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About this issue 
Issue theme: 21st Century Water Management: A Sampler for Elected Officials

Associate Editor: Lisa Beutler, MWH (now a part of Stantec) 

This month’s issue features several water issues that will challenge elected 
officials and provides examples of coping strategies. 

Charleston, SC, needs no introduction. It’s one of the USA’s iconic coastal 
cities, where, as the locals say, the Cooper and Ashley Rivers come together to 
form the Atlantic Ocean. Robert Osborne at al. introduce Charleston’s approach 
to sea-level rise (SLR), a reality that promises to worsen. The city is developing 
a resilient approach to keep the sea at bay even in the face of a SLR of 2.5 feet. 

Mention ‘California’ these days and most people respond ‘Drought!’ But the 
presence of droughts does not mean an absence of floods. Society must remain  

 
vigilant, and flood gurus Mike Mierzwa and Terri Wegener clearly explain what 
public officials from any jurisdiction must know about floods. 

Why worry about something you can’t see? Like groundwater, for instance. 
Groundwater guru William Alley describes the Groundwater Visibility Initiative 
and how it will help us to better manage this essential but unseen resource. 

Governance and management are two of the hottest topics in water. Many 
citizens seek a bigger role in water management. Alyssa Mucken et al. elucidate 
Oregon’s place-based approach to integrated water resources planning and 
provide nascent exemplars: four pilot communities. 

So you think you know what the energy-water nexus is? A term that means 
generating power via water and using energy to move and treat water, right? 
John Tracy deftly explains that it’s a lot more than just a nexus.

C O N T E N T S
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AS I WAS preparing to write this column, I received 
word from AWRA Executive Vice President Ken Reid 
that on June 8, 2016, the founder of AWRA, Sandor 
Csallany, had passed away. 

Sandor has positively impacted thousands 
of people in the water resources field. While 
working at the Illinois Water Survey, he recognized 
that the field was lacking a society focused on 
bringing together water professionals on the many 
important issues facing water resources planning 
and management. On March 17, 1964, Sandor and 
several colleagues formed the American Water 
Resources Association (AWRA). Through AWRA, 
Sandor has had a profound influence on water 
resource professionals and students by establishing 
a water resources forum to gather, network and 
collaborate. As Ken Reid so succinctly stated in 
his email to the AWRA Board and staff, “through 
his vision and foresight, he changed the way we 
approached finding solutions to the problems 
we face in managing our greatest resource. 
He broadened the conversations to include all 
disciplines related to water resources. He truly was 
a pioneer.”

The timing of this issue of IMPACT is quite 
fitting. It exemplifies the multidisciplinary nature 
of AWRA and water resources, exactly what Sandor 
had hoped to facilitate in 1964. This issue focuses on 
some of the critical topics facing America's elected 

Recognizing Sandor Csallany

P R E S I D E N T ’ S  M E S S A G E

officials as determined by the AWRA membership. 
The articles address: sea level rise; floods; the water-
energy nexus; water governance; and the integration 
of groundwater and surface water management. As 
you read these articles it is clear that not one of the 
topics can be addressed through the lens of a single 
discipline. Sandor grasped this quite early in his career 
and recognized there was a need to gather individuals 
to promote conversation and dialogue among water 
professionals. His vision was in 1964 and 52 years later 
this concept couldn’t be more relevant. This issue of 
IMPACT clearly demonstrates that Sandor succeeded 
in his mission to make AWRA a forum to promote the 
multidisciplinary discourse of our most pressing water 
resource issues.

As we read this issue and focus on the most  
pressing concerns facing our water resources leaders, 
let us recognize that Sandor Csallany’s forethought 
provides AWRA members the forum to address these 
issues with a multidisciplinary approach. I never 
met Sandor but I feel honored that I heard him speak 
at AWRA’s 50th anniversary celebration in Tysons 
Corner, VA. And as we did at the 50th celebration, I 
believe we must again thank him for his foresight in 
the water  resources field and pledge to carry on the 
AWRA mission. 

I hope to see many of you in November for AWRA’s 
Annual Conference in Orlando to continue this 
multidisciplinary discourse.  ■

Martha Narvaez, 
President, AWRA 
president@awra.org

❝

❞

In Memoriam: Sandor Csallany, 1928-2016 
AWRA Founder 1964, AWRA Secretary 1964-1976

Sandor Csallany was born in 
Szentes, Hungary, on April 15, 
1928. He completed degrees in civil 
engineering, hydraulic engineering 

and hydrology at the Technical University of Budapest, 
began his professional career and married. 

The family fled into Austria at the time of the Hungarian 
Uprising in the fall of 1956 and continued to the United 
States in 1957 where Sandor joined the Illinois Water 
Survey. In the United States, he was challenged by 
observing his adopted country lacked a society focused 
on promoting discourse among water professionals on the 

many important issues facing water resources planning 
and management. He recruited colleagues who joined him 
in forming the American Water Resources Association 
(AWRA) on March 17, 1964. Sandor immediately went to 
work writing letters inviting professionals nationwide 
to an initial meeting in Chicago in 1965. Since then, 
AWRA has grown steadily to become an influential  
force for an interdisciplinary perspective in water 
resources management. 

Sandor then took the next step of facilitating this 
important collaboration at the international scale and 
recruited Gabor Karadi and also Emil Mosanyi from the 

continued on page 29

We must 
again thank 
him for his 
foresight…
and pledge 
to carry on 
the AWRA 
mission.
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F E A T U R E

Sea level rise (SLR) is a challenging problem facing 
coastal communities and their decision-makers. In 
some communities, SLR of one foot has occurred in 
the past 100 years, with future increases estimated 

as high as two to four feet in the next 100 years. 

Recent flooding of a street in Charleston

Getting Ready for  
Sea Level Rise
Case Study: Charleston’s 
Resilience Strategy
Robert Osborne, Laura Cabiness, Pam Kenel and Jeff Wells
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Much is at stake as decision makers 
consider the best SLR responses. Under 
current estimates, 3.7 million people in 
the United States live within one meter 
of high tide and in 544 municipalities 
and 38 counties, over 10 percent of the 
population lives below this line. At the 
state level, Florida, Louisiana, California, 
New York and New Jersey have the largest 
sub-meter populations.1 In just the coastal 
counties of the Northeast, a 13 to 20-inch 
sea level rise by 2100 would result in 
threats to one-sixth of the U.S. population 
and property valued at $4.7 trillion. [This 
staggering sum represents half of the 
value of all insured coastal property in the 
United States.2] In Florida, with 45 inches 
of sea level rise by 2060, nine percent of 
the state’s land area, 70 percent of Miami-
Dade County, half of the state’s existing 
beaches and 99 percent of its mangroves 
would fall into the zone most vulnerable 
to year round flooding.3 

Response to SLR has typically fallen 
into three general categories: 1) retreat 
or abandon; 2) armor and fortify; and/
or, 3) adapt and recover. For those that 
choose to remain at the sea’s edge, the 
SLR scenario presents two infrastructure 
challenges: 1) what infrastructure is 
needed for protection; and 2) how will 
existing infrastructure fare under SLR? 

One city, Charleston, SC, arguably 
the United States’s most iconic coastal 
city, has decided to respond to SLR with 
a multi-faceted approach that employs a 
resilience strategy. Charleston’s efforts 
offer an instructive case study for other  
coastal communities. 

Background
Ever since its founding in 1670, 

Charleston has had a special relationship 
with water that shaped and defined its 
development. As a coastal city with most 
elevations near sea level, Charleston 
has long been vulnerable to flooding. 
Flooding typically consists of tidal 
flooding of some streets during a King 
Tide or due to storm surge. Tidal flooding 
in the 1970s averaged twice per year; since 
2010, flooding has occurred an average 
of 11 times per year. By 2045, the city is 
projected to face nearly 180 tidal floods  
a year.

SLR presents significant challenges 
now and in the future. Sea level in 
Charleston has risen more than one 
foot in the last 100 years. Unaddressed, 
SLR poses a threat to current planning, 
existing development and ecological 
systems. Additional concerns 
include greater storm surges, loss of 
infrastructure, destruction of wetlands 
and increased risks for public health  
and safety.

In 2013, city staff, representing 
engineering, planning, sustainability, 
emergency management and information 
technology as well as other levels of 
expertise, began to analyze the potential 
for and impact of SLR in the Charleston 
region. Staff explored efforts used by 
other jurisdictions, met with other 
groups concerned about SLR in the 
region and supported collaboration 
among city department directors.

As part of this work, Charleston 
agreed to base future planning on a 
range of 1.5 feet to 2.5 feet above sea 
level, with 1.5-foot increase used for 
short-term, less vulnerable investment, 
such as parking lots. A 2.5-foot increase 
will be used for more critical, longer-
term investments, such as emergency 
routes and public buildings. These 
assumptions will be reviewed as more 

science-based projections  
become available. 

Resilience strategy
Charleston, assisted by Black & 

Veatch, developed a resilience strategy 
to meet SLR challenges. Resilience 
definitions focus on the capacity of a 
system to maintain its core purpose 
and integrity in the face of dramatically 
changed circumstances. Resilience offers 
a framework through which to coordinate 
investments and integrate planning across 
agencies, communities and the region. 
The team identified three essential aspects 
of resilience to serve as the foundation 
planning for SLR: reinvest, respond and 
ready. These were further developed as 
part of a first-of-its-kind sea level strategy 
plan adopted by the city earlier this year.

Reinvest. Resilience extends beyond 
the ability to recover from an event and 
return to the previous state; it is about 
becoming more resilient to the threat of 
future events. Reinvestment will provide 
long-term improvements to public 
health, safety and quality of life through 
additional investment in infrastructure 
and physical modifications. The city 
developed and has begun to implement 
a plan for drainage improvements. To 
date, Charleston has spent or has set aside 

A tunnel that replaced an undersized brick arch in historic Charleston
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funding to complete ongoing projects 
totaling approximately $235 million. 
Examples of the city’s reinvestment 
initiatives are as follows: 
• Mitigate repetitive flooding property.
• Review the flood control projects 

priority list annually and update the 
capital project plan to reflect the current 
assessment of SLR impacts and funding 
requirements.

• Deliver flood control projects and where 
SLR is a factor incorporate a strategy for 
the project to address SLR.

• Identify and raise the elevation of 
primary streets already impacted  
by flooding.

• Evaluate living shorelines and floating 
breakwaters for wave attenuation as an 
alternative method of shore protection 
for some areas.

• Control the alteration of natural flood 
plains, stream channels and natural 
protective barriers.

• Evaluate possible incentives to 
encourage owners of buildings in the 
100-year floodplain to undertake flood 
resiliency measures.
Respond. Part of resilience is realizing 

that no one can plan for everything that 
may occur, but being able to address and 
adapt to unexpected situations. Rapid and 
appropriate action improves response to, 
communication during and management 
of flooding and related events to minimize 
service disruptions and ensure public 
safety and quality of life. Recent flooding 
in Charleston by seasonal high tides 
produced water levels that were previously 
only associated with hurricanes and other 
extreme weather. 

The city is investing in people, 
processes and tools to improve response to 
these tidal conditions, anticipating more 
frequent tidal flooding as the sea level 
rises. The economic impact from flooding 
is real and can be difficult to quantify. 
Estimates developed in conjunction with 
the grant application for the city’s US17 
Septima Clark Parkway Transportation 
Reinvestment Project found that each 
major flooding event cost the community 
$12.4 million in 2009 dollars. Over a 
50-year period the resultant gross damage 
and lost wages would total more than  
$1.53 billion.

Examples of the city’s response 
initiatives follow.
• Install f lood gauge devices in repetitive 

flood areas for quick and consistent 
assessments and resource deployments.

• Acquire and utilize technology for 
awareness and management of  
f looded roadways.

• Acquire appropriate response assets 
for public safety agencies to secure and 
manage flooded roadways.

• Acquire additional and more 
appropriate rescue assets, equipment, 
personnel and training for public safety 
agencies to rescue personnel from 
businesses, homes and vehicles.

• Develop a formal flood parking plan 
to prevent vehicle loss, including 
appropriate signage.
Ready. Resilience is not only about 

reacting to events but also about 
how to prepare for them. Readiness-
type actions enable prevention and 
preparedness through continued 
planning, monitoring and identification 
of changing vulnerabilities and risks. 
The city of Charleston recognizes the 
value of coordination and collaboration 
with external groups as a cornerstone 
component of being ready. The city’s 
planned readiness initiatives follow.
• Promote best routes (accessibility via 

car, transit, bicycle and pedestrian) 
using social and traditional media.

• Designate a full-time position for 
floodplain management to include 
managing CRS activities, education, 
coordinating with counties, and working 
with citizens on mitigation projects.

• Evaluate streets for accessibility for 
various levels of service.

• Work with utilities and regulators to 
ensure there are no gaps in services from 
future flooding for utilities, schools, 
critical care, emergency facilities or 
hazardous materials. 

Rising to the challenge of  
rising sea levels

The city of Charleston recognizes 
the challenges of rising sea levels and is 
addressing them head-on. Many initiatives 
are underway and will be accomplished 
in the next two years. Others will need 
to be evaluated and prioritized over the 

coming years and funded over the 
coming decades. Another element of the 
resilience strategy plan is recognizing 
that the city needs community members 
and organizations actively involved in 
SLR planning. This includes developing 
a network of resilient partners, 
improving access to information and 
developing opportunities for citizens to 
participate in the planning process.

The city continues to adapt to the 
realities of living near the water and that 
relationship is constantly being tested. 
Development and implementation of an 
SLR strategy plan is essential for  
coastal cities. 

“We live in a beautiful area, blessed 
by its adjacency to our harbor and 
rivers,” said Joseph P. Riley, former 
mayor of Charleston. “The challenges 
of sea level rise are at the forefront of 
the city’s agenda. The city will embrace 
these challenges by being at the cutting 
edge of best practices and by our shared 
resolve to preserve this beautiful place 
for generations to come.”  ■

Robert Osborne has been with Black 
& Veatch for 20 years since graduating 
from Clemson University. His experience 
includes water resource planning and 
design of water and wastewater projects 
throughout  
the Southeast. 

Contact Information
Robert Osborne, PE 
Black & Veatch 
osbornerr@bv.com
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Flood Future
What Every Public Official 
Should Know About Floods
 Mike Mierzwa and Terri Wegener

Being in the flood 
business during a 
drought sometimes 
feels like selling 

ice cubes in Antarctica; it 
can be hard to get people’s 
attention. But this is exactly 
the time that policy makers 
should pay attention to flood 
management. This is when 
decision makers have the 
opportunity to assess, plan  
and prepare. 
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The climate of the western United 
States is one of extremes. We have grown 
accustomed to managing too little 
water or too much water through one 
comprehensive system. Sometimes, such 
as in December of 2014, we experience 
f loods in the middle of droughts. In the 
in-between times, our existing water 
management system tries to return to 
the status quo. But our system is also 
under manmade changes. It must also 
respond to growing population needs 
and settlement patterns using a range 
of actions and funding mechanisms to 
address the specific regional concerns 
and changing priorities. 

Failure to properly plan for and 
respond to f lood threats is a costly 
endeavor. Superstorm Sandy alone 
caused $65 billion in U.S. damages, 
making it the second-costliest weather 
disaster in American history behind only 
Hurricane Katrina which, according to 
the Federal Emergency Management 
Authority (FEMA), tapped in at around 
$100 billion in economic damages. A 
recent California Department of Water 
Resources (DWR) report found that 
in many parts of the state, people and 
property are at risk for catastrophic 
f looding, with one in five Californians 
living in a f loodplain and more than 
$580 billion in assets (crops, property 
and public infrastructure) at risk.

The size and complexity of 
California’s resource management 
systems require establishing specific and 
aligned goals and objectives related to 
f lood, water and resource management. 
One response has been the 2012 Central 
Valley Flood Protection Plan that 
prioritized investments in f lood risk 
reduction projects and programs that 
incorporated ecosystem restoration 
and multi-benefit projects, without 
precluding future actions. Another 
was its 2013 California’s Flood Future: 
Recommendations for Managing the 
State’s Flood Risk report, jointly issued 
with the United States Army Corps of 
Engineers (USACE). In this process, 
California’s f lood managers have 
identified five key f lood management 
imperatives for public officials. Figure 
1 and the following narrative highlight 
these core concepts. 

1. Don’t let dry spells fool you 
into thinking that you won’t have 
to deal with a flood.

Floods have a way of interrupting 
drought. In California, floods don’t end 
droughts. Several California counties 
have had a serious flood event during our 
devastating droughts and the same holds 
true throughout the world. While much 
of the country has experienced some 
level of drought this year, Floodlist.com 
reports that 19 states have declared flood 
emergencies just since December 2015. 

2. Learn flood basics.
Start with this: “100-year floods” 

don’t just happen every 100 years. Living 
in a 100-year floodplain means there is 
more than a one-in-four chance of being 
flooded during a 30-year mortgage, and 
during that period, a flood is 27 times 
more likely to happen than a fire.

“Flood protection” is a misnomer. 
Truth is, there’s no 100 percent way to 
protect high-risk communities from 
floods. Switching to the term “flood 
management” is essential. This means 

Five Key Flood Management  
Imperatives for Public Officials
1.  Don’t let dry spells fool you into thinking that you  

won’t have to deal with a flood.
2.  Learn flood basics (what 100-year flood actually is  

and what it is not).
3.  Remember it is more cost effective to prepare  

than it is to recover.
4.  Assist water managers with bridging the significant  

institutional barriers to reducing flood risk. 
5.  Rethink water management efforts to support  

planning and tracking over time in ways that will  
ensure that long-term outcomes are achieved.

Figure 1: Lessons Learned in California
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reducing the risks and consequences of 
flooding. In some cases, the best thing 
to do is keep people and property out of 
harm’s way and put a first-rate emergency 
response system in place, rather than 
trying to build something big enough to 
prevent flooding. 

People typically associate flood risk 
with specific flood events while flood 
managers discuss flood risk based on a 
range of potential flood events. As a result 
there is a lack of understanding about 
flood risk and its consequences, resulting 
in diminished support for investment 
in flood risk management. This lack 

of understanding leads to continued 
development in floodplains, deferred 
maintenance on existing systems and 
reduced system capacity.

Local agencies typically do not 
consider risk versus reward when making 
land-use decisions. Therefore, near-term 
economic gains are often chosen over the 
potential costs associated with long-term 
flood risk.

3. It is more cost effective to 
prepare than it is to recover.

The loss of human life and livelihoods 
destroyed by flooding simply cannot 

be measured in dollars but, using the 
Superstorm Sandy and Katrina examples, 
we know that as a society we spend much 
more recovering from flood events than 
we do to prevent them. If just one half 
of those expenditures had been spent in 
advance on deferred maintenance, new 
or improved projects, education and 
training, relocation and other important 
aspects of flood management the story 
may have been very different.

The effects of climate change, more 
people living in floodplains and aging 
infrastructure make the exposure to 
flood risk greater than ever. Outside of 
California CoreLogic®, a leading global 
property information, analytics and data-
enabled services provider, released its 
2016 Storm Surge Report which concludes 
that more than 6.8 million homes on 
the Atlantic and Gulf coasts are at 
potential risk of damage from hurricane 
storm surge inundation with a total 
reconstruction cost value of more than 
$1.5 trillion.

4. Public agencies face 
significant institutional barriers 
in reducing flood risk. 

Institutional barriers include:
• Public agencies are subject to an 

antiquated regulatory approach.
• Inconsistent interpretation and 

application of environmental 
regulations cause general confusion, 
unnecessary expense and  
program gridlock.

• Local agencies report that the cost of 
regulatory compliance often exceeds 
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other costs to implement flood 
management programs. In some cases 
regulatory compliance costs prevent 
agencies from moving forward with 
necessary work. 

• It is difficult and expensive for flood 
management agencies to coordinate 
with multiple regulatory agencies at all 
levels of government. 

• New regulations often result in 
unfunded mandates or conflicts with 
existing requirements.
Funding sources typically drive flood 

management projects, rather than flood 
management priorities driving funding. 
Additional flood management financing 
challenges include:
• Funding for projects usually increases 

only following a flood disaster, and 
then gradually decreases.

• Budgets are especially susceptible to 
reductions in dry-weather years and 
economic downturns. 

• Budgets generally do not adequately 
address full lifecycle operations  
and maintenance needs and 
environmental mitigation. 

• The full costs associated with providing 
flood management or flood response 
are not usually considered by public 
agencies making land-use decisions. 

5. Rethink water management 
efforts to support planning 
and tracking over time in ways 
that will ensure that long-term 
outcomes are achieved.

At all levels of decision-making, the 
current processes and approaches for 
water resources management do very little 
to formally define intended long-term 
outcomes, expected levels of performance 
and how to track effectiveness over time. 
This leads to reactive decision-making 
and management of systems focused on 
short-term actions. 

What public officials can do
• Get the facts about flood management 

in your and your neighbors’ 
jurisdictions. Encourage your 
colleagues to do the same. Make 
informed decisions about land-use and 
investing in flood management. Support 
flood preparedness events for the public.

• Ask the difficult questions. Determine 
how will flood management be more 
effectively managed to identify, 
monitor and deliver desired long-term 
outcomes and how agencies will provide 
for sufficient and stable long-term 
investment in flood management.

• Support short-term changes that do 
not require substantial additional 
financial resources. Insist that land-use 
planning considers flood management, 
including limiting development in 
floodplains and ensure federal and 
state agencies improve planning and 
permitting processes to allow critical 
flood management actions to proceed.
Demand that f lood management 

projects deliver multiple benefits 
and that outreach programs must 
inform policy makers at all levels 
of government about the risks and 
consequences of f looding.

Call for a move from an action-
based approach to an outcome-driven 
approach to flood management. Ensure 
that programs and projects at all levels of 

government are planned and implemented 
in manageable cycles that track 
performance against desired outcomes, 
with continuous assessment, learning  
and adaptation.  ■

Mike Mierzwa is a professional civil 
engineer with a specialization in the 
planning, design and financing of  
large-scale water resources systems  
and real-time emergency operations. 
Mierzwa is responsible for the state 
of California’s planning activities 
focused on managing flood waters, 
leading and illustrating the alignment 
between various water management 
planning efforts and providing strategic 
leadership for the state’s floodplain 
management activities. 
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Making  
Groundwater  
Visible
William M. Alley, Lisa Beutler, Michael E. Campana, Sharon B. Megdal and John C. Tracy

For most of the public, groundwater is out of sight and 
out of mind. Groundwater, and the boundaries that 
define it as a water management unit, are physically 
invisible to humans – unless you’re in a cave, you can’t  

   see it. This lack of physical visibility has contributed greatly  
   to its lack of visibility in many discussions of water policy,  
   governance and management. 

In many parts of the world, the 
failure to manage groundwater in an 
integrated, sustainable way could have 
severe consequences. Depleted and/or 
contaminated water reserves contribute to 
regional conflicts and create public health 
hazards. Subsidence causes significant 
damage to critical infrastructure such 
as roads and levees. Entire economies, 
based on water dependent agriculture and 
industry, are at risk.

Groundwater constitutes more than 
95 percent of Earth’s unfrozen freshwater. 
Given its vast reserves, broad geographical 
distribution, generally good quality and 
frequent availability at or near the point-
of-use, it has become the foundation of 
many water management systems for 
drinking water, irrigation and municipal 
and industrial uses. Still, and despite 
its importance, groundwater is largely 
undervalued and narrowly perceived. 
Even while the interrelationship between 
groundwater and surface water is well 
established by science, institutions at all 

levels struggle to effectively incorporate 
these concepts into laws, regulations and 
sustainable management.

An archaic piece of British common 
law, brought to the New World with the 
settlers, contributes to the problem. Under 
these laws, the owner of a piece of property 
owns the water beneath it. This has created 
situations nearly equivalent to telling a 
group of preschoolers that whoever can 
get their straws in the cup first will get the 
fruit punch. An 1861 court case in Ohio 
[Frazier v. Brown, 12 Ohio St. 294 (1861)] 
famously concluded that groundwater 
was too “secret, occult and concealed” to 
regulate. While water law has advanced 
somewhat, the aura of mystery remains. 
Even today, water dowsers (sometimes 
called water witches or diviners) are found 
using sticks and plumb bobs to suggest 
places to drill a well.

Recognizing a critical need to elevate 
groundwater discussions, in early 2016 the 
American Water Resources Association 
(AWRA) and the National Ground 

Water Association (NGWA) joined 
forces to make more transparent 
and attract attention to groundwater 
issues. Together they launched the 
Groundwater Visibility Initiative. 

These organizations understand 
that the stakes for properly managing 
groundwater could not be higher. 
Over two billion people get drinking 
water from groundwater. In the 
United States, about 38 percent of the 
population regularly depends upon 
groundwater for its drinking water 
supply and that same percentage is 
groundwater’s portion of irrigation 
water. Rural areas are often 100 
percent dependent on groundwater.

Proper groundwater management 
may even contribute to improved 
national security. Corporate users 
have become very aware of the 
importance of the resource. Consider 
this statement about groundwater 
depletion from a decidedly corporate 
vantage point in a recent report by the 
Earth Security Group1: 

“The rapid depletion of aquifers is 
a systemic risk to one billion people 
in the world’s growing economies. 
Aquifers are shared across national 
borders and have the potential to spark 
conflict. Companies must act beyond 
their site operations and help improve 
groundwater governance if they are to 
ensure their sustainable growth.”
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The Groundwater  
Visibility Initiative

In April 2016, AWRA and NGWA 
convened 25 water experts from across the 
United States and Canada in a day-long 
Groundwater Visibility Initiative workshop. 
This seminal event sought to discuss the 
best way to elevate groundwater’s status in 
the international discourse on water policy, 
governance and management by crafting 
recommendations for action.

The attendees tackled an agenda 
consisting of provocative talks by 
recognized experts, panel discussions 
and breakout sessions. They articulated 
ways to better integrate groundwater into 
integrated water resources management 
and incorporate it into policies for 
agriculture, energy, environment, land-use 
planning and urban development.

Workshop findings and 
recommendations

Following is a summary of the 
workshop findings and recommendations. 
1. Governing and managing groundwater 

require working with people.
Governance is an important part 

of resilient aquifer management. 
Groundwater sustainability is a societal 
decision that involves tradeoffs and should 
be made through informed, transparent 
public participation. 

Multidisciplinary teams and alliances 
among multiple governance/management 
associations can provide greater expertise 
to solve these problems. Communications 
programs are required to help overcome 
misperceptions about groundwater and 
surface water interactions and demonstrate 
their connectivity. Examples of good 
management and governance should be 
provided to decision-makers and  
other stakeholders. 
2.  Data and information are key.

Better data on water withdrawals 
and consumptive use are needed for 
both groundwater and surface water 
management. Different aquifers behave 
differently because of different geology, 
extent and hydroclimatic settings. This 
means monitoring and evaluation at 
appropriate spatiotemporal scales are 
necessary to understand trends in both 
quality and quantity. Data collection and 
analyses should be transparent. 

3. Some “secrets” remain. 
Groundwater and climate are 

inextricably linked through recharge rates 
and demand. Science needs to improve 
understanding of climate impacts on both 
supply (quantity and quality) and demand 
for groundwater and its interaction with 
surface water. 

Long lag times for groundwater 
impacts and system responses must be 
accommodated for and understood.
4. We need to take care of what we have.

Ensure planning and investment 
incorporates infrastructure rehabilitation 
and maintenance.
5. Effective groundwater management 

is critical to an integrated water 
management portfolio adaptive  
and resilient to drought and  
climate change.
A diverse water management portfolio 

including groundwater, surface water, 
conservation, recycling, etc., will 
contribute to greater water security 
and less risk. Groundwater can support 
instream flows, ecosystems, recreation, 
sustainable supply for water users and 
subsidence avoidance. Groundwater 
also supports surface-water quality and 
mediates its temperature. 

Managed aquifer recharge is a 
potentially critical element of drought 
mitigation planning. Groundwater 
systems should be analyzed for their 
resilience and vulnerability to climate 
perturbations. Projects should be 
reviewed from a long-term resilience 
perspective not a short-term one. In this 
context, groundwater management is 
especially important as a tool to buffer 
extremes, even if groundwater is not 
necessarily a readily-available backup 
supply. 

Models need to be reviewed and 
adaptive. Collaborative modeling can  
be an effective tool to obtain buy-in  
from stakeholders.

In a fully integrated system, 
repurposing dams and flood control 
operations for recharge is another 
opportunity. 
6. To be robust, agriculture, energy, 

environment, land-use planning and 
urban development sectors policies 
must incorporate groundwater 
considerations.

Groundwater problems typically do 
not have a single solution. Return flows 
from different sectors have significant 
intersection with groundwater management 
issues. Planning and management need to 
be integrated across all of the sectors. This 
means matching quality, quantity and use. 

Land-use planning can be used to 
protect or enhance base flow of streams, 
floodplain management and groundwater 
recharge. Agricultural and open space 
districts can be an opportunity for a win-
win; overlay zones for scenic protection, 
agricultural preservation, etc., to  
enhance recharge. 

Water managers should consider 
innovative ways of education of and 
outreach to the agricultural sector, 
including: 1) key role of agricultural 
extension agents; 2) subsidy-based 
conservation programs; 3) self-regulation 
with performance-based criteria; 4) 
“grow-off challenges” through crop yield 
competitions with guarantees; 5) early 
adapter programs; and 6) professionally 
facilitated communication. 

Takeaway
Now is the time to disabuse society of its 

‘secret, occult and concealed’ approach to 
groundwater. The path identified above will 
help provide the tools to do just that. The 
hard work of making groundwater visible 
has just begun. Stay tuned.  ■

William M. Alley is Director of Science and 
Technology for the National Ground Water 
Association. Prior to this position, he served 
as Chief, Office of Groundwater for the U.S. 
Geological Survey for almost two decades. 
In the interest of “making groundwater 
visible,” he and his wife, Rosemarie, recently 
completed High and Dry, a general interest 
book on the world’s growing dependence on 
groundwater to be published in early 2017.
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Oregon’s Place-Based Integrated Water Resources Planning
Alyssa Mucken, Harmony Burright, Kim Ogren and Brenda Bateman

Governance refers to “the sum of the many ways 
individuals and institutions, public and private, 
manage their common affairs. It is a continuing 
process through which conflicting or diverse 

interests may be accommodated and cooperative action may be 
taken. It includes formal institutions and regimes empowered 
to enforce compliance, as well as informal arrangements that 
people and institutions either have agreed to or perceive to be 
in their interest.1” Water governance can often be complicated 
and equally overwhelming. Successful water governance 
requires sound policy analysis, effective decision-support tools, 
appropriate monitoring frameworks and adaptive management. 

Water challenges cross local, state 
and even national boundaries. Roles 
and responsibilities involve multiple 
governing jurisdictions and resource 
management sectors. Throughout the 
United States, the authority to set and 
implement water quality standards resides 
at the federal level, with delegation to state 
and local jurisdictions. By comparison, 
authority for water allocation resides 
with the states, although in practice, 
federal laws like the Endangered Species 
Act often temper these state authorities. 
At the operational level thousands of 
water entities provide a wide array of 
services, ranging from flood protection 
to wastewater treatment, to water supply 
and more.

Lynn Scarlett, in her policy brief 
Managing Water: Governance Innovations 
to Enhance Coordination2, noted 
that Chesapeake Bay water quality 
management requires cooperation among 
128 municipalities and multiple states. 
She counted 50 different federal, state, 
tribal, local and private-sector entities 
involved in negotiations to try to resolve 
long-standing water supply challenges in 
the Klamath Basin. In the management of 
the Colorado River, she identified seven 
states, dozens of local, state, federal and 
tribal governments and agencies and 
Mexico—“all linked through various 
compacts, treaties, laws, regulations and 
local ordinances.”

While it is tempting to try to respond 
to all these competing voices with a top-
down structure, the state of Oregon is 
exploring another, more promising kind 
of response, Place-Based, Integrated 

Governance Approaches for 
Working across Physical and 
Resource Boundaries


