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Ground Water, Climate, and River
Basins: An Integrated Strategy for
Sustainable Water Resources
by Christopher J. Duffy, Pennsylvania State University

Historically, the prediction of stream
discharge in large river basins and water-
sheds has given a limited or passive repre-
sentation to soil moisture below the root
zone and the deeper ground water. The
basic assumption is that prevailing atmos-
pheric and land surface conditions are the
principal time scales in river basin runoff.
However, recent research suggests that sur-
face conditions of streamflow, soil mois-
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ture, and vegetation status respond over a
wide range of time scales associated with
the underlying water table and the deeper
hydrogeologic system (Qu and Duffy
2007). In the atmospheric sciences, soil
moisture and ground water have been rep-
resented as “buckets” of limited size and
dynamics, uncoupled or weakly coupled to
rivers or the land surface. For other envi-
ronmental scientists, ground water flow

has been represent-
ed as an infinitely
large and slow
process unlikely to
participate over
human time scales,
especially with
respect to rivers. In
this article, I will
argue that climate
variations and
hydrogeologic con-
ditions are more
closely coupled, and
that the “passive”
and “separate” role
given ground water
resources is a poor
assumption. The
limited representa-
tion of ground water
in present-day mod-
els will substantially
limit our ability to
predict the effects of
man and climate on
the terrestrial water
cycle. A community
modeling strategy is
proposed as a way to
improve models for

sustainable management of the nation’s sur-
face and ground water resources.

The Watershed Conceptual Model
and Space-Time Signatures

The atmosphere, land surface, and sub-
surface components of the global water
cycle represent a complex system of forc-
ings and feedbacks across time scales,
which range from catastrophic events (flash
floods) to seasonal, interannual and longer
time scales associated with drought, land
use, and climate change. At the watershed
scale, existing geospatial surficial informa-
tion and the hydrogeologic conceptual
model can help to form the basis for esti-Figure 1a. Simulated water table geometry for a ground water setting in the

Appalachian Plateau glaciated section of northern Pennsylvania, USA.



Chair’s Corner
by Bev Herzog, AGWSE Chair
herzog@isgs.uiuc.edu

Greetings, fellow AGWSE members.
It’s a rare day that I don’t hear

or read about global climate
change in the news—a sharp contrast
from even a year ago. Because it’s the sci-
entific topic on everyone’s mind these
days, we have devoted this issue to the
topic.
I have just received the Intergovern-

mental Panel on Climate Change’s (IPCC)
Working Group III’s summary for policy-
makers, “Climate Change 2007:
Mitigation of Climate Change.” This
report builds on the Working Group I and
II reports, focused on (I) the physical
basis (February 2007), and (II) impacts,
adaptation, and vulnerability (April
2007). The first report concluded that
there is a high likelihood that anthro-
pogenic forces are contributing to the gen-
eral climate warming. After publication of
the second report in April, a congression-
al hearing was held on April 16. The third
report provides suggestions for policies to
mitigate the effects of greenhouse gas
emissions, including key constraints and
opportunities (www. ipcc.ch/SPM040507.
pdf). It covers the fields of energy supply,
transportation, buildings, industry, agri-
culture, forestry, and waste management.
The IPCC reports represent the work of
the United Nations’ network of 2000 sci-
entists.

The IPCC’s reports and U.S. Congress’
interest in this issue make NGWA’s cli-
mate change paper “Ground Water
Protection and Management Critical to
the Global Climate Change Discussion”
very timely (www.ngwa.org/ngwainwash
ington/climatechange.cfm). The paper
highlights the potential impacts of climate
change within the broader context of
ground water sustainability, where cli-
mate change is one potential driver. There
was much interest in the paper when we
met with representatives of the U.S. EPA,

the Executive Office of the President’s
Office of Science and Technology Policy,
and congressional staff members in
March during the NGWA Fly-in.
Subsequently, NGWA has responded to a
request for a list of experts that Congress
can rely on concerning issues of ethanol
(both water quantity requirements of
ethanol production and potential impacts
on ground water from leaking under-
ground storage tanks containing ethanol)
and ground water monitoring for carbon
sequestration.

Vicki Kretsinger and Dawn Kaback have
solicited an excellent set of articles high-
lighting various aspects of the climate
change issue. Mike Dettinger, of the USGS,
and Sam Earman of the Desert Research
Institute discuss western ground water, the
importance of snowmelt to western moun-
tain recharge, and the lack of information to
sufficiently understand the potential impacts
of changed climate conditions. Chris Milly
of the USGS writes about the need for gen-
erations of scientists and engineers to
rethink long-relied-upon hydrological
assumptions and traditional problem-solv-
ing approaches for climate forecast models
and streamflow projections. Chris Duffy of
Penn State University writes on an integrat-
ed strategy for sustainable water resources.
Matt Kirby, California State University at
Fullerton, is introducing students to paleo-
climatology as an approach that lends
insights to the unpredictability of climate
change by exploring the past. A special note
of thanks is shared by a student from the
University of Belgrade for her opportunity
to present at an NGWA conference. Thank
you to all of the contributors.
I hope you enjoy this issue. As always,

please feel free to contact me with your
thoughts and ideas.
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Climate Change: A Timely Topic

continued from page 1
mating the characteristics of the fluid stor-
age volume and time scales of subsurface
flow within the watershed. This relation-
ship is demonstrated in Figure 1a, using a
simulated mean-field water table map for a
watershed in the Appalachian Plateau
glaciated physiographic section in northern
Pennsylvania (Duffy et al. 2002).

Flat-lying consolidated sediments tend
to have vertical fracture permeability
enhancing recharge and leakage but with a
relatively slow, lateral flow component. A
shallow, fast-flow surface layer component
contributes to rapid runoff. Note the close
relation between the simulated water level
contours and stream network. The capture
zone for a municipal supply well was com-
puted from the water table map, which is
located in the permeable alluvium of the
stream channel. For this case, the model
indicated that ground water flow explains
62% of the mean annual runoff from the
watershed.

Although the annual average volume of
runoff due to ground water is useful, it is
still necessary to examine the contribution
of ground water to various time scales of
runoff. Figure 2a is a plot of watershed
runoff from the West Branch of the
Susquehanna River at Williamsport,
Pennsylvania for 10 years of weekly data.
Again, the data are from the Appalachian
Plateau glaciated physiographic section of
northern Pennsylvania. The data represent
five long-term U.S. Geological Survey
observation wells located at various dis-
tances from the channel. Each well level
series is rescaled by subtracting the mini-
mum water level from the series and divid-
ing by the mean. The ground water level
change is found to have a nonlinear rela-
tion to streamflow, with two distinct
groups. Qualitatively, the conceptual
model of Figure 1b suggests consolidated,
but vertically fractured, sedimentary rocks
represent a “slow and deep flow” compo-
nent, while the thin till and colluvium cov-
ering the upland plateau hillslopes and the
main channel alluvial deposits are the
sources of the “fast” component. This close
relationship between streamflow and
ground water seems to be a general charac-
teristic, which is not presently utilized in
runoff models. Figure 2b shows the eigen-
spectrum for one observation well plotted
vs. frequency. The eigenspectrum
describes the relative contribution of vari-
ance at each frequency in the time series.
Note that the annual cycle (oscillation with
period of one year) has the largest variance
component in the record. However, inter-
annual components of two, two-and-a-half,

continued on page 3
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and four years are nearly as large as the
annual cycle. Precipitation and temperature
records for these same interannual oscilla-
tions are very weak (e.g., small variance
contribution). However, after passing
through the watershed they have been
amplified by the time scales of ground
water storage. In this case, ground water
storage is clearly a major factor in the
response of this watershed to climate vari-
ability. In our experience this is not an
unusual situation.

ACommunity Modeling Approach
to Integrated Assessment

Although the above examples are limit-
ed to a single physiographic region, in
many watersheds that we have examined,
ground water is also a dynamic participant.
From this point of view, an integrated
approach to watershed and river basin sci-
ence is essential to making progress. In our
own research, we are developing a strategy
for the synthesis of multistate, multiscale,
distributed hydrologic models using fully
coupled equations for the underlying phys-
ical process equations and state variables.
Our interest is in devising a concise repre-
sentation of the overall watershed or river
basin hydrodynamics, which allows inter-
actions among major physical processes
operating simultaneously, but with the
flexibility to add or eliminate states/
processes/constitutive relations depending
on the objective of the numerical experi-
ment or purpose of the scientific or opera-
tional application.

The approach is based on the semi-
discrete finite-volume method that
represents the system of coupled partial
differential equations (e.g., ground water,
surface water, overland flow, infiltration,
land-surface dynamics, etc.) in integral
form as a system of ordinary differential
equations (Qu and Duffy 2007). Domain

discretization is fundamental to the
approach and an unstructured triangular
irregular network is generated with con-
straints using GIS tools. Our research pro-
gram has been built as an implementation
of the above theory under the open-source
framework, including GIS tools. This
effort is part of the Chesapeake Bay
Community Modeling Program. By devel-
opment of a physically based community
model for integrated assessment, we have
begun to address critical basin issues, such
as river basin response and feedbacks to

climate change, ground water/surface water
controls on recharge/runoff, watershed
hydrodynamics in complex terrain, sedi-
ment transport from extreme precipitation
events, hydrology of dam removal, solute
transport from nonpoint contamination, and
flood and drought prediction/ forecasting.

Summary and Conclusions
This research attempts to demonstrate

the importance of ground water and con-
ceptual hydrogeology in the development
of a physically based dynamical model for
river basin forecasting. The conceptual
model approach outlined here uses qualita-
tive characteristics of the hydrogeology to
further decide on the scale or dimension of
the dynamic model and the dynamic cou-
pling of major storage features across the
landscape. Over the long term, this research
is attempting to develop a more unified
approach to assessment of climatic and
human change in large-scale watersheds
and river basins using dynamic model sim-
ulation and parameter estimation. Presently,
there is no national digital database for
hydrostratigraphy, and the national hydro-
climatic network does not typically include
soil moisture and ground water levels. A
national effort is needed to extend and inte-
grate the hydroclimatic observation system

Figure 1b. The conceptual hydrogeology of the Appalachian Plateau for the watershed.

Figure 2a. Rescaled water table fluctuations for observation wells plotted versus runoff from the West
Branch of the Susquehanna River at Williamsport, Pennsylvania for 10 years of weekly data. The West
Branch is within the Appalachian Plateau glaciated physiographic section of northern Pennsylvania.
Note that the water level time series are plotted by subtracting the minimum value from each series
and dividing by the mean.

continued on page 5



Focus on
Climate Change

The NGWApolicy statement on ground
water and global climate change
(www.ngwa.org/ngwainwashington/
climatechange.cfm) outlines several cur-
rent and potential impacts of climate
change on water supplies and concludes
that ground water will be pivotal to sustain-
able water supplies because of its capacity
to balance large swings in precipitation and
demand. The impacts discussed include
reductions in snowpacks, changes in pre-
cipitation, sea level rise, warming surface
waters, and changes in water demand.
However, in the western United States,
other important challenges also face
ground water science and management
communities because climate change may
impact ground water supplies directly and
indirectly, in ways that have, to date, been
largely unexplored.

Current climate change projections are
unanimous in predicting warming across
the United States, with most ranging from
about +3º to +6ºC. Projected precipitation
changes are more complicated, with some
consensus developing toward modestly
wetter conditions in the northern tier of
states and modestly drier conditions in the
southwesternmost states, but with relative-
ly small changes of uncertain sign in the
regions between these projections (conclu-
sions by the authors from analyses of pro-
jections used in IPCC 2007). Based on
these projections, the impacts of warm-
ing—the more confident of the projec-
tions—on water supplies, including ground
water, are urgently in need of assessment.
Warming will likely reduce runoff genera-
tion, whether precipitation increases or
decreases, because of attendant increases
in the potential for evapotranspiration.

Due to the parallels between such runoff
declines and historical droughts, it has been
natural to envision ground water as a safe-
guard against climate change. However,

the same tendency for ground water to
respond more to slow climate fluctuations
than to fast ones (Changnon 1987,
Dickinson et al. 2004) makes ground water
an attractive option during droughts. This
could also mean that ground water will
respond more strongly to the comparative-
ly slow trends associated with climate
change than to isolated droughts. The link-
ages between climate and ground water are
inherently complex. In anticipation of
unprecedented times ahead, some of those
intuitions need to be reassessed.

There are likely many different ways
that warming may influence ground water
supplies. One particular concern in the
western United States is warming’s effects
on snowpacks. In the West, because moun-
tains are generally wetter and cooler than
adjacent basins, most ground water is
derived frommountain precipitation. Some
recharge occurs in place in mountain
recharge areas, sustaining important sur-
face water base flows and cooler water
temperatures. Recharge also occurs by
infiltration where runoff crosses from
mountain blocks onto abutting fans and
alluvium or onto basin floors.

A growing tide of studies is showing
that snowmelt provides more mountain
recharge than rain does in western settings
(Earman et al. 2006). This is probably
because large and intense infiltration is
required to break through the region’s thick
unsaturated zones. Additionally, snow-
packs store and then release precipitation
from several storms at once. Studies in the
Great Basin indicate that 50% to 90% of
the recharge there originates from
snowmelt (Winograd et al. 1998).

Recharge-temperature analyses based
on dissolved gases show that recharge in
the central part of the Chiricahua
Mountains, Arizona, is derived only from
altitudes above seasonal snowlines and not

from lower altitudes (Earman and Phillips
2003). Geochemical hydrograph separa-
tions in the highest basins of the Rockies
demonstrate that, even during the peak
snowmelt, 60% or more of the streamflow
is supplied by ground water (Liu et al.
2004). On the other hand, recharge from
streamflow infiltration through fans and
basin floors depends on large, rapid, but
generally infrequent, outflows of runoff
from the mountains onto surrounding fans
and basins. The mix of mountain vs. fan
and basin recharge presumably varies from
basin to basin and from year to year, but
these variations are poorly understood in
most of the West.

As the region has warmed in recent
decades (Cayan et al. 2001), precipitation
has occurred more frequently as rain rather
than snow (Knowles et al. 2006) and snow-
packs have thinned (Mote 2003). If warm-
ing continues, snowline elevations are
expected to rise. If this happens, mountain
recharge may also be expected to decline,
because recharge areas will shrink and the
amount of snowmelt available to infiltrate
at any one time will dwindle. Using the
University of Washington’s VIC model
(Maurer et al. 2002), recent simulations by
the authors of near-surface water budgets
in the western mountains, with and without
warming, suggest that the partitioning of
net precipitation between surficial runoff
and subsurface runoff may respond to
warming with declines in subsurface runoff
of as much as 50%. We conjecture that the
declines would, most likely, be reflected
also in ground water recharge declines.

On the other hand, another simulated
result of warming in the western mountains
is relatively more surficial runoff. Declines
in mountain recharge triggered by loss of
snowpack would have immediate impacts
on mountain water resources, including
low flows and stream temperatures, and
may also have serious impacts on long-
term ground water supplies in surrounding
basins through reductions in mountain
recharge. Although recharge that supplies
mountain ground water may decline, much
of this unrecharged water may run off onto
the region’s fans and basins and potentially
increase recharge on fans and basin floors.
However, if the unrecharged water is
instead mostly evapotranspired from the
mountain soils, the overall recharge
(mountain plus basin) may decline.

At present, whether the overall recharge
will increase, decrease, or stay the same is
unknown at any scale in the West.
Similarly, the impacts to ground water sup-
plies due to changed conditions of the loca-
tion and timing of recharge are also insuf-
ficiently understood.
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Western Ground Water and Climate
Change—Pivotal to Supply Sustainability
or Vulnerable in Its Own Right?
by Michael Dettinger, U.S. Geological Survey, La Jolla, California;
and Sam Earman, Desert Research Institute

continued on page 5



5

Given ground water’s crucial role, the
potential impacts of warming on recharge
deserve more attention than it has received
to date. It is possible that ground water sup-
plies will fare well, overall, in a warming
world, but they may also fare poorly. The
projected climate changes are unprecedent-
ed in the modern era, and we lack the tools
and data (e.g., long-term continuous moni-
toring of recharge processes) to confident-
ly detect or predict ground water responses
to climate.

In a world with a changing climate, our
intuition and ground water science’s tradi-
tional focus on long-term average condi-
tions may fail to recognize, predict, and
alert us to significant changes in ground
water supplies. Monitoring commitments
like the USGS’s national-scale Ground-
Water Climate-Response Network are a
start (http://groundwaterwatch.usgs.gov/),
but that network’s focus on ground water
level variations from days to years needs to
be extended beyond ground water level
fluctuations to the full range of ground
water issues and processes on multi-
decadal time scales. Otherwise, changes
may come from unexpected directions to
ground water managers and users.
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Figure 2b. The eigenspectrum for one observation well plotted versus frequency in cycles/7 days.
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Times have changed. I “pen this note”
on the keyboard of my portable
computer. I’m working from home

today, but my home and are in some senses
indistinguishable these days, thanks (if
that’s the right word) to technology.
On this particular day, the fusion of

home and office is a convenience. New
Jersey is in a state of emergency. Outside,
the winds are howling on the tail end of a
rain-plus-sleet-and-snow Nor’easter that
has closed schools, businesses, govern-
ment offices, and roadways. Between the
howls, I hear the comings and goings of
the sirens of emergency vehicles.
No doubt some people will attribute this

April storm to climate change. I could sneer
that a single realization of a random process
is not a terribly robust indicator of a shift of
a probability density function. But I will
not, because I know that such “popular
attributions” are based not only on the event
in question, but also on experiences and
information accumulated over recent years.
And that information includes reports from the
climate-science community (www.ipcc.ch).
I would argue, in fact, that changing cli-

mate is the new “default hypothesis,” rapid-
ly displacing the assumption of stationarity

upon which generations of hydrologists and
engineers have built their careers—not to
mention untold dollars worth of dams,
wells, levees, reservoirs, hydroelectric
power plants, bridges, irrigation systems,
and culverts.
Stationarity is the assumption that the

future will be similar to the past, in a statis-
tical sense. Historical observations have
been the rawmaterials for hydrologic analy-
ses under the fast-fading regime of station-
arity. If we can no longer invoke stationari-
ty to convert observations into predictions,
what can we do? What additional ingredi-
ents are needed for hydrologic analysis?
Numerical models of climate dynamics

provide one of the ingredients that will
inform hydrologic analyses of the future.
Such models can already suggest the
directions and rates of change of hydro-
logic processes, and this may be enough
information to suggest appropriate
responses to the most urgent risks. In the
future, the models will hopefully become
increasingly accurate and precise, and the
use of their output seems likely to become
increasingly routine.
When discussing application of climate

models to hydrology, it is best to be candid

about the difficulties. Climate models
were not built to support hydrologic analy-
sis. Their representation of continental
water fluxes is crude. Processes are
described on horizontal length scales (hun-
dreds of kilometers) that one is tempted to
dismiss as laughably inadequate. But such
scales are sufficient to define major shifts
in climate, and climate is a major determi-
nant of water availability.
What do climate models tell us about

the decades ahead? The accompanying
figure indicates that the American
Southwest will produce less runoff during
the 21st century than it did during the
20th century. When interpreting the
meaning of “runoff” from a climate
model, we should think not only of sur-
face runoff, but also of recharge to, and
eventual discharge from, ground water
systems, though these are not explicitly
represented in the models. Discharge
response is eventual because ground
water response times, especially in arid
environments, can be long relative to the
time scale of anthropogenic climatic
change.
The prospective reductions in ground

water recharge in the Southwest are
accompanied by projected reductions in
surface runoff. Climate models do not
currently include water use, but it can
reasonably be hypothesized that water
demands for agriculture and domestic
use, other things being equal, will
increase in those regions where climate
warms and dries. With decreasing surface
runoff and increasing water demand, the
development of ground water sources,
within the context of deliberate conjunc-
tive use, probably cannot be taken off the
table categorically as an option, even
where a general decrease in recharge is
projected. However, there is no escape
from the law of conservation of mass.
This discussion is presented only at the

crudest scale. In the West, for example, cli-
mate change does not simply rescale the
size of all water fluxes equally in space and
time. Rising temperatures change the parti-
tioning of precipitation between snow and
rainfall, and this change cascades through
the system, as noted in an accompanying
article in this issue by Mike Dettinger and
Sam Earman.
As the climate warms, mountain glaciers

melt. The liquid remains of their existence
flow to the sea. Meanwhile, ocean water

Stationarity Is Dead
by P.C.D. “Chris” Milly, U.S. Geological Survey

Model-Projected Changes in Annual Runoff from U.S. Water Resource Regions, 2041-2060. Percentage change
relative to 1900-1970 baseline. Any color indicates that >66% of models agree on sign of change; diagonal
hatching indicates >90% agreement. After Milly, P.C.D., K.A. Dunne, A.V. Vecchia. 2005. Global pattern of trends
in streamflow and water availability in a changing climate. Nature 438: 347-350. continued on page 8



Paleoclimatology Students Look to the Past
to See the Future
by Matt Kirby, California State University at Fullerton

Southern California needs water. As its
population grows, the demand for this pre-
cious resource increases. Fortunately, popu-
lation growth is fairly predictable; therefore,
water managers can plan—with some confi-
dence—for its future impact on water
resources. Something much less (or not at
all?) predictable is future climate change—
whether naturally and/or anthropogenically
forced. The unpredictability of climate
change presents a unique concern to water
management practices, especially in
Southern California. This concern is ground-
ed in Southern California’s dependence on
highly variable water resources, including
local ground water, local treated water,
Sierra Nevada runoff,
Colorado River water, and
desalinization (minor contri-
bution).

Like the region’s personal
“Sword of Damocles,” cli-
mate change is proving to be a
rather idiosyncratic player in
our region’s water manage-
ment future. How, then, do
water managers prepare for
something inherently difficult
to predict? In other words,
how does Southern California
prepare its water management
practices and policies for
future climate change? I sug-
gest that one solution to this
problem lies in Southern
California’s climate past.

Let’s suppose that you are given $1 mil-
lion to invest in the stock market. A wise
investor will research the past behavior of
the stock market and, specifically, the
behavior of the stocks they are interested in
acquiring. Certainly, a less wise strategy is
to randomly pick a stock, invest your entire
fortune, and hope for the best. You might
get lucky, but probably not! The point is
that if you intend to understand and/or pre-
dict the future—stocks or climate—you
must start by understanding the past.

At Cal State Fullerton’s Paleoclimatology
Laboratory, my students and I spend our
time trying to understand the past—specifi-
cally Southern California’s past climate—

to improve the future. The medium we use
to investigate Southern California’s past
climate is lake sediment. Like a history
book, lake sediments record past events.
For most lakes, event stratigraphy is con-
trolled by climate at sub-Milankovitch
timescales. Certainly, the recent sediment
record is affected by human activities
strongly; but, even in highly populated or
industrialized lake settings, such as Lake
Elsinore, the climate signal prevails as the
dominant control on the lake’s hydrology.

Southern California contains very few
natural lakes. This paucity of natural lakes is
striking to someone—like myself—who
arrived in Southern California from the

Finger Lakes region of upstate New York.
My post-doc advisor at USC (Steve Lund)
pointed me in the direction of Lake Elsinore,
which is arguably as good a terrestrial paleo-
climate resource as any lake in North
America. Lucky for me and my colleagues,
there are, in fact, many exceptional lake sites
in Southern California— more than I real-
ized. Some of the lakeswe are actively inves-
tigating include Lake Elsinore (Southern
California’s largest natural lake), Baldwin
Lake, Hog Lake, Crystal Lake,Ancestral Big
Bear Lake, Dry Lake, and several others. For
our research, it is critical to examine the high-
est resolution sediment records with the most
robust climate-to-noise signal. Because each
lake records a different component of the cli-

mate system with a different climate-to-noise
signal, it is important that we investigate a
large number of lakes from the same region to
maximize the data collected to make our
interpretations.

Funding for this research is derived from
a variety of traditional sources (NSF, PRF)
as well as some nontraditional sources,
such as regional/local water agencies,
including the Lake Elsinore San Jacinto
Water Authority and the Big Bear
Municipal Water District. I am particularly
impressed with the initiative and foresight
of the latter two organizations to use a non-
traditional, “paleo-approach” to improve
lake management practices. It is my hope

that other water agencies
will increasingly recog-
nize the value of this
approach.

As briefly stated above,
our primary goal is to
develop a record of
Southern California’s past
climate. Included in this
goal is the development of
a high-resolution (i.e., sub-
centennial to subdecadal)
record of paleodroughts,
paleofloods, and general
climate variability. To
achieve this goal— and I
note here that we are still
in the initial results
phase—we use a multi-

proxy methodology, incorporating a variety
of sedimentological, chemical, and biologi-
cal sediment analyses. A multiproxy
methodology is critical to our success,
because the different components of lake
sediment record different climate signals.
For example, δ18O (calcite) is a faithful
recorder of the precipitation:evaporation
(P:E) ratio in Lake Elsinore. Yet, it is
important to test our P:E interpretation with
other climate sensitive proxies (e.g., pollen
or grain size) to evaluate its actuality.

Without student research support, my
paleoclimatology studies would be slow
moving. Fortunately, student theses are
required at Cal State Fullerton for a BSc in

7
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NGWA Working to Develop
Ground Water Science Education
Pilot Program
by Cliff Treyens, NGWA director of public awareness

Last year, NGWA initiated a meeting
with the Ohio Department of
Education to discuss how NGWA

could effectively encourage the use of
more ground water science in schools.
During that meeting, it was suggested
NGWA meet with the Environmental
Education Council of Ohio (EECO).

NGWA is now working with EECO to
develop a program that could be the pilot
for a future NGWA initiative to get more
ground water-related science in schools
nationwide. During a December meeting
with EECO, which included a representa-
tive of the Ohio Environmental Protection
Agency, it was tentatively decided to con-
centrate efforts on developing an Ohio
pilot project focusing on grades 5-8. The
intent is to design a pilot program that con-
forms to both Ohio’s academic content
standards and national science curriculum
standards. Its compatibility with national
science curriculum standards should make
it more readily useable by other states.
Another meeting was set for May 22 to
begin looking at Ohio’s academic content
standards for opportunities.

NGWAwants to be a leader in facilitat-
ing the use of ground water science in
schools, while understanding the impor-
tance of providing information that is rele-
vant and useful to educators and students.
We’ve found willing partners eager to help
us in that effort.

NGWA also is interested in making stu-
dents aware of careers in the ground water
professions. Our members are concerned
about where the ground water profession-
als of the future will come from. At the
same time, schools are looking for profes-
sionals to participate in career days and
mentoring programs. This pilot program
can test approaches to making member
professionals available to schools. It could
produce a model for responding to the
needs of NGWAmembers and students.

While work on the pilot program is just
beginning, EECO members indicated that
they may provide training to NGWA vol-

unteers on making classroom presentations
and possibly provide kits for use by
NGWA volunteers in making presenta-
tions.

The effort to expand the use of ground
water science in schools is consistent with
NGWA’s “Declaration on the Importance
of Earth Systems Science Education,”
adopted by its board of directors last
February. In the declaration, NGWA joined
other geoscience organizations, the state-
based national alliance, and federal agen-
cies in recognizing that a science-literate
citizenry is vital to the nation’s well-being
and security.

“To address future environmental and
resources challenges, including complex
water resources evaluation and sustainabil-
ity issues, requires a better understanding
of the interrelationships between earth sys-
tems’ processes. Through earth systems
science education, students learn to under-
stand Earth’s complexity. Moreover, sci-
ence-educated youth appreciate the signifi-
cance of wise utilization of the earth’s
resources. Earth science education promis-
es to play an ever-expanding role in meet-
ing society’s needs. Essentially, earth sys-
tems science constitutes a core element of
students’ curriculum,” the declaration
states.

Among the implementation strategies
included in NGWA’s declaration is promot-
ing earth systems science education at all
levels.

geology. As a result, there is no shortage of
students for research projects. And, as with
most geology majors, our students love to
get into the field. Truthfully, what field
experience is more primeval than playing
with mud? But beyond the simple research
requirement, I try to instill a sense of social
relevance in my students’ research.As a pre-
dominantly regional school, my students
have a keen sense of Southern California’s
precarious environmental setting. This sense
is usually grounded in an earth- shaking
reality; however, it is not too difficult for my
students to understand the region’s water
crisis. Most, if not all, have lived through
multiyear droughts in their short lifetime,
and they realize the impact water has on
their livelihood—a livelihood they hope
continues into the future. Of course,
Southern California’s future is undeniably
connected to water issues. How we deal
with these issues is a matter of ongoing
debate and evolving water management
practices. Undoubtedly an important piece
to understanding, and preparing for, this
future lies in understanding our past.

continued from page 7

warms and expands. As a result of these two
processes (and ignoring speculation about
potential for rapid losses from the Greenland
and Antarctic ice sheets by unmodeled
processes), sea level is expected to rise slow-
ly but relentlessly for the next several cen-
turies. Climate models project a rise (central
estimate) of a bit more than a foot during the
21st century. Impacts on coastal water sup-
plies have not been evaluated quantitatively,
but could be expected to include increased
salinity from subsurface and surface saltwater
intrusion and from increasing frequency of
surface inundation of land.
Stationarity is dead. Times have

changed, and the change is ongoing. The
full extent and nature of the change are
uncertain. The impacts are even foggier.
In view of this, what are the appropriate
adaptations to address those impacts?
Addressing this question will be a major
challenge for water science during the
21st century.

continued from page 6

Stationarity Is Dead

Paleoclimatology
Students Look to the
Past to See the Future
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Water Organizations Team Together:
The Source Water Collaborative
by Cartier Esham, Dutko Group

As pressures and interest in sustaining our
nation’s water resources increase, so has the
understanding that water is a three-dimen-
sional issue that requires innovative and inte-
grated thinking. Embracing that view is a
new coalition of water-related organizations

that have banded together to tackle protect-
ing and preserving our nation’s source
waters. The Source Water Collaborative
(SWC) is made up of 18 member organiza-
tions, including NGWA, U.S. Geological
Survey, U.S. Environmental Protection

Agency, National Association of Counties,
the Ground Water Protection Council, and
the River Network. The mission of the SWC
is to ensure the nation develops drinking
water protection policies that are integrated
into things such as agriculture watershed
planning, land-use planning, protection, and
cleanup. One of the missions of the SWC is
to ensure a broad range of policymakers and
community leaders including land-use plan-

Government Affairs
Connecting Ground Water to
Global Climate Change Discussions
by Cartier Esham, Dutko Group

“The measure of success is not whether
you have a tough problem to deal with,
but whether it is the same problem you
had last year.” —John Foster Dulles

Dullesmakes an excellent point and if
you add “had for the last decade” it
would capture the ongoing discus-

sions regarding global climate change. The
110th Congress has certainly made the topic
of climate change a tier one issue. There
have been, andwill continue to be, numerous
hearings on wide-ranging topics addressing
climate change and the related issue of
renewable energy sources. As Congress
works on issues such as carbon emissions,
assessments of potential impacts, wind/solar/
geothermal energy sources, carbon seques-
tration, and biofuels, it is imperative that
ground water scientists work with policy-
makers to understand the underlying role of
ground water in these discussions.

In late April 2007, U.S. Geological
Survey researchers told members of
Congress that water managers must prepare
for dramatic weather patterns caused by ris-
ing global temperatures.1 We have already
seen significant problems associated with
recent droughts throughout the West. It has
never been clearer that water resource man-
agement efforts need the support of federal
and state funding in order to accurately

assess current needs, work on predicting
future needs, and develop proactive strate-
gies for potential impacts from climate
change. For example, a reduction in annual
snowpack can cause communities to have
increased reliance on aquifers to supplement
decreased surface water supply, likely result-
ing in greater ground water level declines
over time. Changes in precipitation timing,
location, and intensity can cause increased
potential for drought or floods. Additionally,
increases in urban and agricultural demand
associated with population growth and
increased production of biofuels could lead
to increased use of ground water to supple-
ment surface water supply and result in
ground water level declines.

Why is ground water so important? It is
the nation’s subsurface reservoir and helps
balance swings in precipitation and associat-
ed increased demands caused by heat,
drought, and population growth. Ground
water availability is an essential element to
the ability to produce biofuels, such as
ethanol (e.g., an average of more than four
gallons of water is used to produce one gal-
lon of ethanol2). Carbon sequestration is
being discussed among federal agencies
(Department of Energy and the U.S.
Environmental Protection Agency) as well
as on Capitol Hill. It will be important to
understand how it works and evaluate any

potential harm it could cause ground water
resources in order to establish sound policy
for this promising technology.

What should be done? Water managers
and water scientists need to continue to edu-
cate Congress and future administrations on
the tools available and the tools required to
increase water supply reliability through
periods of climate fluctuations. As a nation,
we need to ensure that there is a collaborative
framework among federal, state, local, and
nongovernmental entities to optimize ground
water quality/quantity data-gathering efforts
and address data gaps. Research efforts in
areas like water reuse/conservation, alterna-
tive treatment systems, and aquifer storage/
recovery or artificial recharge are provided
fiscal and communications support. NGWA
has developed a policy paper outlining the
connection between protecting ground water
resources and global climate change. We
encourage all water professionals to share
this document with federal, state, and local
decision makers to ensure that policy is
developed with the understanding of ground
water’s pivotal role in water sustainability,
biofuel production, and maintaining reliable
water resources through impacts associated
with climate fluctuations.
1 Water Managers Must Gird for ‘Extreme’Conditions,
ScientistsWarn. LuckyKafanov.E&ENews,April 27,
2007.

2 USDA’s 2002 Ethanol Cost-of-Production Survey.
Hosein Shapouri and Paul Gallagher, U.S. Department
of Agriculture, Office of the Chief Economist. Office
of Energy Policy and New Uses. United States
Department of Agriculture, Agricultural Economic
Report Number 841, July 2005.

continued on page 10



The Advisory Committee on Water
Information (ACWI) authorized the forma-
tion of the Subcommittee on Ground Water
(SOGW) on January 18, 2007, at the annual
ACWI meeting. ACWI is a federally char-
tered committee comprised of representa-
tives of federal, state, industry, and profes-
sional organizations, among others. ACWI
advises the federal government on coordina-
tion of federal water information programs.

Approximately two years ago, NGWA
began working with several other stakehold-
er groups to make ground water a higher pri-
ority for ACWI. One of the most critical
needs identified was a nationwide ground
water monitoring network to coordinate and
expand the various networks currently man-
aged by the U.S. Geological Survey, state
agencies, and various other parties.

Ground water is a critical resource for the
economic and ecological health of the nation.
NGWAhas been actively pursuing a ground
water sustainability initiative to raise elected
federal officials’ and policymakers’ aware-
ness of the critical role of ground water and
the need for adequate research. Past NGWA
efforts have helped restore planned cuts to
the USGS budget. Looking forward, NGWA
identified nationwide concerns over the
future availability of ground water and a crit-
ical lack of a coordinated monitoring pro-
gram that was adequate to assess the needs of
the nation.

Based on the efforts of several profes-
sional societies, including NGWA, ACWI
agreed to authorize the SOGW to develop
recommendations for a nationwide ground
water monitoring network. The focus of the
effort will be to:
• Inventory the existing monitoring

efforts
• Develop recommendations on a moni-

toring design that can provide status of
the nation’s ground water resources
over time

• Encourage collaboration among gov-
ernment and nongovernmental entities,
including promoting consistency of

data collection, storage, and retrieval to
facilitate data sharing.

The cochairs of the SOGW are Bob
Schreiber (CDM) and Bill Cunningham
(USGS). NGWAstaff member Chris Reimer
is the executive secretary and John Jansen
(AST) is the NGWA representative for
SOGW and ACWI, with Brent Murray
(EQI) serving as Jansen’s alternate.

SOGW is well into the task at hand and is
currently looking for volunteers for four
workgroups:
• The Inventory Workgroup is gathering
information on policies and programs
for ground water monitoring from a
variety of state, federal, and private sec-
tor programs.

• The Data Standards and Data
Management Workgroup is reviewing
existing standards for ground water
data storage and retrieval and making
recommendations for consistent stan-
dards to facilitate sharing and archiving
data to a broader user group.

• The Field Practices Workgroup is
developing recommendations on stan-
dard methods to collect and document
ground water data to maximize the use-
fulness of the data collected.

• The National Monitoring Design
Workgroup is developing a draft
national framework for ground water
monitoring and collaboration that will
assist in assessments of the quantity of
U.S. ground water reserves, as con-
strained by ground water quality.

This is an ambitious effort, but an effort
that is important to the nation and the ground
water profession. Your expertise and com-
mon sense are needed! Please consider vol-
unteering for a workgroup. This may be the
only chance you have to help get the data you
need in the format you want. Your commit-
ment will be limited to reviewing a few doc-
uments and participating on a few confer-
ence calls. If you have the time and energy,
you can make a significant contribution to

Advisory Committee on Water Information
Subcommittee on Ground Water
Building a framework for a nationwide
ground water monitoring network
by John Jansen, Aquifer Science & Technology

this effort. More information on SOGW can
be found on http://acwi.gov/sogw/index.
html. Please contact Chris Reimer at
creimer@ngwa.org for more information.

ners, agriculture leaders, watershed planners,
and the business community are educated on
a regular basis and consider potential impacts
on source water in their decision-making
process.

One of the most exciting elements of the
SWC is actually stated in the name—it is a
collaboration.All members are charged with
sharing information, working together to
develop integrated water policies, including
land stewardship and planning. The SWC
will work on recommendations that contain
or prevent contaminants, promote develop-
ment patterns that limit threats to the integ-
rity of water sources, and preserve the land
needed to protect the quality of current and
future sources of drinking water.

As one of the first action items, the SWC
has developed a Web site (www.protect
drinkingwater.org/html/index.htm), which
currently contains information on the SWC
member organizations, a link to find allies
across the nation, and links to guides and
materials on how to protect drinking water
sources. The SWC will bring a unique voice
to the debate on water sustainability and
water protection, because it involves thinkers
who traverse all aspects of water protection.

continued from page 9
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International
Water Issues
International Outreach:
NGWA at a Crossroads?
by Steven Ragone, NGWA director of science and technology

NGWA has made major strides in
recent years to establish an interna-
tional presence and articulate our

viewpoint about the important role ground
water plays in the social and economic
well-being of the United States, as well as
other countries throughout the world, and
to present science-based arguments in sup-
port of its proper protection, use, and man-
agement. We have cosponsored sessions
and presented papers at the third and fourth
World Water Forums and became an offi-
cial member of the U.S. Committee for the
International Hydrologic Program of
UNESCO. We have signed numerous
memoranda of understanding with foreign
ground water associations, most recently
with the International Association of
Hydrogeologists, with the hope to further
advance good science and good water-
management practices. We also established
a new interest group on Developing
Countries—several excellent sessions were
held by this interest group at the 2006 Expo
and the 2006 Ground Water Summit.
NGWA is also sponsoring and/or cospon-
soring upcoming international conferences.

Very importantly, the NGWA Board of
Directors approved a “Declaration of the
Importance of Ground Water.” The decla-
ration formed the basis for a more global
declaration, called theAlicante Declaration
(a shortened version is presented below),
which is highlighted in the soon-to-be-pub-
lished book titled The Global Importance of
Groundwater in the 21st Century:
Proceedings of the International Symposium
on Groundwater Sustainability. The book,
which will be published by NGWA Press,
has been proposed as a basis for planning
ground water sessions at the next World
Water Forum.

Concern about NGWA’s future interna-
tional outreach efforts, as well as its insti-
tutional underpinnings, is based on the
reality that ground water resources are not

only being mismanaged, but are so misun-
derstood by policymakers that there may
be little that can be done to protect ground
water from overexploitation and, ultimate-
ly, discarded as a source of supply. I
expressed such a concern in the Alicante
proceedings volume cited above. Let me
quote from the text:

“But will the (Alicante) declaration be
of any use? It may be argued that the forces
already under way—the increasing
demands for water, particularly in arid and
semiarid regions…climate change, and the
growing awareness that ground water lev-
els must be maintained in order to support
base flow to streams and ecosystems—will
inevitably reduce the volume of ground
water that is available for use. Under such
a scenario, ground water may be relegated
to the role as an intermediate source of sup-
ply, one that allows the time that is needed
to find alternate supplies….”

There is evidence in the United States
and from around the world to demonstrate
that we are on such a pathway and, if it
comes to pass that ground water falls out of
favor as a source of supply, NGWA and its
members will be at peril. Each sector of the
ground water professions is at a crossroads,
where a decision will be made to stay on
the same path or go down the path of more
integrated water-management decision
making.

The Alicante Declaration
The Global Importance of Ground
Water:ACall forAction for Its
Responsible Use, Management,
and Governance

Water is essential for life. Ground
water—that part of all water resources that
lie underneath land surface—constitutes
more than 95% of the global, unfrozen
fresh water reserves. Given its vast
reserves and broad geographical distribu-
tion, its general good quality, and its

resilience to seasonal fluctuations and con-
tamination, ground water holds the promise
to ensure current and future world commu-
nities an affordable and safe water supply.
Ground water is predominantly a renew-
able resource which, when managed prop-
erly, ensures a long-term supply that can
help meet the increasing demands and mit-
igate the impacts of anticipated climate
change. Generally, ground water develop-
ment requires a smaller capital investment
than surface water development and can be
implemented in a shorter timeframe.

Ground water has provided great bene-
fits for many societies in recent decades
through its direct use as a drinking water
source, for irrigated agriculture and indus-
trial development and, indirectly, through
ecosystem and streamflow maintenance.
The development of ground water often
provides an affordable and rapid way to
alleviate poverty and ensure food security.
Further, by understanding the complemen-
tary nature of ground and surface waters,
thoroughly integrated water-resources
management strategies can serve to foster
their efficient use and enhance the longevi-
ty of supply. Instances of poorly-managed
ground water development and the inad-
vertent impact of inadequate land-use prac-
tices have produced adverse effects such as
water-quality degradation, impairment of
aquatic ecosystems, lowered ground water
levels and, consequently, land subsidence
and the drying of wetlands. As it is less
costly and more effective to protect ground
water resources from degradation than to
restore them, improved water management
will diminish such problems and save
money.

Call for Action
To make ground water’s promise a real-

ity requires the responsible use, manage-
ment, and governance of ground water. In
particular, actions need to be taken by
water users, who sustain their well-being
through ground water abstraction; decision
makers, elected and nonelected; civil soci-
ety groups and associations; and scientists
who must advocate for the use of sound
science in support of better management.
To this end, the following actions are rec-
ommended:
• Develop more comprehensive water-

management, land-use and energy-
development strategies that fully rec-
ognize ground water’s important role

continued on page 12
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in the hydrologic cycle. This requires
better characterization of ground
water basins, their interconnection
with surface water and ecosystems,
and a better understanding of the
response of the entire hydrologic sys-
tem to natural and human-induced
stresses. More attention should be
given to nonrenewable and saline
ground water resources when such
waters are the only resource available
for use.

• Develop comprehensive understand-
ing of ground water rights, regula-
tions, policy, and uses. Such informa-
tion, including social forces and
incentives that drive present-day
water management practices, will
help in the formulation of policies and
incentives to stimulate socially and
environmentally sound ground water
management practices. This is partic-
ularly relevant in those situations
where aquifers cross cultural, politi-
cal, or national boundaries.

• Make the maintenance and restoration
of hydrologic balance a long-term

goal of regional water-management
strategies. This requires that water
managers identify options to: mini-
mize net losses of water from the
hydrologic system; encourage effec-
tive and efficient water use; and
ensure the fair allocation of water for
human use as well as ecological
needs, taking into account long-term
sustainability. Hydrological, ecologi-
cal, economic, and socioeconomic
assessments should be an integral part
of any water-management strategy.

• Improve scientific, engineering, and
applied technological expertise in
developing countries. This requires
encouraging science-based decision-
making as well as “north-south” and
“south-south” cooperation. Further, it
is important that funds be allocated
for programs that encourage the
design and mass-dissemination of
affordable and low energy-consuming
water harnessing devices for house-
hold and irrigation.

• Establish ongoing coordinated sur-
face water and ground water monitor-
ing programs. This requires that data

collection become an integral part of
water-management strategies so that
such strategies can be adapted to
address changing socioeconomic,
environmental, and climatic condi-
tions. The corresponding data sets
should be available to all the stake-
holders in a transparent and easy way.

• Develop local institutions to improve
sustainable ground water manage-
ment. This requires that higher-level
authorities become receptive to the
needs of local groups and encourage
the development and support of
strong institutional networks with
water users and civic society.

• Ensure that citizens recognize ground
water’s essential role in their commu-
nity and the importance of its respon-
sible use. This requires that science
and applied technology serve to
enhance education and outreach pro-
grams in order to broaden citizen
understanding of the entire hydrolog-
ic system and its global importance to
current and future generations.

NGWA Interest Groups
Ground Water Modeling Interest Group
Represented at ESRI Workshop on
ArcHydro Ground Water Data Model
by Jason House, Woodard & Curran Inc.

Atwo-day workshop on a model for
representing ground water-related
data in a geographic information

system (GIS) was held recently at the cor-
porate headquarters of Environmental
Systems Research Institute (ESRI) in
Redlands, California. For those of you
unfamiliar with ESRI, it is an industry
standard in GIS software applications and
development. Its flagship product is the
ArcGIS platform, which is currently in its
ninth version. ESRI routinely holds work-
shops and training classes at its facility in
Redlands. It was my privilege to represent
NGWA and the Ground Water Modeling
Interest Group at this workshop at the
request of NGWA Executive Director

Kevin McCray and Sandy Masters, the
interest group staff liaison. TheAssociation
sponsored my trip to ESRI headquarters on
its behalf. As chair of the Ground Water
Modeling Interest Group, NGWA felt that
our interest group was uniquely qualified
to provide input on the ground water data
model. The following summarizes the two-
day workshop.

The subject of this particular workshop
was a model for effectively handling
ground water data within the framework of
a GIS. The data model proposed was that
of Gil Strassberg, currently working at the
Texas Bureau of Economic Geology. The
model originated as his thesis work at the
University of Texas-Austin under his

adviser, Dr. David Maidment. The work-
shop was hosted byMaidment as an oppor-
tunity for a wide technical audience to pro-
vide feedback on the model as originally
proposed. A number of agencies and aca-
demic institutions were represented at the
meeting, including the U.S. Geological
Survey, Consortium of Universities for the
Advancement of Hydrologic Science Inc.,
the National Science Foundation,
University of Texas-Austin, University of
Texas-San Antonio, Brigham Young
University, Saint John’s River Water
Management District, South Florida Water
Management District, San Diego
Supercomputer Center, University at
Buffalo, University of California-
Redlands, University of Maryland, Kansas
State University, University of Nebraska-
Lincoln, University of Florida, the Ontario
Ministry of Natural Resources, and, of
course, NGWA.

Maidment began the workshop with the
following statement: “The lack of hydroge-
ological information on a national level is
the single largest impediment to informat-
ics today.” He posed the equally intriguing
question, “Why not a national hydrogeo-

continued from page 11
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logic data set?” The initial statement fol-
lowed by the intriguing question set the
stage for the next two days of workshop
activities.

TheArcHydro ground water data model
was described in detail by Strassberg. A
hands-on demonstration using several real
data sets was also offered. The data model
coupled with the ESRI software allows
users to store and visualize hydrogeologic
data sets. The data model supports five
groups of data within its structure, namely,
hydrogeologic features, borehole informa-
tion, derived data, simulation data, and
time series.

Hydrogeologic features include such
data as geo-areas, (outcrops, discharge
areas, recharge areas, etc.), geo-lines (e.g.,
faults), and geo-points (geologic observa-
tions having x, y, and z coordinates). The
borehole information is via Bore-points
and Bore-lines. Bore-points are objects rep-
resenting point data in a well. Bore-lines
are objects representing intervals in a well.
Derived data are data that are created using
the base information stored in the database
as point or line information. These include
GeoSections, GeoRasters, and GeoVolumes.

With the exception of the GeoVolumes
type, the other derived data types are inter-
polated internally in the GIS environment.
GeoVolume interpretation is generally per-
formed in an external software package and
then stored in the GIS.

In addition to storing these types of data,
the data model accommodates the storage
of temporally variable spatial information,
such as aquifer water levels and water qual-
ity data. This is done using the TimeSeries
and TSType data objects. The storage of
these data in the GIS allows standard GIS
analytical methods to be used to understand
the spatial relationships between locations
and to observe in a larger context how those
change over time.

The final category of data accommodat-
ed by this data model is ground water model
related data. Currently, the data model only
supports MODFLOW simulations. This
includes information related to the spatial
extent and discretization of the model and
display and analyses of model results. This
is accommodated through the use of data
structures designed to represent ground
water model information. The data model
allows the representation of 2D and 3D
model cells. It also allows the storage of
stress period related results as time-series
data. This allows the user to use the graph-
ing and geographic analyses tools on time-
series data produced in a ground water
model and subsequently stored in GIS.

This ability to archive model predictive
outputs as time-series data has implications
for the ease with which post-audits of mod-
els can be performed. Results from predic-
tive modeling runs can be stored in the data-
base and evaluated using GIS and time-
series tools directly against field measured
data collected and stored in the GIS. This
will allow post-audit areas of adjustment of
a site model to be quickly identified. In this
way, a site’s ground water model becomes a
more dynamic tool for understanding an
aquifer’s response to new stresses imposed
on it. It also allows for improved manage-
ment of an aquifer that is subject to this
kind of modeling and benchmarking study.

The rationale behind the decision to only
support MODFLOW was that because it is

the most widely recognized and used
ground water model, the decision supports
the largest potential audience. However,
there are some instances where MOD-
FLOW is not the appropriate model to use
for a particular flow system. If the goal of
the ground water data model is to support
local, regional, and national data archiving,
sharing, and analyses efforts, the decision
regarding which ground water models to
support is probably less important than a
concerted national effort to create a system
for sharing ground water data.

Some looming challenges to the use of
this data model and the concept of a nation-
al integrated hydrogeologic data set are:

• Adequate representation for so called
Geo-Volumes in GIS systems

• A survey of the status of GIS-based state
and national hydrogeologic data
resources (e.g., state/national aquifer
maps, ground water levels, well log
information) in order to understand what
the initial conditions are

• An analysis of prototype applications to
determine the issues/concerns for a larger,
more integrated system

• Ameans of cataloging and documenting
multiple working hypotheses to encour-
age debate and the influx of data into a
system

• The ability to fully integrate ground
water/surface water data models.

For more information and greater detail,
the reader is referred to the following ESRI
Web site concerning the ground water data
model effort.
Disclaimer: The views and opinions presented in this
document represent those of the author and do not con-
stitute endorsement by Woodard & Curran Inc.
Additionally, the names of software included in this
document are strictly for identification purposes and
do not constitute endorsement by either the author or
Woodard & Curran Inc.

continued from page 12

Ground Water
Modeling Interest
Group Represented
at ESRI Workshop
on ArcHydro Ground
Water Data Model



Karst Conference Sparks
International Students’ Excitement
by Dina Skarep and Branko Ivanovic, University of Belgrade

This is not yet another story about the
problems planet Earth faces. It’s not
about how we have less available

water, how the children of the world are
hungry and sick, how the energy sources
disappear, how we are threatened by seri-
ous climatic changes, or how we might
perhaps live on a different planet. This is a
story that might offer a solution.

One day, as we passed through the fac-
ulty corridor in the University of
Belgrade— the one that each day takes us,
fatigued with our heads down, back
home—our eyes slowly noticed some
printed text about a conference, organized
by NGWA, somewhere in America. When
we saw that we could have a chance to
speak at the NGWA Karst Conference and
receive our travel expenses toAmerica, the
fatigue seemed to disappear instantly and
the decision to enter the competition was
made. We didn’t want to miss such an
opportunity.

Neven Kresic, Ph.D., of Malcom Pirnie
Inc. and a former student at the University
of Belgrade, graciously provided travel
expenses for two University of Belgrade
students. Kresic and Zoran Stevanovic, a
current professor of hydrogeology at the
university, held a competition. After a
month, we had everything prepared for the
competition and sent them in.

After a few months, our phone rang and
on the other end of the wire we heard a
voice we didn’t recognize, saying:
“Congratulations, colleagues, you are two
of the selected candidates!” How can we
describe how we felt at that moment?
Happiness, fear, euphoria? Perhaps all of
those together?

It’s a strange feeling when, as students
from Serbia—a small country most
Americans have never heard of or have
only heard badly of—we get to go to
America for a conference. And it was
Dina’s first presentation ever. The presen-
tation was to be made in English, a foreign

language she had used only for informal
chat with her friends. When she realized
this, the great excitement and stage fright
grew into one giant case of stage fright.And
after all, there is one question remaining:
Why such intense and confused feelings?

Those are the feelings that started an
avalanche, moved frontiers, and opened
new views. The trip to America started an
avalanche of new ideas, possibilities, and
interests. The frontier of the former possi-
bilities was moved for us. New views that
enable us to have a broader look into the
future were opened. The exchange of expe-
riences, knowledge, smiles, and scientific
principles showed us glimpses of what
might be the road that we all have to follow
so we can be able to offer solutions to some
of the problems that our “blue” planet faces.
Together, if we stretch arms one to another
and let our voices ring loud so that anyone
can hear us, we will help the knowledge to
spread and the science to develop. How do
human beings feel when they find out and
feel all this? Well, as different people—
richer than the previous. Thank you for all
this!

Best Student Paper/Poster Awards
The Association of Ground Water

Scientists and Engineers (AGWSE) pro-
motes excellence in ground water science.
It recognizes the key role that research
plays in teaching and advancing hydroge-
ology. The AGWSE Division has been
actively working to engage more students
to participate and become involved. To this
end, the Ground Water Summit, April 29-
May 3, in Albuquerque, New Mexico,
included a student award competition for
best poster and paper presentations. A total
of 48 student abstracts were submitted for
presentation, which was gauged a rousing
success.

The awards were based on three criteria:
the quality of the presentation, content
(including contribution to ground water
science, engineering, management, or poli-
cy), and demonstrated insight on the topic.
NGWA awarded four scholarships in the
amount of $500 each through the Len
Assante scholarship fund of the National
Ground Water Research and Educational
Foundation in honor of the late Dr. Robert
Farvolden. The winners were as follows:

Linzy Brakefield – Auburn University
“New Approaches to Solve the Henry
Problem”

Kouping Chen – University of Hong Kong
“Hydrochemical Evolution of Ground
Water in Shenzhen After Land
Reclamation: Major Ion Chemistry of
Coastal Ground Water”

Sean Connell – University of NewMexico
“Hydrogeologic Framework of the
Albuquerque–Rio Rancho Metropolitan
Area, Bernalillo, and Sandoval County,
New Mexico: An Update Based on
Geologic Mapping”
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Students’ Corner Students Excelled,
Garnered Career
Insights at the
2007 Ground
Water Summit
by Sandy Masters,
AGWSE Board liaison

continued on page 20

Zoran Stevanovic, Dina Skarep, and Branko
Ivanovic attended the 4th Conference on
Hydrogeology, Ecology, Monitoring, and
Management of Ground Water in Karst Terrains.
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Darcy Lecture Notes
“All Models Are Wrong, How Do We
Know Which Are Useful?” – Looking
Back at the 2006 Darcy Lecture Tour
by Eileen Poeter, Colorado School of Mines

Visits in 11 countries on five conti-
nents during 2006 made it clear
that ground water hydrology is a

thriving, diverse area of science and engi-
neering. With increasing frequency, as in
other fields, ground water hydrologists and
resource managers depend more and more
on models to understand and manage natu-
ral and anthropogenically affected systems.

My lecture was titled “All Models Are
Wrong, How Do We Know Which Are
Useful?” It began with a broad definition
of modeling. Conceptual modeling starts
the moment a hydrologist visits a site and
evolves to form the basis of analytical and
numerical models. Engineer Henry Darcy
developed the first quantitative model of
ground water flow in 1856, driven by the
practical goal of providing clean water to
the people of Dijon, France. His approach
was clearly useful. It served his immediate
purpose and continues as the foundation of
all modern analytical and numerical
ground water models. Today, we strive to
solve complex ground water flow and
transport problems and to make predictions
for conditions characterized by scant data.
Consequently, the ground water profession
is searching for appropriate approaches to
develop conceptual models and associated
analytical and numerical models, evaluate
which models are useful, understand and
quantify the uncertainty associated with
model predictions, and communicate the
results effectively to resource managers
and policymakers.

The lecture explained that the uncer-
tainty associated with the conceptual
model is typically larger than measures of
uncertainty that can be calculated for any
individual model. It went on to describe the
advantages of evaluating predictive uncer-
tainty with a reasonable set of alternative
conceptual models, using multimodel aver-
aging to evaluate the predictions of the
alternative conceptual models and their

associated uncertainty.
For models calibrated using modern

methods, such as those described by Hill
and Tiedeman (2007), the mathematics for
multimodel averaging are simple
(Burnham and Anderson 2002, Neuman
and Wierenga 2003, Poeter and Hill 2007),
if still controversial (Burnham and
Anderson 2004, Poeter and Hill 2007). For
models calibrated with the USGS calibra-
tion software UCODE_2005 (Poeter et al.
2005), there is easy-to-use software for

multimodel analysis (MMA; Poeter and
Hill 2007). MMA supports all four most
common methods of multimodel averag-
ing. Usually, the most difficult part of the
process is defining the alternative models.
Natural systems are complex and data
acquisition is expensive, causing us to
accomplish the work with sparse, uncertain
information.Also, though much of concep-
tual model development has a scientific
foundation representing different alterna-
tives, for example, of geologic deposition-
al environments, it also reaches beyond
consideration of scientific principles and

quantitative algorithms into the realm of
human nature and judgment.

Developing alternative models can be
accomplished in a number of ways. Often
geostatistical approaches for generating
alternative distributions of material proper-
ties are considered first, but that is not like-
ly to be sufficient. To capture the full con-
ceptual uncertainty, one must look at
broader variations of the configuration of
geologic units, and also alternative initial
conditions, boundary conditions, processes,
scenarios, dimensionality, and perhaps
even alternative algorithms for solving the
same equations. Of course all these alterna-
tives can be joined in various combinations,
so the number of possibilities grows quick-
ly. The many possibilities need not stop us
from exploring the range of conceptual
models. I found loud resistance to and quiet
support for using multiple conceptual mod-
els in the hydrologic community.

For the most part, only one conceptual
model is used in projects at this time, so
consideration of even just one more alter-
native is a good start to better defining the
full uncertainty. Once it becomes apparent
that alternative models can provide accept-
able fit to the field data and yet produce
quite different values for predictions of
interest in the decision process, appetites
should be whetted for considering more
alternatives.

Following the lecture, some hydrologic
consultants would say that regulators
would not stand for such “wishy-washy”
work where the system was so unknown
that it is not possible to select one “best”
model. Some would confide that they
explored alternative conceptual models, but
were hesitant to present the results, because
they would appear to be an incompetent
hydrologist due to their uncertainty.

At some of the same lectures, regulators
would say multiple models are exactly
what are needed. They stated that they
frankly did not believe the uncertainty was
as small as indicated by the values typical-
ly presented to them.

Let us set the record straight now. A
hydrologist who is uncertain about the con-
ceptual model is doing a good job. The
famous geologist Thomas C. Chamberlin
(1890) called for “multiple working
hypotheses” as a strategy for rapid
advances in understanding applied and the-
oretical problems. Let us be honest about

continued on page 16

“The biased and
narrow measures of
uncertainty that result
when we consider only
one conceptual model
are more problematic
than the uncertainty
resulting from inaccurate
parameter values.”



what we do not know and do a good job of
expressing, exploring, and reducing uncer-
tainty.

The biased and narrow measures of
uncertainty that result when we consider
only one conceptual model are more prob-
lematic than the uncertainty resulting from
inaccurate parameter values. Yet in typical
hydrologic modeling projects, most of the
effort is expended estimating parameter
values; uncertainty of the conceptual
model is ignored. This results in overconfi-
dence in the predictions made by using the
model. The problem is exacerbated when
models are calibrated using only one type
of data without recognizing the large
uncertainty resulting from parameter corre-
lation in such cases. Use of alternative
types of data (at least some flow measure-
ments) is important to independently esti-
mating parameters (Hunt et al. 2005, Hill
and Tiedeman 2007).

As ground water hydrologists continue
to explore model uncertainty, the need will
arise for software that incorporates new
ideas. Banta et al. (2006) developed an
application programming interface (API)
called JUPITER that provides capabilities
commonly required in programs designed
to analyze model sensitivities, data needs,
predictions, and uncertainty. Indeed, the
JUPITERAPI was used to develop the pre-
viously mentioned MMA program. As dis-
cussed by Banta et al. (in press), the goal of
the JUPTER API is that instead of waiting
years for ideas and theories to be compared
in the complex circumstances of interest to
resource managers, the process will be
greatly expedited. In this mode, unproduc-
tive ideas and theories will be revealed
more quickly, and productive ideas and
theories will be put to use more rapidly to
address our increasingly difficult societal
demands for process modeling of natural
systems. Finding creative ways of incorpo-
rating these tools into graphical user inter-

faces is an important and exciting part of
the process of making ground water mod-
eling more relevant to decision makers.

Hydrologists at the last MODFLOW
(2006) conference (Lemke and Cypher
2006, Refsgaard and Højberg 2006,
Ruskauff and Wolfsberg 2006) showed us
how multiple conceptual models could be
evaluated for one site. As a profession, we
have begun to change. Let’s keep that
momentum going!
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Simply Making a Difference –
It’s All About the Councils
by Vicki Kretsinger, AGWSE past chair

In mid-June 2005, NGWA’s leaders
brainstormed the merits of an innovative
concept, the “Three Councils Plan,” envi-
sioned to bring NGWA further along the
path of truly representing the entire com-
munity of ground water professionals.
Later that year, NGWA’s leaders approved
the plan for the purpose of optimizing the
governance of NGWA, advancing organi-
zational harmony, enhancing director and
volunteer commitment, and facilitating
cooperation and collaboration to strengthen
the Association.

By early 2006, the councils formed and
the challenge began to identify the ways in
which the councils would accomplish their
purpose. The Three Councils are Planning,
External Relations, and Operational
Oversight, where two divisional directors
from each of NGWA’s four divisions com-
prise each (i.e., eight divisional directors sit
on each council for a total of 24 divisional
directors comprising all three councils). As
an extension of, and support “arm” to, the
NGWA board, the councils bring division-
al directors together within a framework
that deliberately extends members’ under-
standing of the importance and value of the
ground water industry to each other and
society.
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NGWA Governance

In their initial year, the councils con-
vened teleconferences and two in-person
meetings to discuss interaction with their
associated committees and probe the roles
and responsibilities of each council. This
year, NGWA Executive Director Kevin
McCray, with assistance from the council
chairs (Brent Murray, Planning Council;
John Pitz, External Relations Council; Vicki
Kretsinger, Operational Oversight Council),
prepared the Three Councils Operations
Handbook. This handbook provides an
overview of the councils’ roles and the func-
tion they serve in the operations and activi-
ties of NGWA. NGWA’s board supports the
new Three Councils Plan; however, new
questions have risen about the means to
implement the plan to accomplish its pur-
pose. After pondering these questions and
seeking advice from colleagues, it appears
the answer lies in strategies that focus on
simplicity.

The ingenious initial Three Councils
structure flows along three broad governing
streams, including strategic planning and
program development, administrative and
financial performance oversight, and exter-
nal/member relations. Essentially, the coun-
cils serve in an advisory capacity on organi-
zational form (current and future), function,

and utility (members and nonmembers).
Through this design, the council structure
inherently encourages strategic organiza-
tional focus. Furthermore, as each council
evaluates the operations and activities of
NGWA or advises on their development,
these three questions may help the councils
focus on strategies that emphasize simplic-
ity. “Do the existing or proposed opera-
tions and programs: (1) invite connection
and collaboration; (2) provide accessible
information; and (3) promote innovation?”
In my view, these questions elicit the infor-
mation and insights the councils need to
help them strategically evaluate and rec-
ommend improvements to existing opera-
tions and programs or the development of
new ones. Ultimately, the councils’ overall
contribution to NGWA’s growth is apt to be
evidenced by: (1) expanded and enduring
program support; (2) enhanced ground
water awareness and understanding
(including added opportunities to influence
social policy); and (3) visible linkages to
technological and scientific advancements.

The opportunity to develop focused
strategies that strengthen NGWA’s contri-
butions to the future role of global ground
water resources depends on NGWA’s lead-
ership and its commitment to change.
Through the board’s encouragement and
continued support, the councils can work
in concert with the board and volunteer
groups to cultivate long-term strategic
planning and make recommendations to
the board to improve program operations,
increase member benefits, and provide for
future program and organizational growth.



Associated Societies
NGWA/AGWSE Division to
Cosponsor Three Sessions
at 2007 GSA Annual Meeting
by Vicki Kretsinger, AGWSE Past Chair

As an Associated Society of the
Geological Society of America
(GSA), NGWAwill be cosponsor-

ing three sessions at the 2007 GSAAnnual
Meeting and Exhibition: 2007 Earth
Sciences for Society, Beginning of the
International Year of Planet Earth, October
28-31, in Denver, Colorado.

One of the cosponsored sessions at the
2007 GSA annual meeting is “Regional
Groundwater Flow: In Honor of Jozsef
Tóth (Session T34),” which is being organ-
ized by Ben Rostron of the University of
Alberta Canada and Frank Schwartz of
Ohio State University. On the 45th anniver-
sary of the publication of “A Theory of
Groundwater Motion in Small Drainage
Basins in CentralAlberta,” this session will
honor Jozsef Tóth’s contributions to hydro-
geology. Notably, Jozef Tóth was honored
by NGWA as the 2003 M. King Hubbert
award recipient. When presenting the M.
King Hubbert award to Tóth,WarrenWood
of Michigan State University made these
comments:

“In many ways he [Tóth] epitomizes the
intent of the M. King Hubbert Medal, hav-
ing made contributions to ground water
science that are recognized worldwide and
that are applied to practical problem solv-
ing daily. He has also mentored students
who have themselves gained attention and
had significant impact on the science of
fluids in the subsurface. . . Joe has been,
and continues to be, an extraordinary
teacher and mentor. His reputation has
attracted many students who have excelled
in the field of ground water and subsurface
fluid flow. I would be remiss if I did not
take a moment to praise Joe Tóth the per-
son. If the phrase ‘scholar and gentleman’
can truly be applied to anyone, it is certain-
ly Joe. He is unselfish in his research, and
willingly shares his insights and ideas.”

Asecond session cosponsored by GSA’s
Geophysics Division and NGWA is “High-
Resolution Geophysical Methods for
Hydrogeologic Site Characterization.”
This session (Session T41) convened by
John Jansen of Aquifer Science &
Technology and AGWSE Division board
member will present an overview of the
state of the practice of high resolution sur-
face and borehole geophysical methods
and their application to a variety of ground
water investigations. Recent advances in
equipment have increased the resolution
and accuracy of geophysical methods sig-
nificantly. As a result, geophysical surveys
can provide better and more reliable data.
Planned session topics include water
resources investigations, environmental
site characterization, monitoring remedia-
tion processes, and other shallow applica-
tions.

The third cosponsored session is
“Conjunctive Use of Surface and
Groundwater: The Role of Scientists in
Informing Policy Makers, Developing
Management Approaches, and Implement-
ing Mitigation Measures,” which is being
coconvened by Vicki Kretsinger of
Luhdorff and Scalmanini, Consulting
Engineers, and AGWSE Division past
chair; and John Bredehoeft of The
HydroDynamics Group and AGWSE
Division board member. Managed con-
junctive use of surface and ground water is
key to addressing supply imbalances and
shortages. This session (Session T47),
cosponsored by NGWA, GSA’s Hydro-
geology Division, and GSA’s Geology and
Society Division, highlights the need to
better inform policymakers so science-
based policies allow for managed ground
water development and use while mitigat-
ing pumping impacts. Invited speakers pre-
senting in this session include Marios
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Sophocleous of the Kansas State
Geological Survey, Paul Barlow of the U.S.
Geological Survey, Donna Cosgrove of the
University of Idaho at Idaho Falls, and
John Bredehoeft. For those who want to
share their research on this topic in beauti-
ful Park City, Utah, don’t miss the article in
this issue on the upcoming 2007 Theis
Conference. The 2007 Conference,
“Conjunctive Management of Ground
Water and Surface Water: Application of
Science to Policy,” convened by John
Bredehoeft, Marios Sophocleous, and Tim
Parker, will engage participants in interac-
tive discussion sessions over the course of
several days.

NGWA’s 2007 Darcy Lecturer James
Butler, currently a senior scientist in the
Geohydrology Section of the Kansas
Geological Survey at the University of
Kansas (KU), and also serving as an asso-
ciate of the KU Center for East Asian
Studies and a courtesy professor in the KU
Department of Geology, will provide his
Darcy Lecture “What the Heck Is a
Phreatophyte? A Field Investigation of
Ecohydrologic Processes in Stream-
Aquifer Systems.” Butler’s lecture is an
overview of a multidisciplinary investiga-
tion of water use by phreatophytes—plants
that utilize ground water—in semiarid
riparian zones. Ground water consumption
by nonnative phreatophytes is an issue of
considerable concern in the western United
States and elsewhere. His lecture describes
the various components of the water budg-
et in stream-aquifer systems with an
emphasis on the contribution of riparian
zone phreatophytes.

Abstracts for Sessions T34, T41, and
T47 must be submitted electronically on
GSA’s Web site at www.geosociety.org
(instructions are posted at the site) by July
10 (11:59 pm Pacific Time). Electronic
abstracts will be archived and remain
searchable on the site for at least two years.
For further information about Session T34,
please contact Ben Rostron at ben.rostron
@ualberta.ca or Frank Schwartz at
frank@geology.ohio-state.edu. For further
information about Session T41, please
contact John Jansen at jjansen@ruekert
mielke.com. And, for more information
about Session T47, contact Vicki
Kretsinger at vkretsinger@lsce.com or
John Bredehoeft at jdbrede@aol.com.
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NGWA
Conference News
2007 Theis Conference—
Conjunctive Management of
Ground Water and Surface Water:
Application of Science to Policy
by John Bredehoeft, Theis Conference Cochair

2007
Ground Water
Expo to Offer
Preconference
Short Courses

The format of the Theis Conference,
September 28 - October 1, in Park
City, Utah, is designed to create free

discussion and dialogue between the partici-
pants; there are no written reports from the
conference. The intent of the 2007 Theis
Conference is to bring together the water
policy and water managers in the West with
the scientists for a dialogue on the science,
policy, and conjunctive management of
water. This conference is somewhat different
in that a real effort has been made to have
some of the policymakers and water man-
agers at the meeting, so that there can be a
meaningful interaction with the scientific
community.

The conveners have assembled a distin-
guished group of water managers and poli-
cymakers. Among them are: Robert
Glennon, professor of law at the University
ofArizona and author ofWater Follies; Hal
Simpson, state engineer of Colorado; Phil
Ward, Oregon director of water resources;
Duane Smith, director of the Oklahoma
Water Resources Board; Clive Strong,
chief of the Natural Resources Division,

NGWAis pulling out all the stops to
make the Ground Water Expo,
December 4-7, in Orlando,

Florida, enticing to all segments of the
membership. Prior to the actual start of the
Expo, NGWAwill offer four short courses:

• Introductory Statistics for Ground
Water Professionals

• Artificial Recharge of Ground Water
• Introduction to Ground Water
Geochemistry and Reactions

• A Practical Approach for Assessing
Upward Intrusion Risk.

Course registration fees will be in
addition to the Expo registration.

In addition, a one-day borehole geo-
physics short course will be held on
December 4. The Expo registration fee will
cover attendance at this offering. As
always, the Expo will offer multiple techni-
cal workshops. This year’s offerings will
include presentations such as “Horizontal
Bioventing Wells Installed for Reuse of
Midwestern Downtown Brownfields” and
“Soil Vapor Extraction: Understanding
Physical, Chemical, Design, and Technol-
ogy Limitations.”

For more information on the 2007
Ground Water Expo and to register, please
visit www.ngwa.org/expo2007/main.cfm.

Idaho Attorney General’s Office; Karl
Dreher, former director of the Idaho
Department of Natural Resources; Leland
Rolf, attorney for the Kansas Division of
Water; John Cook, attorney for the
Nebraska Department of Natural
Resources; Ellen Hanak, associate director
of the Public Policy Institute of California;
and John Halepaska, a consultant in
Colorado.

Six sessions are planned for the confer-
ence:
• Keynote address
• The science of pumping impacts on

streams
• Conflict between prior appropriation

and conjunctive use
• Economic benefits of conjunctive use
• Conflict resolution
• Water quality and ecological impacts

of conjunctive use.
The conference is convened by John

Bredehoeft, Tim Parker, and Marios
Sophocleous. Please consider attending
what will be a fabulous conference!
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Formulate Content for the
2008 Ground Water Summit
by Submitting a Proposal

Now in its fourth year, the Ground
Water Summit is an annual conference that
engages local, national, and international
science partners in a setting that facilitates
the exchange and dissemination of techni-
cal information and new science develop-
ments, allows a means for discussion of
policy and regulatory issues pertaining to
ground water, and promotes goodwill
between scientists and engineers world-
wide. Summit sessions cover a wide range
of topics so recent issues and advances in
ground water science, technology, and pol-
icy can come to the forefront.

You can help formulate the content for
the 2008 GroundWater Summit, March 30-
April 3, in Memphis, Tennessee, by submit-
ting a proposal for sessions, professional
development courses, and field trips. All
proposals must be submitted online and are
due by August 1, 2007. The list of chosen
topics will be posted by mid-August, at
which time a call for papers will be issued
(deadline for abstracts will be November 1).

For a listing of proposed categories, visit
www.ngwa.org/e/conf/0803305095topics.
cfm.

GRA Announces
the Formation
of the 2007
California
Groundwater
Coalition

Associated Society
Collaborates with
NGWA on
Programming and
Outreach Efforts

The 2007 California Groundwater
Coalition is a joint one-year initiative of the
Groundwater Resources Association of
California, the Association of Ground
Water Agencies, and the American Ground
Water Trust. The coalition has been formed
at the urging of state and local elected offi-
cials who believe increased efforts are
needed to educate and inform policymak-
ers and the public about California’s
ground water resources and the role ground
water plays in providing a safe and reliable
water supply for the state. The major focus
of the coalition is to promote a fair share of
funding for statewide ground water pro-
grams, including 2006 and 2008 water
bonds.

As an Associated State Society of
NGWA, GRA has recently coordinated
with the Association on various program-
ming and outreach efforts. In addition to
attending the 2007 Washington Fly-in,
GRA cosponsored the 2007 Ground Water
Summit in Albuquerque, New Mexico.

This summer, GRA has planned a tech-
nical conference for ground water profes-
sionals. Presenters at the Environmental
Information Management Systems sympo-
sium, August 22, in Irvine, California, will
focus on accelerating data management
needs. In today’s environmental industry,
particularly contaminated ground water
site investigations, it is common for data
and information to be dispersed in various
storage and communication vehicles such
as e-mail, office documents, Intranets,
enterprise applications, analytical tools,
and the Internet. Consequently, consistent
organization and archiving of critical infor-
mation, data, and the expertise needed to
make better and more informed decisions
has become a necessity.

Students Excelled,
Garnered Career Insight
at the 2007 Ground
Water Summit

Maren Somers – University of Illinois at
Urbana-Champaign “Practical Water
Supply Challenges: The Enugu State,
Nigeria Water Development Project.”

Judges at this year’s conference included:

Beverly Herzog – Illinois State Geological
Survey

William Alley – U.S. Geological Survey
Brent Murray – Environmental Quality Inc.
Donald Jones – Quality Environmental

Solutions
Vicki Kretsinger – Luhdorff & Scalmanini
Kurt Thomsen – KOT Environmental

Consulting Inc.
Richard Laton – California State

University-Fullerton
Thanks to all of the student presenters

and judges, and congratulations to all of
this year’s award winners!

Student Mentoring Luncheon
As a part of the Ground Water Summit,

students were invited to attend a student
mentoring luncheon. The following five
professionals gave presentations highlight-
ing their views on the opportunities and
methods for entry into the ground water
industry for their particular business sector:

• Sandy Masters – NGWA
• Bev Herzog – Illinois State Geological

Survey
• Jason House – Woodard & Curran Inc.
• Michael Moran – U.S. Geological

Survey
• Robert Mace – Texas Water Develop-

ment Board

Other professionals were invited to sit
among the students for networking prior to,
and after, the presentations. The luncheon,
as in past years, was filled to capacity.
Based on consensus of the comments
received, it was recommended that NGWA
should do more mentoring opportunities
such as this with the students. We thank all
the presenters who volunteered their time
for this student program.

continued from page 14



NGWA Calendar

July
2007 NGWAGround Water and Environmental Law Conference
Dublin, Ohio
July 24-25
Now in its fifth year, this conference will feature presentations on ground water
contamination litigation cases, permitting issues, emerging contaminants, and
risk assessments, among others.

September
NGWA/EPA Fractured Rock Conference:
State of the Science and Measuring Success in Remediation
Portland, Maine
September 24-26
This conference will address how to detect, monitor, and clean up contami-
nation in fractured rock, focusing on characterization and remediation.

2007 Theis Conference — Conjunctive Management of
Ground/Surface Water: Science and Policy
Park City, Utah
September 28-October 1
This limited-enrollment conference will include presentations by invited
speakers and interactive discussion sessions related to surface water/ground
water management.

October
The 6th International Conference on Pharmaceuticals
and Endocrine Disrupting Chemicals
Costa Mesa, California
October 22-23
Examine cutting-edge advances in risk management tools and new
treatment technologies.

Upcoming Conferences

AGWSE Board of Directors
Chair: Bev Herzog

Illinois State Geological
Survey

Past Chair: Vicki Kretsinger Grabert
Luhdorff & Scalmanini

Vice Chair: Brent Murray
Environmental Quality Inc.

Director: William M. Alley
U.S. Geological Survey

Director: Daniel B. Stephens
Daniel B. Stephens &
Associates Inc.

Director: John Bredehoeft
The HydroDynamics Group

Director: Bernadette H. Conant
Canadian Water Network

Director: John Jansen
Aquifer Science &
Technology

Director: Richard Laton
California State University,
Fullerton

Director: Timothy K. Parker
Schlumberger Water Services

AGWSE Committees and Chairs
Divisional Operating
Policies Committee:

Bev Herzog, Chair
Program Committee:

John Jansen, Chair
Nominations Committee:

Vicki Kretsinger, Chair
Strategic Plannning Committee:

Bev Herzog, Chair

NGWA Special Interest Groups
Aquifer Protection, Developing
Countries, Geothermal Energy,
Ground Water Availability, Ground
Water Law, Ground Water Modeling,
Horizontal Wells, Internet Ground
Water Data, Microbial Ground Water
Quality, Regulators, Transboundary
Ground Water

For more information on interest groups,
go to www.ngwa.org/sig/sig. cfm.
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