Saskatchewan
S. A. Watmough: PhD (Liverpool John Moores); Associate Professor, Trent University
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