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management solutions, management techniques, and current
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connections with a diverse group of water resource professionals.
Attendees can expect to hear:
lessons learned from the implementation of multidisciplinary
projects,
best practices discovered in the design and application of
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implications of water policy decisions, and
research into current and emerging issues.

Learn more: awra.org/2022AnnualConference
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PRESIDENT’S MESSAGE

Scott Kudlas, AWRA 2021 President

IN MY FINAL MESSAGE TO YOU, THE AWRA COMMUNITY,

practitioners and others that can deepen the dialogue in

I am pleased to help introduce an issue dedicated to

your community.

arguably one of the most important topics of our time
related to water: water risk in a rapidly changing world.
The increasing momentum I see in the water space
to articulate and assess water risks in the face of our
changing climate and political culture heartens me. After
initial inertia, our water communities seem to be quickly
evolving their practice to make sense of these risks
and begin the process of adapting to them. This issue,
put together by guest editors Michael Campana and
Charlotte Roehm, begins the process of bringing some
of these stories to your attention. There were so many
worthy articles that we intend to follow this issue with
more in the next one.
I mentioned the changing political culture. As a
longtime state water manager, I am grateful to Robert
Mace for his thoughtful piece describing the catch-22
in which government planners and regulators can find
themselves in today’s political climate. Science has
become more political than at any other time in my
career, and no end is in sight. You may find some of
what he describes familiar or radically different from
the dialogue occurring where you live. That unfortunate
reality only increases the importance of building
robust conversations in our community and promoting
connections in our wider communities that can facilitate
messaging to achieve change. Tamim Younos identifies
other impediments to change. That said, I know you will
find useful suggestions on adaptation strategies from
the articles that follow in a variety of water sectors.
Maybe you will find something in this issue that validates
what you are already doing, provides ideas to help
you conceptualize a challenge you face, or supplies an
example of a solution you can use. That is what AWRA
does. We bring you content that is timely and relevant to
the challenges you face in your world and connect you to

As my term as steward of this association comes to a
close, I want to express my appreciation to all of those
who continue to make what we do possible. My sincere
thanks go out to our Board of Directors and our AWRA
staff for their diligence in addressing the challenging
issues associated with the pandemic while continuing to
serve our membership. Everyone involved demonstrated
a steady hand in navigating the rapidly changing events
that have epitomized 2021. I also want to thank all of
the contributors to our publications and conferences.
It is clear to me, and confirmed by the response of our
membership, that you are producing tremendous value
that in some way will help us find solutions to the water
challenges we face today and in the future. Thank you
for providing this timely and valuable content to your
fellow members and our global water community. We
are enriched by your work. Finally, thank you to all the
people who volunteer their time to serve our association
as members of our technical committees and conference
planning committees and as editors of our publications.
Thank you. We could not do this without all of you.
A few updates in closing. As you may have heard, the
Board of Directors made the decision move forward with
in-person events in 2022. In order to protect the health
and safety of our members, attendees, and staff, we will
be implementing safety protocols that can be found on
each event's webpage. We have a great lineup of events
in 2022, beginning with the 2022 Geospatial Water
Technology Conference on March 21–23; our 2022 Spring
Conference, “Water Risk Under a Rapidly Changing World
- Evaluation & Adaptation,” on April 25–27; and our 2022
Annual Water Resources Conference on November 7–9. I
hope to see you there!
Finally, best wishes to our incoming leadership team
of Claire Bleser, your 2022 president, and Jason Zhang,
your president-elect. Thank you for the opportunity to
serve you this past year. It has been an honor.
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FEATURE

Planning for Climate Change
(When You Can’t Plan for Climate Change)
Robert E. Mace

Rising temperatures and extreme weather events are putting Texas water systems to the test. But the Texan political climate—hostile to the very idea of climate
change—means officials and communities must get creative when trying to plan ahead for intense droughts and other challenges posed by the warming planet.
Source: Clint Spencer, istockphoto.com.

THE MOST RECENT REPORT BY THE INTERGOVERNMENTAL
Panel on Climate Change increased its certainty of
the occurrence of anthropogenic climate change
from “clear” to “unequivocal.” The August 2021 report
noted that impacts from global warming are no longer
speculative—they are happening now with greater
frequency and intensity. Still, arguments questioning
the sources, severity, and even reality of climate change
continue to circulate. From questioning temperature
measurements to questioning the impact of
greenhouse gases to questioning global climate model
projections, conservative-leaning governments continue
to deny that climate change is occurring or simply
refuse to discuss it. But if the reality of climate change is
unequivocal, the ramifications of climate change denial
are no less so. By refusing to plan for climate change,

right-wing governments are decreasing the resiliency
of water supplies and increasing the risks to health and
human safety posed by flooding.

Tiptoeing around Climate Change
For years, the political situation in Texas has served as
a case in point. I worked for a water-resources planning
agency in Texas for 18 years and, except for a year or
two at the end of George W. Bush’s presidency, when
he warmed up to the idea of climate change, I was not
allowed to speak the words “climate change” in public,
let alone do anything to prepare the state for what was
coming. Things have thawed since, but only a little. The
2022 State Water Plan references two research papers
that detail plans for various climate change scenarios,
explaining that the agency would need additional funding
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to discuss climate
and the “development
change in their
of a coherent and
In
a
political
climate
hostile
to
the
realities
of
communities) may
accepted approach”
be convinced by
to undertake such
climate change, academics can circumvent
measurements of
planning. Still, the
what is happening
plan makes no explicit
the obstacles and provide the statewide data
(and what they are
mention of climate
experiencing) and
change. Similarly,
and policy analysis to help concerned citizens,
plan accordingly.
the State Flood
Assessment does
water suppliers, water planners, and decision
Global Problems,
Local Solutions
not mention climate
makers understand and plan for greater
Obviously, the
except in a reference.
best way to plan
Given the political
water resource resiliency.
for climate change
climate in Texas,
is to address the
the agency needs
challenges it poses
political cover from
directly and openly. Some communities are doing just
the legislature—that is, direct legislation—to consider
that by supplementing the state water planning process.
climate change in water and flood planning. However, for
In their own internal planning, these communities
at least the last decade, the legislature has prevented the
explicitly consider climate change. After experiencing a
passage of bills on climate change.
new drought of record about 10 years ago, the city of
What do you do if you are concerned about climate
Austin began a water planning process that explicitly
change but are prevented from planning for it? For
considered climate change based on a 100-year horizon
water-resource planning, it boils down to planning for
(instead of the state’s 50-year horizon). Studies show
a drought worse than the worst drought of historical
that surface-water supplies will be significantly less
record. In Texas, state water planning allows regional
resilient in the future. As a consequence, the city is now
planners to use a safe yield instead of a firm yield for
pursuing an array of demand- and supply-side strategies
surface-water resources. This approach enables planners
to meet future needs caused by climate change. Other
to consider a drought worse than the drought of record
Texas cities—the ones where it is politically acceptable to
without invoking climate change—although there are
discuss climate change, generally urban cores—are now
limits to how much the firm yield can be decreased
considering similar planning efforts.
in these planning efforts and
those limits may not encompass
projected climate change
impacts. Analysis of tree rings
and other methods can extend
the historical record to garner
scientific support for drought
planning without invoking
climate change projections.
Another way to avoid
invoking climate change is to
quantify and project current
trends. For example, the state
climatologist, John NielsenGammon of Texas A&M
University, has quantified
recent trends in temperature
and rainfall intensity in the
state, both of which, when
projected, approximately follow
climate projections. In this way,
Analysis of tree rings can provide regional planners evidence of severe droughts older than those listed in the
stakeholders not convinced by
historical record. This can help them to plan for droughts caused by climate change while avoiding mentioning
warming climates, thus sidestepping the politically charged issue altogether. Source: erperlstrom, istockphoto.com.
projections (or simply not able
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But what about the rest of Texas, where communities
do not have the financial resources to conduct such
planning or, more likely, where local and regional politics
do not support planning for climate change? When I
was working for the state, both hands tied behind my
back, I often wished that academia would fill the gap.
But academia has typically been focused on smallerscale studies of climate change rather than on the big
broad strokes of meeting the data, policy, and response
needs at the state scale. In large part, this is because
of constraints posed by traditional academic funding
sources as well as a bias against conservative states with
traditional and non-traditional sources (“You want to do
what? In Texas?!”). But in a political climate hostile to the
realities of climate change, academics can circumvent
the obstacles and provide the statewide data and policy
analysis to help concerned citizens, water suppliers,
water planners, and decision makers understand and
plan for greater water resource resiliency. And doing so
can help the state change course quickly once lawmakers
do finally decide to act on climate.

Building Resiliency
Acting on climate change means dealing with a
decrease in water resource resiliency, and that means
seeking additional water supplies. This concerns some
stakeholders since those additional supplies could come
from new reservoirs and new groundwater wells. Seeking
additional water supplies presents an opportunity to
pursue additional conservation and reuse as well as

more advanced built-environment sources of water
advocated by the “One Water” approach. These sources
include onsite wastewater reuse; rainwater, stormwater,
and condensate harvesting; and conjunctive use such as
aquifer storage and recovery.
At the end of a long and hot day, it is all about
resiliency. And while it is not ideal to plan for climate
change indirectly, there are ways to build resilience in
an environment of political denial. At some point, the
politics will catch up with the science. In fact, a recent
survey by Resources for the Future shows that 77% of
Texans believe in anthropogenic climate change. Why
the disconnect? In part it is because that same survey
indicates that only 26% of Texans believe climate
change to be personally important. That will surely rise
as changes—especially to water supplies and flooding—
become more evident with time.

■

Robert E. Mace (rem142@txstate.edu) is executive director
and chief water policy officer at the Meadows Center for
Water and the Environment. He also serves as professor
of practice in the Department of Geography, Texas State
University, San Marcos. Previously he worked for the Texas
Water Development Board, were he was deputy executive
administrator for the Water Science and Conservation
Office for 17 years. He received a Ph.D. in hydrogeology
from the University of Texas at Austin.
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FEATURE

Fighting Fire with Fire: Forecast-Informed
Reservoir Operations, Flood, and Drought in
California
Mike Dettinger, Marty Ralph, Jay Jasperse, and Cary Talbot
extra water was released from the reservoir as soon
IN DECEMBER 2012, CALIFORNIA WAS ALREADY IN ONE
of its periodic droughts when a major atmospheric river
as safely possible after the storm, as required by the
arrived from over
the North Pacific and
dropped almost six
inches of rain on the
Russian River Basin
north of San Francisco.
Atmospheric rivers
are long, narrow,
and highly mobile
corridors of extreme
water-vapor transport
that, when they arrive
at the West Coast,
can drop extreme
amounts of rain and
snow. Though not all
atmospheric rivers
cause floods, they
dominate California’s
flood regime—causing
about 80% of floods
in many of the state’s
rivers—while also
providing 30–50% of its
precipitation.
California governor Gavin Newsom holds a news conference in the parched bottom of Lake Mendocino, announcing his
The December
drought-emergency proclamation for Mendocino and Sonoma Counties, April 21, 2021. Source: Ken James, California
2012 atmospheric
Department of Water Resources.
river—like many others
reservoir’s operating rules, restoring empty space in case
historically—filled the Lake Mendocino reservoir of the
another flooding storm arrived later.
upper Russian River Basin well above the maximum
All was well: the manual had been followed, and
level allowed in wintertime. Lake Mendocino is designed
the flood risk managed—except that then storms and
to help mitigate flood risk, so it is kept partially empty
precipitation stopped showing up in the basin for
during the winter and spring flood season, like many
13 months. By February 2014, when another major
other reservoirs in this region. For each reservoir, a
atmospheric river arrived to drop 9.5 inches of rain,
site-specific water control manual from the U.S. Army
water levels in the reservoir had dropped far lower than
Corps of Engineers (USACE) dictates the amount of
they had been before the December 2012 storm. The
empty space required to store flood flows should they
area was then well into a major drought that continued
appear. Because runoff from the December 2012 storm
more or less unbroken until winter 2016 or 2017.
surpassed the mandated flood-management level, the
10 | VOLUME 23 • NUMBER 6		
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What Might Have Been . . .
Water managers and stakeholders throughout the
region looked back on those flood-control releases of
December 2012 with chagrin, wishing they had known
about the dry months and years to come and that they
could have retained some of that water to tide the basin
over and mitigate some of the major drought impacts.
But rules are rules, and the reservoir’s rule curve
is clear: When storage in Lake Mendocino rises above
68,400 acre-feet (AF) at any time during November
through February, enough water has to be released as
soon as safely possible to bring storage back down to
that level. This kind of rule is common (though timing
and storage limits differ from reservoir to reservoir) for
many of the thousands of reservoirs around the country
that serve flood-risk management purposes. The rules
for most reservoirs were established decades ago, when
dams were being constructed and flood-management
responsibilities were being distributed to agencies like
the USACE. Back then, demands for water were less and
it was far safer to develop rules that could accommodate
almost any storm or flood in simple, straightforward,
and reliable ways based almost entirely on the observed
storage level (“water on the ground”) than to establish
rules that depended on other information—like weather
forecasts. The precipitation and streamflow forecasts
of decades ago were not reliable enough. They not only
would have complicated release decisions but could have
resulted in decisions with dire consequences.
In the past two decades, our understanding of the
relations between atmospheric rivers, historical floods,
and historical droughts on the West Coast, including

in the Russian River Basin, has grown tremendously.
Simultaneously—perhaps even consequently—the ability
of modern weather forecasts to provide warning of
the arrival of storms and the inflows they bring to Lake
Mendocino has improved markedly. Forecasts are now
reliable enough to provide five or more days’ notice of
the possible arrival of the largest atmospheric rivers.
Although landfall locations and intensities can remain
uncertain at even shorter lead times, the big storms
show themselves as likely somewhere in Northern
California several days ahead.
With that information, reservoir managers in
December 2012 would have had indications that no
major storms were likely to arrive in the forecastable
future. By keeping an eye out for the first hints of the
next storm to approach and, if need be, releasing part or
all of the extra water in the reservoir as soon as that next
storm risk was spotted in forecasts, reservoir managers
could have safely stored the extra water (beyond what
the current rules allow) until after the end of the storm
season for use in the long dry summer, fall, and even
early winter months to come. In December 2012 this
operating strategy was not permitted, but the benefit it
could have provided—amounting to more than 12,000
AF of water salvageable from that last atmospheric
river (Figure 1A)—became increasingly obvious as the
“drought clock” continued to tick away for the many dry
months that followed.

Better Forecasts for Better Reservoir Management
One consequence of that episode was that
representatives from eight local, state, and federal
agencies and institutions gathered in early 2014 to begin

Figure 1. The FIRO concept at Lake Mendocino, (A) as envisioned for water year 2013 and (B) as realized in water year 2020. A: Black dashed line is the existing rule
curve showing how much water can be stored according to the water control manual. The blue curve is the 10-year averaged storage levels in the lake. The red
curve is actual storage levels in water year 2013. The green shading and dashed line are storage that FIRO might have made possible. B: Blue dashed curves are
the existing rule curve and operating leeway allowed by the current “major deviation” permitted by USACE. The black curve is actual reservoir storage in water year
2020, and the red curve is modeled storage under the existing rule curve.
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to determine whether
As we write this,
modern forecasts
California is deep in
Lake Mendocino is designed to help mitigate yet another drought.
and decision tools
can be used to inform
In 2021 only a single
flood
risk,
so
it
is
kept
partially
empty
reservoir operations
moderate-sized
in ways that would
atmospheric river
during the winter and spring flood season,
allow more water to
arrived to provide
be saved, safely, in
precipitation to the
.
like
many
other
reservoirs
in
this
region
Lake Mendocino. Are
state, and in 2020
modern forecasts
only two arrived.
reliable enough to
Because of the FIROensure that reservoir operations based on them would
based major deviation at Lake Mendocino, however, the
be safe—that is, would pose no increased flood risks
reservoir entered summer 2020 with 20% more water
downstream of the reservoir? Would forecast-informed
in storage than under historical rules (Figure 1B). Thus,
reservoir operations (FIRO) as safe as this result in more
FIRO is already proving its value in the real world.
reliable water supplies? Or are those decades-old rules
A consensus of climate-change projections for
still the only safe approach?
California is that the state will face more and deeper
The multidisciplinary team that came together
droughts in coming decades, interspersed with more and
to evaluate the risks and benefits of FIRO at Lake
wetter atmospheric rivers. Our hope is that continued
Mendocino included reservoir operators, managers, and
investments in improving forecast accuracies and the
researchers from the USACE; water-resource managers
kinds of modern forecast-informed operations that
from Sonoma Water; atmospheric and hydrologic
are already proving beneficial at Lake Mendocino in
scientists from the Scripps Institution of Oceanography;
today’s climate can help accommodate these changes
forecasters from the National Weather Service’s
by increasing the reliability of water supplies and
California Nevada River Forecast Center; fisheries
reducing flood risks, without the need for major new
experts, atmospheric scientists, and other researchers
infrastructure investments.
from the National Oceanographic and Atmospheric
FIRO will not be a panacea everywhere. But where
Administration; and interested decision makers,
modern forecast accuracy and operational constraints
engineers, biologists, and scientists from other agencies.
come together to allow it to safely improve water supply
Using a variety of methods, the accuracy of current
outcomes, this is a strategy (along with others like Floodforecasts was evaluated and compared with the levels
MAR) that can provide new ways to fight the “fires” of
of accuracy needed to successfully and safely improve
increasing drought by capturing the “fires” of increased
reservoir yields from Lake Mendocino. Flood risks and
floodwaters. In the end, we need to revisit and improve
reservoir operations were modeled and tested against a
on our increasingly outdated operational rules if we
variety of historical storms (and real-world forecasts) and
are going to accommodate the new water resources
hypothetical more extreme storms. And new decision
challenges of this rapidly changing world.
supports were developed and tested.
The outcome of these studies was a recently released,
thoroughly reviewed and tested, multiagency Final
Michael Dettinger (mddettinger@gmail.com) is a visiting
Viability Assessment that concludes that FIRO can
researcher at the Center for Western Weather and Water
not only reduce downstream flood risk and improve
Extremes, Scripps Institution of Oceanography, University
environmental flows but also supply about 20% more
of California San Diego. Marty Ralph (m.ralph@ucsd.edu) is
water than strict adherence to the existing water control
founder and director of the Center for Western Weather and
manual. For the past several years, this new way of
Water Extremes. Jay Jasperse (Jay.Jasperse@scwa.ca.gov) is
operating the reservoir has actually been implemented
chief engineer of the Sonoma County Water Agency, Santa
under temporary “major deviation” permits from the
Rosa, California. Cary Talbot (Cary.A.Talbot@USACE.army.mil) is
USACE, which is now developing a new water control
division chief, Engineer Research and Development Center, U.S.
manual that reflects the findings on FIRO.
Army Corps of Engineers, Vicksburg, Mississippi.
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Water Risk Points the Way to Fostering
Resiliency in Business
Julie Mouton
more urgent the actions; the bigger a company’s water
STUDIES FROM THE INTERGOVERNMENTAL PANEL ON
Climate Change (IPCC) and the National Aeronautics
footprint, the bigger the actions.
and Space Administration (NASA), among others
For companies just starting out on getting a handle on
in the scientific community, have emphasized that
water, we recommend pursuing a path with the following
climate change is intensifying the water cycle. Warming
steps:
temperatures are causing evapotranspiration rates to
1. Do your research
increase, accelerating the drying of land and vegetation.
Companies should determine whether they are operating
Weather patterns are affected, with more intense rainfall
in, or if their main suppliers are located in, a high-waterand associated flooding, as well as more intense drought,
risk watershed. This step is critical for enterprise risk
occurring in many regions. If these trends continue, the
management. Many publicly available tools can help
United Nations predicts that by 2030 the world will face a
companies consider their exposure to chronic risks
40% supply gap in viable freshwater resources, propelling
almost half of the world's population into a state of severe (such as degraded watersheds that lead to poor water
quality and rising treatment costs) as well as to acute
water stress. This trajectory will undoubtedly generate
risks (such as flooding from storm surges and extreme
more climate and water refugees, fleeing from places
weather events). These tools include the World Resources
where their livelihoods are no longer viable.
Institute’s (WRI) Aqueduct
It is clear that we cannot
Water Risk Atlas and the World
solve the water issue without
Wildlife Fund for Nature (WWF)
To change the trajectory we are
solving the climate issue.
Water Risk Filter.
Recognizing this, many industry
Given that water issues
on, we need to move beyond
leaders have set aggressive
are extremely local, we
climate pollution reduction
the leaders and approach
recommend that companies
and water-related goals. In the
evaluate the local context
water-related challenges using
beverage industry, many of the
within the high-risk
world’s top brands have come
watersheds (including
a risk-based tactic with actions
together to collaborate on
groundwater) where they
these pre-competitive issues
operate to determine which
at the watershed scale.
through the Beverage Industry
vulnerabilities the facility
Environmental Roundtable
and the watershed are most
(BIER). Water is a main
exposed to. Too much water,
ingredient and a critical component in their agriculturepoor water quality, or not enough water can disrupt
based supply chain, so it makes good business sense for
operations, supply chains, and the communities that
these leaders to take action on water and climate. We
depend on those water supplies, so it is important to
have seen other large corporations step up recently—
keep tabs on current and projected conditions at regional
Microsoft, Facebook, and Google, for example, have
or local levels to stay ahead of water-related business
all made pledges to replenish more water than they
risks.
use in their direct operations by 2030. These actions
2. Develop site-specific water action plans
by individual companies should be applauded and will
Using the information gathered, each high-risk location
hopefully propel more corporations to set aggressive
should develop a comprehensive water action plan. This
targets. If we are going to change the trajectory we are
plan should set goals that align with the local context. For
on, we need to move beyond the leaders and approach
example, we recommend that facilities with high levels of
water-related challenges using a risk-based tactic with
water stress optimize their water use (this should include
evaluating opportunities for reuse and recycling, which
actions at the watershed scale. The higher the risk, the
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would help limit once-through
3. Engage and collaborate with
pass systems). Given that they
The time to evaluate water-related stakeholders
are located in areas where the
As each site develops and
competition for water is high,
business risks and establish and
implements its water action
they should determine the
plan, it is equally important to
long-term sustainability of their
act on local, comprehensive water engage with stakeholders to
water supplies.
support the common goal of
action plans is now.
A water action plan could
improving the water security
include the following:
of the region. Collective action
• Tracking daily water
is a key component of water stewardship, as framed by
usage and monthly water-quality data (incoming
and outgoing);
organizations such as the Alliance for Water Stewardship
• Ensuring water is used efficiently for production,
and the CEO Water Mandate, and is key to getting largeprocessing, sanitation, and employee needs
scale solutions implemented. These initiatives can be led
• Maintaining equipment to ensure efficient water use by industry stakeholders, such as BIER’s first-of-its-kind
• Minimizing water used for landscape irrigation
watershed collaboration (known as “Charco Bendito,” in
by planting native species and using rainwater
Jalisco, Mexico) or by a broader group of stakeholders,
collection systems
such as the Texas Water Action Collaborative, which
• Educating employees on water awareness
formed to improve the Trinity River Basin.
• Tracking local water supply conditions to maintain
The time to evaluate water-related business risks and
awareness of potential issues
establish
and act on local, comprehensive water action
• Ensuring that potential pollution sources on and off
plans is now. Such actions are an opportunity to foster
site are addressed
business and community resilience. They are also a
• Preparing a plan for emergencies (such as natural
disasters and water reductions or losses)
means to demonstrate leadership and boost reputation
• Continuously evaluating opportunities for
while contributing to the greater good—to change our
reduction, reuse, and wastewater recycling
current trajectory.
• Analyzing water use and water risk in the supply
chain
• Engaging with community stakeholders, including
Julie Mouton, P.E. (Julie.Mouton@anteagroup.us) is
water service providers, municipalities, and local
the water stewardship service lead at Antea Group, an
and national nongovernmental organizations
working to advance water security
international engineering and environmental consulting
• Testing the feasibility of collective action with other
firm. It specializes in full-service solutions in the fields of
water users in the community
environment, infrastructure, urban planning, and water.
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Climate Resilience for Rural Water Systems
Is More Urgent Than Ever
Bentley Hodges
WATER MANAGEMENT IN THE AMERICAN WEST HAS
always posed unique challenges. Water resources are
cyclical there, ebbing and flowing with the seasons.
Furthermore, many parts of the region classify as
desert, receiving less than 10 inches of rain per year.
Periodic drought has never been uncommon. When
temperatures remained relatively stable, such conditions
were predictable and relatively manageable. But as
temperatures have risen due to global warming, typically
arid conditions have become increasingly severe,
and natural water resource cycles have become less
predictable. No one feels the pinch as immediately or as
intensely as rural communities whose livelihoods requires
reliable access to water for crops and livestock. To deal

with this new reality, it is crucial that rural communities
begin planning for the future, today. To ensure that they
will remain reliable as the effects of global warming
become increasingly acute, rural water systems must be
carefully and deliberately managed in the years to come.
Developing effective strategies for doing so is a more
urgent task than ever.
The task is as vast as it is critical. In much of the West,
a large portion of the yearly precipitation comes during
the winter in the form of snow high in the mountains.
As spring turns to summer, the snowpack slowly melts
and provides a steady stream of water to areas at lower
elevations. But increasing temperatures mean that
precipitation is now more likely to fall as rain in winter,

The western United States—already largely arid—has never been a stranger to periodic droughts. But climate change has made these more intense and frequent,
posing serious economic and logistical challenges to ranchers and farmers. Source: Jeff Bandy, istockphoto.com.
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resulting in lower snowpack. Lower snowpack means less
water later in the year. Even a significant snowpack will
melt faster in higher temperatures, thus turning off the
tap earlier for communities downstream and changing
the water resources cycle. Droughts come sooner, more
frequently, and last longer.
Wildfires were already common and often severe
in many regions of the western United States. But the
prolonged, increasingly intense periods of drought that
we see today have made matters worse. Data taken from
the National Interagency Fire Center through Sept. 1,
2021, indicated that 43,017 fires had already consumed
nearly 5 million acres—over 800,000 acres more than the
same period of 2020. California firefighters in particular
are under intense pressure, with four times the year-todate burned acreage of 2020 by the beginning of this
summer.
Despite billions of dollars in water infrastructure
investments over the last hundred years in the West,
today’s drought conditions are proving difficult to
manage. And some federal government efforts to
conserve water under these conditions have complicated
matters for local communities, rather than simply
alleviating them. Many farmers have lost crops—even
their entire livelihoods—when the federal government
dialed back water in certain areas. Ranchers have not
been without their own troubles in this regard. As water
resources dwindle and grazing land is devastated by
drought, some ranchers have opted to have food and
water brought in by truck.

An Uncertain Future for Utilities
As the West continues to feel the impact of severe and
exceptional droughts, firefighters and farmers aren’t the
only ones struggling. Water infrastructure management
is increasingly difficult, especially in remote communities
with fewer resources.
In the short term, wildfires are melting water tanks
and PVC piping, compromising infrastructure and
leaching harmful contaminants into water systems.
The blazes also leave behind huge quantities of ash
that can impact water quality for years. Vegetation loss
destabilizes soil, creating erosion concerns, intensified
flooding, and algal blooms that threaten ecosystems and
harm fish and wildlife.
These destructive forces would be difficult for any
utility to navigate, but small or rural water systems face
obstacles (such as financing costly infrastructure projects
spread across a smaller number of customers) that
larger systems don’t have to contend with. When I spoke
with officials in a special district in Northern California
that is coping with drought for the first time, they
explained that the district was investing in emergency
pumps to distribute water from virtually empty lakes.
Even though the state awarded the district an emergency
grant for nearly half a million dollars, the funds won’t
arrive for six to eight months—making a bad situation
even worse.
Rural systems are frequently governed by volunteer
boards, and many are understandably preoccupied
with short-term needs rather than long-term planning.
With so many fires to put
out—both literally and
figuratively—systems with
just one or two operators
end up relying on
temporary fixes that keep
a system going one day
at a time. Instead, these
groups need to think as far
into the future as possible,
anticipating the risks they’ll
face and coming up with
the means to address
them ahead of time.

Weathering the Storm

Climate change has resulted in increasingly frequent and destructive wildfires throughout the American West, endangering
not only lives and property, but also crucial water resource infrastructure. Source: Kevin Lendlo, istockphoto.com.
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While small water
systems may be remote,
their maintenance and
care have a broad impact
on the water industry as
a whole. To ensure these
critical utilities continue to
provide reliable and costVOLUME 23 • NUMBER 6 | 17

effective services, industry leaders will need to follow
disasters, it is critical to set aside resources to build more
three key steps:
resilient systems down the road.
1. Communicate the reasoning behind rate increases
3. Implement emergency plans and preventive
Rate increases are a necessary part of sustainable
measures
financial management, but that doesn’t make them easy
As drought periods and wildfires continue with
to impose. Elected officials are often the ones signing
greater frequency, small water utilities in the western
off on increases, and they’re understandably hesitant
United States must balance ongoing recovery efforts
to raise rates on their constituents for fear it could
with steps to mitigate the effects of future disasters.
sabotage chances of reelection. And with the pandemic
One example of such efforts can be found In Santa Cruz
placing an additional strain on finances in rural or
County, California. To lessen the damage and attendant
disadvantaged communities, it’s more difficult than ever
costs of inevitable wildfires, trees now must have a
to raise rates.
clearance of at least 12 feet from power lines.
There are two ways to overcome the difficulty posed
Water management organizations should take similar
by rate increases. The first is to find additional sources
precautions to protect tanks, treatment plants, and
of federal, state, or commercial funding to offset costs,
other critical components of infrastructure to make it
lessen the strain on capital
easier to navigate future fire
reserves, and spread costs
events. Additionally, to ensure
Water infrastructure management
out over a longer repayment
access to reliable long-term
period to help minimize a
water sources, managers of
is increasingly difficult, and
rate increase. Although grants
small water utilities should
from such sources are by
proactively identify secondary
especially in remote communities
no means guaranteed, they
sources in case primary water
with fewer resources.
are promising sources for
sources become constrained.
additional funds. The second
This includes addition or
way of overcoming the rate
acquisition of supplemental
increase problem is a matter of communication. It is
wells as well as securing secondary supply contracts and
easy for customers to take water access and quality
working toward system consolidation.
for granted, but debilitating service outages (like the
All Part of the Plan
one Texas suffered last winter) are always possible
To be effective, however, such steps cannot be
if infrastructure investments are put off for too long.
considered or undertaken in isolation. They must be
To overcome opposition to rate increases required
part of a detailed plan. To develop such a plan, it is
to support water infrastructure, water management
not enough to know a water utility’s needs. Water
professionals must explain what is on the line to
managers must also develop a clear understanding
community members and clearly communicate the
of what emergency systems are already in place. For
benefits of increased rates for improving the security,
water managers with a blank slate, the Environmental
quality, and sustainability of their water resources.
Protection Agency offers a useful template for
2. Manage finances more effectively
emergency planning that can serve as the foundation
Even if rate increases are voted through without a
of a well-organized effort, helping communities adopt a
hitch, more money does not automatically solve these
proactive approach to disaster management instead of a
problems. It takes both prudent spending and prudent
reactive one.
saving to improve water infrastructure. Water resource
Everyone is hoping for relief from drought conditions
managers must build up capital reserves to prepare
in the West, but even a wet winter or several seasons of
for both routine repairs and replacements, as well as
heavier-than-usual precipitation will only be a temporary
unanticipated disasters. Saving in advance mitigates the
reprieve. Global warming will continue to have a major
impact of disaster situations and is a cheaper route than
impact on the water systems in the region, and small rural
fully relying on major loans that can strain the finances
infrastructure management leaders must take a proactive
of smaller systems.
approach to mitigate the worst effects of climate change
Effective financial management also requires a careful
and keep systems functional for years to come.
balancing of current utilities needs—many of them
pressing—with future needs that will certainly arise as
Bentley Hodges (bhodges@cobank.com) is the vice
global warming has a growing impact on rural water
president of infrastructure banking at the Water and
resources in the West. While budgets can evaporate
Community Facilities division at CoBank, a national
rapidly in the face of ongoing wildfires and other
cooperative bank serving industries across rural America.

■
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Imperatives for 21st-Century Water
Management and Infrastructure
Tamim Younos
environmental justice in low-income communities.
THE 20TH CENTURY WAS THE ERA OF MODERNIZATION IN
water resources development and water infrastructure.
These problems are exacerbated by climate change,
The engineers and water professionals of the past
a phenomenon that has accelerated largely because
century built dams and reservoirs, developed
of human intervention in natural systems since the
groundwater resources, and constructed centralized
Industrial Revolution. The impacts of climate change on
water treatment plants and the pipelines and pumps to
water resources include, but are not limited to, changes
deliver tap water to homes and buildings. They installed
in precipitation patterns and intensity, longer and more
sewer and stormwater pipes to move wastewater
severe droughts, and sea-level rise, with its associated
and stormwater away from population centers and
consequences such as flooding of coastal cities and
eventually discharge them to surface waters. And they
encroachment of saline waters into freshwater aquifers
used significant amount of fossil fuel–based energy to
due to rising seawater pressure.
meet the critical need for water source development,
Obviously, technologies and strategies developed
water treatment, and long-distance delivery to
based on the 20th-century state of knowledge are
consumers.
no longer adequate and
The combined effects
effective to meet the
of urbanization—land
emerging challenges of
The technologies and strategies
development and population
this century, particularly in
concentration—have significant
urban environments where
developed based on the 20thrisks for water resources, as
more than 80% of the U.S.
documented in the literature.
century state of knowledge
population lives. The water
Groundwater tables have
management strategies of
are no longer adequate and
fallen owing to excessive
the 20th century did not
groundwater withdrawal and
fully integrate social and
effective to meet the emerging
reduced natural groundwater
anthropogenic factors into the
recharge as the increase in
challenges of this century.
planning and design of water
paved areas has slowed natural
management systems.
infiltration. Saltwater intrusion
These challenges and risks
in coastal aquifers due to
demand a paradigm shift.
excessive groundwater use affects groundwater quality
Needed now are novel holistic approaches that integrate
where nearly 50% of the U.S. population lives. Pollution
natural and engineered systems into the planning and
of rivers, tributaries, and lakes caused by stormwater
design of urban water infrastructure systems, and
runoff is widespread.
solutions that recognize the nexus between water,
Other risks arise from problems with water
energy, and food production in urban environments.
infrastructure. Overall deterioration of water
Four major pillars of urban water management and
infrastructure results in breakdowns and leakage. Lead
water infrastructure in the 21st century are
(think Flint, Michigan) and emerging contaminants
•
green technologies and low-impact
such as antibiotics and hormones are found in drinking
development—approaches that support water
water. Water distribution systems use significant
source conservation and preservation of
energy and suffer from water loss. Cybersecurity risks
ecosystems and groundwater;
to large, centralized drinking water infrastructure raise
•
urban aesthetics such as stream daylighting and
concerns. And infrastructure is inadequate to support
artificial ponds;
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Small-scale advanced
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Figure 1. In a holistic urban water and energy system, small-scale water treatment facilities would use renewable energy to treat locally available wastewater,
rainwater/stormwater, and saltwater, which would be used locally for potable and nonpotable purposes. Source: Author.

•

use of alternative water resources, including
rainwater and stormwater runoff, wastewater,
and brackish and saltwater; and
•
integration of renewable energy use into water
infrastructure operation.
A holistic approach can be best realized by
incorporating small-scale, decentralized water and
energy production systems into urban environments
(see Figure 1). Decentralization will help maximize the
use of locally available alternative water sources such
as rainwater and wastewater and renewable energy
resources such as geothermal, solar, and wind energy.
Furthermore, integrating decentralized urban food
production systems into the water and energy nexus can
support sustainable living and community development
in urban areas.
To be sure, there are major impediments to holistic
water management approach in urban environments.
These include traditionally conservative attitudes
within the water resources engineering and planning
community and siloed college curricula in water
management and infrastructure. For example, urban
stormwater drainage networks tend to be continually
expanded with little consideration of alternative green
technology approaches. To some extent, this impediment
can be associated with siloed college curricula that
fail to prepare future engineers and planners for
water management approaches that integrate all

of the relevant disciplines: engineering, hydrologic
sciences, chemical and biological sciences, plant and
food production sciences, geospatial technologies,
information technologies, cyber infrastructure, and
socioeconomic sciences.
Regulatory and policy gaps and hurdles constitute
another impediment. In general, policy making at state
and local levels does not keep up with technological
advances. There is a significant need to update policies
and regulations, such as zoning ordinances and building
codes, and to develop economic incentives to promote
the application of green technologies in retrofits
and new developments. Last, but not least, public
perception remains a serious impediment in urban water
management. Thus, a focus on citizen education and
K–12 curricula should be a top priority.

■

Tamim Younos (tamim.younos@gwiacademy.org) is
founder and president of the Green Water-Infrastructure
Academy, a nonprofit organization in Blacksburg, Virginia.
He is a former research professor of water resources at
Virginia Tech. Younos has written or co-written more than
150 publications and edited eight books on water science
topics. He is a recipient of the AWRA Fellow Award (2013)
and AWRA Icko Iben Award (2017).
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An Innovative Water Risk Assessment Framework
Never Mujere
across geographic regions and within communities.
WATER-RELATED RISKS SUCH AS FLOODS, DROUGHTS,
Consequently, areas prone to different hazards are
hailstorms, landslides, and waterborne and water-related
diseases are increasing in frequency and magnitude
identified and mapped using information from literature
owing to a whole range of causes: rapid population
and oral tradition.
growth, urbanization, climate change, aging water delivery
2. Determine exposure and vulnerability to hazards
infrastructure, and inequitable access to safe potable
Exposure is the degree to which a community is
water. The risks—that is, the potential for negative
exposed to significant hazardous events and the nature
consequences to arise when hazards occur in exposed
of that exposure. Vulnerability denotes the degree
vulnerable populations—are multidimensional and
to which socioeconomic and biophysical systems are
multisectoral, and they vary over space and time. Although
susceptible to and unable to cope with adverse impacts.
water risks can be highly complex, local communities need
Stakeholder participation is critical in identifying
to be able to assess those risks using approaches that are
and mapping specific risk zones in an area, because
simple, user friendly, replicable,
exposure and vulnerability
and flexible.
are multifaceted and depend
Here I describe an easy
on geographic location, level
Pooling local knowledge and
risk assessment framework
of education, wealth, and
that stakeholders can use
engaging communities is critical
availability of social networks.
to identify the key drivers of
In Zimbabwe, communities
water challenges that impact
to successfully implementing
in the Zambezi River and
people’s livelihoods and the
Save-Limpopo River valleys
this
framework.
The
people
environment and to find
are more exposed and
solutions to those challenges.
who
work
in
and
care
for
vulnerable to river flooding,
The framework is an adaptive
whereas people in the eastern
management approach that
their local environment have
highlands are susceptible to
relies on systems thinking and
flood-induced landslides. The
intimate knowledge, skills, and
draws on people’s different
Tonga ethnic group, which
skills and experiences to
experience
on
how
best
to
has a long history of staying
inform decision-making about
in the Zambezi River valley,
the best practices to prevent
manage local water risks.
are adversely affected by
water stress. Pooling local
flooding when the Kariba
knowledge and engaging
Dam floodgates are opened
communities is critical to successfully implementing this
following heavy rains in the Zambezi Basin. Tobacco
framework. The people who work in and care for their
local environment are best equipped to inform decisions, farmers in the country are heavily affected by hailstorms.
City centers are susceptible to flash floods due to
and they have intimate knowledge, skills, and experience
impervious pavements.
on how best to manage local water risks. Thus, the
framework is most successful when it relies on a bottomup approach that taps local knowledge. In such cases,
communities can find sustainable solutions to meet local
needs. The five steps in the framework are as follows:

1. Identify hazards
A hazard is an event with the potential to cause a
disaster if it occurs in a community. The likelihood of
that a water hazard will occur over time is not uniform

3. Assess the effects of hazards
The consequences of hazards—that is, disasters—are
assessed using participatory qualitative and quantitative
research approaches. Qualitative research—interviews,
for example—generates textual or non-numerical data,
whereas quantitative research—such as questionnaires—
produces numerical data or information that can be
converted into numbers.
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Community participation is critical to unveil the
magnitude and scale of past disasters. Participants
should determine thresholds or cutoff levels defining
the upper and lower limits of water risk conditions in
which communities exist. Outside these thresholds,
the likelihood that water hazards will have adverse
effects on a community increase and significantly affect
populations. For example, the height of riverbanks
defines the threshold level of a normal flow in a channel.
During flooding, water flows over the banks and spreads
across the floodplain, washing away croplands, among
other things. Also, river flooding makes it difficult to cross
rivers or use bridges.
The effects of disasters can be both physical and
psychological. Landslides caused by Cyclone Idai, which
struck Mozambique, Malawi, and Zimbabwe in March
2019, resulted in enormous damage to property and
infrastructure as well as loss of human life and livestock.
In Zimbabwe, almost 200 people died, and 304 people
went missing. The eastern districts of Chimanimani
and Chipinge were most affected by floods and
landslides. Kopa Growth Point, a semi-urban settlement
in Chimanimani district, was located in a low-lying,
swampy area covered by alluvial soils at the confluence
of three major rivers: Rusitu, Nyahode, and Chipita. The
settlement was completely washed away and replaced
by huge boulders. A survivor of Cyclone Idai lamented,
“We lost everything, including our valuables, money,
livelihoods, lives, and infrastructure.”

4. Characterize risks
Characterizing water risk involves understanding
the types, causes, drivers, impacts, geographic extent,
frequency, durations, and magnitudes of risks. Disasters
occur because local communities do not have the
capacity to prevent a predictable and known hazard. In
southern Africa, droughts generally exhibit a 10-year
cycle, floods normally occur from February to March,
and outbreaks of diseases such as cholera and typhoid
are prevalent during the rainy season from October to
March. The geographic coverage and timespans of water
risks also vary. Droughts can occur at regional scales and
last for a whole farming season (except for mid-season
droughts), whereas river flooding occurs along riparian
zones and lasts for short periods. Hailstorms and flash
floods are localized events that cover small areas and last
for short durations.

5. Manage risks
Managing risks involves employing both reactive and
proactive strategies. Reactive solutions are ad hoc, shortterm, or medium-term responses such as search, rescue,
relief, recovery, and rehabilitation. They also include, as
a matter of urgency, meeting communities’ immediate
needs such as water, temporary shelter, medicines, food,
clothes, and psychosocial support in form of counseling
sessions.
After Zimbabwe’s president declared Cyclone Idai
a national disaster on March 15, 2019, individuals,
the government, and private and nongovernmental

Pre- and post-Cyclone Idai satellite images of Kopa Growth Point in Chimanimani district, Zimbabwe. The photo on the right gives a sense of the devastation and
flooding it delivered to the region in 2019. Source: International Charter Space and Major Disasters.
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In contrast, proactive responses are employed
in the long term after adequate preparation and
planning. They include reconstruction as well as
mitigation and prevention of future water risks.
An operational water risk management plan
supported with resources should be in place to
avoid loss. During Cyclone Idai, affected districts
such as Chimanimani had disaster risk management
strategies in place, but resource limitations
prevented those districts from responding
appropriately to the storm.
These five user-friendly steps provide a way for
communities to begin to anticipate and cope with
the increasing water risks they face. To be effective,
however, this framework needs to be accompanied
with adequate human, financial, and material
resources. Actions stemming from the framework
should be executed by a country’s national disaster
management authority or its delegated agencies
with a mandate to coordinate emergency responses.
Finally, effective implementation of the framework
depends on assured political buy-in from local and
national political leaders.

■

Little is left of a house that was washed away by Cyclone Idai at Kopa Growth Point in
Chimanimani district, Zimbabwe. Source: Nick Maphosa.

organizations chipped in to offer humanitarian
assistance. Search-and-rescue operations using drones
and dogs were carried out to look for victims trapped and
buried under debris.
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Never Mujere (nemuj@yahoo.co.uk) is a lecturer in
geography at the University of Zimbabwe in Harare. His
research interests are natural resources management,
natural hazards, and climate change adaptation and
mitigation. He is a founder of the Environmental
Management Trust, which works with community
members to improve household food security and
sustainably manage natural resources.
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Pioneering Nature-Based Solutions to
Address Water Risks
Lesley Bertolotti, Kierstyn Cox, Christianah Oyenuga, and Joseph Schmidt
Life is an interesting journey. I have recently reflected
on how water has shaped my journey. I’ve lived in Florida
now for over two decades, but let’s rewind to my childhood
visiting Florida from Michigan. Little did I know that the
lakes where I spent hours fishing, the springs I marveled at,
and the oceans and lagoons I played in would be the very
resources I would spend my career protecting. I was also
quite unaware that these natural resources provide people
with benefits beyond pure enjoyment. They would play a role
in protecting me from storms, floods, and other risks.
Fast-forward
many years, and
my hometown of
Flint, Michigan, is
the epicenter of an
unprecedented water
crisis. Poor water
management decisions
caused unsafe levels
of lead in drinking
water and related
health issues and put
a spotlight on equity
issues associated
Lesley catching ‘em in a north
with access to clean
Florida lake in 1979.
drinking water. Who
knew that today my colleagues and I would be exploring
how the nature I enjoyed as a child can play a key role in
protecting our source water, increasing our resilience to
climate change, and overcoming inequities such as those
experienced in my hometown? In this article my colleagues
and I take you through some ways we are evaluating naturebased solutions (NBS)—solutions that use the power of
nature and natural processes—in Florida to address water
risks and improve human and natural communities.
—Lesley Bertolotti

the population of Florida anticipated to increase as much
as 30–35% by 2045, and tourism bringing more than 1.2
million out-of-state visitors (2018), these threats will only
increase. Rapid urban sprawl and unsustainable water
consumption are degrading the health, supply, and
biodiversity of Florida’s waterways and natural systems.
Floridians also face several water risks. Climate risks such
as sea-level rise and storm surges threaten our coastal
communities, and more frequent and severe weather
events and natural disasters affect the entire state.
With more coastline than any state in the contiguous
United States, Florida is highly vulnerable to flood risk;
it is home to one-third of all National Flood Insurance
Program policies. According to the National Oceanic and
Atmospheric Administration’s 2017 intermediate-high
projection for 2070, Florida should plan for 24 inches of
sea-level rise, the brunt of which will be felt in coastal
communities. From a water supply perspective, Florida
will soon struggle to supply water to both its everincreasing population and tourists. It is estimated that
by 2070 Florida’s population—currently 21.5 million—
will increase by up to one-third. If population growth
continues unchecked, efficiently providing freshwater
resources for both people and natural systems will be
expensive and problematic.
This is where nature-based solutions (NBS) come
in. The International Union for Conservation of Nature
(IUCN) defines NBS as “actions to protect, sustainably
manage, and restore natural or modified ecosystems
that address societal challenges effectively and
adaptively, while simultaneously providing benefits to
human well-being and biodiversity.” In other words,

FLORIDA’S NATURAL ECOSYSTEMS ARE AT RISK FROM
anthropogenic threats like land use conversion to
accommodate our growing population, shifting rainfall
patterns and temperatures from climate change, and
degradation from fragmentation and pollutants. With
November/December 2021 		

NBS are interventions supported by
nature that aim to resolve ecosystem
problems while also offering
environmental, economic, public
health, and social benefits.
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NBS are interventions
supported by nature
that aim to resolve
ecosystem problems
while also offering
environmental,
economic, public
health, and social
benefits.
NBS are winwin solutions if we
approach them as
mutually beneficial
relationships. We
protect nature by being
good stewards and
conserving important
natural systems. We
incorporate nature
into our developed
spaces to allow for
urban biodiversity and
connectivity to natural
areas instead of sterile Wetlands created at Victory Pointe Park in Clermont, Florida, serve as a NBS for stormwater management. They provide wildlife
habitat and have become a community amenity. Source: Lesley Bertolotti, The Nature Conservancy.
urban environments.
In return, nature
protects us. Wetlands and green spaces absorb and
in Florida’s new master-planned communities. These
filter stormwater, protecting us from floods and water
studies, carried out in new residential developments,
pollution. Coral reefs, mangroves, salt marshes, and
are making the case for sustainability practices based
dunes already provide significant risk-reduction benefits
on economic and business returns, resident satisfaction,
to coastal communities. Beneficial insects pollinate
and environmental benefits. For example, in irrigationour food crops and flowers. And Florida’s beautiful
free landscaping, native plant schemes promote
lakes, rivers, and springs are critical for the livelihood
biodiversity and water conservation by using vegetation
of residents and the recreation and tourism industries.
that relies on rainwater. The results have been found
These are just a few examples of how nature helps and
to be aesthetically pleasing, economically feasible, and
protects us.
easy to install and maintain. Living laboratories are part
It is clear that gray infrastructure alone (think
of a larger collaborative effort to measurably reduce
concrete) will not address the mounting water-related
demand for water, energy, and natural resources from
risks and challenges that the Sunshine State faces. Gray
new master-planned developments while proving viable
infrastructure is typically expensive to build and maintain business models and ensuring vibrant communities. This
work is all done in collaboration with land developers,
and does not deliver the co-benefits that NBS provides,
built-environment professionals, utilities, local
like nutrient cycling, essential habitat for migratory or
governments, and other agencies and organizations.
commercially important species, and opportunities for
Why is this important? Each day nearly 1,000 people
recreation and tourism. The Nature Conservancy (TNC)
move to Florida, pushing up demand for new home
believes NBS are key to addressing threats and risks
construction—the Sunshine State had more than 30,000
to both people and nature. We and our partners are
housing starts in the first quarter of 2021 alone.
advancing NBS in Florida, testing new NBS approaches,
and developing and implementing plans that bring NBS
NBS to Protect Our Coasts
to the forefront.
TNC is partnering with coastal communities in
South Florida on stand-alone green infrastructure or
NBS as Living Laboratories
hybrid interventions, which use both green and gray
In partnership with the University of Florida, we are
components, to illustrate the efficacy of these NBS in
exploring nontraditional nature-based landscape and
reducing flood risk, highlight their numerous co-benefits,
sustainability practices and how to make them standard
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A recent king tide flood in West Palm Beach flooded roads and sidewalks. NOAA projects that by 2050 Miami will
experience between 10 and 55 high tide flooding days a year. Source: Joseph Schmidt, The Nature Conservancy.

and promote their broader use. Through our Palm Beach
Resilient Island project, we are working with Palm Beach
County to use NBS in a layered approach that combines
oyster reefs and mangroves to restore and protect critical
shorebird nesting habitat. We are also working with the
City of Miami on an NBS shoreline at Morningside Park
on Biscayne Bay; the shoreline will reduce flood risk
and provide space for mangroves and other wetland
vegetation, which are migrating into upland areas as
these places become more frequently inundated by
saltwater with sea-level rise.
Why is this important? The coast is home to 76%
of Florida’s population. High tide flooding, commonly
known as sunny day or nuisance flooding, has increased
significantly since 2000. The NOAA Office of Coastal
Management projects that by 2050 Miami will experience
between 10 and 55 high tide flooding days a year.

NBS as Green Spaces
We are forming partnerships with local governments
to demonstrate how nature and natural areas play a
vital role in creating sustainable and resilient cities and
urban spaces. Soil, grasses, plants, and trees naturally
absorb stormwater runoff and support a supply of clean
water. Preserving vegetation and expanding tree canopy
make the water cleaner and neighborhoods greener,
while also making urban spaces healthier places to live.
We are demonstrating how urban forests and green
infrastructure, which mimics the natural water cycle, can
filter rainwater, quantifiably reduce runoff volume, and

enable soils to absorb pollutant
loads before those pollutants
enter local waterways. Green
infrastructure has been shown
to be an innovative and costeffective way for municipalities to
address water risks arising from
rapid urbanization.
Why is this important? By
2050 more than two-thirds of
the world’s population will be
living in cities. Greening urban
communities will help ensure
that the places we call home are
vibrant and livable. Incorporating
green spaces will help reduce
heat islands, enhance public and
recreational spaces, improve
air quality and human health,
increase biodiversity and wildlife
habitat connectivity, and even
spur job creation.

The Bottom Line: Work with Nature
To sustain this mutually beneficial relationship, we
must develop in a way that works with nature rather
than against it. NBS approaches, regarded as costeffective strategies, constitute an important tool in the
toolbox that should be incorporated into standard risk
management practices. They are vital both for Florida’s
economy and communities and for the unique natural
systems that attract people to this beautiful state.

■

Lesley Bertolotti (Lesley.bertolotti@tnc.org) is a water
resources specialist at The Nature Conservancy, where she
builds water and sustainable development partnerships
in Florida, helps establish the economic, social, and
environmental science necessary to advance sustainable
practices, and shapes water policy. Kierstyn Cox (kierstyn.
cox@tnc.org) works for The Nature Conservancy with
a focus in land protection, conservation, and urban
resilience. Christianah Oyenuga (c.a.oyenuga@tnc.org) is
the Cities Program manager with The Nature Conservancy
in Florida. She is responsible for developing urban
conservation strategies, leading the collaborative planning
and implementation of natural infrastructure programs,
and shaping conservation policy initiatives in Orlando
metropolitan area. Joseph D. Schmidt, P.E. (Joseph.
schmidt@tnc.org), coastal resilience project manager at
The Nature Conservancy, is responsible for developing,
implementing, and expanding nature-based solutions for
flood risk mitigation, natural infrastructure enhancement,
and climate adaptation in Florida.
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AWRA 2022 SPRING CONFERENCE:
WATER RISK UNDER A RAPIDLY
CHANGING WORLD - EVALUATION &
ADAPTATION
This specialty conference will bring together a diverse multidisciplinary group of thought leaders and on-the-ground
implementers to disseminate, share, and learn about cuttingedge solutions aimed at evaluating future water risks and
improving human adaptation to those risks.
Topics covered will include:
actionable science,
evaluation and planning methods,
design and implementation of specific infrastructure
projects, and
design and implementation of programs and policies.
As with other AWRA conferences, the conference seeks to
present excellent networking opportunities and build an
exciting conversation around future water risks.
Learn more:
awra.org/2022SpringConference
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New Frontiers in Water Recycling: How
Communities Are Pursuing Potable Reuse
Amanda Smith
to how non-potable water can be used, and the costs
ALTHOUGH THERE ARE MANY NEWCOMERS TO WESTERN
of treating, storing, and delivering water sometimes
communities, finding someone in the arid Southwest who
outweigh the benefits of its limited allowable
doesn’t know that we are in drought would be difficult.
applications. Therefore, as treatment technology has
The August 2021 declaration that the Colorado River is
improved, some communities have begun using an
in water shortage has basin states and the municipalities
advanced purification process to treat their recycled
within them talking about using water more efficiently.
water to reach potable, or drinkable, standards.
Interestingly, population growth and the associated
Potable water reuse systems can be direct or indirect.
growth in water use provide a surprising opportunity for
Direct reuse systems integrate the ultrapure treated
harnessing a new source of water: water recycling, the
water directly into the drinking water system or into the
collection of wastewater for treatment and reapplication
raw water supplying the system. A growing handful of
for beneficial reuse.
communities in the United States practice direct reuse.
Globally speaking, water is a finite resource and has
Far more common, though, are indirect reuse systems,
been purposefully reused for generations. The most
in which recycled water is treated to similarly high
common reuse scenario, called de facto water reuse, is
standards, then released into another body of water,
when one community releases treated wastewater into
called an environmental buffer,
a surface water body, like a
for storage. Environmental
river or lake, which another
buffers can be groundwater—
community downstream
As drought impacts grow
reached through either
uses for its water supply.
increasingly severe, water
natural infiltration or injection
The downstream community
wells—or surface water
“reuses” the water initially used
reuse—where wastewater is
such as reservoirs, wetlands,
by upstream communities.
or riverbeds. The blended
According to a 2013 study,
treated to a high standard and
water is eventually retrieved,
the amount of treated water
reused
locally—provides
an
treated again, and ultimately
in rivers can range from 2% to
distributed into the drinking
16% under average streamflow
intentional and safe alternative
water system.
conditions, but can vary from
Unsurprisingly, potable
7% to 100% under drought
water supply.
water reuse faces increased
conditions, when freshwater
scrutiny for health standards.
flows in the river are lowest.
Federal and state standards guide appropriate recycled
As drought impacts grow increasingly severe, water
water applications according to treatment levels, and
reuse—where wastewater is treated to a high standard
state standards must meet—and often exceed—federal
and reused locally—provides an intentional and safe
requirements. State-level regulations provide certainty
alternative water supply. Recycled water is a reliable
for water utilities and bolster public acceptance of
supply that is drought-proof and locally controlled. With
recycled water by strengthening confidence in public
water supplies becoming scarcer, more communities
health protection. Many Western states are updating
may develop such alternative water supplies to increase
their rules to enable water reuse. Arizona adopted reuse
their resiliency.
rules in 2018, and Colorado is currently developing such
Reuse Processes and Policies
rules.
Recycled water treated to non-potable, or nonRecycling and Reuse in Action
drinkable, standards is often used for irrigation and
As a 20-year Western drought shows no signs of
some industrial purposes. However, there are limits
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has restored rare desert aquatic habitat and
supports wildlife as the water infiltrates and
restores aquifers naturally at a low cost. The
revitalized river corridor fosters outdoor
recreation and economic development
opportunities in a desert city where flowing
rivers are treasured rarities.
For some communities, the upfront
financial investments for advanced water
treatment technology can pose a challenge.
To help defray the costs of its reclaimed water
distribution system, Scottsdale, Arizona,
established a public-private partnership with
a developer and 23 golf courses. The golf
courses funded the creation of the facility.
And, in addition to purchasing recycled water,
the golf courses cover the cost of operating,
and maintaining the water infrastructure
and expanding the city’s advanced water
treatment facility. The golf courses benefit
from a reliable water supply that is not subject
to the same management restrictions as
groundwater or imported Colorado River
water. In anticipation of additional shortage
declarations on the Colorado River, access to
a locally controlled supply like recycled water
bolsters the long-term success of Scottsdale’s
golf economy. In 2018 Scottsdale’s advanced
water treatment facility became the first
permanent facility permitted for direct potable
reuse in Arizona and the third in the nation.
For the time being, Scottsdale will continue
to recharge the remaining portion into the
Treated wastewater is helping restore wildlife habitat in the Santa Cruz River in Tucson,
underlying aquifers, raising the water table
Arizona. Source: Tucson Water.
and storing water for the future.
Considering how extensively water in the West is
abating, communities that rely on water from already
transported from source to users, potable reuse also
overallocated surface and groundwater sources are
broadening their approach to managing water resources, aligns with an ethic of environmental stewardship.
Colorado Springs, located 75 miles south of Denver,
often with an eye toward the use of recycled water.
receives surface water transported from two basins on
Along Tucson’s Santa Cruz River, for example, indirect
the other side of the continental divide. In Colorado,
potable reuse is restoring habitat and supporting
the return flows from “used” water are legally obligated
economic development. Some of the river reaches,
to junior water rights holders within that river basin.
as in downtown Tucson, have been dry owing to
However, water that has been diverted from one basin
drought and historic groundwater overdraft. Through
to another can be used over and over again by the
an intergovernmental agreement, the Pima County
water rights holder because no junior water rights in
wastewater department treats wastewater from the city
the receiving basin may rely on it. This is why Colorado
of Tucson and surrounding communities and releases
Springs is able to maximize its opportunities for
it into the Santa Cruz River nearby. The water utilities
reusing water. With funding from the Colorado Water
retrieve the recycled water and integrate it into their
Conservation Board, the city is piloting PureWater, a
urban water cycle portfolio according to the needs of
mobile treatment facility that allows Colorado Springs
their communities. Tucson Water works with the natural
Utilities to demonstrate direct potable reuse to the
river channel as an environmental buffer for indirect
community. The facility will also provide valuable
potable reuse. The reliable inflow of highly purified water
November/December 2021 		
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Colorado Springs Utilities is using a mobile treatment facility to demonstrate the potential of direct potable reuse to the community. Source: Colorado Springs
Utilities.

information on how well the process performs and how
much it costs, to support ongoing planning and water
management decision making, including the potential for
future full-scale implementation. Kirk Olds, manager of
water and wastewater engineering at Colorado Springs
Utilities, describes potable reuse as a “part of being a
good steward of that water that’s coming from another
part of the state.”
Direct reuse facilities are gaining popularity for
their efficiency, and best practices from other parts of
the United States could be applied and alleviate water
pressures in the Colorado River Basin. For example, the
advanced water purification facility in El Paso, Texas,
with 90% design completed by Carollo Engineers in 2021,
will become the first direct-to-distribution facility in the
United States. This pioneering facility will allow El Paso
to meet its water demands when surface water supplies
are unavailable. After initially considering an indirect
reuse approach using a nearby wetlands, El Paso Water
ultimately decided on direct potable reuse, which would
better allow the utility to meet water demands during
drought and emergency situations.

Although water recycling will continue to evolve,
pioneering communities are already identifying
the technology, funding mechanisms, and regional
approaches that can harness the economic and
environmental benefits of direct and indirect potable
water reuse. While potable reuse will never fully address
the growing gap between municipal water supply and
demand, it is another tool for using available water to
the greatest extent possible. Though each community
will determine its best approach, setting a direction and
acting sooner rather than later will help communities
ensure that they have the flexibility to address concerns
as they arise.

■

Amanda Smith (asmith@sonoraninstitute.org) is a program
manager at the Sonoran Institute. She is a land use planner
with integrated interests in water, open space, and social
justice. The Sonoran Institute is dedicated to connecting
people and communities with the natural resources that
nourish and sustain them. See SonoranInstitute.org and
GrowingWaterSmart.org for more.
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Arizona Installs Water Catchments to Sustain
Wildlife during Drought
Jim Ruff
WATER IS PRECIOUS IN THE DESERT SOUTHWEST, EVEN
under the most felicitous conditions. Today, with Arizona
and much of the Western United States embroiled in a
mega-drought as a result of La Niña weather patterns,
it is doubly so. In August, officials declared the first-ever
water shortage for the Colorado River. The reservoir level
in Lake Mead, which supplies water to Arizona and other
Southwestern states, has dwindled to a historic low. Even
a historically heavy 2021 monsoon season has proven
unable to alleviate the drought. According to the U.S.
Drought Monitor, 80 percent of Arizona faces moderate
to extreme drought conditions. In the northern reaches
of the state, matters are worse. There, severe to extreme
drought conditions are projected.

Water for Wildlife
Humans are not the only residents of the state to
struggle in the unusually arid conditions—Arizona’s
wildlife populations face an uphill battle as well. That is
where the Arizona Game and Fish Department (AZGFD)
comes in, working to make sure that wildlife has access
to water during the scorching summers. While such
efforts assume a greater importance than ever during
the current drought conditions, these initiatives are
nothing new. Indeed, the agency has been installing
water catchments for wildlife for the past 75 years. The
first known effort is found in a 1936 photograph of a
55-gallon barrel connected to a bird watering tray and

labeled “quail water.” In the 1940s, AZGFD developed
its first concrete water catchment, but these structures
were labor intensive and thus limited in size.
But such setbacks proved temporary. In 1946 the
AZGFD installed the first “Arizona guzzler,” a water
catchment with a dome top designed to provide water
to passing area wildlife. These catchments have proved
effective and more sustainable. Since then, AZGFD has
constructed or maintained more than 3,000 wildlife
water catchments statewide. About a third of these are
owned by the AZGFD, while others are owned by the
Bureau of Land Management and the U.S. Forest Service.
These early water catchments were designed
to support desert quail and upland game bird
reintroduction efforts in the 1950s and early 1960s.
An evaluation of the water catchment program in the
mid-1960s redirected the department’s focus from
game birds to big game species. Since that time,
water catchment design, site selection, materials, and
construction methods have continued to evolve as
materials have become more environmentally safe,
resilient, and dependable.
The new generation of water catchments includes
polyethylene systems that can hold up to 25,000
gallons of water. Installing catchments with these
large capacities is a central goal of the AZGFD teams,
volunteers, and partners who deliver water. In 2020

Since 1946, the Arizona Game and Fish Department (AZGFD) has been constructing water catchments to provide hydration for wildlife when droughts strike. While
the techniques have been refined over the decades, the principles—and goals—remain the same. Source: Left: Arizona Game and Fish Department. Right: George
Andrejko/Arizona Game and Fish Department.
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Climate change means longer, more intense droughts for Arizona and the rest of the Southwestern United States. That makes the AZGFD’s water catchment
programs crucial for local wildlife. Source: George Andrejko/Arizona Game and Fish Department.

AZGFD put out 2.4 million gallons of water for wildlife.
In 2021 the agency is on track to truck or airlift about 3
million gallons by the end of the year. Water trucks use
desert roads to haul water to wildlife every day.
AZGFD’s Water Development Section is responsible
for installing and maintaining all the wildlife water
catchments throughout the state. These developments
provide water to wildlife primarily during the hot, dry
summer and fall months when water is scarce, but
many wildlife species also rely on these water sources
throughout the year. The Water Development Section
redevelops existing catchments that are in disrepair,
builds new catchments, and hauls water and does
routine maintenance on these water facilities for wildlife.

The Long Haul
Today’s intense drought conditions pose challenges
to these long-standing initiatives, and climate forecasters
expect the drought in the Southwest to continue. Many
of the catchments are now built to be relatively low
maintenance, designed to refill themselves at least
partially during rainfall events. But when rainfall is
scarce, the effectiveness of these measures is limited—
and the mega-drought currently affecting Arizona means
that rainfall has not been at normal levels in recent
years. Hauling water to these catchments has thus
become important than ever.
“We usually get a break from hauling water in August
after monsoon rains refill our water catchments,” said
Joe Currie, habitat planning program manager, who
oversees AZGFD’s water catchment efforts. “However,
due to this extreme drought, we didn’t stop hauling

water from 2020. We anticipate having to haul more
water this year than we ever have before.”
“Most desert animals have evolved to drink very
little water, but when free water is available, they’ll use
it,” said Currie. One elk needs around 4 gallons of water
a day, while a mule deer needs just between 1 and 1.5
gallons. Wildlife can get some water from the vegetation
they eat, but they cannot subsist on those sources alone.
They all need freshwater from lakes, streams, and other
water bodies or water catchments to stay hydrated.
When those water sources dry up, wildlife suffer
in a variety of ways. Prey animals can become weaker
and more vulnerable, animals traveling extra miles to
search for water can get hit by cars, and the lack of
water can cause developmental problems, sickness, and
death. Earlier this year, a study found that drought and
climate change exacerbated a mass die-off of songbirds
in multiple states, including Arizona. The lack of water
likely meant that the birds began their winter migration
in poor condition. “Historic drought periods, such as
this one, were typically followed by massive die-offs of
wildlife,” Currie said. “By hauling water to wildlife, we can
help stabilize those populations, keeping them alive and
out of urban areas in search of water.”
For obvious reasons, wildlife tend to be wary around
people. To determine which animals show up and use
the water catchments, the AZGFD sets up camera traps
to record the visitors. It turns out that a wide variety of
species visit these watering holes. Video recorded by the
agency shows bobcats enjoying the catchments, as well
as various bird species, coyote, bear, deer, and elk.
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When there is not enough precipitation to fill the catchments, the AZGFD hauls water by truck or helicopter. Such measures are not without a hefty price tag—
especially for an organization that receives no tax revenue. Source: George Andrejko/Arizona Game and Fish Department.

Keeping Water—and Dollars—Flowing
Constructing, maintaining, and filling all these water
catchments is not cheap. It costs AZGFD nearly $1 million
annually to deliver water to all the catchments statewide,
with the most remote sites requiring helicopters to reach
them. In an average year, AZGFD spends about $250,000
on helicopter fees. In 2020 the agency spent $500,000 on
helicopter costs alone. Hauling water by land is hardly
cheap either. Trucking 1,700 gallons anywhere within 100
miles of Phoenix costs $1,000. In 2018 the total budget
for the wildlife catchment program was $690,000.
Since the agency receives no general tax funds, it
relies on many volunteers and partners to assist. In
addition to donations, the catchment program is funded
largely by the sale of hunting and fishing licenses. The
public can assist the wildlife water program by donating
online or by texting SENDWATER to 41444. Donations
help fund costs such as vehicle maintenance, new
trailers, catchment repairs and maintenance, and gas.
All these funds go directly to the water-hauling team at
AZGFD.

It Takes a Village
The AZGFD is also trying new initiatives that allow
community members to play a more direct part in
supporting Arizonan wildlife during periods of drought.
Among these is the organization’s new toll-free phone
line (866-950-2433), which allows the public to report on
wildlife water catchment concerns like low water levels
or maintenance needs. For residents who would take
an even more hands-on approach, there’s the Adopt-a-

Catchment program. As the name suggests, this program
employs volunteers to collaborate with AZGFD’s wildlife
managers in supporting specific water developments.
Some volunteers have even adopted more than one
development since the program started. By adopting a
catchment, volunteers agree to regularly check water
levels during the critical dry months and to perform
light maintenance such as fence repairs or cleaning of
collection points and gutters.
These catchment programs not only support wildlife
but also help Arizona residents enjoy the outdoors
by hunting or simply catching a glimpse of the state’s
diverse fauna. Absent the watering sources maintained
by the AZGFD and its volunteers, there would be
long periods—even years—where there would be
little or no wildlife in Arizona’s more arid regions. The
water catchments allow wildlife to stay in an area and
use it year-round. It all forms an integral part of the
conservation mission of the Arizona Game and Fish
Department.

■

Jim Ruff (jruff@azgfd.gov) has served as Land and
Water Program supervisor at the Arizona Game and Fish
Department since 2017. He is a member of AWRA and is
certified as a professional hydrologist by the American
Institute of Hydrology. He received his B.S. in engineering
from Georgia Tech and an M.S. in water resources
management from the University of Wisconsin–Madison.
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AWRA 2022 SPECIALTY CONFERENCE:
GEOSPATIAL WATER TECHNOLOGY
GIS has come a long way, and the very term “GIS” doesn’t
mean the same thing as it did many years ago. Data, tools,
models, and good cartography are still incredibly important.
Many of us still perform much of our geospatial work on
desktop computers. But we have moved beyond desktops and
floodplain mapping to the cloud and to decision-making and
web-based applications that are integral to ecology and
society. As GIS has changed, our biennial GIS and Water
Resources conference is changing too!
This conference is designed around geospatial solutions to
water resources-related problems. Innovative water resources
scientists, engineers, modelers, and software designers from
public/government agencies, academia, and the private sector
convene to exchange ideas, compare challenges, and identify
solutions. If your aquatic research, management, and
conservation involves process models, geo-referenced field
data, remote sensing, or geostatistical models, then this is the
right conference for you.
Learn more:

awra.org/2022GWTC

MARCH 21-23,2022
AUSTIN, TX
DEADLINES:
January 7, 2022
Call for Abstracts
Due

Early bird registration
Now - February 2!
Save as an AWRA
member! *Gateway
members not included.

#AWRA2022

WWW.AWRA.ORG

FEATURE

Water Management in Washington: Opportunities
Seized or Missed?
Paul Pickett

The Deschutes watershed was one of 15 Washington state watersheds required to have a watershed restoration and enhancement plan. Source: Angela Johnson.

THEY CALLED IT THE “HIRST FIX.”
In Washington State, water users can apply for and
obtain a water use permit, and when “perfected” from
five years of use, it becomes a right to use the water.
Water is managed by the seniority based on the date
the water permit was issued. Junior water rights cannot
impair the availability of water to those with more senior
rights. However, our water laws also allow for permitexempt wells for domestic use in one or a few homes.
Historically, water managers, community planners, and
the counties issuing building permits generally ignored
water use from these wells.
In 2016 the state Supreme Court ruled in the Hirst
Decision that counties could not issue building permits
for homes with exempt wells without examining the
impacts of those wells on other water rights. Each

exempt well has a seniority date based on when it was
installed and could impact more senior rights. The
Hirst Decision held that this impact could no longer be
ignored.
Political warfare broke out. In the state legislature
the Republican caucus refused to pass a capital budget
until a fix was found. In January 2018 the legislature
passed the Streamflow Restoration Act—the Hirst Fix.
Among Washington water professionals, a lot of eyes
rolled as the details were revealed. The law was a camel
created by legislative committees designing a horse.
And the key element of the law was the creation of local
planning groups to develop watershed plans for 15 of
Washington’s watershed planning areas called Water
Resource Inventory Areas (WRIAs).
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consensus, or the Department of Ecology would issue its
own version of the plan.
At first, I watched this story unfold from a distance.
But when I retired after more than three decades of
The watershed committees with whom I worked
work in water resources, I accepted a consulting position
varied widely. One watershed in the Tacoma
to represent the Squaxin Island Tribe in the planning
metropolitan area involved one county government
process. The tribe has treaty fishing rights in four of
and projected that a few hundred permit-exempt wells
the WRIAs that drain into South Puget Sound. During
would be built over 20 years. Other watersheds involved
Washington’s hot, dry summers, many of the rivers and
several counties and tribes and projected thousands of
streams that provide salmon habitat drop to very low
new wells. The WREC for the Kitsap Peninsula included
flows. In addition, the region is seeing more frequent
four counties, five tribes, and three watersheds draining
droughts and unprecedented heat waves. With human
to South Puget Sound, Central Puget Sound, and Hood
water use peaking in the summer just as flows reach
Canal.
their annual lows, tribes and other fisheries advocates
The counties on the committees also varied. Though
are deeply concerned about unmitigated water rights,
largely urban, King and Pierce Counties manage the
increased pressure on water supplies from population
rural areas surrounding Seattle and Tacoma. Kitsap
growth, and the cumulative impact of exempt wells. I was
and Thurston Counties are experiencing rapid growth
soon thrown into the middle of the controversy, with a
pressure from these city neighbors. And Mason
literal seat at the table.
County is a sparsely populated rural county with little
It quickly became clear that the Watershed
capacity for environmental initiatives but a burning
Restoration and Enhancement Committees, or WRECs,
desire for development. But they all had a huge stake
as it amused us to call them, had many elements of
in the outcome as the issuers of building permits and
a classic “wicked”
the entities most
problem. The law
impacted by the
brought diverse
In January 2018 the legislature passed
Hirst Decision.
interests to the table,
the Streamflow Restoration Act. Among
Competing Interests
including tribes,
As one might
counties, developers,
Washington
water
professionals,
a
lot
of
imagine, interests
environmental
on
the committees
groups, water
eyes rolled as the details were revealed.
pushed for different
utilities, and
The law was a camel created by legislative
outcomes. At one
professionals from
end of the spectrum,
health and fish
committees designing a horse.
developers and
agencies. Their core
many of the counties
needs varied widely,
made it clear that
and their instructions
they wanted a simple plan with a list of projects that
came from a law that was in many respects vague and
proved groundwater recharge—effectively a free pass to
confusing. Yet the planning process also seemed like
return to the usual practice of issuing building permits
a splendid opportunity to find better ways to manage
for homes with exempt wells. At the other end, the tribes
water.
and fish agencies took the idea of streamflow restoration
The Department of Ecology led the process and
seriously and advocated strong language to ensure flow
instructed the representatives of the various interests
restoration and accountability for the long-term success
to work together to develop a watershed restoration
of plan implementation.
and enhancement plan. The law required each plan to
This diversity of interests played out both in
include a list of projects for each watershed that would
offset future permit-exempt well use by recharging
disagreement regarding the purpose of the plan and in
groundwater or improving stream flows in other ways.
the details of the draft plans. Many technical analyses
The legislature also created a grant program to fund
presented to the committees were challenged for being
some of these projects. The plans could include a
biased, or simply ignored. Counties and developers
variety of other elements, such as policy and regulatory
were passionate in their desire to avoid adding costs
proposals. And each plan was required to provide a “net
to “affordable” housing. Tribes were equally passionate
environmental benefit” (NEB)—a term the legislature
about protecting their rights to fish and the habitat
did not define. Each WREC had to agree to the plan by
they required. Tribes pushed for strong commitments

Joining the Fray
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opposition from
to implementation
counties, and the
of the plans
Counties and developers were passionate
plans were missing
and adaptive
details critical to the
management if the
in their desire to avoid adding costs to
tribes, so the tribes
plans were falling
vetoed the plans.
short. The counties
“affordable” housing. Tribes were equally
One watershed
were reluctant
passionate about protecting their rights to
had excellent
to provide any
cooperation
commitments.
fish and the habitat they required.
between the county
The role of the
and our tribe, and
Department of
a good plan was
Ecology particularly
developed, only to
frustrated the
be vetoed by the developer representative.
tribes. Although the law made strong statements about
The law requires the Department of Ecology to issue
streamflow restoration and protecting salmon, the
the plans for the 5 watersheds that failed to pass plans
department seemed to continually downplay these
unanimously, and to write rules for those basins. The
elements. Department staff told the committees that
schedule and outcome are uncertain. A multitude of
the only required elements of the plan were a list of
details—technical, legal, policy, process—circulated
projects and an NEB assessment. Their policy guidance
in and out of this planning process, like the biota in a
defined NEB as simply the likelihood of enough water
stream ecosystem. This article cannot hope to capture
to offset future permit-exempt wells. The department
them all and presents my own perspective. Readers
was put in the position of guiding a difficult process
involved in this process will likely have different
that had its roots in a highly divisive political problem. It
perceptions of the process and may disagree with me.
was supposed to be a neutral facilitator, but it also had
But after all, details, confusion, and disagreement are at
a vote on the committees. It had to act on the plan—
the heart of this story.
or act if the plan was not passed unanimously. This
The Streamflow Restoration Act opened a door
ambiguous and conflicting set of roles did not promote
for better water management in these 15 basins.
clear leadership.
In some watersheds, opportunities may have
Based on my experience with water management,
been seized. But in others, conflicting interests,
I advocated for plans that were comprehensive with
a confusing law, and muddled leadership from
long-term goals of collaboration. The plan needed to
ensure implementation of good projects that were
the state caused opportunities to be missed.
certain to offset exempt well use and would provide
sufficient water to ensure streamflow enhancement.
It was challenging to bring along committee members
who had little experience with—or interest in—concepts
Paul J. Pickett (fraxinus@reachone.com) earned bachelor’s
of integrated water resource management (IWRM). I was and master’s degrees from the University of California at
gratified to have the strong support of the tribe.
Davis. For 30 years he modeled water quality and hydrology

■

Unfinished Business
Statewide, 10 of the WRECs passed plans
unanimously, including 1 committee I sat on (the
urban watershed with little few permit-exempt wells).
In 5 committees, including 3 that I sat on, plans were
vetoed. Two of those watersheds met intractable

as an engineer with the State of Washington. He was
also an elected water utility commissioner and college
instructor. Since retiring, he has been a consultant for tribes
and environmental groups. For more information on the
Streamflow Restoration Act and the Watershed Restoration
and Enhancement plans, refer to the Department of Ecology
website linked here.
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