
American Water Resources Association

AWRA AT 50:
THE FUTURE OF 

WATER RESOURCES IN 
THE UNITED STATES

AWRA AT 50:
THE FUTURE OF 

WATER RESOURCES IN 
THE UNITED STATES

January 2014  |  Volume 16  |  Number 1January 2014  |  Volume 16  |  Number 1  



VOLUME 16 • NUMBER 1 • JANUARY 2014

AWRA AT 50:
THE FUTURE OF WATER RESOURCES IN THE UNITED STATES

RICHARD A. ENGBERG
Guest Editor

AWRA is turning 50. What will the next 20-30 years hold for water resources in the United States? For AWRA? This issue
of Water Resources IMPACT explores these questions in a series of essays by leading non-Federal water resources profes-
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LOOKING BACK ...

What were you doing in 1991? The Oscars were domi-
nated by “Silence of the Lambs” that won for best  pic-
ture, best director (Jonathan Demme), best  actor (An-
thony Hopkins), best actress (Jodie Foster) and Best
Writer/Screenplay (Ted Tally). (Everything I Do) I Do It
for You by Bryan Adams topped the Billboard 100 rank-
ings. Superbowl XXV was won by the New York Giants,
the NBA Championship by the Chicago Bulls, and the
World Series by the Minnesota Twins. The year began in
the midst of the 1st Gulf War and the Soviet Union offi-
cially dissolved on December 31.

It was also the year that AWRA stopped publishing
HYDATA and began publishing Water Resources IMPACT.
After serving 5+ years as HYDATA’s Editor, Earl Span-
genberg took over as the Editor-in-Chief of IMPACT and
he served in that role from January 1991 to December
2013. We honored Earl as best we could at AWRA’s An-
nual Conference in Portland, Oregon, in November 2013
and the torch was passed on to me.

LOOKING AHEAD ...

Hi, I’m Eric Fitch, the new Editor-in-
Chief of Water Resources IMPACT. I
grew up on a farm outside the village
of Monroeville, Ohio. I received a B.S.
in Biology from St. Meinrad College
(Indiana), an M.En. in Environmental
Science from Miami University (Ohio)
and a Ph.D. in Resource Develop-
ment from Michigan State University specializing in En-
vironmental Policy and Law and Public Policy. I directed
the Coastal Zone Studies Graduate program at the Uni-
versity of West Florida (Pensacola) from 1991 to 1997,
and have been on the faculty of Marietta College (Ohio)
directing the undergraduate program in Environmental
Science since. I’ve served as an Associate Editor of IM-
PACT for over a decade. I hope over the next few months
and years that the AWRA staff, our volunteer associate
editors and myself will continue to produce a product
that you, the members. will enjoy, learn from, and hope-
fully be surprised by on occasion. I look forward to hear-
ing from you, our members, and will strive to live up to
the great example of my predecessor. 

Cheers,
Eric J. Fitch
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AWRA EARLY HISTORY

AWRA is 50. On March 23, 1964, a Certification of
Incorporation for the non-profit American Water Re-
sources Association was issued by the Office of the Illi-
nois Secretary of State so on that date in 2013, we began
our 50th year although 2014 will be our 50th full year.  

AWRA was the brainchild of Sandor Csallany, an im-
migrant from Hungary, who after coming to the United
States (U.S.) secured employment as a hydrologist with
the Illinois Water Survey. Csallany, a visionary, realized
that there was no multidisciplinary water resources or-
ganization in the U.S. and with the approval of William
Ackermann, the Survey Director for whom one of AWRA’s
most prestigious awards is named, set out to form such
an organization. AWRA is that organization.

The early 1960s was an interesting and critical peri-
od in the history of water resources in the U.S. Prior to
then, most of the laws, regulations, and policies con-
cerning water dealt with development of the resource.
Laws like the Mining Act of 1872 and the Reclamation
Act of 1902 are prime examples. The U.S. had abundant
water. Why shouldn’t it be developed? Why shouldn’t the
desert bloom?

This all began to change a scant 18 months before
AWRA was incorporated. Rachel Carson published her
seminal book, Silent Spring, which according to many
sources was the inspiration for the environmental move-
ment in the U.S. In reasonably short order in the late
1960s and early 1970s, such laws as the Clean Water Act
and the Safe Drinking Water Act were passed by Con-
gress and signed by President Nixon. Protection of the re-
source became the byword at least, in part, replacing ex-
ploitation of the resource. This fundamental change more
than ever reflected the need for a balanced, multidiscipli-
nary water resources organization, AWRA.

AWRA EVOLVES

AWRA has evolved with the times. I joined AWRA in
1972 and attended my first Annual Conference that same
year. What did I encounter at the conference? First, most
of the attendees represented academia or federal agen-
cies, notably the U.S. Geological Survey. Second, of the
some 250 attendees, less than 5 percent were women.
Third, the presentations in the oral sessions were over-
whelmingly theoretical. My eyes glazed over. I don’t think
I ever saw so many mathematical equations in my life,
even when I was studying calculus. Finally, there were
very few student presentations.

Contrast that with the recently concluded 2013 An-
nual Conference to see how AWRA has evolved.  First,
while academia and federal agencies were well represent-
ed, so were state and local agencies. But the greatest dif-

ference between 2013 and 1972 was the number of con-
sultants presenting papers. At least one-third of the pa-
pers were presented by these practitioners. Second, of
the more than 500 attendees, I estimated that over 40
percent were women, a testament to the influx of women
into the science and engineering fields, that, in 1972,
were dominated by men. Third, I saw almost no equa-
tions in the power point presentations. Instead of the 
theory that characterized the 1972 conference, the 2013
conference presentations for the most part provided
practical solutions to water resources problems and con-
cerns. Finally, the number of student presentations ap-
proached 20 percent of the total presentations.

These changes are borne out when you look at the
list of AWRA Past Presidents. It was 24 years after the
founding of AWRA that the first woman President, Arlene
Dietz, was elected. Since then, six more women have
served as President including the 2013 President, Carol
Collier. During the early years, AWRA Presidents were
drawn almost exclusively from academia or Federal agen-
cies. In recent years, at least seven Presidents have rep-
resented consultant organizations or state, local, or re-
gional governmental organizations.

One important fact hasn’t changed over the 50 years
of AWRA’s existence. It began as a volunteer organization
and it continues as a volunteer organization. Without the
legion of dedicated members who volunteer, AWRA would
probably cease to exist. Volunteers serve as members of
the Board of Directors and as officers. Volunteers chair
and serve on conference committees for the annual con-
ference and specialty conferences held each year. Volun-
teers donate their valuable time as reviewers for AWRAs
magazine (Water Resources IMPACT) and its peer-re-
viewed journal (Journal of the American Water Resources
Association). Volunteers chair and staff the AWRA com-
mittees. They are the lifeblood of AWRA.

During its lifespan, AWRA has encouraged member-
ship from the International community and in recent
years has been more active internationally, having occu-
pied a seat on the Board of Governors of the World Water
Council from 2006-2012 and sponsored several confer-
ences outside the U.S. It currently boasts members from
about 60 countries.

Also during the last several years, thanks to an ex-
tremely active Policy Committee, AWRA has become more
aggressive in supporting new ideas and concepts. The
most obvious of these is Integrated Water Resources
Management (IWRM), a policy statement about which
was adopted in 2011 by the AWRA Board of Directors.
IWRM was defined as “The coordinated planning, devel-
opment, protection and management of water, land and
related resources in a manner that fosters sustainable
economic activity, improves or sustains environmental 
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quality, ensures public health and safety, and provides
for the sustainability of communities and ecosystems.”

While the name IWRM is relatively new, think about
it.  Is it really new? Isn’t this what AWRA has been about
since its inception? Isn’t this essentially what Csallany
was thinking about when he conceived the idea of a mul-
tidisciplinary organization? Isn’t this just a redefinition of
what AWRA is all about? Doesn’t this, in effect, reflect
practical and creative solutions to water resource prob-
lems and concerns? I think it does.

THE FUTURE OF WATER RESOURCES

So now we come to this issue of Water Resources 
IMPACT, the issue that celebrates the 50 years of AWRA’s
existence. When I first proposed an issue on AWRA at 50,
I wanted to call it “AWRA at 50: Past, Present and Fu-
ture.” But then I began thinking, sure the past is impor-
tant and so is the present. But what is most important is
the future – the future of water resources in the U.S. The
future of AWRA is inexorably linked with the future of
water resources. In deference to AWRA’s past, I asked
Past President Peter Black who joined in 1965 to write
about his memories of 49 years a member.  In deference
to the present, I asked Mark Dunning who will be Presi-
dent during our 50th year, to discuss the issues of most
importance to AWRA now.

The rest of this issue, however, is about the future of
water resources in the U.S. Looming over the future are
such intangibles as climate change, population demo-
graphic shifts, floods, droughts, emerging contaminants,
law, policy, deteriorating infrastructure, agricultural
water use, economics, and many other concerns.

Nineteen prominent non-federal water resources pro-
fessionals from across the U.S. who collectively have over
500 years of experience were invited to provide essays re-
garding their thoughts about these and other aspects of
water resources over the next 20 to 30 years. This group 

represents many of the best minds in water resources in
the U.S. I did not ask anyone to write specifically about
climate change because it was assumed that climate
change probably would directly or indirectly influence
every other subject. These writers responded with a re-
markable group of essays that constitute the rest of this
commemorative issue. The essays contain much food for
thought and I believe they will influence the course of
water resources over the rest of the first half of the 21st
century. Also, I believe they will help AWRA define its fu-
ture course and direction. Please read and enjoy.

AWRAS FUTURE

AWRA has aged gracefully and as it turns 50 is alive
and well. With its membership and dedicated volunteers,
I am confident that it will maintain its position as the
preeminent multidisciplinary water resources organiza-
tion in the U.S.

Richard A. Engberg
Technical Director
American Water Resources Association
4 W. Federal St., P.O. Box 1613
Middleburg, VA 20118
(540) 687-8390

dick@awra.org

Richard A. Engberg is the AWRA Technical Director.  He
will begin his 50th year as a water resources profession-
al in 2015. He has served as Technical Director since
1999. Prior to his retirement from federal service, he
spent nearly 10 years as Manager of the National Irriga-
tion Water Quality Program of the Department of the In-
terior. Before that, he spent 24 years with the U.S. Geo-
logical Survey with his last position, Water Resources Di-
vision District Chief in Iowa.

� � �
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Peter E. Black

I joined AWRA in 1965, its second year of existence. It
seemed like a good idea at the time and I’ve never re-
gretted it. I was motivated to join by several things, my
interest in forestry, my interest in history, and by teach-
ers and colleagues who were flocking to this fledgling or-
ganization. I was in the midst of a major transition, from
my first teaching position at Humboldt State College in
Arcata, California, to where I’ve been ever since, SUNY
ESF. At the time it was known as “The SUNY College of
Forestry at Syracuse University.” I think my AWRA join-
ing date actually will show “late 1965” about the time my
wife, my four sons and I left northern California for 

central New York and, as it turned out, a successful
“possible employee seminar.” Joining was the right thing
to do, it was the right time, and it just seemed like a nat-
ural step. My attendance at my first AWRA meeting was
almost simultaneous with my position change.

AWRA “sprang” into existence during the midst of the
Nation’s growing environmental consciousness and pro-
ductive action to rein in natural resources abuse and at-
tention. I simply rode the crest of the wave. I was, at the
time, impressed by the wisdom of the first line in the
1911 act that created our National Forests – “in order to
protect the waters of navigable streams.” That well ob-
served insight and vital linkage to interstate commerce



was brilliant: in addition to assuring a federal-oriented
basis for “related land resources,” it assured a breadth of
legitimate influence and a scientific basis for the protec-
tion of the Nation’s water and related resources manage-
ment. AWRA has always been in the forefront of these ac-
tivities and has remained on target ever since.

So what prepared me for joining AWRA and continu-
ing as a member to the present? First, it was my under-
graduate experience at the University of Michigan from
which I received my B.S. and M.S. degrees in forestry. I
benefitted greatly from a seminar by Professor Lyle E.
Crain on Conservation Trends that helped me under-
stand the relationships between history, government,
private industry, and land management. Second, my
Master’s professor, Robert E. Dils moved to Colorado
State University to start a water resources education pro-
gram. I followed him there and was his first Doctoral
Candidate. Finally, it was my four years at Humboldt
State and my involvement in a long fracas over the
coastal redwoods, timber/land use/preservation/eco-
nomics/forest-water relationships. I realized the best ap-
proach to water resources problems was a multidiscipli-
nary one. This background made me ready for an orga-
nization like AWRA.

I have to say that AWRA captured my thus-bred
background and extended my interests and dedication to
the wider community of citizens who benefit from intelli-
gent management of our natural resources. It was not a
great leap to extend my horizons having been alerted to
the necessity of a broad-based approach to the care,
preservation, education, and management of Earth’s
aquatic resources. AWRA has provided me with a broad
range of professional activity and personal contacts that
opened unexpected dimensions. Most importantly, it’s
been the fellow members, members I was able to com-
municate with, because, like me, they had broad and
varied interest and education in the wide variety of is-
sues, segments, and professions. I enjoyed the open and
inviting interchanges that were offered by the rapidly
growing (in numbers as well as importance) organization.
In short, joining and having the promise of growth in
membership and individuals along with the ability to
openly communicate, has been both stimulating and re-
warding, both, of course, which were welcome character-
istics of this new professional association.

I’ve been asked, in what ways has AWRA exceeded
your expectations and in what ways has it disappointed
you? AWRA has always met or exceeded my expectations.
It has provided a venue for publication of articles that are
multidisciplinary in nature. The networking opportuni-
ties have been incomparable. It provided me with the ex-
perience of serving on the Board of Directors and as Pres-
ident of a multidisciplinary organization. The SUNY-ESF
Student Chapter clearly exceeded my expectations. As its
sponsor, it brought me full circle in a way that I hope I
was able to impart some of the benefits of the AWRA phi-
losophy in some of the chapter members. AWRA has not
disappointed me at all. On a related professional level, I
am disappointed with introductory water resources edu-
cation courses at most undergraduate institutions. I 

don’t believe they do an adequate job of interesting po-
tential students in our professions.

I’ve also been asked “what advice would you give
AWRA as it looks to the future?” My answer, listen to our
members and to the students of those of us in academia.
Temper your valid, exciting, and useful technical ap-
proaches with understanding about where the hydrolo-
gists of the future are in their professional development.
Be certain that they understand their relationships with
and responsibilities to the nonhydrologic public. Provide
education, technologies, and policies to meet not only
current but also future demands. That said, don’t forget
to look back as well as forward. Keep the original goals of
AWRA in mind and build bridges between the individual
member’s education, experience, and field knowledge;
focus on building knowledge basics. Extend AWRA’s ba-
sics to include all those who play a role in water re-
sources management, governmental influences, educa-
tion, and business. In addition to education, field man-
agement, reclamation, and planning for water and relat-
ed land resources, keep in mind the basics about Earth’s
communication and knowledge, history and institutional
development – what are we in AWRA doing along with
other related professional organizations and what are the
important linkages with government, research  and busi-
ness. Reach out to the public, to landowners, to informed
and/or interested motivated citizens and groups that
have issues related to the many disciplines of AWRA’s
members.

Peter E. Black
Distinguished Teaching Professor
Emeritus, SUNY ESF
1 Forestry Dr., 208A Marshall Hall
Syracuse, NY 13210
(315) 470-6571

peblack@esf.edu

Peter E. Black, Ph.D., is Distinguished Teaching Profes-
sor Emeritus at the State University of New York, Envi-
ronmental Science and Forestry (SUNY ESF). He has
been at SUNY ESF since 1965 teaching and conducting
research, and has also been a member of AWRA since
1965 serving as President in 1990. During his tenure at
SUNY ESF, he has published an educational film, nu-
merous articles on hydrology and water resources, and
three books.
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I am deeply honored to assume the presidency of AWRA
as it celebrates its 50th anniversary of providing a forum
for “Community, Conversation, and Connections” to
water resources professionals throughout the United
States (U.S.) – and increasingly, the world. In this short
essay I will describe three interrelated themes that the
AWRA Board of Directors and I will be pursuing during
the AWRA 50th anniversary year. The three themes are:

• Explore, extend, and deepen our understanding 
of a 21st Century water resources management par-
adigm;

• Provide a “bigger tent” for engaging in conversa-
tions about 21st Century water resources manage-
ment issues; and

• Ensure that AWRA’s “value proposition” remains 
strong.

These themes build on the extensive strategic plan-
ning work initiated in 2013 by AWRA President Carol
Collier and the 2013 Board of Directors (BOD). My intent
is to expand on these initiatives with the 2014 BOD
through the pursuit of these themes.

EXPLORE, EXTEND, AND DEEPEN OUR 
UNDERSTANDING OF A 21ST CENTURY WATER

RESOURCES MANAGEMENT PARADIGM

What is a water resources management paradigm for
the 21st Century? For many years the key elements of
such a paradigm have been emerging and are often en-
capsulated by the term “Integrated Water Resources
Management” (IWRM). In essence, IWRM embraces con-
cepts such as balanced, sustainable development using
multiobjective, collaboratively developed watershed-
based solutions. AWRA has  played a significant role in
focusing attention on the need for such a paradigm
through its sponsorship of four National Water Resources
Policy Dialogues over the period 2002-2008. See Dun-
ning and Galloway (2006) for a brief description of one of
the policy dialogues and its key conclusions. AWRA also
has given broad support to promoting and deepening
knowledge about IWRM through sponsorship of a confer-
ence on IWRM in 2011, the adoption of a policy state-
ment endorsing IWRM (AWRA 1), the publication of case
studies on IWRM applications (AWRA 2), and the conduct
of webinars featuring IWRM practitioners (AWRA 3).

A fundamental role for AWRA in 2014 and beyond
will be to continue to facilitate the conversation about
IWRM, to deepen our knowledge and understanding of its
key concepts, tools, and methods as they perform in real
world applications. To this end, AWRA will sponsor a spe-
cialty conference on IWRM in June 2014 in Reno, Neva-
da, and has formed an IWRM Technical Committee that
will provide assistance in IWRM implementation issues.

Additionally, AWRA will be open to developing and publi-
cizing additional policy statements that represent
AWRA’s views on sound water resources management
principles; will develop additional case studies focusing
on application of cutting-edge water resources concepts
and tools; and will organize symposia/special sessions
and editions of JAWRA and IMPACT focused on critical
topics pertinent to deepening our knowledge and under-
standing of 21st Century water resources management
issues and approaches.  

PROVIDE A “BIGGER TENT” FOR ENGAGING IN
CONVERSATIONS ABOUT 21ST CENTURY WATER

RESOURCES MANAGEMENT ISSUES

From planning for and coping with the “new normal”
of extreme weather events and their attendant water
quantity and quality impacts to identifying and funding
water resources investments, it is clear that many water
resources issues will take center stage in the coming
years. AWRA has much to contribute to the conversation
about such issues – not only from the standpoint of pro-
viding solid science-based information to help illuminate
choices, but also from the standpoint of its helpful, prob-
lem-solving oriented, and friendly culture, which allows
discussions about such issues to be conducted in a con-
structive and productive fashion. I am firmly convinced
that our AWRA culture is one key reason for the associa-
tion’s longevity and success.

While we need to make sure we nurture this culture
and ensure that what we do is consistent with our key
values, we also have an opportunity to broaden our As-
sociation’s impact by making others aware of AWRA and
introducing them to our unique culture. This is what I
mean by providing a bigger tent for conversations about
21st Century water resources management issues. To
begin to build this bigger tent, some focuses for 2014 and
beyond are listed below. At this stage they are general
goals with specific action plans yet to be formed.

• Reach out via the Web and media to make AWRA 
better known to the general public and opinion lead-
ers as a source of solid information about current 
water resources issues and topics.

• Contribute to broader societal and international 
conversations about water resources issues.

• Seek out, engage, and invite others representing 
the full spectrum of water resources development 
viewpoints to join our conversations. Be open to cre-
ating linkages and partnerships with others (e.g., in-
ternational conferences to explore water resources 
issues).

• Seek out opportunities for partnerships and joint 
ventures with AWRA state sections.
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• Make AWRA better known to the general public 
as a source of information about current water re-
sources topics and issues.

ENSURE THAT AWRA’S VALUE
PROPOSITION REMAINS STRONG

“Value Proposition” (VP) is a term that is much in
play today. It means ensuring that associations and
businesses provide services that members and cus-
tomers value. The VP is something that is always evolv-
ing as membership and customer dynamics and prefer-
ences change. Over the past few years, with the econo-
my’s downturn, most associations have been challenged
to maintain membership levels and to keep a positive fi-
nancial position. We are initiating a project to improve
our understanding of our current and potential mem-
bers’ VP and to utilize such information to better ensure
that we are offering the services and experiences that can
best provide value to our members. While we expect to
obtain important information from this project, we have
already begun to focus attention on ways we can increase
member value. Some focuses for 2014 and beyond in-
clude the following.

• Improving Our Conference Experience. While 
our conferences are always highly rated by our atten-
dees, there is always room for improvement. Areas 
we are exploring include broadening access to con-
ference presentations through the Web and offering 
the ability to access key presentations via the Web.

• Improving Our Web Presence and Experience. 
AWRA’s website receives thousands of visits every 
month. In 2014 we will be freshening the look and 
feel of the website and will be making it easier to find 
and access website content.

• Providing a More Rewarding Experience for 
Participating in AWRA Technical Committees. In 
2013 AWRA refocused its technical committees and 
now has six technical committees in operation (Poli-
cy, International, Future Risk, Flowing Waters, 
IWRM, and Technology). Each committee will be 
given specific missions to perform to further AWRA 
strategic goals. Examples of such missions include 
conducting research and evaluation for the develop-
ment of AWRA policy statements, organizing special 
sessions at conferences or planning entire specialty 
conferences, and providing practical information in 
response to member inquiries. A good example of this 
last mission is the development of “Frequently Asked 
Questions” about IWRM applications that is being 
undertaken by the IWRM technical committee.

In conclusion, reaching our 50th anniversary is a
testimony to the wisdom, energy, and commitment of
past AWRA leadership, whose efforts have made AWRA
the premier water resources organization that it is today.
I look forward to working with AWRA’s BOD, our associ-
ation’s wonderful staff, and all our members to pursue
the themes presented in this short article to continue to
advance AWRA and launch its next 50 years of success.

I invite your ideas and participation for moving AWRA
forward in 2014. Feel free to contact me after January 1,
2014, at president@awra.org with your thoughts.
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HAVE SOME COMMENTS AbOuT
THIS ISSuE Of IMPACT?

SENd uS yOur fEEdbACk

Water Resources IMPACT is in its 16th year of publi-
cation and we have explored a lot of ideas. We hope we
have raised some questions for you to contemplate.
“Feedback” is your opportunity to reflect and respond.
We want to give you an opportunity to let your col-
leagues know your opinions ... we want to moderate a
debate ... we want to know how we are doing. For 
this issue send your letters by e-mail to dick@
awra.org or fitche@marietta.edu. Please share your
opinions and ideas. Please limit your comments to ap-
proximately 350 to 400 words. If published, your com-
ments may be edited for length or space requirements.



In 2004, the National Research Council published Con-
fronting the Nation’s Water Problems: The Role of Research
(NRC, 2004). Ten years later, the report’s view of the
grand challenges in water resources is still largely valid.
Noting that the usual laundry lists of research topics will
always be in some state of flux, the report’s authors
chose instead to develop the themes of interdisciplinari-
ty, broad systems context, uncertainty, and adaptation,
and highlight their importance in driving progress on
problem-focused research. In this essay, we seek to ad-
vance the conversation by honing in on the particular re-
search challenges associated with adaptation undertak-
en under conditions of deep uncertainty. (The NRC de-
fined adaptation as “a combination of flexibility in solving
problems and, more fundamentally, a shift in norms and
standards that can result from confronting novel situa-
tions” (NRC, 2004, pp. 85-86).

Adapting to climate change almost certainly will be a
central organizing principle for water resources planning,
management, and development over the next several
decades (Birnbaum et al., 2012; Moser and Boykoff,
2013; GAO, 2013). The research community faces a clear
challenge of structuring, conducting, and presenting its
interdisciplinary research in a form that usefully informs
adaptation in complex systems with pervasive uncertain-
ties. Some aspects of this task are well in hand. Vast and
worthy research efforts are directed toward understand-
ing the potential impacts of changing temperature and
precipitation patterns on streamflow, groundwater-
surface interactions, and water quality. A large body of
work also aims to distinguish an observed climate signal
from the noise, looking for evidence that would confirm
the departure from historical means and variability of hy-
drologic events and processes in different geographic lo-
cations.

These lines of research are vital, but there is more to
the task of meeting mounting needs for decision support.
Decision makers throughout the world are struggling to
determine how, when, and to what extent to replace or
modify existing water and wastewater infrastructure,
change land use and building codes, or otherwise invest
in means to reduce vulnerabilities to floods, water supply
disruptions, longer-term declines in water supply relia-
bility, or degraded water quality under changing climatic
conditions. Natural disasters can prompt quick action to
rebuild, but often without adequate analysis, under-
standing of the dimensions of uncertainty, or meaningful
stakeholder involvement. Only by coincidence will such
hasty decisionmaking yield efficient, sustainable, and ro-
bust strategies to reduce risk over the long haul. The
challenge to water resources researchers is to improve
water infrastructure decisions and effectively inform
public deliberations even with incomplete information
and deep uncertainties.

Another research challenge of decision support for
adaptation is to get the framing right. The social sciences
have much to offer here. Focusing time or resources too
narrowly on physical processes alone can lead to brittle
solutions. For example, the forces of urbanization con-
tinue to stress the reliable provision of fresh water sup-
plies. Weak municipal governments and their inflexible
bureaucracies often fall short of the management compe-
tency, planning apparatus, and technical know-how that
adaptation under deep uncertainty demands. Further,
the uncertainties associated with local or state govern-
ment’s ability to successfully implement and sustain
long-term initiatives and strategies can be as significant
as the uncertainties associated with climate change.
These governance and operational issues are part of the
decisionmaking environment and should not be assumed
away. 

Successful adaptation over the next several decades
will also depend on how research contributes to the prac-
tice of effective decision support, by informing delibera-
tive and adaptive planning processes involving decision
makers with diverse interests and values. Two recent
RAND studies demonstrate how this melding of interdis-
ciplinarity, systems thinking, uncertainty analysis, and
adaptive planning can come together.

At the end of 2012, the U.S. Bureau of Reclamation
and Colorado River Basin state partners published a
seminal study that described the plausible ranges of sys-
tem imbalances due to climate change and other long-
term trends (USBR, 2012). The study used an analytic
framework based on Robust Decision Making (Lempert et
al., 2003; Lempert et al., 2006) to understand the vul-
nerability of the Colorado River under a wide range of
supply and demand scenarios (Groves et al., 2013). Hun-
dreds of ideas for options to reduce vulnerability were
proposed through a public process. A decision support
tool was used to assemble portfolios of options reflecting
different stakeholder-defined strategies. Reclamation’s
simulation model then estimated how these strategies
would perform over the next 50 years across thousands
of scenarios. The results supported deliberations among
Reclamation and the basin states by revealing key trade-
offs among the strategies. Rather than paralyzing delib-
eration, effective uncertainty analysis actually opened up
a conversation about future vulnerability and prudent in-
vestments. The framework also enabled study leaders to
communicate the best available scientific information to
the stakeholder community in clear terms and in the
context of near-term decisions, a critical step to resolving
the basin’s challenges.

Also in 2012, the State of Louisiana approved its
groundbreaking 2012 Comprehensive Master Plan for
Coastal Protection and Restoration (CPRA, 2012). After
the devastating 2005 hurricane season, Louisiana came
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to grips with its increasing vulnerability to storm damage
and its rapidly disappearing coastline. With support from
RAND, coastal engineering consultants, and university-
based scientists, Louisiana developed a comprehensive
adaptive planning framework that integrated scientific
information into a systems model that produced a snap-
shot of the current and likely future conditions of the
Louisiana coastline if no further actions were taken
(Groves and Sharon, 2013; Johnson et al., 2013). The
framework explicitly dealt with uncertainties in sea level
rise, subsidence, storm frequency and intensity, eco-
nomic development, and the fragility of engineered pro-
tective structures. Its clear representation of uncertainty,
coupled with visual representations of tradeoffs, helped
the state and participating stakeholders arrive at a con-
sensus plan with support from a variety of constituen-
cies.

Given the great uncertainties involved in adapting to
climate change, research may never lead to precise solu-
tions.  And, in any case, decisionmakers cannot always
wait for scientists to get all the technical details nailed
down before making choices that affect the well-being
and vulnerability of their populations and natural re-
sources.  They need the best information now and a
structured process of incorporating better information as
it becomes available.  A challenge for water resources re-
searchers is to draw clear, useful information from un-
certainty analyses and feed it into the invariably messy
process of stakeholder deliberations and governance.
Decision makers looking for a path forward on adapta-
tion will depend on the research community to provide
the best available technical information in a form and
context that engages stakeholders in the process of shap-
ing their future.
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Water is one of the primary life-support systems for the
earth and while quantity is known, measured, studied,
and mapped at scales from global to the smallest of the
hydrologic units, water quality remains elusive and is not
studied well enough for us to  understand threats, dri-
vers and health risks at any spatial or temporal scale.
Water quality equals health, health of our ecosystems,
ecosystem services, and communities, but is also a de-
terminant of human health. In this new era of the an-
thropocene where the human coupled water cycle is now
the system we live within, we must begin a concerted ef-
fort toward building the large data sets needed to com-
prehensively define water quality, degradation, impacts
and restoration goals for a sustainable future.

THREATS TO WATER QUALITY

The ambient water quality of our lakes, rivers, and
coastal shorelines continues to degrade at an alarming
rate across the globe. The world's rivers (ten of the
longest rivers = 55,734 km or 34,629 miles) are so badly
affected by human activity that the water security of five
billion people is impacted. This accelerated pollution is
associated with population growth, urbanization, an in-
crease in animal agriculture, farming, and climate
change. Land use alterations are the sources of many of
the emerging and recalcitrant contaminants of concern
and climate is the driver of the transport from source to
exposure facilitating impacts on health. Point and diffuse
pollution are of equal concern regarding the contribu-
tions; however, nonpoint inputs have been extremely dif-
ficult to capture, sample, and characterize. Both are dri-
ven by precipitation as most sewer and wastewater sys-
tems are not tight enough to prevent ingress and as the
climate changes and intensity of storms change, the
loading of pollutants also changes.

Water quality is complex and its definition associated
with biological, chemical, and physical characteristics is
constantly evolving. New technology has evolved to mea-
sure constituents in water and this has now produced a
very long list of contaminants but in order to focus on
control an understanding of the sources, transport, fate,
and impact are needed.

The human population has grown from 151 million
to 315 million in the United States (U.S.) since 1950 and
water withdrawals have grown commensurately from ap-
proximately 175 billion gallons per day to close to 500
billion gallons per day (U.S. Census Bureau, USGS,
2013). As most of this is not consumptive this means
that 90% of the used water returns to the environment
carrying with it a variety of contaminants. Some of the
key sources include the following:

Human domestic wastewater remains a growing
and important source of contaminants impacting the
aquatic environment. This includes more than 150 types
of biological contaminants of concern associated with
human and animal diseases, antibiotics, and antibiotic
resistance, as well as other pharmaceuticals and person-
al health products, which are all excreted or often
dumped down the drain or toilet. Nutrient enrichment of
waters due to nitrogen and phosphorous is also linked to
wastewater. Routine wastewater treatment does not effi-
ciently remove many of these contaminants and data are
limited on the 35 billion gallons of sewage discharged to
rivers each day in the U.S. is limited. Most all wastewater
treatment is focused on reducing the biological oxygen
demanding substances (BOD), total suspended solids,
and on nitrification, with some disinfection only to meet
a fecal coliform standard that is inadequate to address all
the multitude of viral and parasitic pathogens, antibi-
otics, resistance genes, and other pharmaceuticals.
Characterization of the hundreds of emerging contami-
nants in wastewater flows has not received adequate at-
tention or monitoring and thus the scientific data base is
poor. Associated biosolids, septic tank effluent and sep-
tage all contribute to the diffuse contaminant load when
applied to land. While there are regulatory approaches
for the use of biosolids, little is done to address septic
tank solids and effluents. In addition sewage spills and
combined sewage overflows may contribute 10x more un-
treated sewage to the environment as climate changes
and precipitation intensity increases.

Animal wastes contribute many of the same conta-
minants mentioned above. Manure is not monitored and
also contributes zoonotic pathogens, antibiotics, and an-
tibiotic resistance. This is a source of diffuse pollution
and the transport of these pathogens, their survival and
stability of the resistant genes need to be studied. In ad-
dition other agricultural products fertilizers/pesticides
are stressors to the aquatic systems. It is clear that the
long term impacts such as eutrophication, greater algal
blooms, and accumulation in sediments need potentially
decades to reverse through restoration plans. The mixed
nature of the stressors underlies the complexity and
more field observational data bases are needed to sup-
port the emerging systems science that will inform trans-
port and fate.

Industrial wastes contribute organics and metals,
yet new concerns are focused on nano particles and nano
technology. Monitoring not only size, shape, surface tex-
ture, and composition but the health impacts of nano
materials on various organisms at all trophic levels are
needed. Toxicity and persistence should be understood
and both laboratory studies with model organisms is pro-
ceeding but the real need is development of monitoring
technology. The study of nanoparticles in wastewater,
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sludges, and ambient waters are being targeted for re-
search which primarily include nano-sized silver and ti-
tanium dioxides.

Geology of the subsurface remain a source of glob-
al contaminants of concern including arsenic and fluo-
ride. Of all the various constituents, global groundwater
maps are possible for these important pollutants that are
of great significance to human health and drinking water. 

In-situ aquatic reservoirs of risk are associated
with algae and particularly toxic algal blooms, contami-
nated sediments and biofilms supporting amoeba and a
wide-range of microbial pathogens. More algal blooms
are occurring impacting a variety of water systems and
these free-floating mats provide protection and nutrients,
which allow enteric bacteria such as Clostridium,  Es-
cherichia coli, enterococci, Shigella, Campylobacter, and
Salmonella to accumulate, persist, and potentially re-
grow. Toxic algal blooms also effect both public health
and animal health directly and despite a great interest in
the toxic cyanobacteria, we still can’t predict or prevent
their occurrence. New emerging species such as Cylin-
derspermopsis appear to be more predominant in some
cases and may be more toxic.

Biofilms grow anywhere there is a water/surface in-
terface. These biofilms harbor pathogens and there is a
great concern that engineered built water systems along
with climate change are supporting a robust amoeba
population that harbors pathogens such as Legionella
that remains one of the most significant waterborne dis-
eases. In addition the tragic death of a four-year-old in
St. Bernard Parish, Louisiana, this year, from the water-
dwelling parasite Naegleria fowleri, is a stark reminder of
the critical importance of focusing on science (an under-
standing of the ecology of this parasite) and technology
(proper municipal water disinfection). While these infec-
tions are rare, they are likened to lightning strikes, in
which avoiding exposure is critical as the consequences 

are deadly. This free-living parasite lives in slimy films on
surfaces in contact with water and sediments in human-
made and natural aquatic habitats. Yet our monitoring
data and understanding of Naegleria’s occurrence are
poor. Table 1 (below) highlights some of these biological,
chemical, and physical contaminants of concern.

SOLUTIONS: NEW TOOLS AND
CAPACITY BUILDING

The spatial and temporal nature of surface and
ground water quality is not easily ascertained. The analy-
ses are hindered due to limitations of older approaches
for monitoring the water environment. Yet we have at our
fingertips the ability to improve our understanding and
mapping of water quality around the world. For biologi-
cals and antibiotic resistance quantitative PCR can be
used for any genetic target of interest. We now have a se-
ries of microbial source tracking targets that can be used
to address the animal and human sources of fecal pollu-
tion. High throughput pyrosequencing has also signifi-
cantly expanded the numbers of genomes that can be de-
tected and for environmental samples sequencing has
been used for wastewater, biosolids, reclaimed water,
drinking water, river sediments, and lake water. New
metagenomics techniques allow for a characterization of
the water microbiome and more of these studies charac-
terizing pollution gradients should be supported.

Investment in innovative methods that include re-
mote sensing and in-situ sensor technology is needed.
Pollution science should link to global observation con-
sortia and platforms. Finally, as data bases are built
these need to be visualized using mapping techniques to
capture the temporal and spatial changes in contamina-
tion.

The risk assessment framework provides us with the
ability to integrate multidisciplinary approaches for prob-
lem solving. Water microbiologists, chemists, hydrolo-
gists, ecologists, landuse and climate scientists need to
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Table 1. Future Science Needs for Some Contaminants of Concern Associated
With Impaired Water Quality and Impacts on Health.

Contaminants Science Needs 

Algae; Toxic Algae Understand ability to accumulate and support pathogens (potentially chemicals); address
processes associated with toxic blooms for species such as Cylinderspermopsis.

Amoeba and Biofilms Monitor and understand processes for biofilm development and amoeba population dynamics 
associated and the harboring of pathogens. Focus on the ecology of Naegleria.

Bacterial Develop a risk framework and examine occurrence of key genes, distribution, persistence, and
Antibiotics Resistance transference from animal and human sources.

E.coli and Fecal Characterize viral and parasitic pathogens in animal and pathogens, viruses, human wastes
Pathogens, Viruses, discharged to the environment using genetic tools. Determine the ability to use fecal indicators
and Parasites more effectively, including microbial source tracking tools. Study zoonotic potential. Develop 

persistence models.

Nanoparticles Develop methods and transport and fate of trace nano particles including silver and titanium 
dioxide in natural waters.



be connected with political and social scientists. It is up
to us in higher education to train the next generation of
scientists who will serve at transactional experts who can
bridge a number of disciplines.

The recommendations for protecting the future of our
water quality and health are:

1. Create new networks to advance and bring to-
gether pollution science and other disciplines that in-
cludes our engineered infrastructure.

2. Use new tools to build the big science needed for 
addressing the water microbiome, sources, trans-
port, persistence and impact of the emerging (nano 
particles), re-emerging (fecal contamination) and re-
calcitrant (nutrients) contaminants in waters at all 
scales.

3. Promote risk analysis for the assessment, pro-
tection and restoration of the worlds’ water.

Water policy is no longer a luxury for the United States
(U.S.); we cannot continue the theatrical spectacle in
which academics and water professionals bemoan our
lack of progress to be met by the stony silence of political
leaders. Climate change is upon us, along with severe
droughts and horrific flooding. Groundwater has been
exploited to the point that massive rescue projects are
now necessary. The consequences of poor planning will
be our legacy to future generations.

I maintain that national water policies are failing and
that other nations provide models which we should con-
sider. But, the paradox that must be acknowledged is
that there are nodes of effective water management
across the nation, in which sustainable water manage-
ment is being advanced despite failures at higher levels
of government. Nonetheless, my conclusion is that these
exceptions are not sufficient to solve the nation’s water
challenges.

We have de facto U.S. water policies, made by various
Congressional committees, federal agencies, state, tribal
and local governments, and irrigation and water dis-
tricts. We have not designed an elegant I-Phone, but
rather have built these institutions over decades, result-
ing in complicated arrangements among different au-
thorities.

The need for wise management of our water needs lit-
tle proof at this time. U.S. population continues to rise
and we need to maintain and build our water infrastruc-
ture. The urgency of managing growth in flood plains is
highlighted by climate change. Water quality must be

protected because of its importance for drinking water,
recreational uses, species protection, and other national-
ly important purposes, but regulation is hamstrung by
politically intractable barriers. Groundwater quality has
largely been left to the states, where the race to the bot-
tom continues for energy and agricultural operators.
Freshwater aquatic ecosystems are imperiled and the
predictions for species that are dependent on them are
grim. Finally, water supply, which is the headline grab-
ber, seems to be approaching what we’d have to concede
is a genuine crisis in some locations. For example, in the
western U.S., the gap between existing uses and water
supplies was highlighted by a massive Bureau of Recla-
mation study, which conclusively demonstrated that the
status quo could not be maintained.

In light of these challenges, all of them familiar, but
many of them increasing in urgency, it is difficult to
characterize national water policies. The clash between
those who want a more active federal government versus
those who would weaken domestic programs plays out
daily on Capitol Hill. New initiatives by the Executive
Branch risk budget cuts, investigative committees, and
the polarization that characterizes almost all natural re-
sources and environmental policies. In these circum-
stances, federal agencies are not pushing the envelope on
federal involvement in water management. When the En-
vironmental Protection Agency does act with respect to
water quality, the backlash is powerful. The Army Corps
of Engineers is venerated by political scientists for its
ability to survive despite changes in administration and
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political parties, and it seems to be the one agency with
a fairly consistent support for its mission.

In looking at the relationship between national and
subnational bodies I think it’s instructive to look at ener-
gy and climate change. Energy policies in the U.S. are
hardly models of success; they have led to our depen-
dence on coal, pouring out tons of greenhouse gases and
other pollutants from combustion, and leaving piles of
waste to contaminate waters. The U.S. lags other indus-
trialized nations in acknowledging and regulating these
pollutants. But a grassroots movement is underway, en-
abled by the tremendous possibilities of renewable ener-
gy, to move towards distributed energy and more local
control of energy production. Many cities have taken
leadership in climate adaptation, by becoming more re-
silient, both through engineering and social changes.

Similarly, the role of municipalities (through water
districts and other institutions) is what has most clearly
changed in the last few decades of national inaction on
water policy. While formal control of water resides at the
state level, it is cities that are instituting water reuse,
restoring rivers within their borders, managing demand,
and aggressively seeking supplies. While states seem less
agile and progressive in general, the actions of the Col-
orado basin states in executing a shortage sharing agree-
ment is evidence that states may be more able to act than
the federal government in resolving disputes.

Why maintain that stronger national policies are re-
quired?  Some of the challenges are deeply entwined with
federal policies, such as federal agricultural policies that
affect the use of water in agriculture. In others, federal
policies have created the infrastructure that is the prob-
lem, as we witness in coastal cities, but also on major
river systems where river engineering has contributed to
flooding. Water quality was recognized as a federal con-
cern because of the interstate transport of pollutants,
but also because of the constraints felt by cities that
wished to increase requirements for pollution control.
This dynamic has not changed: innovation and environ-
mental protection are found in the wealthier states, but
poorer states remain reluctant to challenge polluting in-
dustries, and their citizens suffer as a result. Endan-
gered species protection is a federal role, but the large
scale loss of habitat due to climate change is far beyond
the capacity of existing federal law. Water supply has a
mixed record of federal involvement, but, rescue projects
for areas that have exhausted their groundwater, and
major federal involvement in interstate rivers would seem
to be unavoidable. Thus, while there are nodes of
progress across the country at a subnational level, they
are not a substitute for federal action.

If there is still a need for federal water policies, what
policies are up to the challenges of this era? This ques-
tion has been addressed by a crowd of insightful acade-
mics, practitioners, NGO leaders, journalists, and others.
I would add that one significant development over the
decades in which I’ve participated in this conversation is
that we can now look to other nations to see what inno-
vations might be possible with forward looking water
policies. In addition to governments, civil society has
taken the lead on  governance, sustainability, resilience,

environmental justice and other water topics. For the
western U.S., Australia’s efforts to rebalance the uses of
the Murray-Darling River Basin has great resonance, as
a relatively modest national investment in water acquisi-
tion has enabled the country to protect environmental
values and allow agricultural operators to make econom-
ically sound decisions. The European Union’s (EU)
framework directive has moved the nations of the EU to
undertake policies that are almost beyond our aspira-
tions. 

We, the community of water policy people, actually
seem to be in broad agreement about what good water
policies are, perhaps with the luxury of so many out
years to contemplate them. When policy makers are
ready to engage, they will find a wealth of ideas awaiting
them.

Denise D. Fort
University of New Mexico School of Law
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This essay focuses on a very narrow slice of water
law – that of water rights in the west, and the com-
plications introduced by climate change.

West of the Mississippi River, water law is generally
based on the principle of prior appropriation, meaning
the first person to obtain a water right on a stream is the
last to be shut off in times of low stream flow. This ap-
proach to water law anticipates the very real possibility of
water scarcity, and sets forth a prescribed system to
manage water during times of shortage.

In water-short times, the water right holder with the
oldest date of priority can demand the water specified in
the water right, regardless of the needs of junior users.
The water right specifies the location, time of year, and
amount of water to be put to beneficial without waste. If
there is a surplus beyond the needs of the senior right
holder, the water right holder with the next oldest priori-
ty date can take as much as necessary to satisfy needs
under this next water right and so on down the line until
there is no surplus or until all rights are satisfied. This
has the effect of providing certainty to senior water users,
by ensuring a source of water that will support their eco-
nomic investments.

The prior appropriation doctrine anticipates competi-
tion and shortage. It also has the ability to adjust incre-
mentally, to accommodate emerging issues.

EVOLUTION OF WATER LAW

Western water law has continued to evolve to take
into account changing societal norms and water man-
agement technologies. In Oregon, for example, in 1955,
the Legislative Assembly adopted the state Groundwater
Act, placing management of groundwater resources
under the purview of the state. Also in 1955, the autho-
rization of basin planning shifted Oregon's focus to plan-
ning and management of water resources at the basin
level.

The 1987 Instream Water Right Act has allowed Ore-
gon to protect water instream as a beneficial use. The Al-
location of Conserved Water Program – revamped in 1993
– allows water users to apply conserved water to new
lands, new uses, and instream uses too.

The use of water right transfers allows today’s water
users a measure of flexibility to move water from a dif-
ferent location, to a different location, or for a different
purpose.  

A SHIFT IN SEASON ... CLIMATE CHANGE

The formation and implementation of western water
law resides in surface water and groundwater hydrology.
We rely upon these data to decide how much water is

likely to be available where and when it is needed. Water
right documents then specify when diversions may occur,
based on these historic hydrologic data. Today, water
availability in Oregon significantly depends on the pres-
ence of natural storage (snowpack), with water becoming
available during heavy-use periods as a result of snow
melt. But what will happen when the hydrologic data
shift, leaving the legal documents behind?

Climate models project an average rate of warming in
the Pacific Northwest of approximately 3-10oF during
this century. If Oregon’s mean annual temperature in-
creases, climatologists predict a shift in precipitation
from snow to rain. Precipitation arriving as rain instead
of snow could pose several challenges to water systems,
such as more frequent flood occurrences, decreased
summertime runoff to surface water, and reduced
recharge to aquifers. Water users – both instream and
out-of-stream – that are dependent on snowpack for
water during summer and fall could see significant de-
creases in water when they need it most.

This issue will be compounded by the potential for
warmer summer months and an earlier – and longer –
growing season. In Oregon and throughout much of the
west, states have adopted a series of court decrees and
administrative rules that guide the timing of water with-
drawals. “Irrigation seasons” are described in these doc-
uments, using specific dates. Many individual water
rights refer to these documents in order to establish
when water may be legally withdrawn.

But increasingly, prime growing conditions have
shifted to earlier in the year and have lasted longer, be-
cause of gradual changes in the hydrograph and temper-
ature. For example, some areas of the Willamette Valley
that have their irrigation seasons defined on paper as
April 1 through September 30, increasingly experience
growing conditions that would benefit from irrigation into
the month of October. Others in the same valley have de-
fined irrigation seasons as May 1 through September 30;
in recent years. However, they have experienced growing
conditions that could allow them to plant well before
May.

Irrigators and other water users may eventually find
themselves holding legal documents – water rights –
granting permission to use water during seasons that
bear very little resemblance to the conditions taking
place outside their windows.

Policymakers may soon have to revisit the body of
rules that define irrigation seasons with such precision,
based on historic data. Although the process may take
some time, the result will be a set of laws that align more
closely with actual conditions in the field. States such as
Oregon that have constructed their laws in a sound man-
ner with a strong scientific foundation have a good start.
They will need to make adjustments incrementally, to
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maintain this strong foundation, while keeping up with a
changing climate.

CONCLUSION

There’s an entire body of law that may soon feel the
effects of climate change, because it is so strongly de-
pendent on and defined by hydrologic conditions. These
hydrologic conditions are changing and will continue to
change, requiring the law to keep pace.

Brenda Ortigoza Bateman
Oregon Water Resources Department
725 Summer St, NE, Suite A
Salem, Oregon 97301
(503) 986-0879

Flood plains have always been good places to live and
work. Our earliest natives and settlers commonly used
the rivers for water and food supply, arable land, and
water-borne transportation, and as well established their
villages and towns at the most advantageous locations,
which were often at the confluence of two rivers.
Notwithstanding the aesthetic advantages of rivers, this
trend continues today.

Many citizens across the United States have experi-
enced flooding of their properties. Moreover, there are
progressively greater protective structures, monetary
losses due to flood damages are increasing, most likely
due to increased population working and living in the
floodplains in addition to upstream development that in-
creases runoff. We read of increasing number of floods
but isn’t that notion mostly due to increased use of flood-
prone areas? Remember the age-old question, “If a tree
falls in the forest and no one hears it, does it make
noise?” Similarly, if high water occurs in unoccupied low-
land, is it a flood?

It is much too late in our nation’s growth to empty all
floodplains of our infrastructure. But many citizens, if
not most, look to their governments (Federal, state, and
local) to protect their homes and businesses from floods.
Can governments do that? Other than building higher
and more resilient structures and relocating relatively
small numbers of people from the most at-risk flood
zones, how do we ensure the safety of the public?  The fu-
ture of floodplain management is changing. 

FLOOD PLAINS ARE NOT ALL THE SAME

Like the variable and uncertain climate, geography
varies and changes over time as well. Some flood zones
are very wide (the Mississippi flood of 1927 was more
than 100 miles wide at one point) and some are very nar-

row (the narrow canyons in the recent Colorado floods for
example). Additionally, most of the time officials can pro-
vide days or possibly weeks of warning for major flood
plains but only minutes in the case of flash flood-prone
canyons. Some floods may be largely confined and in-
volve only local authorities. When, however, we experi-
ence floods from the likes of the Ohio, Missouri, and Mis-
sissippi Rivers the effects are multistate and immediate-
ly become national problems. Furthermore, considering
some forecasts of changing climate with varying rainfall
patterns and amounts potentially increasing, our future
national policy must include approaches to adapt.

Because of this diversity, governments have chosen,
for varied reasons, to address flooding challenge differ-
ently, depending on the area. For instance, subsequent
to the massive 12-state Mississippi River flood of 1927
Congress recognized a national role in combating floods.
It also recognized the significance of this particular flood
plain because it accommodated activities critical to the
national economy, primarily agriculture and aquacul-
ture. Thus, Congress passed the Flood Control Act of
1928 that essentially established a unique, “never again”
standard for flood protection for the lower Mississippi
valley. In other regions of the country, however, efforts to
address flooding are varied with diverse sets of measures
to limit flood damages. 

REDUCING RISKS

In New Orleans after the terrible devastation of Hur-
ricane Katrina, while I was commanding the Army Corps
of Engineers’ (Corps) emergency operations, I was told
that some of our people in the Corps heard from citizens,
“You told us we were protected.” I did not doubt that re-
port but it did give me pause to ask, can the Federal gov-
ernment “protect” its citizens from floods, especially in a
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city so vulnerable to storms and flooding? As partners
with FEMA on the Interagency Flood Risk Management
Committee (IFRMC) we deliberated this very thought.
Not wanting any more American citizens to experience
the destruction we personally witnessed in New Orleans,
we needed to develop a flood policy to take us in to the
future.

Our citizens clearly depend heavily on government
action. In many cases, the Federal government funds
flood infrastructure (although funding for this is always
problematic) as well as provides lower cost flood insur-
ance.State governments establish building codes for
structures at risk of flooding. Local governments develop
zoning restrictions that impact what can be built in flood-
prone areas and can provide for evacuation. In addition
to governments, though, industry acts to protect and in-
sure their infrastructure as well as their workers; and fi-
nally, individual citizens take steps to protect their lives
and property and reduce their own risks.

The distinct conclusion of the IFRMC was that gov-
ernments should be in the business of assuring the safe-
ty of their citizens by helping them reduce the risk of
floods, not promising to protect them from all flood dam-
ages. Notwithstanding the substantial infrastructure
along the nationally significant lover Mississippi River
Valley (that proved to work most successfully during the
great flood of 2011 in which more water than ever flowed
down the Mississippi), full “protection” is an unrealistic
standard for governments to strive for. Through concert-
ed and coordinated action governments, affected busi-
nesses and people can markedly reduce the risk of flood-
ing, greatly decrease the potential for flood damages, and
assure no loss of life. In the end, though, there will al-
ways be a residual risk that everyone must remain alert
to and prepare to respond to. The IFRMC developed this
simple schematic below to help us describe the policy:

SHARED RESPONSIBILITY 

Government action can certainly control floodwaters
to a certain point. But fully securing the safety of the
public can only happen if everyone involved in managing
floods, especially the individuals who live and work in the
flood plains, contribute to reducing risk.  Governments
can only do so much; and it must be a shared responsi-
bility.

The key to successful flood risk reduction in the fu-
ture is public awareness. The Corps, FEMA, NOAA, and
others have developed sophisticated models that can
help estimate flood risk. Following Hurricane Katrina, the
Independent Performance Evaluation Task Force (IPET)
established by the Secretary of the Army collected an
enormous amount of data, built and ran storm and flood
models, developed maps to convey the risk, and helped
the Corps and FEMA inform the public as to their flood
risk then and in the future as the infrastructure was im-
proved over time. But New Orleans is the only city that
has had this complex, state-of-the-art work accom-
plished; other flood-prone locations are left with less ad-
vanced but still beneficial flood forecasting tools.

As we look to the future, in order to assure public
safety, citizens and businesses need to know their risks
and have plans, tools, and help in place when flooding is
forecasted. Local governments should have warning sys-
tems sufficient to move allow people to relocate away
from the high risk areas. State governments must pre-
pare transportation and housing support plans and the
Federal government can help with warnings and rein-
force the efforts of states and local governments with re-
sponse and recovery assistance. In this way, everyone in-
volved contributes to assuring life safety and reducing
risk to property.

BOTTOM LINE: PUBLIC SAFETY

The entire intent of this national policy is to protect
life and reduce damages due to flooding, both presently
and in the future. With all floodplain stakeholders in-
formed and decisively engaged they can contribute in a
synergistic fashion to reducing their risk, limiting prop-
erty loss, and ensuring their personal safety.
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As we move into the second and third decades of the
21st Century, our understanding of and ability to ad-
dress what our water future is may be quite fuzzy. We
must acquire more and better information and data
about these fuzzy areas and learn to deliver and use it in
ways that help the public and policy makers see with bet-
ter acuity the fuller picture and enable us to better miti-
gate any adverse impacts that are lurking in the years
ahead. Much of this fuzziness follows from our failure, in
years past, to look ahead. Some of this negligence has re-
sulted from a lack of resources; some from our unwill-
ingness to come to grips with the challenges the future
may pose. This is where water resource professional can
make a critical difference. Let me cite two examples.

FLOOD AND HURRICANE RISK

After Hurricane Katrina, the Midwest/Mississippi
Floods of 2008 and 2011, and Superstorm Sandy, there
has been some increase in the public’s recognition that
hurricanes and floods are significant events that likely
will continue, possibly increase in intensity and frequen-
cy and be joined by sea level rise. But, in spite of this
recognition, little has been done to identify the risks that
will be faced in the years ahead from these natural haz-
ards. Most of what the public knows about flooding
comes from FEMA’s Flood Insurance Rate Maps (FIRMS)
that, for the most part, depict only the 100-year flood
zone and provide little information about the character-
istics (depth of inundation, velocity, etc.) of the flooding
that might take place in and outside of 100-year zones
and nothing about the consequences of this flooding in
safety, economic and social terms.

FEMA, in its Risk Mapping, Assessment, and Plan-
ning program (RiskMAP) (http://www.fema.gov/risk-
mapping-assessment-planning), is attempting to provide
information to the public about the risks they face using
mapping techniques that have proven effective world-
wide, but these efforts are hampered by significant short-
falls in the funding provided to the FEMA mapping pro-
gram. FEMA does not have the resources to harness the
relevant topographic and hydrologic information needed
to update the FIRMs or replace them with easily under-
stood visualization of the hazard or residual risks re-
maining after the presence of flood-control and mitiga-
tion infrastructure is taken into account. More to the
point, most floodplain maps are static documents meant
to convey the fixed risks and impacts imposed by the the-
oretical 100-year flood, but if the hydrologic and hy-
draulic data on which they are based could be effectively
indexed to real-time river forecasts or streamgages, the
maps could dynamically display real flood extent, greatly
enhancing flood planning and response and recovery ef-
forts. That kind of reporting could vitalize the pubic
awareness of flood threats and costs and lead to de-
mands to reduce flood damages.

However, these agencies need resources to realize
these opportunities. In the 2007 Water Resources Devel-
opment Act, Congress directed that, “Not later than 
2 years after the date of enactment of this Act, the Pres-
ident shall submit to Congress a report describing the
vulnerability of the United States to damage from flood-
ing” (Public Law, 2007). However, no funding has been
provided by the Congress to carry out this activity. In
part, I would assert that this reluctance on the part of the
Congress to provide funding for what they have legislat-
ed to be carried out stems from a concern that they might
not want to know what the results would be and/or that
they are concerned that if the results are provided, it will
be extremely difficult to provide the resources needed to
remedy deficiencies and address future needs.

In 2009, the National Committee on Levee Safety, in
a report to the Congress and the Administration (http://
www.leveesafety.org/docs/NCLS-Recommendation-
Report_012009_DRAFT.pdf), pointed out the lack of in-
formation about location and condition of levees
throughout the nation and the necessity for significant
repairs and upgrades. Congress has taken no action to
deal with the Committee’s recommendations. A similar
review of the National Dam Safety Program in 2011
pointed out the lack of information about the condition of
the nation’s more than 84,000 dams (http://www.fema.
gov/media-library/assets/documents/26258). In the
2012 Biggert-Waters Flood Insurance Reform and Mod-
ernization Act (Public Law, 2012), the Congress directed
FEMA to identify, review, update, maintain, and publish
rate maps that covered “(i) all populated areas and areas
of possible population growth located within the 100-year
floodplain; (ii) all populated areas and areas of possible
population growth located within the 500-year flood-
plain; (iii) areas of residual risk, including areas that are
protected by levees, dams, and other flood control struc-
tures; (iv) areas that could be inundated as a result of the
failure of a levee, dam, or other flood control structure;
and (v) the level of protection provided by flood control
structures…,” but, again, adequate resources have yet to
be provided. It is disturbing to see that we know that
risks are out there but are reluctant to take the steps
necessary to identify the specifics of these risks and
strategies for mitigating them.

SURFACE WATER QUANTITY
AND QUALITY MONITORING

To deal with the challenges of changing climate as
well as the prediction and analysis of flood and drought
events, the nation requires effective monitoring of the
quantity, quality, and availability of our surface water re-
sources. Because of funding limitations, each year the
nation’s efforts to monitor water quantity and quality
conditions are being reduced. Over 565 USGS system
streamgages have been recently discontinued and anoth-
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er 171 are threatened or endangered at a time when, be-
cause of the potential climate change, more rather than
less data are needed. At the same time, support of water
quality monitoring is being reduced at the federal and
state level at the precise time when new sensor technol-
ogy is being developed and deployed to greatly improve
the scope and timeliness of the data. As the Congres-
sional Research Service noted, “… monitoring generally,
and water quality monitoring specifically, receive less pri-
ority and funding than do regulatory or capital improve-
ment programs” (http://aquadoc.typepad.com/files/
r40573-final-crs-nwc-report-1.pdf). The National Water
Quality Assessment (NAWQA) reports that “… national
water-quality monitoring networks for streams and
groundwater … have gradually eroded over the last 
15 years” (http://water.usgs.gov/nawqa/pubs/fs-2013-
3008/ProposedReductionsFY14.pdf). A  recent report by
the National Research Council noted that a “…tipping
point for NAWQA is a point where, once crossed, the pro-
gram as currently organized, scaled, and operated can no
longer provide a national assessment of water quality.”
Restoration of resources will not reverse this inability to
achieve the program’s core mission, once the tipping
point is crossed (http://www.nap.edu/openbook.php?
record_id=13464&page=115).

In its 2013 Report Card on the condition of the Na-
tion’s infrastructure (http://www.infrastructurereport-
card.org/a/#p/home), the American Society of Civil En-
gineers rated Drinking Water and Wastewater Infrastruc-
ture at the “D” level, “Poor: At Risk,” and identified a
greater than $100 billion funding gap over the next seven
years (http://www.energy.senate.gov/public/index.
cfm/hearings-and-business-meetings?ID=59c93dec-
c9da-4f94-a15f-be363706c1d4). But how can such major
investments be properly designed or efficiently operated
if the information base on which such activities depend
is not available? (Public Law, 2009). A failure to monitor
today’s and tomorrow’s water quality could have severe
consequences for our grandchildren and their children.

The above examples can be matched by similar lack
of attention to monitoring, assessment, and data gather-
ing related to groundwater, emerging contaminants,
coastal erosion and other water related conditions. In its
2007 letter to the President, Congressional leaders and
state governors following the 2007 National Water Policy
Dialogue, AWRA reported that “The Administration, Con-
gress, and the governors must ensure that the Nation’s
vast scientific knowledge about water is available to all,
clearly presented, and fully considered in making deci-
sions on key water issues. Critical data about water re-
sources must be collected and maintained, and research
and development on critical water issues must be sup-
ported.”

Failure, in the years ahead, for political leaders to re-
spond to the AWRA challenge would represent the ulti-
mate Ostrich Syndrome. This failure will likely occur if
water resources professionals do not forcefully make the
case for developing the data and information needed to
brighten what could be a dark future.
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HOW DID WE GET HERE?

America’s locks, dams, and inland waterways are old.
The system was designed and built for the last century
and funding to support federal reinvestment for major re-
habilitation has steadily decreased. In 2009, the Ameri-
can Society of Civil Engineers (ASCE) estimated that over
the next five years the funding shortfall for inland water-
ways would exceed $20 billion (ASCE, 2009). The ASCE
further estimated that the underinvestment in America’s
inland waterways cost U.S. businesses some $33 billion
in 2010 (ASCE, 2012).

Expenditures by U.S. Army Corps of Engineers Civil
Works to address infrastructure have averaged about
$1.5 to $2 billion per year for the last decade (USACE,
2012). These funds have only served to minimally main-
tain the serviceability of the most crucial inland and
coastal navigation infrastructure projects. To accommo-
date the expected increase in agricultural exports
through the Gulf of Mexico, the nation’s current inland
waterways must be repaired, in some cases upgraded,
with adequate assurances that improvements will be
maintained.

Over the past five years, total expenditures for lock
and dam improvements and for operations and mainte-
nance of inland waterway navigation structures and
channels have remained flat (USACE, 2011, 2012). A
growing concern exists regarding how best to secure and
efficiently spend funds to ensure the viability of this na-
tional maritime system while protecting past and future
investments. 

The Inland Waterways Trust Fund, established as
part of the Inland Waterway Revenue Act of 1978, and in-
tended to support a cost-shared approach to the financ-
ing of construction and major rehabilitation on the na-
tion’s inland waterways, continues to experience signifi-
cant funding shortfalls (Senate Report, 2012). Cost over-
runs at ongoing cost-shared construction sites are exac-
erbating the inability of the trust fund to keep up with a
growing backlog of deferred maintenance.

In the 2007 Water Resources Development Act, Con-
gress approved a long-term program of navigation im-
provements and ecological restoration for the Upper Mis-
sissippi River System, a vast and critically important
component of our nation’s inland waterway system [(H.R.
1495 (110th), Water Resources Development Act of 2007,
2007]. This program, the Navigation and Ecosystem Sus-
tainability Program (NESP), was scheduled to be imple-
mented in increments over a 15-year period. It is a
planned for approach, critically needed, conceived of
years ago, deliberated and debated at great length, au-
thorized over seven years ago, and yet still unfunded by
Congress. Authorization without appropriation means no
action.

As a result, a growing funding gap exists to finance
major rehabilitation, let alone expansion of aging infra-
structure along our nation’s inland waterways. Recogniz-
ing the critical importance of continued navigation along
inland waterways by producers, commodity groups, ship-
pers, regional economic development interests, and other
beneficiaries, innovative and timely recapitalization
strategies and operational efficiencies must be consid-
ered to address the continued serviceability of this sys-
tem. In doing so, leveraged public-private reinvestment,
efficiencies in construction and contracting practices,
and work prioritization will all be critical factors to en-
suring performance and reliability across key waterway
reaches.

Key principles, subject matter experts, and a diverse
array of stakeholders supported by a number of studies
have indicated that an emerging, innovative financing
model structured to leverage public-private resources
and expertise may provide the necessary means for a
cost-effective financing option. Innovative public-private
partnerships (P3s) could provide first-of-its-kind access
to private capital for successful recapitalization and im-
proved governance of our nation’s inland waterway sys-
tem, or at least the system’s most important regional seg-
ments. 

WHERE ARE WE HEADED?

The need to smartly advance waterway moderniza-
tion in light of post-Panama Canal market access is over-
due. The looming maintenance backlog to critical inland
waterway infrastructure drives the need to test old as-
sumptions regarding existing approaches to the opera-
tion, maintenance, and upgrading of the United States
(U.S.) inland waterway system. New and more efficient
approaches that smartly leverage private participation
and encourage private investment with some assurance
of private return on investment is warranted. Govern-
ment and stakeholder funded reports and studies have
advocated change.  The attitude that the problem will
disappear by throwing a bare minimum of federal dollars
at it is no longer tolerable.

Looking at new approaches to the governance, oper-
ation, and financing of projects to repair, sustain, and in
some cases expand capacity will require the identification
and discussion of relevant issues and realistic options. A
critical issue, given the current fiscal climate in the U.S.,
focuses on funding sources. Therefore, conducting a
thorough and relevant case-by-case analysis of alterna-
tive funding strategies, including P3s, is not only appro-
priate but also necessary. 
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Experts, deciding officials and stakeholders have in-
dicated the need to evaluate an array of solutions to the
financing challenge. Analyzing models, including P3 
approaches, to address viable new approaches for repair-
ing/improving, operating/maintaining, and reinvesting
in navigational infrastructure along segments of the in-
land waterway system is key, and many would recognize
the matter as urgent. Assessing P3 delivery mechanisms,
among other arrangements, to facilitate repair, replace-
ment, and ensure sustainability of critical navigation in-
frastructure would compliment any modernization strat-
egy and advance any overall national multi-modal trans-
portation strategy. 

A modernization strategy and navigational improve-
ments will undoubtedly generate a robust discussion of
associated environmental impacts that must be account-
ed for and avoided or mitigated. But this can be accom-
panied by the same requisite commitment to achieving
optimum efficiency and reliability to contain costs and
ensure confidence and trust. Inland navigation modern-
ization also presents an opportunity to demonstrate an
adaptive management approach to stewarding important
regional aquatic ecosystems, building on recent compli-
ance driven ecosystem restoration efforts, and thus pro-
tecting and sustaining important natural capital includ-
ing U.S. water resources.

Regardless of the federal government’s current role
and the current cost-sharing role of users and user-
funded financing mechanisms, such as the Inland Wa-
terway Trust Fund, new strategies demand consideration
as old assumptions face up to fact-based testing. If pri-
vate participation represents part of the solution, any
new approach must first be vetted and demonstrated be-
fore broader application and acceptance can drive further
public and investor confidence. Accordingly, identifying
strong candidates for early and valid demonstrations of
workable approaches will be advantageous and the basis
for expanded, scaled-up solutions that will likely suc-
cessfully bundle projects across regional system seg-
ments. 

WHEN WILL WE HAVE ARRIVED?

An effective process within Congress and the Office of
Management and Budget must be established to effec-
tively prioritize federal investment in rehabilitation pro-
jects based on need, rather than political self-interest.
The looming funding gap will only be bridged when effec-
tive mechanisms are put in place to permit and encour-
age leveraging of private financing towards such projects,
when cost containment strategies drive down the cost of
sustaining improvements, when federal budget formula-
tion encourages best business practices, and when new
efficiencies drive down costs of operations, maintenance
and repair. It will take time, but it is a problem that can
no longer be kicked down the road for someone else to
sort out and solve. Eventually, the realization will set in
across the board that the federal government is no longer
able to provide the financing needed to properly maintain
this infrastructure. And, when it does, it will be the first
real step towards a solution.
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Drought knows no political boundaries. It affects all
United States (U.S.) states and most regions of the world
on a frequent basis, impacting many diverse sectors. Mil-
lions of people died in recent years from starvation in the
Greater Horn of Africa, and drought was a significant
causal factor in that event. Millions more are threatened
in other regions of Africa and in other developing coun-
tries each year. Much of Australia recently experienced
severe drought conditions for a decade. In some areas of
the country, it was the worst drought of the last century.
Northeast Brazil continues to experience the devastating
effects of a drought that began in 2012. Texas experi-
enced its worst drought in state history in 2011 and two-
thirds of the U.S. experienced moderate to exceptional
drought in 2012, with impacts exceeding $35 billion.
Drought has been pervasive throughout the western U.S.
for the past decade and it appears to be becoming more
frequent for this already water-stressed region. However,
drought affects all portions of the U.S.; it is not just a fea-
ture of the climate of the western states. As of this writ-
ing, 46 percent of the nation is in moderate to exception-
al drought conditions according to the U.S. Drought
Monitor. 

The problem, worldwide and on a national and local
basis, is that we treat drought as an uncommon visitor
when, in fact, it is a normal part of our climate. The in-
strumental record demonstrates that drought occurs
somewhere in the U.S. each year, frequently affecting
more than 40 percent of the nation and resulting in bil-
lions of dollars in economic, social, and environmental
impacts. No region of the country is immune to the rav-
ages of drought, but for some areas it is far more com-
mon than not. Given its frequency, severity, and duration
and the devastating impacts on a growing number of sec-
tors, the future is now. We must consider alternatives for
how we have managed and responded to drought histor-
ically. It is time for nations to build greater institutional
capacity aimed at improving societal coping capacity and
long-term resilience. While building resiliency begins
with the individual and communities, it is also important
for nations to have a framework in place that emphasizes
self-reliance and drought risk reduction.

Greater attention is now being directed to reducing
risks associated with drought occurrence through the in-
troduction of risk-based policies and the development of
preparedness plans to improve operational capabilities
(i.e., climate and water supply monitoring, building insti-
tutional capacity) and mitigation measures that are
aimed at reducing drought impacts. This change in em-
phasis is long overdue. Mitigating the effects of drought
requires the use of all components of the cycle of disas-
ter management, rather than only the crisis management
portion of this cycle. Typically, when drought occurs,
governments and donors have followed with impact 

assessment, response, and recovery actions in an 
attempt to return the region or locality to a predisaster
state.   Historically, little attention has been given to the
risk management elements of the cycle (i.e., prepared-
ness, mitigation, and prediction/early warnings) – ac-
tions that can reduce risk and, therefore, impacts. Ulti-
mately, these risk reduction practices will lessen the
need for government and donor interventions in the fu-
ture. A recent study by the Center for American Progress
(Weiss et al., 2013) indicated that the U.S. federal gov-
ernment spent nearly $62 billion for disaster relief in fis-
cal years 2011 and 2012. Most of this relief was directed
to responding to the severe droughts that occurred in
these years. This figure does not include the additional
funding provided in response to Superstorm Sandy. The
crisis management approach only addresses the symp-
toms of drought as they manifest themselves in the im-
pacts that occur as a direct or indirect result of drought.
Risk-based management, on the other hand, identifies
where vulnerabilities exist – particular sectors, regions,
communities, or population groups (i.e., who and what is
at risk and why) – and addresses these vulnerabilities
through systematically implementing mitigation mea-
sures that will lessen the risk to future drought events.
Because societies have emphasized crisis management in
past attempts at drought management, countries have
generally moved from one drought-related disaster event
to another with little, if any, reduction in risk. In addi-
tion, in many drought-prone regions, another drought
event is likely to occur before the region fully recovers
from the last event.

How governments and societies respond to drought
(and other natural disasters) has become a topic of con-
siderable debate in the past decade as governments and
nongovernmental organizations continue to distribute in-
creasing amounts of money and other forms of assis-
tance to victims and sectors in both developing and de-
veloped countries. Studies have shown that drought or
disaster relief does little to reduce societal vulnerability
to the next event. It could even increase vulnerability be-
cause it encourages the status quo. In other words, vul-
nerability to drought is often the direct result of poor
planning and resource management practices. If we are
to reduce societal vulnerability, we need to encourage im-
proved planning and resource management by redirect-
ing resources from response programs to mitigation pro-
grams that target those people and sectors most at risk.  
The challenge is to move governments away from simply
responding to crises to a more proactive approach that
identifies the populations, sectors, and regions most at
risk and targets programs to those areas with the goal of
reducing that risk. As stated previously, a risk-based ap-
proach can lead to increased institutional capacity and
reduced impacts since risk-reduction policies and pre-
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paredness planning build resilience. This approach
lessens the need for crisis-oriented government interven-
tions, an approach I refer to as the “hydro-illogical” cycle. 
Globally, there are serious concerns about the spiraling
impacts of drought on a growing number of sectors, es-
pecially given current increases in drought incidence for
many regions and projected further increases in this ex-
treme climatic event as a result of climate change (U.S.
Global Change Research Program, 2013; Peterson et al.,
2013; IPCC, 2012, 2013). These concerns have resulted
in increased attention to the need for risk-based nation-
al drought policies and preparedness plans as the in-
struments to implement those policies. The need for a
more proactive approach to drought management was a
motivating factor that led the World Meteorological Orga-
nization’s (WMO) Congress at its Sixteenth Session (held
in Geneva in 2011) to recommend the organization of a
“High-level Meeting on National Drought Policy
(HMNDP).” Accordingly, WMO, the Secretariat of the
United Nations Convention to Combat Desertification
(UNCCD), and the Food and Agriculture Organization of
the United Nations (FAO), in collaboration with a number
of United Nations (UN) agencies, international and re-
gional organizations, and key national agencies, orga-
nized the HMNDP in Geneva on March 11-15, 2013
(http://www. hmndp.org/). The theme of HMNDP was
“Reducing Societal Vulnerability – Helping Society (Com-
munities and Sectors).” The goal of this meeting was to
encourage all nations to adopt national drought policies
that were focused on risk reduction by providing a frame-
work for policy development and adoption. UN-Water has
now joined with WMO, UNCCD, and FAO in offering
training workshops on capacity development in support
of national drought policies throughout the world.

Simply stated, a national drought policy will estab-
lish a clear set of principles or operating guidelines to
govern the management of drought and its impacts. The
overriding principle of drought policy is an emphasis on
risk management through the application of prepared-
ness and mitigation measures. This policy should be di-
rected toward reducing risk by developing better aware-
ness and understanding of the drought hazard and the
underlying causes of societal vulnerability. The princi-
ples of risk management can be promoted by encourag-
ing the improvement and application of seasonal and
shorter-term forecasts, developing integrated monitoring
and drought early warning systems and associated infor-
mation delivery systems, developing preparedness plans
at various levels of government, adopting mitigation ac-
tions and programs, promoting water conservation and
supply augmentation strategies, creating a safety net of
emergency response programs that ensure timely and
targeted relief while supporting the principles of drought
policies, and providing an organizational structure that
enhances coordination within and between levels of gov-
ernment and with stakeholders. This policy must be con-
sistent and equitable for all regions, population groups,
and economic sectors and consistent with the goals of
sustainable development.

Unfortunately, the U.S. has no cohesive national
drought policy, a fact well demonstrated as the nation re-
sponded to the 2012 drought and other recent droughts.

Following the severe drought of 1996 that affected much
of the southwestern and south central portions of the
country, there were attempts to put in place a national
drought policy. The U.S. Congress passed the National
Drought Policy Act (Public Law 105-199) in 1998. The bill
created the National Drought Policy Commission (NDPC)
to “provide advice and recommendations on creation of
an integrated, coordinated federal policy designed to pre-
pare for and respond to serious drought emergencies.”
The NDPC’s report, submitted to Congress and the Pres-
ident in May 2000, recommended that the U.S. establish
a national drought policy that emphasized the principles
of risk reduction through the implementation of more
preparedness planning and the adoption of proactive
mitigation measures, including public education and
greater collaboration among scientists and public offi-
cials (National Drought Policy Commission, 2000).

The NDPC further recommended creation of a long-
term, continuing National Drought Council composed of
federal and nonfederal members to implement the rec-
ommendations of the Commission, including the devel-
opment of an action plan to develop a risk-based nation-
al drought policy. The Commission further stated that
“we can reduce this nation’s vulnerability to the impacts
of drought by making preparedness the cornerstone of
national drought policy” (National Drought Policy Com-
mission, 2000). Little action on the NDPC’s recommen-
dations has occurred since the report was submitted, ex-
cept for passage of a bill by the U.S. Congress in 2006
creating the National Integrated Drought Information
System (NIDIS) under the leadership of the National
Oceanic and Atmospheric Administration (Public Law
109-430). This very successful program is up for reau-
thorization in 2013.

If the droughts of the last decade and those ongoing
in the U.S. today and elsewhere teach us nothing else,
they should at least teach us that all nations need to be
better prepared for the inevitable future droughts and de-
velop a national drought policy and a higher level of pre-
paredness that emphasizes risk reduction as its overrid-
ing principle. In the case of the U.S., most states now
have drought plans in place, some with a significant em-
phasis on risk reduction and mitigation. These state
plans and the improved early warning and information
delivery system provided by the NIDIS and its partners
gives us a much stronger scientific foundation to support
a national drought policy. It is now time for the federal
government to act on the recommendations of the Na-
tional Drought Policy Commission’s report and provide
more leadership on this important resource management
issue. Given concerns expressed in the IPCC reports
(IPCC, 2012, 2013) and the U.S. National Climate As-
sessment report (U.S. Global Change Research Program,
2013) regarding the increased frequency, intensity, and
duration of droughts in the future, as well as the role
that population increases and demographic shifts play in
influencing our vulnerability to drought, the economic,
social, and environmental impacts of drought will likely
continue to escalate. Nations must implement more ef-
fective drought management policies in order to reduce
these impacts in the future.

22 • Water Resources IMPACT January • 2014

Changing the Paradigm for Drought Mgmt.: Can We Break the Hydro-Illogical Cycle? . . . cont’d.



REFERENCES

IPCC (Intergovernmental Panel on Climate Change), 2012. Sum-
mary for Policymakers. In: Managing the Risks of Extreme 
Events and Disasters to Advance Climate Change Adaptation, 
C.B. Field, V. Barros, T.F. Stocker, D. Qin, D.J. Dokken, K.L. 
Ebi, M.D. Mastrandrea, K.J. Mach, G.-K. Plattner, S.K. Allen, 
M. Tignor, and P.M. Midgley (Editors). A Special Report of 
Working Groups I and II of the IPCC, University Press, Cam-
bridge, United Kingdom and New York, New York, pp. 1-19.

IPCC (Intergovernmental Panel on Climate Change), 2013. 
Working Group I Contribution to the IPCC Fifth Assessment 
Report. Climate Change 2013: The Physical Science Basis 
(Summary for Policymakers). September.

National Drought Policy Commission, 2000. Preparing for 
Drought in the 21st Century. U.S. Department of Agriculture.  
Washington, D.C.  60 pp.

Peterson, T.C., P.A. Stott, and S. Herring, 2013. Explaining 
Extreme Events of 2012 From a Climate Perspective.  Bulletin 
of the American Meteorological Society 94 (9):1-14.

U.S. Global Change Research Program, 2013. Federal Advisory 
Committee National Climate Assessment Report (Draft). 
Washington, D.C., 1.146 pp.

“Separate but equal” is the doctrine America has his-
torically embraced for water and energy, but the times
are changing and efforts to break down the institutional,
legal, and policy walls and integrate the two “cultures”
are growing stronger every day.

We all know water and energy linkages, tensions, and
tradeoffs exist throughout stages of exploration, produc-
tion, distribution, restoration, and reinvention. What's
surprising, and encouraging, though, is the increasing
level of scientific and policy focus on the subject. Just
over the last decade, “energy -water nexus” has come out
of the blue, reached buzz word status, and begun to re-
ceive the kind of attention needed for nitty-gritty detail.
Research priorities, policies, and practices will need to
target not just the obvious (and not so obvious) linkages
and synergies of energy and water conservation and effi-
ciency but also the contentious trade-offs, and potential
collisions, between the two when regulatory environmen-
tal impacts are at stake. 

Where did the “energy-water nexus” buzz phrase
come from? Dr. Michael Hightower, Water for Energy Pro-
ject Lead, Sandia National Laboratories, offered this ex-
planation: The catch phrase probably got its launch into
stardom in 2005, when Department of Energy experts
used the shorthand phrase in briefings about a report to
Congress that had a long, bureaucratic title on intrica-
cies and interrelationships of energy and water. He spec
ulates the “nexus buzz” got an even bigger boost from Dr.
Michael Webber of University of Texas at Austin, whose
research and outreach efforts on the “Energy-Water 

Nexus in Texas” have gained widespread attention and
respect.

Of course, the concept of linkages has also surfaced
under different names in various contexts, some well be-
fore 2005. For example, the Energy Policy Act of 1992
connected the dots with water efficiency, ushering in im-
portant new national requirements on low flow toilets 
(i.e. 1.6 gallons per flush versus the water guzzling 4.5
gallons per flush in previous decades), as well as the
mandate for energy efficient light bulbs which also trans-
lates into quantifiable water savings. Another example:
the Alliance to Save Energy, www.ase.org, coined the
term “Watergy”  http://watergy.org/ and applied it to in-
ternational needs. As they say, “it takes a lot of energy to
pump and treat water for urban residents and industry –
between 2 to 3 percent of the world’s energy consump-
tion, to be exact. As a result, clean water is often inac-
cessible in energy-poor countries.” Their Watergy pro-
gram has helped improve water sanitation and delivery
services in more than 100 cities worldwide and also
borne energy and water fruit at a Bucks County Water
and Sewer Authority pilot project in Pennsylvania.

Another early example of the nexus, reflecting trade-
offs between energy production and water quality and
ecosystem protection, is the Clean Water Act’s section
316(b) regulations for cooling water intake structures.
These provisions drive decisions over closed-loop vs.
pass-through cooling and technologies to reduce im-
pingement and entrainment of aquatic species. The En-
vironmental Protection Agency’s (EPA’s) efforts to imple-
ment the provisions have spawned litigation for decades.
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Environmental advocacy groups, such as Hudson River-
keeper and energy interests such as the Edison Electric
Institute, have mud wrestled over the costs, benefits, and
risks of the law, resulting in court decisions and consent
decree schedules. EPA is currently engaged, if not en-
trained, in its latest attempt to finalize tiered, phased-in
regulations.

The Agency is also working on Clean Water Act sec-
tion 304 effluent limitation guidelines for the steam elec-
tric power sector, involving metals and other pollutants
in coal ash and power plant stormwater discharges, as
well as the legal and policy question of whether water
quality trading should be used to meet technology based
controls under the Act, http://water.epa.gov/scitech/
wastetech/guide/steam-electric/proposed.cfm.

Add to this energized mix four other, extremely high
profile collisions between water and energy: (1)  moun-
tain top mining of coal, with its regulatory protections
and gaps under the Surface Mining Control and Recla-
mation Act and the Clean Water Act; (2) shale gas drilling
and hydraulic fracturing (aka “fracking”), the current
center stage debate playing out in theaters across the
country; (3) offshore oil drilling and spilling, with contin-
uing legal and policy fall-out over the catastrophic 2010
BP Horizon blowout in the Gulf of Mexico; and (4) the
Keystone XL pipeline from oil sands-rich regions in
Canada to and throughout the U.S., with carbon politics
and Presidential/Congressional policies playing out
along the way. For mountain top mining of coal, the chal-
lenge is to avoid or minimize the sometimes severe im-
pacts on streams and watersheds, through technologies
and strategies. For  fracking, the key is to understand the
entire life cycle of water, from acquisition and use, to
management, reuse, and disposal so as to lead to
smarter decisions on location of wells, impacts on sur-
face and ground water quality and quantity, and reuse
and recycling of flow back water and produced water. For
marine spills, the emphasis is on better planning, pre-
vention, regulatory oversight, ecosystem restoration, and
compensation. For pipeline permitting, the localized
focus is on selecting routes with less risk to aquifers and
streams while broader debates over carbon, oil, global
change, and the economy ensue.

The good news ... National and regional organizations
and agencies are devoting more attention to the topic, es-
pecially the efficiency question. EPA’s Water Office has
developed Energy-Water Nexus Principles (http://water.
epa.gov/action/upload/Energy_Water_Principles.pdf) to
underscore the value of integrating drops and watts
work. The Alliance for Water Efficiency, www.a4we.org, is
doing great work to understand the nexus and enlighten
policies and practices for both water and energy. They’ve
also coordinated with the American Council for an Ener-
gy Efficient Economy, www.aeee.org, to provide a
roadmap for research and action, http://www.alliance-
forwaterefficiency.org/WorkArea/linkit.aspx?LinkIdenti-
fier=id&ItemID=5770.

Here are some of my own basic recommendations,
which aren’t necessarily controversial and certainly
aren’t original:

1. Authorize, fund and support EPA’s WaterSense
program and continue to fund and support the Depart-
ment of Energy’s and EPA’s Energy Star program. (Ad-
mittedly, I’m biased since I helped launch WaterSense
and support Energy Star as an EPA official.) Since my
time at EPA, though, I’ve seen firsthand how these non-
regulatory certification and labeling initiatives signifi-
cantly boost efficiency and sustainability and save citi-
zens’ money by using market-based strategies and con-
sumer awareness campaigns. It’s about far more than
1.2 gallon per flush toilets and compact fluorescent light
bulbs. Congress should get to work and grow these part-
nership programs to their full potential.

2. Support continued research, life cycle analyses,
and pilot projects. Organizations inside and outside of
government, from the National Academy of Sciences to
the Electric Power Research Institute, World Resources
Institute, and Resources for the Future are tackling some
of the most relevant questions. The more America pur-
sues biofuels and other alternatives to fossil energy the
more it needs to know about the water footprint and the
unintended costs “downstream.” EPA’s multi-year study
on hydraulic fracturing and its potential risks to drinking
water, due in 2014 or 2015, will not answer all of the
questions or silence all of the critics; it should, however,
provide a good model for energy policymakers and man-
agers to review a wider range of water impacts and not
take the liquid resource for granted, as much as in the
past. Also, to advance efficiency and intergovernmental
coordination, Senator Tom Udall of New Mexico has pro-
posed legislation to authorize a $15 million pilot program
within EPA and DOE budgets.

3. Consider creating special committees, caucuses,
and clearinghouses. Internal reorganization of any large
or established entity, such as the Department of Energy,
is no small feat. There are advantages, however, to cen-
tralizing the focus on energy-water. Congressional efforts
to coordinate more strategically among committees are
needed, as well.  A national clearinghouse for consumers,
manufacturers, and the general public is also worthy of
discussion.

These and other efforts can help to show that “sepa-
rate is not equal” and that integrated energy and water
management should lead to better, more efficient results.

Ben Grumbles
President, U.S. Water Alliance
1816 Jefferson Place NW
Washington, DC 20036
(202) 233-2299
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The United States (U.S.) has some of the lowest water
and wastewater rates in the developed world, resulting in
what is often described as an infrastructure investment
“gap.”

American households on average are paying only 0.5-
0.6 percent of income for water and sewer bills (Congres-
sional Budget Office, 2002). Indeed, the U.S. average cost
is the lowest price per unit (cubic meter) of all 14 coun-
tries recently surveyed in Africa, America, Australasia,
and Europe by the International Water Report and NUS
Consulting Group in New Jersey (Hodges, 2008).

Besides the challenge of an aging water and waste
water infrastructure, large expanses of the U.S. are ex-
periencing drought and water shortages due to demo-
graphic shifts, climate change and variable precipitation
patterns.

These present and future challenges are uniquely
susceptible to a demand-side management approach
which utilizes full-value or full-cost pricing and conser-
vation pricing. This latter approach involves the design
and implementation of pricing and rate structures to
meet the more specific goals of conservation and efficient
use.

NOT JUST AN ENGINEERING PROBLEM

Many practitioners view water management “as an
engineering problem, rather than an economic one”
(Olmstead and Stavins, 2007). They tend to resort to
non-price options, exclusively, to reduce water use rather
than price increases, such as requiring low-flow fixtures
and restricting particular uses which, while good things
in and of themselves, are not as cost-effective as using
prices to manage water demand.

Nonprice demand management actions are favored
because many utility managers do not believe that con-
sumers change their water consumption in response to
changing water prices. They believe that water demand is
inelastic.

A review of the literature on pricing and elasticity by
Olmstead and Stavins (2007) revealed that “On average,
in the U.S., a ten percent increase in the marginal price
of water can be expected to diminish demand in the
urban residential sector by 3 to 4 percent.” Moreover,
“Price elasticity of residential water demand is similar to
that of residential electricity and gasoline demand in the
United States” (Olmstead and Stavins, 2007). While
water demand is relatively inelastic, it is responsive.

A key limitation to nonprice approaches to demand
management is that water savings are often smaller than
expected due to behavioral responses (i.e., customers
taking longer showers with low-flow shower heads, flush-
ing twice with low-flow toilets, or watering lawns longer
under day-of-the week or time-of-day restrictions). A
study of 12 American and Canadian cities suggested that

replacing two-day-per-week outdoor watering restric-
tions with drought pricing could achieve the same level of
aggregate water savings, “along with welfare gains of ap-
proximately $81 per household per summer drought”
(Olmstead and Stavins, 2007).

Of course, pricing and nonpricing approaches are not
mutually exclusive but complementary. Yet, by recogniz-
ing the full value of water and wastewater services in the
prices paid for them, and imposing conservation-based
pricing on a permanent, seasonal, volumetric or increas-
ing block rate as necessary, while allowing for a basic
household or “lifeline” rate which is affordable, a variety
of economic and environmental benefits may be ob-
tained.

DESIGNING FUTURE CONSERVATION RATES

Numerous empirical studies have shown that resi-
dential water demand is, again, relatively price inelastic.
Because there is no substitute for water, this inelastic re-
sponse is characterized by relatively small changes in the
amount of water purchased or used given an increase in
price. Estimates of the price of elasticities of demand for
residential water have a wide range from -0.02 to -3.33
with 90 percent of all estimates between 0 and -0.75
(Espy et al., 1997; Dalhuisen et al., 2003).

However, inelastic is not the same thing as unre-
sponsive. Rather, it means that the degree of demand re-
sponse is less than proportionate to the price change.
For instance, a price elasticity of demand of -0.3 means
that for a 10 percent increase in price, demand can be
expected to decrease by 3 percent.

All else being equal, elasticity can be expected to be
greater under higher prices (Olmstead and Stavins,
2007). In other words, elasticities are higher with nonlin-
ear, increasing block prices or pricing (IBP) than under
linear, uniform prices.

Conservation pricing may be more effective and effi-
cient if winter and summer demands are addressed sep-
arately.  Espy et al. (1997)  found in their study that sum-
mer demand was more elastic. So imposing water con-
servation pricing at that time would be more effective.
Prices would not have to be raised as much to achieve a
given percentage reduction in water use. Other re-
searchers have noted that aggregate demand was 25 per-
cent more price responsive in summer months, reflecting
the more discretionary nature of outdoor water use (Ren-
wick and Green, 2000).

SHORT-TERM VERSUS LONG-TERM
IMPACTS OF PRICING POLICIES

A utility manager looking to implement conservation
pricing in the future must recognize the likelihood of
short-term declines in revenue. Attaining the same level
of revenue entails imposition of a higher rate per unit of
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water on the anticipated sales volume, taking conserva-
tion into effect.

It is imperative that a utility manager not focus too
narrowly on short-term revenue effects of conservation
pricing. Otherwise, he or she will overlook the lessening
of the variability of costs in the short-term and a reduc-
tion of fixed costs in the long run. For revenue instabili-
ty imposes direct costs of its own on water suppliers
through increased borrowing and more complicated
planning to ensure adequate supply for current and fu-
ture customers.

Water efficiency and conservation will help reduce
the variable costs of operations, particularly in the areas
of energy and chemicals. The same approach will allow
the utility to avoid both fixed capital and variable operat-
ing costs resulting from inappropriate investments in un-
necessary capacity to meet inflated demand for water
services. The aim is to lower a utility’s long-term cost
structure and thereby reduce its revenue requirements
which will yield lower utility bills over time.

CONCLUSION

There are multiple economic and environmental ben-
efits to a regime of full-cost and conservation-based pric-
ing that must be grasped if the world is to serve the water
needs of a growing population in the face of future
drought, climate change and variability.  Price and non-
price approaches to demand-side management, working
in tandem, are the optimal way to manage precious water
resources.

REFERENCES

Congressional Budget Office, 2002. Future Investments in 
Drinking Water and Wastewater Infrastructure. ISMBM 0-16-
01243-3.

INTRODUCTION

We cite with pride our possession of a fifth of the
world’s liquid fresh water, although only a
third of that is renewed by rain or snow.

The aforementioned quote, from a recent book (Pent-
land and Wood, 2013, p. 6) about Canadian water policy,
sounds true enough. Everyone knows Canada has lots of
fresh water. Similarly, when a well-known Federal agency
states (via Twitter) that the North American Great Lakes
hold about 20% of the world’s liquid fresh water, most
people would nod approvingly.

But each of the aforementioned statements is incor-
rect; in each case, the word ‘surface’ as a modifier of
‘water’ is required. If you include groundwater, which by
itself comprises about 97% of the world’s liquid fresh
water, then neither Canada nor the Great Lakes holds
anywhere near 20% of the world’s liquid fresh water.

Why nitpick about the amount of surface water? It il-
lustrates a major issue with groundwater: it is often for-
gotten or dismissed by experts. In fact, I have even chris-
tened groundwater ‘the Rodney Dangerfield of the hydro-
logic cycle’ – it gets no respect. Even when it is not 
ignored, it is often misunderstood. It does not behave like
surface water, which can be compartmentalized into 
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easily-visualized watersheds. Groundwater can be so 
delineated, often with difficulty, although its groundwa-
tersheds do not necessarily correspond to surficial wa-
tersheds. Furthermore, aquifers in a vertical stack may
each have a different groundwatershed. And just as im-
portantly, groundwater is generally dominated by its
stocks (large relative to its flows), whereas surface water
is more apt to be characterized by its flows. A corollary to
the last statement is that groundwater generally has
much longer residence/response times than flowing sur-
face water.

Suffice it to say that managing groundwater as a
component of an integrated system is a daunting task.
The dominant paradigm of water management today – In-
tegrated Water Resources Management (IWRM) – does
not neglect groundwater, but its watershed-based ap-
proach is not conducive to effective groundwater man-
agement in many cases.

In this brief essay I will focus on the current state of
groundwater management and speculate upon its fate in
2050.

BY THE GRACE OF TECHNOLOGY

Grace is the voice that calls us to change and
gives us the power to pull it off. ... Max Lucado

One of the most significant and potentially game-
changing technologies in the groundwater realm has the
comforting acronym GRACE – Gravity Recovery And Cli-
mate Experiment. It is a joint United States (US)-Ger-
many collaboration and consists of two satellites, affec-
tionately named Tom and Jerry, one trailing the other.
The two-satellite system can accurately measure month-
ly changes in Earth’s gravity field that result from
changes in mass at Earth’s surface, such as those that
might occur due to the addition (recharge) or abstraction
(pumping) of groundwater. Groundwater researchers
have used GRACE data to discern monthly gains/losses
in groundwater storage beneath large regions such as
California’s Central Valley and the High Plains. But the
spatiotemporal resolution is not very fine. And for best
results, ground-truthing of GRACE data is desirable.

The GRACE satellites were launched in 2002 and de-
signed for a five-year lifetime. NASA intends to launch a
new GRACE system in 2017 that will greatly improve res-
olution. Groundwater management should be greatly im-
proved when the new system goes online. Transbound-
ary/transnational groundwater management will be
greatly enhanced. With Tom and Jerry keeping an eye on
things, it might be difficult to hide one’s groundwater
usage from your neighbors. And GRACE is merely the
proverbial tip of the iceberg.

The GRACE information discerns only changes in
storage, not total storage. It provides information on the
flows, not the stocks. Recall that as opposed to surface
water systems that are flow-dominated, groundwater
systems have relatively small flows and large stocks. But
these flows are still important because they enable
groundwater to: (1) be considered a renewable resource 

in many instances; and (2) participate in the hydrologic
cycle (Margot and van der Gun, 2013, p. 9).

By 2050, U.S. states and other jurisdictions will ac-
tually know how much groundwater they have and use.
Noninvasive and minimally-invasive geophysical tech-
niques and satellite sensors (think GRACE, but orders of
magnitude more sophisticated) will have characterized
aquifer properties and parameters. ‘Smart’ tracers and
sophisticated nanosensors – both stationary and moving
with the groundwater – will track groundwater, its quali-
ty, use, etc., and display continuous real-time informa-
tion to anyone. 

Models will be truly integrated, and the days when
surface water, groundwater, ecosystem, land-use, and
socio-economic integration were given lip service will be
viewed upon with amusement. I can hear them now:
‘What were they thinking in 2025?’

But what will we do with all these groundwater and
other data? And I do mean ‘Big Data’!

GROUNDWATER GOVERNANCE,
MANAGEMENT, AND CONFLICT

Never doubt that a small group of thoughtful,
committed, citizens can change the world. Indeed,
it is the only thing that ever has. ... Margaret Mead

Dr. Mead could have been talking about groundwater
when she uttered those words. Groundwater is the ulti-
mate ‘local’ resource; although aquifers can underlie very
large areas, their precious booty is often extracted by
smallholders drilling holes in the ground. It is ‘point-of-
use’ personified; there is no reliance upon some mam-
moth infrastructure to supply irrigation or M&I water.
But groundwater is also a common-pool resource, and to
manage it effectively, users must collaborate. Given
groundwater’s nature it is not surprising that the trend
toward groundwater governance and management is oc-
curring at the local level – groundwater/conservancy/ir-
rigation districts, counties, groups of irrigators, etc.

In the US, such efforts must gain the acquiescence of
states especially in the water-short West, since states
have the authority to allocate and manage water. Unfor-
tunately, some states assume that this means there is no
responsibility to coordinate local management efforts on
a statewide basis. In California, this has resulted in
groundwater mismanagement, especially in the Central
Valley.

Before 2050 arrives new models of groundwater gov-
ernance and management will have long since created re-
gional and multistate groundwater management dis-
tricts, and in those regions with important surface water
resources, integrated water management districts. By
2050 those districts will have been transformed into in-
tegrated resource management districts, where all re-
sources are managed using the wealth of data alluded to
earlier. Think today’s systems models, then think again –
about ten times. Computer power will be unimaginable.  

Conflict over water and natural resources, which oc-
curred in the 2020s and 2030s, will be a memory.

Volume 16 • Number 1 Water Resources IMPACT • 27

Groundwater Management: Quo Vadis? . . . cont’d.



THE FUTURE

Prediction is very difficult, especially
if it's about the future. ... Niels Bohr

Dr. Bohr certainly had it right. But I think he would
have agreed with me. To paraphrase a common saying,
‘We will be living in interesting times.’ Let’s hope they are
enlightened as well as interesting.
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TURNING POINT

We are at a crossroads today in how we manage our
water. Traditional water infrastructure will continue to
play a role, but it is static, solves only a single problem,
and requires a huge expense to build and maintain. We
must use this transformational moment to move from old
19th Century infrastructure to a wiser combination of
green and traditional infrastructure that will meet the
needs of the 21st Century.

- American Rivers; ‘Money Pit: The High Cost and 
High Risk of Water Supply Reservoirs in the 
Southeast’

Water supply infrastructure has reached a turning
point. As global needs continue to expand, the environ-
mental and financial resources available to support re-
quired upgrades and expansions have become increas-
ingly constrained. If society is to meet these growing 
needs, innovative new approaches and solutions are
needed. 

Historical approaches to public water supply infra-
structure focused almost exclusively on the engineering
and construction of physical structures built to gather,
store, filter, and distribute water. While society valued
the associated pipes, pumps, reservoirs, and treatment
plants (‘built infrastructure’) as tangible assets, the un-
derlying natural systems that supported and maintained
them – including forests, wetlands, and streams (‘natur-
al capital’) – were seldom recognized for their contribu-
tions, and thus not adequately protected.

Experience has demonstrated the short-sightedness
of this approach. Much of our centralized public water
supply infrastructure is now increasingly constrained by
the health and availability of the underlying natural cap-
ital on which it relies; often resulting in reduced produc-
tion capacities, higher operating expenses, greater ener-
gy intensity, and more frequent compliance violations.

FUTURE WATER INFRASTRUCTURE

Widespread public and private consensus maintains
that future water supply solutions must be affordable,
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sustainable, scalable, and resilient. To accomplish these
goals, traditional centralized projects must be replaced
with more holistic solutions. Natural capital must be rec-
ognized for the valuable services it provides, and actively
integrated with built infrastructure in ways which maxi-
mize efficiencies. We must shift from centralized point-
source systems to those which are decentralized, more
energy efficient, and easily scalable.

GROUNDWATER’S NATURAL CAPITAL

Renewable groundwater systems provide many criti-
cal water supply infrastructure services naturally; in-
cluding storage, filtration, and distribution. Increasingly
intelligent utilization and protection of these resources,
including – where technically feasible – enhancement
through artificial recharge, thus represents a perfect op-
portunity for optimizing the integration of natural capital
with future water supply infrastructure.

Aquifers effectively serve as naturally occurring sub-
surface reservoirs, eliminating the construction costs,
land use alterations, wetlands destruction, and evapora-
tion losses frequently associated with man-made surface
reservoirs. Additionally, aquifers are natural filters that
actively treat groundwater flowing through them.
Through a process known as “natural attenuation” they
are most often able to mitigate/protect against contami-
nants, bacteria and other pathogens, and actively biode-
grade and break down organic compounds over time and
distance. Lastly, aquifers function as natural distribution
systems, transmitting groundwater from areas of
recharge to areas of discharge and occur naturally in
some form almost everywhere beneath the earth’s sur-
face.

ADVANCED GROUNDWATER EXPLORATION IS A
POWERFUL TOOL TO HELP ACHIEVE THESE GOALS

While extensive attention is rightfully paid to the
alarming rate of groundwater depletion across some re-
gions – particularly those dominated by excessive agri-
cultural withdrawals in arid climates – not nearly enough
recognition is given to the critically valuable role new
sustainable groundwater development can play in meet-
ing future demands outside of those regions. The USGS
estimates that the volume of freshwater in the ground is
over 30x the volume of freshwater that occurs unfrozen
and available for human use on the surface. Thus, sub-
stantial, undiscovered renewable groundwater resources
underlie many regions of the world and can be made
available to help societies achieve their water supply
needs through the application of advanced groundwater
exploration and sustainable development techniques.

ADDITIONAL SUSTAINABLE
DEVELOPMENT IS AVAILABLE

Currently, our understanding of groundwater availability
and quality is like a jigsaw puzzle with a substantial as-
sortment of missing pieces - the insufficient data.

-  Ground Water Protection Council; ‘Ground Water 
Report to the Nation: A Call to Action’

Despite clearly stated goals to expand water supplies
throughout widespread regions globally, in many cases
insufficient groundwater data prevents beneficial sus-
tainable development. As a result, high quality re-
sources, proximate to demands and otherwise fully capa-
ble of providing low-impact supply solutions, are rou-
tinely overlooked and underutilized. This is particularly
true within more complex hydrogeologic settings – in-
cluding glaciated deposits, karst, and fractured bedrock
– where groundwater investigations are most frequently
inadequate.

ADVANCED GROUNDWATER EXPLORATION
AND DEVELOPMENT

Advanced groundwater exploration and sustainable
development is a rig-
orous, scientific pro-
cess intended to ac-
curately characterize
complex groundwater
resources in order to
(1) identify optimal
drilling targets for
new wells, and (2) fa-
cilitate knowledge-
based sustainable
groundwater manage-
ment. Programs uti-
lize satellite imagery,
multiple platforms of
aerial photography,
geologic mapping,
bedrock fracture fab-
ric data, geophysical
analysis (including
aerial, ground sur-
face, and borehole
methods), existing
well data, statistical analysis, in situ hydrogeological
testing, recharge analysis and other sources.

Utilizing advanced science with proprietary analytical
techniques, highly experienced interdisciplinary teams
are now capable of identifying and developing sustain-
able, high-yield groundwater supplies within traditional-
ly low-yield hydrogeological settings on a more pre-
dictable basis than ever before. Upon successfully com-
pleting an exploratory drilling program, withdrawal per-
mits are secured by providing scientific evidence that the
withdrawals will be sustainable and that the natural en-
vironment of the area proximate to the new wells will not
be negatively impacted.

BENEFITS

The benefits of the approach are clear. New, high-
yield sustainable groundwater wells are predictably de-
veloped throughout many regions where groundwater re-
sources are generally perceived not to support utility-
scale production. Wells can be located in close proximity
to specific demands, and often require very little if any
treatment. Minimizing treatment and distribution re-
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Source: EGGI (High-Yield
Fractured Bedrock Well

Developed Using Advanced
Exploration Techniques).
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quirements can save clients millions of dollars in avoid-
ed infrastructure and future energy consumption costs,
and in many cases the need for expensive, high-impact,
long lead time alternative solutions is eliminated. The
carbon footprint for each gallon supplied is also consid-
erably lessened.

The development of new, local groundwater supplies
made possible with advanced exploration and sustain-
able development can serve as a highly effective tool for
municipal governments in maintaining their water sup-
ply independence while obviating the need for expensive
water purchase agreements from larger neighboring util-
ities. Newly identified groundwater supplies can also
serve as a powerful tool for attracting economic develop-
ment. Finally, the technique facilitates maximum benefit
from natural capital preservation initiatives as data gen-
erated through the process affords enhanced knowledge-
based conservation, land use and development planning.
This, in turn, helps protect our most valuable water re-
sources for future generations.

CONCLUSION

Going forward, advanced groundwater exploration
and sustainable development will become an increasing-
ly critical and proactive tool in meeting society’s water
needs. In developing countries, major new discoveries 

In today’s water vocabulary, “Portfolio” is often used to
add a sense of sophisticated planning to the various
sources of future supply. Likewise, water management’s
“Silver Buckshot” offers how there is no single solution,
but instead an elegant array.

The modern language of water management reveals
how the quest for reliable supplies is a never-ending
work in progress. However, in terms of predicting the pre-
cise portfolio that will exist for many of our communities
a generation from now, our crystal ball becomes murky. 
Water is now all about adaptive management. This re-
quires a planning process that is flexible and iterative.
This generation is setting in motion various plans and
processes to respond to unprecedented challenges due to
climate, regulation, deteriorating aquatic ecosystems and
population growth. The next generation will run with our
successes and confront new challenges.

Southern California’s evolving “portfolio” has similar
threads with planning efforts throughout the arid West
and nation. It is a blend of traditional and new supplies
combined with lowering overall demand through conser-
vation and efficiencies. The exact blend of future actions 

and supplies will be revealed in time by the outcome of
planning efforts that we actively participate in, but do not
entirely control.

The Metropolitan Water District of Southern Califor-
nia’s road map is known as the Integrated Resources
Plan, or IRP.  “Integrated” is yet another way of saying
how the pieces must fit together, one way or the other, so
that supply and demand remain in balance.

The history of Metropolitan is one of engineering
marvel that can be seen from space. In the midst of The
Great Depression, Southland voters in 1931 approved
bonds--equivalent to more than 10 percent of the region’s
entire property value – to construct the pumps, pipelines,
tunnels and aqueducts to lift water from the Colorado
River and transport it 242 miles to the coast. A genera-
tion later, California voters approved the State Water Pro-
ject to capture Sierra Nevada snowmelt behind the
world’s tallest dam and transport it through hundreds of
miles of aqueduct before pumping it over the Tehachapi’s
to Metropolitan’s six-county service area. Since the 1987-
1992 drought, Southern California invested in ground
and surface storage to capture more dry-year supplies,
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will lead to improved health and prospects for sustain-
able economic development. In developed countries, they
will offer attractive alternatives to far more expensive op-
tions and help municipalities avoid new debt and rate
hikes. In both scenarios new discoveries will enable de-
centralized solutions, which will optimize the use of
groundwater’s natural capital services while limiting the
need for costly new high-impact built infrastructure.
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including the construction of Southern California’s
largest reservoir. Today, the region has 13 times more
total storage capacity than it did in 1980.

This generation is facing its own challenges. At the
forefront is the not-so-sexy need for reinvestment. Main-
taining what we have long taken for granted cannot hap-
pen without rebuilding and upgrading our existing sys-
tems to make them work in better harmony with the en-
vironment. 

The next potential reinvestment for Metropolitan in-
volves a partnership on a scale and complexity unlike
any in our 84-year history. The partnership involves the
nation’s two largest water projects, the West Coast’s
largest estuary, and a first-ever attempt by state and fed-
eral wildlife agencies to craft a 50-year habitat conserva-
tion plan that would help protect numerous endangered
species.

The estuary is the Sacramento-San Joaquin Delta,
where the rivers of the western Sierra merge before head-
ing toward San Francisco Bay. Here, the pumps of the
State Water Project and Central Valley Project fuel the
state economy with supply for 25 million Californians
and over three million acres of farmland. The location of
the pumps in the southern Delta creates conflicts with
migrating fish species, worsening the effects of an altered
landscape that has lost 95 percent of historic wetlands
due to settlement and levee construction over the past
100 years.

A solution has been proposed that would build new
intakes in the northern Delta (where the supply is fresh-
er and conflicts with fish species are lower) and would re-
store a significant portion of the wetlands and floodplain.
For this voluntary partnership to succeed, the improve-
ments in supply reliability will have to be sufficient to
justify the necessary investment by the public water
agencies. The restoration and outflows also will have to
be sufficient enough to protect the species and for the
wildlife agencies to issue the necessary 50-year permits.

The Delta is one of those political landscapes where
a consensus among all the stakeholders has never mate-
rialized, requiring unprecedented leadership and decisive
action to break decades of gridlock. Advancing the
process to the “go” or “no-go” phase in and of itself is a
quarter-billion-dollar investment.

To withstand the volatile variations in Western
weather, Metropolitan looks to take advantage of supplies
from the north when they are available and to access
stored supplies in dry years. A landmark agreement
among western states in 2007 allows Metropolitan to
bank conserved Colorado River water behind Hoover
Dam. This is part of a broader effort to address the po-
tential imbalance between supplies and demand on a
river that supports seven states and two countries. The
current dry spell on the Colorado River that has
stretched beyond 12 years has been unlike any in mod-
ern history. Chances of first-ever shortage conditions in
coming years are greater than ever before.  

Both the Delta and the Colorado River are on the
verge of new, yet-to-be-written chapters in their histories.
The outcomes will profoundly shape Southern Califor-
nia’s water future.

Along with efforts to maintain Southern California’s
traditional imported supplies, the region’s growth drives
the need to lower demand through plumbing code re-
forms, tiered pricing and other water efficiencies. The cu-
mulative efforts to lower demand will easily exceed future
supplies from the north. Large-scale projects for recy-
cling, groundwater cleanup and desalination are under
way. 

The public discourse over water tends to create a
false choice, an “either/or.” Either Southern California
invests in the Delta or embraces conservation. Either we
focus on detangling the Colorado River issues or desalt-
ing the ocean. The underlying notion that we must do
everything, in a cost-effective combination that will reveal
itself as the future unfolds; can be hard for communities
to accept. But that is our collective challenge. The crys-
tal ball may be murky, but our water future is bright.

Jeffrey Kightlinger
General Manager
The Metropolitan Water District of 
Southern California
P.O. Box 54153
Los Angeles, CA  90054
(213) 217-6139

officeofthegeneralmanager2@
mwdh2o.com

Jeffrey Kightlinger is general manager for The Metro-
politan Water District of Southern California.  As general
manager, he is responsible for implementing the policy
directives of the Board of Directors including working
with elected officials and member agencies to carry out
the Metropolitan’s mission. Prior to his appointment as
general manager, he was general counsel for Metropoli-
tan.
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Over the next 35 years (to 2050), there will continue to
be significant progress in the way that American farmers
and ranchers manage surface water and groundwater re-
sources, in terms of both the quantity and the quality of
the water that they use. Many factors will encourage (and
often mandate) rigorous management of agricultural
water, including, as examples:

• Increased demand worldwide for food, particular-
ly as poor countries become more affluent and water con-
sumption for food increases (global agriculture consumes
92 percent of all freshwater used annually) (Perkins,
2012).

• Increased demand for water for nonagricultural
uses

• Increased frequency in the severity and magni-
tude of drought, in response to global climate change and
other factors.

• Declining groundwater levels over large, some-
times multistate areas, such as the Ogallala aquifer.

• Increased prices for reliable water supplies and
transfers from agricultural to other uses.

• More-rigorous water quality regulatory require-
ments at the federal, state, and local level, often in the
context of comprehensive, watershed-based require-
ments, such as total maximum daily loads (TMDLs),
along with legal and administrative decisions on water
quality issues involving nutrients, sediment, bacteria,
pesticides and other pollutants.
• The steady evolution of federal and state water

laws and interstate compacts (such as the Colorado River
Compact of 1922), equitable apportionment decrees and
treaties.

• Economic drivers, including increased recogni-
tion and acceptance of the “true” value of water.

• Utilization of innovative water conservation
strategies, including management of return flows, im-
proved water delivery systems, improved utilization of
surface, sprinkler and micro irrigation systems, tailwater
recovery, irrigation scheduling, land leveling, conserva-
tion tillage, crop selection and farm/ranch management
practices.

• Growing interest in sustainable agricultural
practices, including ecological insect and weed manage-
ment, grazing, conservation tillage, cover crops, crop/
livestock/landscape diversity, nutrient management, on-
farm energy conservation and production, and whole-

farm approaches [Sustainable Agriculture Research and
Education (SARE) Program, www.SARE.org].

• Increasingly innovative water use/sharing agree-
ments that will be reached between the agricultural com-
munity and other water users such as municipalities,
power generators, industry and recreational interests (for 
in-stream flows), such as interruptible water supply
agreements, water banking, conjunctive use and others.

AGRICULTURAL WATER QUANTITY MANAGEMENT

As stated by Irmak et al., in 2011:

• As available water resources become scarcer,
more emphasis is given to efficient use of irrigation water
for maximum economic return and water resources sus-
tainability. This requires appropriate methods of mea-
suring and evaluating how effectively water extracted
from a water source is used to produce crop yield. Inad-
equate irrigation application results in crop water stress
and yield reduction. Excess irrigation application can re-
sult in pollution of water sources due to the loss of plant
nutrients through leaching, runoff, and soil erosion.

• High irrigation efficiency translates into lower
operating costs, improved production per unit of water
delivered, and improved environmental benefit and man-
agement.

Research conducted by Colorado State University
(2003) (Waskom, 1994) indicates that surface (gravity
flow) irrigation systems experience significant improve-
ments in efficiency if such BMPs as ditch lining, land lev-
eling, surge irrigation, and tailwater recovery are adopt-
ed, while for sprinklers, changing nozzle configurations,
height or droplet size to minimize runoff and increase the
uniformity of water distribution, along with the use of
lower water pressures within or below the crop canopy
rather than spraying water high into the air, can be ef-
fective. Micro irrigation, including surface drop, subsur-
face drip and micro sprinkler, can be 70-95 percent effi-
cient.

Increasingly sophisticated and reliable systems are
being developed to improve farm water efficiency by
scheduling irrigation based on soil moisture and plant
evapotranspiration requirements. The utilization of glob-
al positioning system (GPS) and geographic information
system (GIS) technology is facilitating this. Proper irriga-
tion scheduling can achieve water savings of 20-35 per-
cent, based on research conducted at Colorado State
University and the University of Nebraska (Colorado
Foundation for Water Education, 2004).

Other strategies that will be increasingly employed to
improve irrigation efficiency include land leveling (mini-

POTENTIAL FACTORS AFFECTING AGRICULTURAL
WATER RESOURCES MANAGEMENT
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mizing variations in field contours to facilitate more uni-
form distribution of water), conservation tillage (various
methods that leave at least 30 percent of the soil surface
covered by crop residue or stubble), crop selection (in-
cluding planting several crops with different peak water
requirements in order to distribute irrigation over a
longer time span), delaying irrigation until crops reach
critical water requirement stages, and, in some cases,
switching from irrigated to dry-land crop production
(Colorado Foundation for Water Education, 2004).

Farmers and ranchers have a variety of incentives to
pursue more water-efficient irrigation equipment and
management techniques – some incentives are economic,
including potential increases in crop yields, reduced en-
ergy and pumping costs, and time savings associated
with less labor-intensive systems, while other incentives
include improved water quality, storage of water in reser-
voirs for release when it is most needed or preservation
of water in deep aquifers for future generations (Colorado
Foundation for Water Education, 2004).

Between now and 2050, it is likely that there will be
more interruptible water supply agreements, which have
become popular in prior appropriation states. Under an
interruptible water supply agreement, the lending water
right owner (typically a farmer or rancher) agrees to lease
water to another water user, although the lease can op-
erate only, perhaps, three out of ten years. Another ap-
proach involves water banking, a strategy that is de-
signed to help farmers and municipalities survive water
shortages. Essentially, water banking allows farmers to
obtain compensation for their storage rights without
being forced to sell them. Through a water bank, farmers
can store water they do not plan to use until another
user leases it, thus facilitating speedy, low-cost tempo-
rary water transfers (Colorado Foundation for Water Ed-
ucation, 2004).

AGRICULTURAL WATER QUALITY MANAGEMENT

Water quality regulatory requirements and legal deci-
sions will profoundly affect farming practices between
now and 2050, particularly since the USEPA indicates
that four of the top six causes of impairment in the Unit-
ed States (by number of 303(d) listings) are associated
with agricultural runoff, including pathogens, nutrients,
sediment and organic enrichment/oxygen depletion. To
address these impairments, the U,S. Environmental Pro-
tection Agency and state agencies will continue to imple-
ment total maximum daily loads (TMDLs) as the primary
regulatory mechanism. TMDLs are likely to increasingly
affect agriculture in the future. Similarly, judicial and ad-
ministrative decisions and new laws and regulations will
significantly affect how farmers and ranchers manage
their discharges to receiving waters. American farmers
and ranchers are increasingly adopting wide-ranging
BMPs to address water quality issues, such as:

• terraces
• tailwater recovery
• strip cropping
• grazing management
• grassed waterways

• filter strips
• cover crops
• conservation tillage and crop residue manage-

ment
• composting
• barnyard/feedlot runoff management
• integrated pest management
• no tillage/strip tillage
• fencing and livestock exclusion
• nutrient management

An important publication that projects the future of
agricultural water quality management is titled How to
Build Better Agricultural Conservation Programs to Protect
Water Quality: The National Institute of Food and Agricul-
ture—Conservation Effects Assessment Project Experience
(Soil and Water Conservation Society, 2012). The authors
and editors of this publication conclude that to continue
to improve agricultural water quality, the following steps
are necessary:

1. Developing better incentives, including funding,
flexibility, and ease of management and developing more
convincing ways to demonstrate benefits.

2. Improving educational channels by encouraging
more interpersonal contact between conservation agen-
cies and farmers and respecting the need to include
farmer-to-farm contacts.

3. Improving communication, coordination, and
program effectiveness among federal, state. and local
agencies and watershed/environmental organizations.

4. Allowing more local control over how conserva-
tion funds are allocated.

The authors also emphasize that conservation prac-
tices are a business decision and that farmers respond
to:

• Being able to easily see the benefits of a conser-
vation practice (e.g., terraces and grassed water-
ways).

• A perceived need for the practices (e.g., can they 
see the pollution?).

• Cost-effectiveness of the practice and ease of 
use.

• How well they trust the company promoting the 
practice.

• How flexible the conservation practice standards 
were.

The authors (Soil and Water Conservation Society,
2012) state that conservation practice adoption is a com-
plex, multivariate decision, not a binary option, for farm-
ers who must implement and maintain the practices.
Farming is a business, and the economics and time man-
agement requirements of conservation practices must be
recognized. Education must be tailored to work with
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farmers on a one-to-one basis and must be provided
through highly coordinated efforts between extension
and the USDA NRCS, along with their soil and water con-
servation district affiliates to be effective.

In summary, American agriculture will continue to
implement innovative, multifaceted practices and pro-
grams related to water resources management. Given the
economics of agriculture, however, this will be challeng-
ing and it will be essential to encourage the cooperation
and coordination of the regulatory community, farm-
ers/ranchers, agribusiness and the public to assure that
this happens.
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In the United States (U.S.), coastal population is large. If
you count only the counties that are on the shorelines of
the oceans or the Great Lakes, one finds 39% or 123.3
million of the overall U.S. population in less than 10%
(275,351 mi2) of the nation’s land area. If one counts the
Coastal Watershed Counties (just under 20% of the land
area or 511,971 mi2), then the coastal U.S. population
rises to 52% or 163.8 million people all of whom are in
harm’s way. Population projections have coastal popula-
tion growing to 134 million by 2020. Finding a definitive
number in terms of coastal population globally is a bit
more difficult, but if one uses a 200 km (124.274 mi)
buffer, over 3 billion people or roughly half the world’s
population live in the coastal zone. Two things that are
definitely true about global population are that it is grow-
ing faster than inland areas and that it is concentrating
in urban areas.

Why is the growing, urbanizing nature of coastal
population such a concern? Fundamentally it boils down
to what is happening with the heat budget of the oceans
and atmosphere. Higher concentrations of CO2 and other
greenhouse gases are trapping more heat in the atmos-
phere and by transference into the world’s oceans. As 

water heats in the oceans, physical expansion of the
water contributes the first factor to sea level rise. Next,
climate change is accelerating glacial melt in many of the
mountain ranges of the world and suspended ice cap
melting particularly in Greenland and Antarctica.  (There
is comparatively little impact from the melting of Arctic
ice because the cap largely is suspended in the Arctic
Ocean and adjacent seas and thus the water is already
displaced when it changes from ice to liquid form.) This
addition of water also leads to sea level rise. Coastal
areas, especially those built on river deltas, are particu-
larly vulnerable as annual or periodic flooding is arrest-
ed by human made dikes, dams, and levees that restrict
flooding. No flooding results in little or no deposition of
sediment (build-up) while erosion continues apace. In
addition, some coastal areas have mineral (oil, natural
gas, sulfur, etc.) withdrawals that result in a lowering of
the seabed and adjacent coasts. In a worst case scenario
like the Louisiana Coast, seas are rising, coasts are sink-
ing, sediment is not being deposited in the delta and ero-
sion is taking land away all at an alarming pace. This has
resulted in a loss of at least 4,300 ha/10,625.53 ac/ ~
16.6 sq. mi. per year in recent years in Louisiana. Once
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again, this is considered a low estimate with other older
estimates running to ~35 mi2 year. (The slowing is due in
large part to actions taken by the U.S. Army Corps of En-
gineers and the State of Louisiana to arrest loss of sedi-
ment.) Retrospective studies indicate that coastal
Louisiana has lost of 1,200 sq. mi. from 1956-1990. This
has not simply been a loss of land, but of habitat for
breeding, nurseries, etc., for fish, shellfish, migratory wa-
terfowl, etc.

Another related impact on the coasts is acidification.
The oceans have largely reached their capacity for ab-
sorption of excess CO2 to make calcium carbonate. This
excess CO2 is causing a lowering of the pH of seawater
all over the global ocean. This acidification has broad ef-
fects; there are documented impacts upon simple mi-
croalgae (a foundation of the world’s oxygen supply) all
the way up to complex coral colonies, many of which are
literally living inhabited islands. The greater the acidifi-
cation, the more species will cross their range of toler-
ance and be reduced or eliminated (i.e., extinction).

Freshwater resources will be impacted both coming
and going. The majority of the largest coast cities have
access to reliable surface water resources. For example,
from Afghanistan to coastal China cities rely heavily on
glacial melt water from the Tibetan plateau and its sur-
rounding mountains, especially the Himalayas and the
Kunlun Mountains. Climate change is accelerating
glacial melt leading to a surfeit  of water including flood-
ing in the near term and increasing water shortfalls for a
third of the world’s people in upcoming decades. Sea level
rise will lead to changes in pressure at the freshwater/
saltwater interface and an increase in saltwater intru-
sion. This is especially critical in relatively low lying is-
lands as one after another they lose access to fresh
groundwater. This is taking place from the Seychelles to
Vanuatu to far corners of the world.

It now appears likely that, in large part due to the in-
creased energy in the atmosphere and the oceans, tropi-
cal storms (cyclones, hurricanes, typhoons) will be
stronger in upcoming decades and/or more frequent. Al-
most perversely, the greatest growth in coastal popula-
tion will be in cities in the developing world. The lands of
the developed world, especially in North America and Eu-
rope, which are more able to technologically and geo-
graphically respond, will be impacted only moderately.
Areas of South and Southeast Asia, the island nations of
Oceania, and parts of Africa will bear the brunt of the
negative impacts on land and sea from climate change
and ocean warming. Freshwater loss will exacerbate
problems in providing sanitation and even provision of
potable water. As islands experience land loss and the
loss of freshwater access populations will be forced to
exit their homes and seek new homelands elsewhere.
People will exit cities and countries hoping to establish
new homes in places where the basic necessities of life
can be met. Often this will result in the weakening or ex-
tinction of unique cultures. Countries like Australia,
where continuing drought in the interior lands and
coastal impacts are reducing the areas of habitability,
will close their doors to most immigrants. Responding to
ecogees or environmental refugees will become a global
issue.

This is a litany of some of the big coastal issues that
are coming or are even here. This list is not inclusive.
Even in the developed world, there are still some great
unknowns. Will, for example, there be sufficient cheap
energy to rely on desalinization of seawater to make it
economically feasible? What will we do with the residual
salts? As storms increase in intensity and/or frequency
and sea levels rise, will communities find it necessary to
retreat from the shore and how will these strategies im-
pact property rights, insurance availability, and commu-
nity structures and continuity? What will happen to the
cultures of the Seychelles, Vanuatu, and Tuvalu, to name
a few doomed island nations? Will California, Oregon,
Washington, and Hawaii become the next fronts for im-
migration conflicts? Bottom line: enjoy your own coastal
paradises today for tomorrow may well be very different. 
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The goals and purposes of education will change very
little over the next 50 years – the technology enabling so-
ciety and individuals to satisfy those aspirations will
change dramatically. Water resources education, and
AWRA’s role in defining and enhancing water resources
education, will be a part of the changes in educational
technology.

A number of years ago, AWRA addressed the prob-
lems of education in water resources in an annual con-
ference. For that meeting the planning committee defined
three areas of educational activity: primary and sec-
ondary education, post-secondary education. and educa-
tion beyond post secondary matriculation. This latter
category would include public information, extension ed-
ucation, and other “nontraditional” forms of education.
In addition, to the second and third of these categories,
we should add “education outside the academic struc-
ture” to account for experiential learning, and on-the-job
training.

Water resources education over the next 50 years will
surely be dominated by several themes. High on the list
must be the effects of climate change – periods of excess
and shortage and weather extremes for which the plan-
ning and design paradigms of the past 50 years have left
us ill prepared. Certainly as important is the imperative
to maintain ecological sustainability in fresh and marine
systems, followed closely by the demands of an increas-
ing and increasingly thirsty society for clean, safe, abun-
dant water supplies. Water resources education will in-
creasingly be involved with developing management
strategies to deal with situations we can do something
about, and developing strategies to deal with those situ-
ations about which we can do little.

These dominant themes will inform every aspect of
water resources education over the next 50 years, not to
the exclusion of other realities, but certainly at a higher
level of awareness than in the past 50 years. Continuing
climate challenges will certainly force discussion of water
problems in primary classes as more families and com-
munities cope with temperature and water supply ex-
tremes. Secondary classrooms will respond to the grow-
ing changes in water resources problems by adapting not
only science and mathematics curricula, but also class-
es in civics, history, and communication. Universities
and colleges may not spawn new majors, but will likely
see an increase in students demanding meaningful
course work related to the growing water resources prob-
lems they have experienced in their lives. Perhaps the
greatest change in education and course work we can ex-
pect to see in the next 50 years will be an expansion of
programs and curricula designed to meet the needs and
interest of individuals doing post-university work, or
those working outside the traditional education pro-
grams to develop and expand their professional expertise
and enhance their career opportunities.

Academically, water resources course content may
not change significantly over the next 50 years – water
will still flow down hill, after all, and will still get dirty as
well. Focus and emphasis may change in response to ex-
terior realities. What will change dramatically is the way
the information is delivered. Distance education, self-
taught technical work, and individual preparation will in-
crease dramatically. Social media will continue to grow in
influence, and may become a primary means of informa-
tion exchange in a society increasingly characterized by
individuals seeking to enhance their personal opportuni-
ties. We need only reflect that the quality of high school
courses taught on line was open to question only a few
years ago. Today, virtual campuses offer a complete suite
of high school courses. It is not difficult to find parallels
at the university level. Indeed, virtual university degrees
are now available from several sources. These changes
have occurred only within the last several decades. We
can only wonder what other changes communications
technology will bring to education.

Water resources education over the next 50 years will
be influenced, in large part, by the challenges of climate
change, the growth of communications technology, and
individual professional development efforts, To meet the
interest, and satisfy the demand, educational institu-
tions will need to develop programs designed to address
an audience with a diverse background and a wide range
of preparation. AWRA has an opportunity to play a sig-
nificant role in meeting the changing educational de-
mands of water resources professionals. We already have
three significant symposia and conferences, we are offer-
ing webinars, and we are responsible for two periodicals
that address water resources concerns from different di-
rections. It seems like AWRA is “the greatest educational
opportunity you never heard of.” The next 50 years offer
us the opportunity to develop comprehensive programs
to pull our offerings together, enhance them, and pro-
duce a post-graduate, real world degree that will equip
individuals   to better face the challenges of the 50 years
beyond the immediate 50 ahead of us.
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For almost five decades, receiving the Water Resources
Bulletin, now the Journal of the American Water Re-
sources Association (JAWRA), was one of the main rea-
sons for joining AWRA. It landed on your desk every other

month, waiting for you
to thumb through it and
expand your knowledge.
Office shelves sagged
under the weight of past
issues. Today, many of
you get JAWRA online.
Many JAWRA readers
forgo AWRA membership
– their loss! – and get
JAWRA through their li-
braries. Public policy
desperately needs sound
scientific input but

doesn’t always find it. The world has changed and will
continue to do so. How will these changes affect the ven-
erable peer-reviewed journal?

The business of publishing has turned topsy-turvy.
Tuition and football coaches’ salaries keep rising, but li-
brary budgets are flat. Meanwhile, changing readership
patterns have researchers placing a heavier demand on
libraries for institutional access to journals. Something’s
got to give.

The traditional subscription model for journal access
faces pressure on both economic and ideological
grounds. But, open-access business models have yet to
prove long-term sustainability. JAWRA currently follows
a hybrid model, with subscriptions needed to see most
papers and “gold open access” (e.g., author pays a fee) for
those authors who need it. I can’t predict how these
trends will work out. But, it’s nice to have a big partner
like WILEY Blackwell to help us through these uncertain
times.

Communication modes continue to evolve. At confer-
ences, nobody uses slides or transparencies anymore. All
use PowerPoint™ or some variant. Most have digital pho-
tos or video, and a few have interactive demos. Not long
ago, John Grounds made a memorable presentation at
an AWRA conference using 3-D! (Anyone still have those

glasses?) With all these new presentation tools, why are
journals stuck in the “dead tree” era? Yes, we’re online,
and color figures are more common, but we still use the
two-column format introduced by Randy Boggess in
1980.

Modelers should show time-lapse videos of their re-
sults, or allow interactive exploration. Sampling sites and
sampling activities should be photographed to show ex-
actly what is being done. GIS’ers should demonstrate
new routines similar to You-Tube™ videos, just like al-
most all software user manuals today. I am looking for-
ward to Wiley introducing a journal app that allows all
these things. The real problem, however, may be authors’
reluctance to try innovations. The paper format has
served them comfortably for a long time. A truly trans-
formative app will take tools and encouragement on the
publishing end, but it also will require imagination and
initiative on the author side.

I would like to talk about the larger issue of the role
science journals play in our information ecosystem. In
one of my favorite New Yorker cartoons, in 1993, Peter
Steiner has two dogs sitting at a computer. One says to
the other, “On the Internet, nobody knows you’re a dog.”
How true! No offense to dogs intended, but we are drown-
ing in a sea of untrustworthy information.

Professionals rely on peer-reviewed journals. Like
democracy, peer review is not perfect but still is better
than anything else out there. Readers are faced with
more and more titles, too many not well established and
trustworthy. On the bright side, the message slowly
emerging from the chaos is this: Reputation counts! I feel
journals that do not compromise their high standards
will eventually come out on top. Meanwhile, the word
clearly is, reader beware!

Professionals, if they’re careful, seem to be able to
find trustworthy information. But, where do nonscien-
tists, members of the general public, find it? Here lies a
chasm that threatens the way our society makes sound
choices on critical issues. The answer does NOT lie in
making journal articles open access! I hate to break the
news, but the public finds writing styles in journals te-
dious and, well, … boring! Journal articles necessarily
include details, explanations, and qualifiers to help sci-
entists evaluate their believability. The man-on-the-
street, however, doesn’t care if you collected 2- or 3-liter
samples or what statistical techniques you used. He just
wants to know what you found and how it affects his life.
If we don’t clearly and succinctly provide that informa-
tion, he will find it elsewhere from less trustworthy
sources.

Reaching the public requires investing in strong, ac-
tive, and innovative outreach and brand building. Some
top journals, like Science and Nature, are providing lay
summaries of their research articles. Authors or staffers
write these summaries, so they accurately describe the

Volume 16 • Number 1 Water Resources IMPACT • 37

THOUGHTS ON THE FUTURE OF PEER-REVIEWED JOURNALS

Kenneth J. Lanfear



science. For some time, I’ve provided summaries of se-
lected articles in my Editor’s blog. Our blog readership
stats and the near total lack of comments tell me this is
not very effective. Perhaps we need to formalize this
process. The full peer-reviewed article, albeit in new for-
mats, will remain a foundation of our outreach. However
it might become part of an expanded package presenting
the information on several levels of readership. Authors
of key articles may someday find themselves being inter-
viewed for the website. The days of “write it and forget it”
are over.

Though the bimonthly landing on your desk may 
be gone, journals still will play a large role in your pro-
fessional life. Authors will need to remain nimble and in-
novative, as publication will require not just better

Increasing recognition of growing competition for and
scarcity of water in the future has focused more attention
on water resource economics and its use in water man-
agement. However, there are misconceptions about what
water resource economics is and why it should be used
in water management. Economics is not just about busi-
ness profits, markets, or money. Economics in broad
terms is about the allocation of scarce resources and how
people value resources and make decisions about the use
of resources. Water resource economics is the intersec-
tion of physical, cultural and social conditions, scientific
information, policy, law, and institutions. Because of the
public (common) good characteristics of water and com-
plexity of physical, social, and legal interrelationships,
economic markets and prices to allocate or manage water
are often absent or fail to reflect the full value of water re-
sources. Some examples of where markets and values of
water as an economic good are absent or lacking include
the value and allocation of costs of water quality im-
provements; interdependent surface water use and
groundwater depletion; flood risk reduction; impacts and
management of water related endangered and invasive
species; and recreation and esthetic services of rivers,
lakes, and reservoirs. The importance of recognizing
water resource economic values was clearly stated by the
International Conference on Water and the Environment
(The Dublin Statement on Water and Sustainable Devel-
opment, 1992). “Water has an economic value in all its
competing uses and should be recognized as an econom-
ic good. … Past failure to recognize the economic value of
water has led to wasteful and environmentally damaging
uses of the resource. Managing water as an economic
good is an important way of achieving efficient and equi-
table use, and of encouraging conservation and protec-
tion of water resources.”

HOW IS WATER RESOURCE ECONOMICS USED?

Water resource economics is used to provide a wide
array of information on the value of water supply and de-
mand, nonmarket services (e.g., recreation, water quali-
ty, habitat, ecosystems), flood and drought risk, regula-
tory and management efficiency, and analysis of policies.
Specific examples are: forecasting water demand and
water user behavioral responses to changes in price and
other factors; and estimating the economic benefits or
damages of changes in water quality such as nitrogen
levels, existence of cryptosporidium, or oil spills. Other
examples include the economic benefits and costs of
water projects such as storage reservoirs or removal of
existing dams; estimating the damages of droughts and
floods and the economic benefits of supply reliability and
flood protection; evaluating the economic effects of alter-
native laws and policies either prior to or after imple-
mentation; and the benefits and costs of incentives to
better manage water resources such as creating water
quality permit trading markets with the objective of de-
veloping prices for previously nonmarket goods (water
quality) and increasing treatment efficiency by providing
incentive to use of lower cost treatment practices.

ADVANCES IN WATER RESOURCE ECONOMICS

Over the last several decades there have been signif-
icant theoretical, technical, and empirical advances in
water resource economics, particularly related to estima-
tion of nonmarket, public good water related values, in-
tegrated hydrologic and economic modeling of water re-
sources, and development of policy analysis tools (Book-
er et al., 2012). Economic water resource analyses and
models have taken on new importance with the need 
to better understand market and nonmarket water use
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demonstrations to their peers but moving that knowledge
out to the public. A brave new world, indeed!

Kenneth J. Lanfear
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Reston, VA 20190
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values. This includes evaluation of reallocation (water
transfers) and investment in alternative supplies such as
desalination and reclaimed water use, conservation mea-
sures, water quality protection, and recreation and
ecosystem services. Because of the many different types
of supply and demand for water, different methods of val-
uation have been developed that are too numerous and
technical to go into detail here. For more on water valu-
ation methods see Young (1996 and 2005).

Another example of advances and changes in water
resource economics are changes in the economic evalua-
tion of federal water resource investments. The 1983
Principles and Guidelines (U.S. Water Resources Council,
1983) for evaluating the benefits and costs of federal
water resources projects were recently revised to better
account for nonmarket economic values such as envi-
ronmental goods, recommend the use of integrated and
adaptive management in economic evaluations, and rec-
ognize regional economic impacts. The Principles and
Guidlines are now called the Principles and Requirements
for Federal Investments in Water Resources (Council on
Environmental Quality, 2013).

These new methods and approaches are also ad-
vancing the integration of hydrologic, economic, institu-
tional, and environmental relationships to analyze water
resources management alternatives and related econom-
ic effects and changes in value. In general these integrat-
ed models are referred to as hydroeconomic models. Hy-
droeconomic models represent economic decisions by
water users and water and other resource values incor-
porating hydrologic conditions and institutional rules
and constraints. The models may be steady state (static)
or dynamic representing changing conditions and may
also include environmental conditions and requirements.
They vary widely in terms of length of time considered
and spatial scale, from farm or city level to river basin
level including transboundary and international cover-
age.  The models typically become more complex the larg-
er the spatial and temporal scales making both modeling
the interrelationships and computing and analyzing the
results more challenging.

Hydroeconomic models have been and are being
used to evaluate water and other resource values and the
economic effects changes in water management. Exam-
ples include analysis of water transfer values and effects,
the benefits and costs of water supply projects (e.g.,
reservoirs) and demand management (e.g., conservation
and irrigation efficiency incentives) programs, and inter-
action and conjunctive management of surface water and
groundwater. Other examples are climate change effects,
environmental requirements such as instream flows for
endangered species (Ward et al., 2006), economic im-
pacts of changes in water quality, and water manage-
ment policies and regional economic impacts. Hydroeco-
nomic models are tools that are being used to help ac-
complish the Dublin Statement recommendations to rec-
ognize the economic value of water in all competing uses.
They are also tools to help accomplish the policies, ob-
jectives, and recommendations of the American Water
Resources Association’s Position Statement encouraging
the use of Integrated Water Resource Management
(IWRM) (AWRA, 2011), the 6th World Water Forum’s 

priority theme recommendations on IWRM (summarized
by Michelsen and Brelle, 2012) and the International
Center for Water Resources Management (ICWaRM) mis-
sion to advance the science and practice of IWRM.

In summary, economics has a lot to do with water re-
sources and is an important tool in managing the world’s
water resources efficiently, effectively and equitably.
Water resources economics will be of even more impor-
tance in the future.
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California Governor Jerry Brown recently signed a bill
in favor of a San Diego County Water Authority push to
turn wastewater into drinking water, dubbed by critics as
“toilet-to-tap.” “California needs more high quality water
and recycling is key to getting there,” Brown said in his
signing message, one of only a handful he has issued
while signing hundreds of bills, indicating his strong
support for the legislation.

Senate Bill 322, “calls for an expert panel and advi-
sory groups to study the best course for regulating
wastewater-to-drinking-water and then submit those
recommendations to the two state agencies for review”
(Gardner, 2013). The bill is a repackaging of legislation
passed in 2010, SB 918, which “required the State De-
partment of Public Health to investigate the feasibility of
developing uniform water recycling criteria for direct
potable reuse (Janczyn, 2013).” SB 322 builds on SB 918
through involvement of the State Water Resources Con-
trol Board and alters or establishes timelines for activi-
ties, requiring a draft feasibility report for public review
by September 1, 2016. The goal is to lay the regulatory
framework for direct reuse of wastewater by households.

Currently, all recycled water in California is used in-
directly for irrigation of golf courses, lawns, and parks,
for filling ponds and lakes, and for groundwater
recharge. In fact, using recycled water is becoming more
common as a result of growing water scarcity and in-
creasing water costs. Earlier this year, the Water Replen-
ishment District (WRD) of Southern California signed an
agreement to use 83,000 acre-feet of recycled water to
recharge critical groundwater basins used for municipal
water supplies. The deal makes the WRD the largest user
of regulated recycled water in the nation.

WRD as well as some 200 water purveyors it serves,
test the water for chemicals, bacteria, and other com-
pounds. Additionally, recycled water is often blended
with well water. “The process is highly regulated to as-
sure [sic] compliance with the state regulations. We take
that very seriously,” Governor Brown said.

A 2012 report by the National Academy of Sciences
(2012) indicates that the use of treated wastewater in
households could significantly increase the national
water supply, and that the risks of doing so are no high-
er than drinking water from current treatment systems,
and in some cases may be lower. Still, only one-tenth of
one percent of municipal wastewater nationwide was re-
cycled in 2010 (Barringer, 2012), despite the almost
nonexistent risks. Slowly, the idea of drinking effluent is
gaining ground, particularly as water supplies shrink.
California and Texas already have effluent treatment sys-
tems that inject treated wastewater into aquifers for stor-
age. In Singapore, 15 percent of municipal water origi-
nates from treated wastewater. The new legislation 

signed by Governor Brown advances the use of recycled
water for direct use by households.

The psychological barrier to drinking wastewater still
remains. In Southern California, the water authority es-
timates they could create an additional 100,000 acre-feet
each year through an effective treatment program. It
could be a significant boon to the drought-prone region,
enough for almost 200,000 homes. The plans are likely to
move forward, and more treatment facilities are likely to
open in the coming years, particularly as water becomes
more valuable, treatment more cost-effective, and the
public more aware.
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There is an old joke whose punch line is basically, if you
have to ask what you are doing in a basket and where you
are going, it’s a little too late! Regular readers of this col-
umn may have become convinced that I am a die-hard
pessimist. The truth is quite the opposite. The tone of the
columns comes from sober observations of the world
about us. Since the theme of this issue is the future, the
invitation to practice futurism and if I dare hope, this col-
umn is going to deal with a utopian future with regard to
water and natural resources – a heaven on (or off) Earth!

Sir Thomas More coined the term Utopia – derived
from the Greek meaning literally “No Place” for his novel
about an ideal society based on an imaginary island in the
Atlantic Ocean. Another Greek formulation Eutopia is
pronounced the same but means “Good Place,” which is
another reasonable meaning from what More was de-
scribing. 

Perfection in society on Earth has to the best of
knowledge never existed in the physical world and with
ever increasing human population numbers and demands
on resources, it seems less and less likely this will occur.
What if anything could science and technology provide us
with as an out for these problems? One headline that
piqued my interest and presented part of a solution
(maybe) came out in early November: “Kepler space tele-
scope finds Earth-size, potentially habitable planets are
common.” Based on observations through Kepler, as-
tronomers are estimating that one in five Sol (Earth’s sun)
like suns is orbited by at least one potentially habitable
world (i.e., a rocky Earth like planet orbiting their
star/sun in the “goldilocks zone” – not too close, not too
far away to maintain liquid water on its surface.” Good
news: in the Milky Way galaxy (our neighborhood) there
are estimated to be ~ 25 billion “habitable” worlds, the
closest of which may be as near as 12 light years. Bad
news – its 12 light years or ~42 trillion miles! Nothing we
have technologically today can make a dent in those dis-
tances in anything approaching multiple human lifetimes
much less carry humans and all the resources necessary
to generationally reach the new world and transform it
into something resembling a second Earth.

If one subscribes to the beliefs of Cornucopian futur-
ists eventually there will arise out of the vast human pop-
ulation a genius or geniuses that will solve the critical sci-
entific and technological riddles before humankind. The
answers that would make a large scale diaspora(s) to the
stars and planet wide restoration possible could pave the
road to Utopia (one way or another). Though I lack thege-
nius to come up with these answers, I can at least put to-
gether the scientific shopping list.

THE UTOPIA COLUMN
Eric J. Fitch

What’s up With Water ... OPINION

Lord Gainsford “Gentlemen, I give you a toast. Here's my hope that Robert Conway will find his Shangri-La.
Here's my hope that we all find our Shangri-La.” Lost Horizon (film 1937)

Heaven  def. 1b. a place or state of communion with God after death
6. A condition or place of great happiness, delight, or pleasure
The Free Dictionary

In the short run, society needs clean cheap alternative
energy sources including some combination of solar, bio-
fuels, nuclear power (with the waste issues resolved) and
controlled sustainable nuclear fusion. Greenhouse gas
emissions must be curtailed severely. Water purification
and recycling/reuse, desalination, conservation and other
techniques must be adapted to stretch water resources to
meet human and environmental needs. Conservation,
preservation, restoration and even biological engineering
techniques should be developed and deployed to protect
global biodiversity and as practice for terraforming. Heat-
ing and acidification impacts on the Oceans must be ad-
dressed.

Nuclear fusion would give us an economical reason
for returning to space: harvesting H3 from the Moon.
Eventually, anti-matter will need to be harvested and con-
tained to provide the massive energies needed to warp
space and surmount the vast distances from here to there
in interstellar terms. With the conquest of the distance
problems, energy problems and the terraforming prob-
lems, we can begin to disperse humans to new worlds to
start off new civilizations. The remaining half billion or so
humans on Earth would have the key duties of undoing
human harms to our home world and healing Mother
Earth.

This is one pathway that may be followed, but there`
may literally be many more “down to Earth” scientific,
technological and innovative approaches to these mount-
ing problems. They all rely on one thing: social, political
and economic cooperation. Civilizations spending vast
sums on warfare/defense will not likely have the where-
withal to tackle the problems that confront humankind
today. To quote from Pres. Andrew Shepherd “We've got
serious problems, and we need serious people...” (Michael
Douglas in An American President). You want a Utopia,
where basic human rights including those to water, food,
shelter, etc., are met, then it demands inspired thinking
and darn hard work.

A dream? Perhaps, but remember the meaning of
Utopia; this is nowhere but as long as it remains a dream
and a hope perhaps one day it will come to pass. In the
meanwhile, let us remember another axiom about the way
to get to Heaven; work like everything depends on you,
pray like everything depends on Him. (A decent fallback
for the believer if I ever heard one!)

Eric J. Fitch ~ fitche@marietta.edu
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For my first “President’s Message” I want to focus on
two questions that bear on the theme of this month’s
magazine “AWRA at 50: The Future of Water Resources in
the United States:” (1) What does it take for an associa-
tion to last for 50 years? and (2) What can help set the
stage for prospering into the future?

ACHIEVING 50 YEARS

For businesses surviving for 50 years in a competi-
tive marketplace is an achievement to be proud of. Re-
cent data from the Bureau of Labor Statistics indicates
that about half of new businesses survive five years or
less, and only about one-third survive 10 or more years.
While no such data appear to be available about the
longevity of professional associations it is likely that
many of the same dynamics that challenge the survival of
businesses also apply to associations, and that many of
the professional associations present in 1964 when
AWRA was founded are no longer in existence. So, it is
very likely that AWRA belongs to a select group of orga-
nizations that have continued to remain relevant and
offer the kinds of services that provide value to water re-
sources professionals.

What accounts for AWRA’s longevity? I am convinced
that a major part of the explanation rests with AWRA’s
unique culture that promotes AWRA’s core values of
Community, Conversation, and Connections by support-
ing and nurturing a friendly, problem-solving oriented at-
mosphere, focusing on developing practical and relevant
information about water resources management issues,
and by providing multiple opportunities for networking
among water resources professionals, and mentoring
students and young professionals.

A recent note AWRA received from a young profes-
sional who attended our recent 2013 annual conference
in Portland, Oregon, encapsulates these positive aspects
of AWRA’s culture that I believe is fundamental to our
success over the past 50 years:

“... AWRA [provided] a great meeting of professionals
young and old to come together and share their research
in water. As a student presenter, I was viewed as a young
professional and was approached by many people in the
field of water research offering me advice and guidance
on my career path. The organization has a mindset to
help others. When one of the Co-Chairs states at the be-
ginning of the meeting to 500+ people to recognize all the
students here and to be open to talk with them, you
know that you are in a friendly and relaxed environment.
Networking at this national meeting is second to none.
There were several networking breaks and sessions as
well as a student career networking night dedicated to
students starting their careers. The most exciting thing
for me at this conference was meeting all the new people
and learning where they have been and how they got to

where they were. … there was a great variety of topics …
from water quality to water resource management to eco-
nomics to climate change. The variety of research in
water was an eye opening experience for me. I had no
idea some of the research that is going on focused
around water.  … All in all, an absolute excellent confer-
ence to attend if you have any interest in water research.”

GOING FORWARD – PROSPERING IN THE FUTURE

As part of its strategic planning process conducted in
2013 the AWRA Board of Directors had the pleasure of
being assisted by Harrison Coerver, author of the book,
Race for Relevance: Five Radical Changes for Associa-
tions. Mr. Coerver’s perspective on creating successful
associations in the future, based on his extensive re-
search and consulting experience, rests on a few simple
concepts:

• Associations become (and remain) successful by
helping their members become successful.
• To help their members become successful asso-

ciations must understand who their members are, what
services they desire, and provide these services in ways
that members find convenient and accessible.

For AWRA applying these general concepts means
that we must continually assess what our members
value, as well as scan ahead to be aware of the key water
resources challenges and opportunities that are likely to
confront our members, and we must work to package
and deliver valued services in ways that fit our members’
preferences and circumstances.

In this issue of IMPACT I’ve provided more specifics
about how the current board has assimilated Mr. Coerv-
er’s key points to set direction for AWRA in the near term
(see pgs. 6 and 7). However, these actions are only a be-
ginning. I would like to hear from you on some or all of
the following topics:

• What AWRA programs and services are most rel-
evant to you?
• What water resources management topics, chal-

lenges, and issues are likely to be increasingly important
to you in the coming years?
• What could AWRA do to enhance its value to you

as a water resources professional? What additional ben-
efits and services would you like to see AWRA provide?
• Going forward, what are the best ways for AWRA

to deliver valued member services (e.g., annual confer-
ence, specialty conferences, webinars, JAWRA, IMPACT,
newsletters, website, other)?
• What other “keys to future success” should

AWRA concentrate on addressing?

Please send me your thoughts to president@awra.
org.

Thanks! ... C. Mark Dunning
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ACROSS

1 Noah or Daniel

8 Neil and Buzz

16 course for doctors

17 suggestive

18 Italian seaport

19 sampled food

20 small bags

21 drunkard

22 followed by water and criminal

24 bothers

26 city on the Nile

28 anagram of piled

30 first part of a donkey’s bray

31 person on a board?

32 Cincinnati nine

33 vim

35 a main course

36 anagram of steroid

37 dance moves

39 more weird

41 acidity measure

43 caloric _______

47 hoofed mammal

48 Earth’s top layer

50 vertical boundary

52 mover at low speed

54 puts in a snug spot

55 first part of cake or meal

57 raised

58 a tag player

59 a smoker’s need

61 part of a favored group

62 aloud

64 at this time (abbr.)

65 mysterious

67 formerly South-west Africa

70 followed by alarm or teeth

71 corporate pos.

72 wily

73 wilderness goers

74 fewer
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� WATER RESOURCES PUZZLER (answers on pg. 48)

DOWN

1 unit of power

2 matriculated

3 a worm, maybe

4 greatest incline

5 threw

6 ambulance worker (abbr.)

7 deli bread

8 literary form of ridicule

9 blueprints

10 in addition to

11 slice

12 wind dir.

13 type of crisis

14 Dirksen

15 CBS and NBC

21 to shed tears

23 follows play or restricted

25 anagram of sheet

26 a pointed end

27 music and painting

28 forecasts

29 blockhead behavior

33 primp

34 I-beam material

37 a nap in Acapulco

38 a miscue

40 cousin of ave.

41 followed by mouth of house

42 an extended walk

44 a achromatic color

45 not acidic

46 _______ of death

48 dog breed

49 CPA’s books

51 NYC nickname

53 streamflow regulators

56 _______ Carney

60 follows fiscal or leap

63 a female given name

66 urban trains

68 not A.D.

69 loc. of the Cedar R.

70 at. no. 26

71 letter ended
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AWRA 2014-2015 RICHARD A. HERBERT
MEMORIAL SCHOLARSHIP OPPORTUNITIES      

Background – In 1980, AWRA established the Endowment-Memorial Fund to be used for the enhancement of education
in water resources.  The fund has since been renamed the Richard A. Herbert Memorial Educational Fund to honor Richard
A. Herbert -- a champion for water resources education -- who passed away in 1994.  In order to carry out his vision, AWRA
is proud to announce the availability of scholarships derived from the proceeds of this fund.

Eligibility and Awards Available – Each applicant must be a national AWRA member. At least one $2,000 scholarship
will be awarded to a full-time undergraduate student working toward his/her first undergraduate degree and who is en-
rolled in a program related to water resources for the 2014-2015 academic year. At least one $2,000 scholarship will also
be awarded to a full-time graduate student enrolled in a program relating to water resources for the 2014-2015 acade-
mic year. (The AWRA Board of Directors may, at its sole discretion, approve additional scholarship awards, based upon the
performance of the Memorial Fund.)

Selection Criteria – The undergraduate scholarship will be awarded to the student most qualified by academic perfor-
mance. Measures of academic performance include the cumulative grade point average, relevance of the student’s cur-
riculum to water resources, and leadership in extracurricular activities related to water resources. The graduate scholar-
ship will be awarded to the student most qualified by academic and/or research performance. The measures of academic
performance are identical to those of the undergraduate scholarship with the addition of the quality of the student’s re-
search and its relevance to water resources.  Recipients will be selected by the AWRA Student Activities Committee and
announced during summer 2014.

Application Process – A complete application packet contains:
• Title page that includes the applicant’s full name, permanent mailing address, email address, phone number 

where he or she may be easily reached, and the type of scholarship (undergraduate or graduate).

• Two-page summary (approx. 500 words) of his/her academic interests and achievements, extracurricular inter-
ests, and career goals as they relate to the above selection criteria. 

• Resume or curriculum vitae.

• Three signed letters of reference from professors and/or advisors.  Letters of reference MUST include the signa-
tures of the referee – PDFs of the signed letters work best.

• Transcripts of all college courses (undergraduate and graduate). Legible copies of “Issued to Student” transcripts 
are acceptable to save on fees but unofficial grade reports (such as those students can access from their online 
student accounts at the university) are unacceptable. Application packets that include unofficial grade re-
ports will not be considered.

Application packets should be submitted electronically to info@awra.org  and limited to 5mb in size to ensure delivery. All
applications must be submitted in their entirety. AWRA will provide an acknowledgement of receipt of your applica-
tion but will not provide updates to your application status or request missing information.  Please make sure your appli-
cation is complete when it is submitted. We look forward to hearing from you.

deadline

All applications and supporting

materials must be received

electronically by

april 22, 2014

Questions?

Call AWRA at

(540) 687-8390 or

send an e-mail to

info@awra.org

american water resources association
po box 1626 

Middleburg, Va 20118-1628
phone (540) 687-8390
fax: (540) 687-8395

info@awra.org
www.awra.org
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� AWRA’S 2013 ELECTION RESULTS (TAKE OFFICE EFFECTIVE JANUARY 1, 2014)

PRESIDENT-ELECT • JOHN C. TRACY • UNIVERSITY OF IDAHO • BOISE, IDAHO

Dr. John Tracy has served as Director of the Idaho Water Resources Research Institute at the University of Idaho since
2004. He received his B.S. degree in Civil Engineering at Colorado State University in 1980, and his M.S. and Ph.D. de-
grees in Civil Engineering at the University of California-Davis in 1986 and 1989, respectively. He has held academic po-
sitions at Kansas State University (Civil Engineering, 1989-1992), South Dakota State University (Civil Engineering, 1992-
1996), and the Desert Research Institute (Hydrologic Sciences, 1997-2004). Dr. Tracy has worked on numerous research
projects and authored or co-authored over 70 technical publications in the areas of watershed planning, watershed restora-
tion, the development of modeling tools for managing environmental systems, and the integration of research programs to
effectively group information on water resource policy and management.

Dr. Tracy currently serves on the AWRA Board of Directors and has been a member of AWRA for over two decades. He
has also been active in a wide range of water resources professional societies, including the University Council on Water
Resources (Board member 2002-2008 and President 2007-2008) and the National Institute of Water Resources (Board
member since 2009). Dr. Tracy has presented papers at numerous AWRA conferences and has authored or coauthored sev-
eral articles in Water Resources IMPACT and the Journal of the American Water Resources Association (JAWRA). In addition
he served as the Guest Editor for the May 2009 IMPACT Issue on Adaptive Management and has served on the planning
committees for the following AWRA Specialty Conferences: Adaptive Management (Missoula, Montana, 2006, Snowbird,
Utah, 2009); and Integrated Water Resources Management (Snowbird, Utah, 2011). Dr. Tracy served as the AWRA repre-
sentative at the 2012 Korean Water Resources Association Conference.

DIRECTOR • BRENDA O. BATEMAN • STATE OF OREGON WATER RESOURCES DEPT. • SALEM, OREGON

Dr. Brenda Bateman is the Senior Public Policy Coordinator for the Oregon Water Resources Department, where she served
as Project Manager in the development of Oregon’s first Integrated Water Resources Strategy – adopted in August 2012.

Dr. Bateman has chaired the Policy Committee of the American Water Resources Association (AWRA) since 2005. In
this role, she has led the development of a series of water resource policy statements (adopted and posted on-line by
AWRA’s Board of Directors), as well as a 2012 set of case studies focused on Integrated Water Resources Management, and
a 2013 set of case studies focused on the status of drought and flood policy in the United States. She serves as the Gen-
eral Co-Chair of AWRA’s 2013 Annual Conference in Portland, Oregon, and has served as Vice-Chair of AWRA’s Oregon
Section (2009-2010) and Technical Co-Chair for AWRA’s Annual Conference in Seattle (2009). In 2008, Dr. Bateman re-
ceived AWRA’s Ivan A. Johnson Award for Young Professionals.

Our circumstances in water resources are constantly shifting and AWRA needs to be prepared to respond. With an ap-
proaching wave of retirements in the water industry, AWRA must help ensure this institutional knowledge is not lost. With
constantly improving technological tools, AWRA must help its members make the most of new technologies. In an ever-
changing climate and environment, AWRA must ensure that the professional disciplines are communicating with each
other. And, with an active membership in the forefront of water resources management, AWRA must provide the tools to
document successes and share lessons learned. AWRA has already demonstrated strengths in these areas. My vision for
the Association is to build upon these strengths and ensure that AWRA provides strategic leadership in the water resource
arena.

DIRECTOR • L. DONALD DUKE • FLORIDA GULF COAST UNIVERSITY • FORT MYERS, FLORIDA

Don Duke is a Professor of Environmental Studies at Florida Gulf Coast University (FGCU). He holds an M.S. and Ph.D.
in Civil and Environmental Engineering from Stanford University, and is a registered Professional Engineer. He has over
30 years’ experience in water resources including stints as a professional consultant, a state agency employee, and a Uni-
versity faculty member and researcher. He has supervised regional planning for stormwater management and stormwater
NPDES permitting for consulting firms in the San Francisco Bay Area; developed TMDLs for the California Regional Water
Quality Control Board/Los Angeles region; and as a University researcher has assessed effectiveness of industrial
stormwater permitting programs, conducted statistical analyses of water quality standard setting and TMDL analysis, and
evaluated drought response policies, among others.

At FGCU, Prof. Duke teaches courses in environmental policy at the undergraduate and graduate levels, including a
specialty course sequence in Water Resources and Water Quality Policy. That course sequence introduces freshmen and
sophomores to the field of water resources; focuses juniors and seniors in project-oriented watershed assessments; and
guides graduate students into supervised research on topics standard setting, statistical water quality analysis, and other
topics. The burgeoning FGCU water resources program includes a vigorous student AWRA chapter, with Don as advisor.

Don serves on the AWRA Florida Section Board of Directors and was recognized as Member of the Year for 2011. For
three years he organized and chaired the Southwest Florida regional technical meeting of AWRA Florida section, an un-
usual, if not unique, collaboration among professional societies, including Florida sections of ASCE, WEF, AEP, and a ro-
tating cast of others. Collaborative and multidisciplinary approaches to complex issues of water resources are the focus of
Don’s professional life. By serving on the Board of Directors he will support continuing AWRA’s tradition of promoting di-
alogue, consensus-building, and exchange of technical excellence in the water resources community.



FELLOW MEMBERS

ARI M. MICHELSEN
Texas A&M AgriLife Research and Extension Center

Texas Tech University ~ El Paso, Texas

Ari M. Michelsen, Ph.D., is Regents Fellow, Research Di-
rector, Texas A&M AgriLife Research and Extension Cen-
ter at El Paso and Professor of Agricultural Economics,
The Texas A&M University System. His research focuses
on integrated water resources management, water mar-
kets and prices, conservation program effectiveness and
river basin resource management and water policy analy-
sis in the U.S., China, and Chile. He has authored or co-
authored over 140 publications and technical reports. Ari
has been a member of AWRA for 25 years, served on the
AWRA Board of Directors 2006-2009 and as President in
2010.

TAMIM YOUNOS
The Cabell Brand Center ~ Blacksburg, Virginia

Dr. Tamim Younos, former research professor of water
resources at Virginia Tech, currently serves as president
of the Cabell Brand Center for Global Poverty and Re-
source Sustainability Studies, a non-profit organization
in Virginia dedicated to global water and energy sustain-
ability and eliminating poverty (www.cabellbrandcenter.
org).
Fellow Members of AWRA are elected in recognition of member-
ship in the Association for at least 10 consecutive years, service as
an Officer or Director or on a Committee for one year, and an em-
inent record in a branch of water resources science or technology.

ICKO IBEN AWARD

GERALD E. GALLOWAY
Glenn L. Martin Institute Professor of Engineering
University of Maryland ~ College Park, Maryland

Gerald E.  Galloway, PE, PhD, is a Glenn L. Martin In-
stitute Professor of Engineering, Department of Civil and
Environmental Engineering and an Affiliate Professor,
School of Public Policy, University of Maryland, College
Park, Maryland, where his focus is on water resources
policy, resilience, and disaster risk management. He also
serves as a consultant to several international, federal,
state, and non-governmental agencies and is involved in
water projects in the U.S., Asia, and South America. He
was the 2007 President of AWRA and co-chaired four
AWRA National Water Policy Dialogues.
This Award was established in 1971 to recognize persons who
have made outstanding contributions to the promotion of com-
munication among the various disciplines concerned with water
resources problems. It honors the late Dr. Icko Iben, a co-founder
of AWRA, who contributed extensively during his lifetime to the
understanding and communication between those involved in the
diverse disciplines related to water resources.

WILLIAM R. BOGGESS AWARD

MARTIN W. DOYLE
Duke University ~ Durham, North Carolina

America’s Rivers and the American Experiment, published
in the August 2012 issue of JAWRA, Vol. 48, No. 4, pp.
820-837.

Martin Doyle is Professor of River Science and Policy at
Duke University’s Nicholas School of the Environment,
and the Senior Director for Water Policy at the Nicholas
Institute for Environmental Policy Solutions. His re-
search is at the interface of science, economics, and pol-
icy of water management. His background is in hy-
draulics and sediment transport in rivers, but he also
works on the ecological effects of river infrastructure,
emerging ecosystem service markets, and how water in-
frastructure is financed in the current era of reduced gov-
ernment funding. He holds a PhD in Earth Science from
Purdue University, and a Masters in Environmental En-
gineering from Ole Miss.
This Award is given to the author or authors of the paper, pub-
lished in JAWRA during the preceding year, that best describes,
delineates, or analyzes a major problem or aspect of water re-
sources from either a theoretical, applied, or philosophical stand-
point. Established in 1973, the Award honors William R. “Randy”
Boggess, a member of AWRA, one of the first Directors, and a for-
mer President of the Association, who has also made significant
contributions to AWRA as an Editor of the Water Resources Bul-

letin (now Journal of the American Water Resources Association,

JAWRA).

WILLIAM C. ACKERMANN MEDAL

CELESTE CANTú
Santa Ana Watershed Project Authority

Riverside, California

Celeste Cantú joined the Santa Ana Watershed Project
Authority (SAWPA) over six years ago and has been work-
ing on the crest-to-coast, corner-to-corner Integrated Re-
gional Watershed Manage-ment Plan called, One Water
One Water-shed (OWOW) that addresses all water relat-
ed issues, joins all entities and hundreds of stakeholders
seeking to create a new vision of sustainability for the
Santa Ana River Watershed. SAWPA owns the Inland Em-
pire Brine Line, a utility that collects salt from the 
upper watershed groundwater to improve water quality in
the Santa Ana River and benefits the lower watershed.
This Award was established in 1988 to honor the late William C.
Ackermann, an individual who achieved eminence and compiled
a distinguished record in the design and implementation of exem-
plary water management practices at the state, regional, and local
government levels. The first Ackermann Medal was presented
posthumously to Mrs. Margaret Ackermann and family at
AWRA’s Annual Conference in Milwaukee in 1988. The Medal is
awarded each year to an individual who has achieved eminence in
exemplary water management practices at the state, regional, or
local levels.
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� RECIPIENTS OF AWRA’S ANNUAL AWARDS FOR 2013

The American Water Resources Association presented the following awards at their Annual Water Resources Conference
in Portland, Oregon, in November 2013. Additional information on these awards can be found on AWRA’s website: info@
awra.org.



HENRY P. CAULFIELD, JR., MEDAL

BRENDA ORTIGOZA BATEMAN
Oregon Water Resources Department

Salem, Oregon

Dr. Brenda Bateman is the Senior Public Policy Coordi-
nator for the Oregon Water Resources Department, where
she served as Project Manager in the development of Ore-
gon’s first Integrated Water Resources Strategy – adopted
in August 2012. A massive exercise in public participa-
tion, this three-year effort involved 10 open houses, 28
state and federal agencies, nine federally recognized
tribes, hundreds of stakeholders, and six drafts available
for public comment. The Strategy sets forth a blueprint to
help understand and meet Oregon’s instream and out-of-
stream water needs. The resulting budget from the Ore-
gon Legislature represents significant investment in Ore-
gon’s natural resource agencies and the state’s long-term
water future. She has led AWRA’s Policy Committee in
the development of a 2012 set of case studies focused on
Integrated Water Resources Management, and a 2013 set
of case studies featuring proactive flood and drought poli-
cies in the United States.
This Award was established in 1988 to honor an individual whose
record of achievements and contributions in setting, designing,
and implementing water resources practices at the national level
have been extraordinary. The first presentation of the Caulfield
Medal was made to Henry P. Caulfield, Jr., at AWRA’s 1988 Con-
ference in Milwaukee. The Medal is presented annually to an in-
dividual who has achieved eminence in shaping the nation’s na-
tional water policy.

MARY H. MARSH MEDAL

MARSI A. STEIRER
City of San Diego Public Utilities Department

San Diego, California

Marsi A. Steirer is the Deputy Director in charge of long-
range planning and water resources for the City of San
Diego’s Public Utilities Department. She has worked in
the water industry for more than 25 years and has
worked on key department initiatives including the
Strategic Plan for Water Supply, the Water Conservation
Program, and most recently, the City’s Purified Water
Program. In 2012, Marsi was honored by the California
section of the WateReuse Association with the Recycled
Water Advocate of the Year award. The following year,
ACWA honored her with the Excellence in Water Leader-
ship Award for her contributions to achieving a sustain-
able water supply in San Diego.
This Award was established in 1991 and is awarded annually (or
at such time as there are qualified nominees) to an individual who
has achieved a status of eminence in some aspect of public service
related to water resources education and/or management.

A. IVAN JOHNSON AWARD

ANTHONY R. BUDA
USDA-ARS ~ University Park, Pennsylvania

Anthony (Tony) Buda is a research hydrologist with the
U.S. Department of Agriculture’s Agricultural Research
Ser-vice (ARS) Pasture Systems and Watershed Manage-
ment Research Unit (PSWMRU), located in University
Park, PA. Tony is part of a team of scientists at PSWMRU
whose research evaluates management and conservation

measures to improve water quality in agroecosystems of
the Northeastern U.S. In his research, he applies hydro-
logical and water quality studies to determine the effects
of agricultural management, landscape factors, and soil
characteristics on the fate and transport of nutrients and
sediments in watershed runoff.
This Award (formerly the Pyramid Award) was established in
2000 and recognizes and encourages young professionals as the
future leaders of water resources research, management, and ed-
ucation. It will be given annually (or at such time as duly qualified
candidates are identified) to a young professional who has demon-
strated outstanding achievements, talents, and leadership poten-
tial through their professional activities related to water re-
sources. 

INTEGRATED WATER RESOURCES
MANAGEMENT (IWRM) PROJECT AWARD

TEXAS ALLIANCE FOR WATER
CONSERVATION PROJECT

Texas Tech University ~ Lubbock, Texas

The TAWC is a demonstration project of 28 producer-managed farm
fields (more than 4,300 acres) that examines all aspects of water, en-
ergy, and profitability with the objectives of water conservation and
economic viability. The stated mission of the project is “to conserve
water for future generations by collaborating to identify those agri-
cultural production practices and technologies that, when integrated
across farms and landscapes, will reduce the depletion of groundwa-
ter while maintaining or improving agricultural production and eco-
nomic opportunities.” From 2005-2012, observations including crop
yields, irrigation application rates, precipitation, soil moisture, and
crop water demand have been collected. Coupled with data for chem-
ical and fertilizer varieties and applications and cultivation practices,
these observations comprise a dataset that have led to several major
accomplishments. These include development of the TAWC Solutions
Water Allocation Tool and the TAWC Solutions Irrigation Scheduling
Tool. The first provides producers economic variables that enable pro-
ducers to estimate options for cropping systems to maximize per acre
profits. The second utilizes weather information and producer input to
calculate and update the soil water balance for specific crops.
An IWRM approach to water resources has been a hallmark of
AWRA since its establishment. Therefore, in 2012 AWRA estab-
lished an award that recognizes outstanding IWRM work on a
water resources project in consulting, government, nonprofit, or
academia. This award is presented annually, or at such time as
there are qualified nominees to an interdisciplinary team.

PRESIDENT’S AWARD FOR OUTSTANDING SERVICE
MICHAEL E. CAMPANA
College of Earth, Ocean and Atmospheric Sciences
Corvallis, Oregon
This Award recognizes those who have made significant contribu-
tions to the American Water Resources Association.

OUTSTANDING STUDENT CHAPTER AWARD
OREGON STATE UNIVERSITY STUDENT CHAPTER
This Award is presented to the AWRA Student Chapter that has
been most active in advancing water resources knowledge to their
respective Chapter, State, and Section.

OUTSTANDING STATE SECTION AWARD
COLORADO STATE SECTION
This Award is given in recognition of a State Section’s activities in
advancing water resources knowledge in the Section; number,
type, and scope of Section activity; special activities of unusual
note; and number of National members in the Section.
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� SCHEDULED TOPICS FOR FUTURE
ISSUES OF IMPACT ~ 2014

MARCH 2014 ~ FLOOD PLAIN MANAGEMENT
Joe Berg ~ Associate Editor ~ jberg@biohabitats.com

MAY 2014 ~ IWRM
Carol R. Collier ~ Guest Editor
carol.collier@drbc.state.nj.us

Jonathan E. Jones ~ Associate Editor
jonjones@wrightwater.com

JULY 2014 ~ TMDLS IN THEORY AND PRACTICE
Joe Berg ~ Associate Editor ~ jberg@biohabitats.com

Jonathan E. Jones ~ Associate Editor
jonjones@wrightwater.com

SEPTEMBER 2014 ~ MEGA CITIES
Associate Editor (TBD)

NOVEMBER 2014 ~ NORTH AMERICAN
TRANSBOUNDARY/BORDER ISSUES

Eric J. Fitch ~ Editor-in-Chief
fitche@marietta.edu

The topics listed above are subject to change. For infor-
mation concerning submitting an article to be included
in these issues, contact the Editor(s) listed or the Editor-
in-Chief Eric Fitch at fitche@marietta.edu.

� PUZZLE SOLUTION (pg. 43)

� HIGHLIGHTS OF JAWRA TECHNICAL PAPERS • DECEMBER 2013 • VOL. 49 • NO. 6 

Pandey and Soupir demonstrate the impacts of streambed sediment on coliform loads.

Ramsey et al., evaluate satellites for coastal flood inundation mapping.

Seo et al., evaluate National Weather Service flash flood guidance.

Dosskey et al., use DEM-based indices to address the placement of agricultural buffers.

Pradhanang et al., examine the effects of climate change on the New York City watershed.

Hoekema and Sridhar use a system dynamics model to explore a conflict between groundwater users and surface water
users.

Carrier et al., extend streamflow records based on tree ring reconstructions.

Nichols and Ketcheson explore log jam design for stream restoration.

Patterson et al., look at hydrologic droughts in the South Atlantic, US.

Doubleday et al., use a distributed hydrologic model to examine low impact development.

DeBusk et al., look at rainwater harvesting in humid regions.

Greene et al., in a decade-long study, examine what happens after a dam is removed.

A full Table of Contents may be viewed at http://www.blackwell-synergy.com/toc/jawr/49/6

JAWrA ~ Journal of the American Water resources Association
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AWRA 
c/o Middleburg Bank | P.O. Box 2217 | Leesburg, VA | 20177-7580 
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2014 Membership Application 
(for full year membership January 1 – December 31) 

 
Complete & fax to (540) 687-8395, or mail it to the address below 

Payment must accompany application and be made in US dollars drawn on US bank. 

JOB TITLE (circle one) 
 
JT1  Management (Pres, VP, Div Head, Sect Head, Manager, Chief Eng) 
JT2  Engineering (Non-mgmt; i.e., Civil, Water Resources, Planning) 
JT3  Scientific (Non-mgmt; i.e., chemist, biologist, hydrologist, etc.) 
JT4  Marketing/Sales (Non-mgmt) 
JT5  Faculty 
JT6  Student 
JT7  Attorney 
JT8  Retired 
JT9  Computer Scientist (GIS, modeling, etc.) 
JT10  Elected/Appointed Official 
JT11  Volunteer/Interested Citizen 
JT12  Non-Profit 
JT13 Other: _____________________________________________ 

EMPLOYER (circle one) 
 
CF Consulting Firm 
EI Educational Institution (Faculty/Staff) 
ES Educational Institution (Student) 
LR Local/Regional Gov't Agency 
SI State/Interstate Gov't Agency 
IN Industry 
LF Law Firm 
FG Federal Government 
RE Retired 
NP Non-Profit Organization 
OT Other: _____________ 

EDUCATION (circle one) 
 
HS High School 
AA Associates 
BA Bachelor of Arts 
BS Bachelor of Science 
MA Master of Arts 
MS Master of Science 
JD Juris Doctor 
PhD Doctorate 
OT Other: ____________ 

DISCIPLINE (circle one) 
 
AG Agronomy 
BI Biology 
CH  Chemistry 
EC  Economics 
ED Education 
EG Engineering 
FO Forestry 
GR Geography 
GE Geology 
GI Geographic Info. Systems 
HY Hydrology 
JR Journalism 
LA Law 
LM Limnology 
OE Oceanography 
PH Physics 
PS Political Science 
PB Public Health 
SO Soil Science 
OT Other: _____________ 
 

 

 

How did you learn about AWRA? 
 Promotional Mailing  Word of Mouth 
 AWRA Website   Other: ___________ 

 
What’s your reason for joining? 

 Info from Journal/IMPACT  Networking 
 Conference Discount  Technical Committees 

 Other: ___________________ 
Did someone recommend that you join AWRA?  Who? 

_________________________________ 

Personal Information 

Name: ______________________________________________________________  

Title: _______________________________________________________________  

Company Name: _____________________________________________________  

Address 1: __________________________________________________________  

Address 2: __________________________________________________________  

City/State/Zip+4: _____________________________________________________  

Country: ____________________________________________________________  

Is this your     Home  address   or      Business address? 

Phone: ___________________________  Fax: _____________________________  

Email: ______________________________________________________________  

Membership Options 
 Regular Member (IMPACT print/JAWRA online) ............................... $165 

 Receive JAWRA Print  .................................................................. $25 
 Online Only Member (IMPACT/JAWRA online) ................................. $135 
 Transitional Member (IMPACT print/JAWRA online)......................... $100 

 Receive JAWRA Print ................................................................... $25 
 International Electronic Member (IMPACT/JAWRA online) ................ $25 
 Student Member (IMPACT print/JAWRA online)  ................................ $30 
 Associate Member – One office ........................................................ $500 
 Associate Enterprise Member – All offices ...................................... $2000 
 Membership Certificate (optional) ...................................................... $11 

Payment Options 
 Charge my credit card or  Check Enclosed 
 VISA     Mastercard     Diner’s Club     AMEX     Discover 

Card #: ______________________________  Exp. ______  CSC#: ______  

Signature: __________________________________________________  



AWRA 2014 BOARD OF DIRECTORS    

PRESIDENT PRESIDENT-ELECT
C. MARK DUNNING JOHN C. TRACY

CDM Smith University of Idaho
Fairfax, Virginia Idaho Water Resources Research Institute

president@awra.org Boise, Idaho

SECRETARY/TREASURER PAST PRESIDENT
DAVID R. WATT CAROL R. COLLIER

St. Johns River Water Management District Delaware River Basin Commission
Palatka, Florida West Trenton, New Jersey

DIRECTORS

BRENDA O. BATEMAN L. DONALD DUKE NOEL GOLLEHON
Oregon Water Resources Department Florida Gulf Coast University USDA-NRCS

Salem, Oregon Fort Meyers, Florida Beltsville, Maryland

LISA BEUTLER RAFAEL E. FRIAS III JOHN R. WELLS
MWH Black & Veatch Consultant

Sacramento, California Sunrise, Florida Eagan, Minnesota

� � �  cAll for ABstrActs �  �  �
deAdline suBMittAl dAte feBruArY 17, 2014

this conference provides researchers, practitioners, and academicians a forum to discuss the latest refinements
in iwrM concepts and to assess the efficacy of utilizing iwrM principles on water resources planning and man-
agement activities.

PleAse visit AwrA’s weBsite ... www.awra.org ... for inforMAtion ABout ABstrActs
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