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From the Editor’s Desk
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In the Watershed Science Bulletin, the Association of Watershed and Stormwater Professionals aims to
provide readers with topics that advance practical, science-based solutions to watershed and stormwater manage-
ment issues. Our inaugural issue in October 2010 reached more than 2,000 professionals and focused on total
maximum daily loads (TMDLs)—an increasingly prevalent regulatory requirement for many jurisdictions throughout the

United States. | hope that our second issue will reach even more readers given the timeliness and importance of this

issue’s topic—climate change and watershed management. Although it does not have the regulatory thrust of TMDLs,

we believe that this topic will become as prevalent for watershed professionals as TMDLs in the years ahead.

This issue's articles and vignettes illustrate, in many ways,
how climate change science is being infegrated into wa-
tershed management. In Ask the Experts, watershed sci-
entists, administrators, and practitioners provide their per-
spectives on key elements needed fo take effective action
fo address climate change and further enhance watershed
management. | am also very pleased fo include in this
issue our first Watershed Superstar, whose work fo effect
change in local watersheds is an inspiration, along with
the stunning image captured by the winner of the photo
contest.

Why Climate Change?

The hydrologic cycle and associated water resources
are infimately related to the science and management of
climate change. Numerous land-atmosphere feedback
mechanisms regulate and drive variations in climate in
the long- and shorterm. However, translating globalscale
climate change scenarios to localevel management ac-
fions is a challenge. From the perspective of practical ap-
plications, what can be taken from global climate change
model outputs at a 100-km? scale to improve our under-
standing of watershed protection and restoration at small-
er, regional scales? If we delve further into the implications
of changes in temperature and precipitation patterns and
think about how sea level rise may affect property and
wetlands loss along the coast, or how drought conditions
may affect water supplies, then climate change becomes
a more real issue.

Although climate change is becoming an increasingly
pervasive theme in natural resource management, it
largely remains an infangible topic for local watershed
and stormwater management. The practical application
of climate change science continues fo be challenged by
the difficulty of finding information or new resources fo
dedicate fo this problem. As we af the Center for Water-
shed Profection strive to digest and more fully understand
climate change as it relates to watershed and stormwater

management, we find that we learn a lot more by asking
watershed professionals, such as yourself, about ongoing
work and the current thinking in this area.

As a watershed practitioner working at the local level,
understanding climafe change and what you need to do
about it is a daunting task, given the amount of informa-
fion available through federal and state agencies and or-
ganizations. A web-based search on the topic produces
more than 42 million hits, and adding the term “water-
sheds” narrows the search to a mere 1.4 million hits. This
information overload for our primary audience of water-
shed and stormwater practitioners inspired us to tackle this
fopic in our second issue. The Spring 2011 issue of the
Bulletin is not a forum fo discuss whether climate change
is occurring or its causes. Rather, given the regulations and
initiatives that already tax resources in local jurisdictions,
we wanted to find out what is being done to address how
climate change can “fit in" with existing watershed and
stormwater management programs and practices.

In This Issue

We aimed for content that focused on two central
questions:

® How can a watershed-based management approach
effectively address the potential impacts of climate
change?

® What can or should communities do now to move for-
ward to address climate change, given the uncertainty
surrounding likely climate outcomes in 10 years, 50
years, and beyond?

Clearly, communities, states, and organizations are tak-
ing action to address the omnipresent issue of climate
change. However, despite widely varied motivations and
actions portrayed in both articles and vignettes, many au-
thors and confributors converge on a common theme of
infegrafing climate change info existing programs to gain
support and momentum for action.
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How can a watershed-based management approach
effectively address the potential impacts of climate
change?

For this issue, we invited Christopher Pyke, President
of the US Green Building Council, to provide us with
his perspective on what must be done to make climate
change relevant to decision makers and to discuss some
meaningful first steps that federal and local agencies
may fake. Pyke also argues that we should not see cli-
mate change as another silo for decision making.

The theme of infegrating climate change into exist-
ing programs is picked up in our first article, in which
Hirschman et al. provide specific adaptation strategies
fo link existing stormwater management efforts o climate
change initiatives. The authors advocate refining low-
impact development practices and site design stan-
dards to accommodate changes in precipitation and
runoff conditions, but they acknowledge that more work
needs fo be done fo refine these ideas and to address
the specific characteristics of a region. Summerset and
Stack et al. use case sfudies to share with us how the
framework presented by Hirschman ef al. may be ap-
plied. Summerset describes the development of a best
management practice selection tool that may be used to
enhance decision making with regard to location in the
watershed, given the expected warmer and drier condi-
fions in the Southwest. Stack et al. explain the need to
defermine the adequacy of drainage systems, specifi-
cally the volumetric capacity of culverts, and the type of
analysis for the job. This analysis reinforces the need to
evaluate the data sefs used in hydrologic and hydraulic
analyses as part of local stormwater management pro-
grams. A third vignette by Okay and Culbreth identifies
specific management actions to address the resforation
and protection of forested riparian buffers given the add-
ed stress of climate change in the Mid-Atlantic region.

A central limitation that keeps many communities from
moving forward is the ability to decipher information
and data needs. This problem inspired the development
of CAKE, the online Climate Adaptation Knowledge Ex-
change. Hoffman and Gregg describe the key attributes
and functionality of CAKE, which uses case studies to
connect users to applicable climate change adaptation
resources that fit their unique situations and needs. To
assist communities in Oregon and beyond, Vynne and
Adams describe the Preparing Watersheds for Climate

Change Project, an effort to build resilience in Oregon’s
watersheds and enable adaptation fo the impacts of
climate change. Translating the global scale of climate
change fo local watershed management required the
development of a training curriculum to meet the local
needs of watershed organizations—from understanding
climate change science to providing fools to evaluate
impacts.

What can or should communities do now to move
forward to address climate change, given the
uncertainty surrounding likely climate outcomes in 10
years, 50 years, and beyond?

The infegration of climate change science into the practi-
cal management of watersheds and stormwater is not
solely about water quality, but also the sustainability of
water supply. Davis and Dodson provide insight into ef-
forts to manage the Great Lakes for sustainable water
supplies, focusing on New York State. The authors high-
light the limitations of current dafa collection and moni-
foring efforts, as well as the water pricing system, and
examine the potential effects on the region's adaptation
fo impending climate change. Vignettes by Betz et al.
and Score further exemplify the specific actions that state
agencies may adopt through science-oriented, broad-
based, multiagency approaches. Betz et al. share the
water resources climate change adaptation strategy that
is part of the Wisconsin Initiative on Climate Change
Impacts. A critical aspect of this strategy was the peer-
review process used for the data collection and analy-
sis, which ensured that the recommendations are scien-
fifically defensible and technically sound and that they
respond fo the needs of Wisconsin water management
issues. On fo the warmer temperatures of the southeast-
emn United States: Score highlights the Climate Change
Action Plan for the Florida Reef System 2010-2015.
Whether you live along the coast or not, you are prob-
ably aware of the impacts to the coral reef system, such
as coral bleaching, habitat degradation, and overfish-
ing. This vigneffe emphasizes that the resforafion and
profection of the reef system is within our grasp given the
coordination of resources and expertise.

Lenhart et al. examine a missing link in water and land
management in the Midwest. Their analysis of long-term
hydrologic patterns in the Mississippi River basin attri-
bufes increases in low and mean flow fo the inferactions
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among changes in land use, drainage, and precipitation
patterns. By providing readers with a critical evaluation
of how to interpref changing patterns in hydrology and
examine the interaction between land use and climate,
this analysis illustrates a pathway to better management
decisions. A vignette by Bason and Homsey reinforces
this need for science fo inform policy as it perfains fo
the inland migration of wetlands on the Atlantic coastal
plain for the Delaware Inland Bays.

But what does all of this mean if watershed practi-
tioners don't engage the public in the decisionmaking
processe In the article by Stiles, the experience of Wet
lands Waich is described along with its revised ap-
proach to engage local decision makers and the public
in the profection of the first line of defense against the
rising coasfal waters of the Atlantic Coast—wetlands.
Stiles provides insight into a social marketing approach

that integrates shoreline ecosystem adaptation needs
info current local planning processes. Eckl reinforces the
findings by Stiles and demonstrates that the words cho-
sen fo engage the public and decision makers really do
make a difference.

In closing, | hope you'll find that the information and
ideas presented in this issue help put climate change in
a context that enhances watershed and stormwater man-
agement programs such that they protect and susfain the
quality and quantity of our valuable water resources.
The confent of this issue is not meant to feed the debate
about climate change; instead, it is meant fo help us
do what we do best as watershed practitioners: apply
our knowledge to manage impacts based on our under-
standing of watershed dynamics.

—Neely L. Law, PhD, Editor-in-Chief
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Guest Editorial: Responsible Decision Making in the

Context of Climate Change
Christopher R. Pyke, US Green Building Council

Climate change is a global phenomenon with increas-
ingly wellrecognized implications for water resource
management. Human activities are altering global cli-
mate, including important aspects of the hydrologic cycle
and biogeochemical processes. In 2010, the US Coun-
cil on Environmental Quality (CEQ) recommended that
the federal government implement actions to expand and
strengthen the nation's capacity to understand, prepare
for, and respond fo climate change. CEQ concluded
that adaptation should be a standard part of agency
planning in conjunction with efforts to make scientfific in-
formation more accessible. Many places and programs
have already begun
fo take effective action
fo understand climate
change impacts and to
toke adaptive acfion.
For example, public wa-
fer utilities in the Puget
Sound region have con-
sidered the implications
of changes in snowpack on water supply reliability, the
US Navy is expanding the consideration of sea level
rise in base planning, and the USDA Forest Service in-
corporates climate change considerations into its forest
management plans.

Efforts to protect and restore the Chesapeake Bay repre-
sent an example and a test of CEQ's new guidance. Bay
restoration efforts are often cited as a national model,
both for their complexity and their sophistication. Efforts
fo profect and restore the Bay have entered a new era
defined by the renewed commitments and potentially
powerful regulations, including President Obama's Exec-
utive Order and the Bay-wide Total Maximum Daily Lload
(TMDL) allocation. However, despite CEQ guidance and
scientific recommendations, climate change is not yet a
part of crifical decision making in Bay resforation. Fed-
eral agencies and state partners routinely design restora-
tion strategies based on historic climatic conditions that
are unlikely to represent plausible future conditions.

Human activity, particularly the emission of greenhouse
gases, is changing the composition of the Earth’s afmos-

...we currently manage the Chesapeake
Bay as if historical conditions persist
foday and are likely to continue, despite

data and theory fo the contrary.

phere and the physical characteristics of the land surface.
In the Mid-Atlantic, the result is warming temperatures,
changing precipifation patterns, and rising sea levels.
We see these frends in physical observations of the envi-
ronment across a range of scales, and our best available
simulation models indicate that these patterns are very
likely to continue, and potentially accelerate, throughout
this century. Confidence in the magnitude and direction
of these future changes varies based on our understand-
ing of different Earth system processes and uncertainty
in social and economic choices. In the Mid-Atlantic, we
have the greatest confidence in future scenarios for tem-
perature and sea level, and
greater uncertainty in future
precipitation patterns.

| believe that we know
enough fo act, and that
decisions based solely on
historic climatic conditions
recklessly ignore the avail
able science and jeopardize Chesapeake Bay restora-
tion goals. We regularly make important decisions under
uncertainty. We consider the plausible range of future
outcomes and act accordingly: we buy insurance, di-
versify our assets, and plan for confingencies. In mak-
ing these decisions, we study trends and characterize
uncerfainties, and we all know that past performance
is no guarantee of future results. However, we currently
manage the Chesapeake Bay as if historic conditions
persist today and are likely to continue, despite dafa and
theory to the contrary. It is essential and enfirely reason-
able for Bay Program stakeholders to find practical ways
fo make resource management decisions that explicitly
accommodate changing conditions and prepare fo meet
performance goals under the full range of plausible future
conditions.

Climate change is not a singular new issue; its complex-
ity and scope require coordination across agencies—not
another silo alongside existing programs. Effective re-
sponse will require new considerations across a range of
existing decisions. For example, climate change is likely
fo alter:

WATERSHEDSCIENCEBULLETIN
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* the flow of pollutants info the Bay and their implications
for water quality and living resources;

e the performance of environmental moniforing programs
infended to measure success and guide regulafory
processes;

e the design of regulatory programs, such as the Bay-
wide TMDL; and

* the effectiveness of restoration strategies, such as those
in watershed implementation plans.

Some suggest that the impacts of climate change will
occur far in the future and are irrelevant to current deci-
sion making. | strongly disagree for two reasons. First,
we are using information about hisforic climatic condi-
fions to make important decisions today that are expected
fo yield performance outcomes for decades in the future.
These implicit assumptions are not plausible and, in some
cases, can lead to inadequate systems that are “locked-
in" for decades to come. For example, systems such as
stormwater confrols and water treatment plants are de-
signed today based on historic conditions and expected
fo meet performance goals for decades. Consequently,
it is important fo take action fo identify and understand
where information about climate confributes subsfantially
fo policy outcomes. These “climatesensitive” decisions
represent points of vulnerability and potential opportuni-
fies for adaptive action. Second, climate change creates
the risk of disrupting crifical monitoring systems by con-
founding changes due fo restoration, climate, and further
pollution and degradation. Preliminary work to partition
and atiribute change among drivers has just begun; fail
ure fo continue this work may undermine the Bay restora-
fion process by creating ambiguity in the causes of chang-
ing conditions.

Relevance of “Everyday Decisions”

Every day, decision makers across the Bay watershed
make longterm decisions that will directly determine the
performance of key restoration strafegies under future
conditions. Every time a home is built, a defenfion pond
dug out, a road constructed, or a seawall erected, the
project designs are explicitly based on historic climatic
conditions. The home is designed based on a typical me-
teorological year. The pond is shaped to accommodate
a design sform. The road is elevated to avoid hisforic
storm surge. The seawall is designed to accommodate
historic mean sea level. The products of all of these com-
mon decisions are anficipated to perform for decades info
the future. Yet they are explicitly, purposefully, carefully
designed for a distribution of conditions that, in all like-

lihood, they will not experience. The engineers making
these calculations are capable of planning for a wide
range of conditions, yet decision makers do not ask them
fo plan for the most likely conditions projected for the
anticipated performance lifetime of the project at hand.
Consequently, each project represents a lost opportunity
for adaptation and yet another potentially vulnerable re-
source. Fortunately, these daily decisions also represent
a tremendous opportunity o increase resilience and pre-
pare for changing conditions. We have all the fools we
need to make better decisions. We simply need fo decide
fo take responsibility for performance across the lifecycle
of our decisions. This change in professional practice may
be driven by changes in regulation, client demand, or rec-
ognition of potential liabilities. These changes in decision
making could be made quickly with farreaching benefits
for resilience and adaptation.

Monitoring and Attribution

Current efforts to profect and resfore the Bay are based on
sophisticated computer models, but progress will ultimate-
ly be measured on the ground and in the water. Climate
change also has significant implications for critical moni-
foring programs by creating another regional-scale driver
of change in the system—one that current monitoring sys-
fems were not designed to detect and may not be able
fo separate from other factors. This means that we do not
know if we can reliably defermine the sources of restora-
tion or degradation. This is a problem because the rafes of
change anticipated under most climatic scenarios for the
Mid-Atlantic are on the same order of magnitude as most
opfimistic scenarios for Bay restoration. Realistically, both
climate change and restoration are long, slow processes
that will play out simultaneously for decades info the fu-
fure. It is essential to understand how these processes will
inferact. If sources of degradation and restoration cannot
be adequately partitioned, climate change has the pofen-
fial to become an excuse for unmet restoration goals, as
stakeholders look to explain performance issues. Bay Pro-
gram pariners must anficipate and prepare for such argu-
ments by ensuring that the monitoring systems can defect
and differentiate climatedriven from non-climate-driven
change across the watershed. These kinds of capabilities
are essential for affributing change to the right cause and
defermining appropriate restoration priorities.

Today, the science is clear: historic conditions provide an
inadequate guide for the future. Yet major decisions, such
as the design of the Bay-wide TMDL, continue fo rely al-
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most exclusively on refrospective analyses. We know that
decisions made on this basis may increase our vulnerabil-
ity to changing conditions and fail to identify opportunities
for adaptation. Uncerfainties remain, many of them irre-
ducible in the shorterm. Rather than ignore the uncertain-
fies, we should acknowledge and address them through
changes in decision-making processes. We can fake ac-
fion today to explicitly recognize when historic climatic
information is embedded in our decision making, drawing
on examples from across the country (e.g., the Climate
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Ready Water Utilities Toolbox [US Environmental Protec-
tion Agency n.d.]] and around the world (e.g., the Climate
Adaptation Knowledge Exchange [n.d.]). We can then
crifically and systematically evaluate the consequences of
these assumptions for management actions and, when it
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change.
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Linking Stormwater and Climate Change:

Retooling for Adaptation

Dave J. Hirschman®®, Deb S. Caraco®, and Sadie R. Drescher

Abstract

Climate change will necessitate a reappraisal of existing
approaches for stormwater management. Climate change is
anticipated fo impact every aspect of the water cycle, and
many of the underlying assumptions that stormwater manag-
ers use for runoff and storm system design might become
outdated if these predictions become a reality. While it is
important fo link stormwater and climate change, efforts to
do so face several unique challenges. This paper addresses
how climate change factors may influence such stormwater
design hallmarks as the design storm, water quality volume,
and sformwater conveyance. Climate change factors sug-
gest that future design changes are needed at the site and
community scales to manage stormwater effectively. Exam-
ples are presented to supplement this discussion using three
case studies that incorporate climate change scenarios info
infrastructure modeling, examine how low-impact develop-
ment practices are predicted fo dampen climate change
impacts, and integrate climate change into a regional plan.
This paper ouflines a few key general issues for making the
stormwater and climate change link in hopes of furthering
this important discussion.

Introduction

Climate change will necessitate a reappraisal of existing ap-
proaches for stormwater management. Many of the underly-
ing assumptions that stormwater managers use for runoff and
storm sysfem design might become outdated if the predicted
impacts on every aspect of the water cycle become a reality
(Funkhouser 2007: Oberts 2007). While climate models
vary widely, they collectively paint a picture of what might
be expected over the next century on an annual and sea-
sonal basis.

The Infergovernmental Panel on Climate Change (IPCC]
(Christensen et al. 2007) predicts a temperature increase
ranging from 2.5°C to 5.0°C over the next 100 years in the
continental United States, with the greatest increases in the

* Program Director, Center for Watershed Protection, Fllicott City, MD, dih@cwp.org
b Senior Watershed Engineer, Center for Watershed Protection, Ellicott City, MD, dsc@cwp.org

northern states and during the winter months. The IPCC also
predicts an overall increase in precipitation in the North, but
decreased precipitation in the Southwest. The regional dif-
ferences are expected to be most pronounced in the winter,
with northern states experiencing a significant increase in
wintfer precipitation and the already dry Southwest experi-
encing reduced winter rainfall. This would mean an increase
of rain-on-snow events in northern climates and potential se-
vere water shortages in southwestern states that rely on win-
fer snowmelt for their water supplies.

Although these annual conditions present serious challenges
in and of themselves, they may be just the tip of the disap-
pearing iceberg. While the total annual rainfall is of course
imporfant from a water resources standpoint, stormwater en-
gineers focus primarily on managing individual storm events,
and most climate models suggest that most regions will expe-
rience a shift o less frequent storms of greater intensity. The
potential effects of climate change on individual storm events
are uncertain, and would affect sformwater mainstays, such
as the design storm. This, and other stormwater design pa-
rameters, will need to be scrutinized to ensure that future
stormwater designs are responsive fo changing climate
conditions. Further, rising sea levels will impact both flood
management and the migration and expansion of existing
wetlands on the coasts. Taken together, these impacts will
necessarily cause a change in the way we think about sform-
water management. Table 1 presents an outline of several
climate change factors and the likely effects for stormwater
design and management.

The remainder of this paper addresses several aspects of
adapting stormwater management to climate change. We
present several of the challenges associated with linking
stormwater to climate change, followed by a discussion
of “designing with uncertainty” at the site and community
scales. Each section also includes a profile or case study of
a community or insfitution that is analyzing, and planning for,
some aspect of climate change.

Watershed Planner, Center for Watershed Protection, Ellicott City, MD, srd@cwp.org
“Corresponding author.
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Table 1. Climate change effects on stormwater design and management.

Climate Change Factors

Possible Effects on Stormwater Design and Management

® Increased temperature of atmosphere

® Increased temperature of runoff

® (hanges in rainfall depth, intensity, and frequency

o (hanges in drought frequency and severity

* Decreased soil moisture (antecedent soil moisture between storms)

* Increased variability in winds and drying conditions

® Sea level rise

© |nnorther climates, more winter precipitation and rain-on-snow
events

storms

© Exceedances of storm system capacity and safety

* Increase in peak flows

 Number of properties and structures subject to flooding

* Decrease in annual infilfration volume due to higher evaporation and proportionally more runoff from more infense

* Decrease in sfream baseflow

o Wider range of storm events to manage in order to achieve the sume level of pollutant load reduction

* Increased demand for water supply sforage and reliability

© Broader application and geographic coverage of drought-tolerant plants for vegetated stormwater practices

© |mpacs fo sensifive waters, wetlands, and coldwater fisheries

o Need for more land use planning, such as floodplain management and freeboard requirements for storm conveyance
and treatment systems

Sources: Booth 2006; MWH 2009: Oberts 2007 and Shaw et al. 2005.

Challenges of Linking Stormwater
Management to Climate Change

To adapt effectively, stormwater managers will need to
overcome challenges related fo the uncerfainty of climate
change, coupled with the inherent uncertainty of land use
planning and stormwater management. Below, we arficu-
late two brief examples of the challenges involved in linking
stormwater and climate change.

Climate Change Impacts Are Offset by Overriding Land
Cover Changes

While the expected hydrologic impacts of climate change
are noteworthy, they can be dwarfed by the hydrologic
changes created by land development. For example, a 0.4-
ha (1-acre] site that is converted from a forested condition
fo a postdevelopment land cover of 40% impervious cover,
40% managed turf (e.g., lawns), and 20% forest may see
a tenfold increase or more in the runoff coefficient and to-
fal phosphorus load (based on average values for the Mid-
Atflantic), and an increase in peak runoff rates ranging from
50% to 170%, depending on the design sform and local
hydrologic factors. By comparison, climate change scenar-
ios could infroduce changes in 24-hour rainfall of between
4% and around 25% (Rosenberg et al. 2009; Shaw et al.
2005). In other words, in the stormwater design world, land
cover changes will continue to predominate, and changes in
rainfall and runoff patterns associated with climate change
will require an undefermined level of adjustment above and
beyond the overriding land cover change factor (Booth

20006).

Potential Ranges of Change Are Too Large To Inform
Engineering Design

Revising sformwater design parameters such as rainfall
depth, intensity, and frequency; inifial abstraction; and pol
lutant loading rates is a fairly straightforward exercise. How-
ever, whether these factors change by 3% or 40% creates
a dramatically different outcome in ferms of conveyance,
storage, and treatment capacity. At present, the degree of
uncertainty in climate change models, as well as region-
specific considerations, make it necessary fo consider vari-
ous sformwater design scenarios, depending on the extent
and severity of change anficipated (Shaw et al. 2005). This
level of uncertainty is probably acceptable for conceptual
or modeling exercises but is more difficult to accept for ac-
tual stormwater designs, where increases in the number and
size of sformwater practices translates directly info increased
cosfs and land area needed for stormwater management.

Understanding Impacts of Climate
Change on Stormwater Design at the
Site Scale

Even the most careful analysis of rainfall records and climate
change model results does not lead to a simple fix for storm-
water management design (see Case Study 1). Rather, it
only highlights the range in uncertainty, pointing to a need
fo manage a wide range of project storm events (Rosen-
berg et al. 2010). However, stormwater engineers need to
make design decisions at the site level, and these decisions
have traditionally been shaped by selecting specific design
storms and freatment volumes. Although the exact criferia
vary depending on local and state stormwater requirements,
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stormwater management generally includes both the rela-
fively large water quantity storms and the smaller water qual-
ify storms. It appears that climate change may affect each of
these storms differently. Finally, climate change may impact
rainfall infensify, which has perhaps the most profound im-
pact on stormwater design.

Design Storm for Quantity Control

Many climate change models predict that the depths of rela-
fively infrequent quantity control storms will increase as glob-
al temperature increases. Various modeling exercises and
analyses of hisforic precipitation records generally support
the notion that the rainfall depths of the less frequent storms
[e.g., the 100-year flood event) could increase by the great-
est percenfage.

Design Storm for Quality Control

Nationally, a common design sform for water quality freat-
ment is the “Q0th percentile” rainfall event. That is, the aver-
age annual rainfall depth associated with Q0% of runoff-
producing precipitation events is used fo derive a volume
that must be captured and treated by stormwater practices.
In many parts of the country, this equates to about 25 mm
(1 in) of rainfall. The effects of climate change on the water
quality storm are largely unknown. Most analyses seem to
indicate that, while large sforms will increase significantly,
small storm events will remain unchanged. At first glance,
this prediction may suggest that the rainfall depth of the wa-
fer quality sform would remain essentially unchanged, and
this may indeed be the case in many regions of the country.
However, fruly understanding how climate change would
affect this design sform event may be more complex and
perhaps beyond our current understanding. Two potential
factors that may affect water quality designs are the number
of storm events in a given year and changes in the seasonal-
ity of rainfall under climate change scenarios. For those de-
signers using continuous simulation tools, such as RECARGA
(Atchison and Severson 2004) and WinSLAMM (Pitt and
Vorhees 2002), a new series of rainfalls will have to be
defined to achieve desired water quality benefits.

One somewhat counterintuitive aspect of determining how
the water quality stform will be impacted by climate change
relates to its calculation. While this storm is typically a small
and frequent storm event, it is not generally tied to a return
period. One result of this phenomenon is that the depth of
this event may be just as influenced by the number of sform
evenfs in a particular year as it is by the depth of specific
design frequency events. One possible outcome of climate

change is that there will be fewer, more intense storms in a
typical year. For example, if we assume that the number of
storm events in a typical year is reduced to only ten, then the
Q0th percentile event would effectively be equal fo the depth
of the one~year storm. This would be a dramatic increase in
most regions of the country. For instance, this could increase
the water quality storm event from about 25 mm (1 in) to 76
mm (3 in) or more in certain parts of the country.

Other factors to consider are the seasonal and regional im-
pacts of climafe change. An increase in winfer precipitation
in northern regions will probably translate to greater rain-on-
snow events. Such events typically produce a relatively high
runoff volume and reduce the ability fo store spring runoff
for summer potable demand. If this frend is truly expected,
models that create an annual runoff spectrum, accounting for
elevated runoff coefficients during winter months, will prove
valuable in developing new design volume curves.

Rainfall Intensity

Perhaps of greatest concern to stormwater designers is the
change in rainfall infensity. Since rain will probably come
in more intense bursts, we need fo start thinking about how
changes in the peak intensity of rainfall can impact the de-
sign and storage characteristics of stormwater practices. For
water quantity events, we need to revisit our assumptions
regarding the assumed shape of the rainfall hyetograph,
which guides hydrologic modeling. As storms become more
infense, designers may want to alter their assumptions about
the shape of the design sform.

Rainfall infensity is also important for smaller water quality
storms. Many designers use the “kerplunk” method fo size
stormwater practices. That is, they provide sforage for the
event (for instance, as free storage or within soil or gravel
layers) and assume that flow enters and is freated in the
facility. However, some practices can be easily bypassed
by a short but very intense storm event. A good example is
a biorefention facility, in which the filler media (with many
small, albeit significant pore spaces) can act as a botleneck
and lead to system bypasses when rainfall intensity exceeds
a certain threshold. In other words, runoff enters the practice
too quickly to allow the soil media storage fo effectively fill.

Stormwater Conveyance

For water quantity events, the primary focus is to convey
flows safely through the site, without causing flooding. VWhile
it is uncerfain how much each sform will vary from one event
fo another, site designs should, at @ minimum, use conserva-
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five assumptions when designing a conveyance system and
should build a certain amount of additional freeboard info
drainage and overland flow path designs.

Related to this are assumptions about sheetfflow. Stormwater
designs may assume that some water will be conveyed (or
even deliberately treated) by maintaining sheetflow condi-
fions. However, if rainfall depths and intensities increase,
sheefflow could easily be converted to concentrated flow,
leading to systfem performance and mainfenance concerns.
In the future, sheefflow may require more careful design,
such as use of level spreaders and tighter drainage areado-
sheetflow ratios.

Case Study 1: Understanding Future Precipitation and
Resulting Watershed Discharge in the Puget Sound Region
A study in the Puget Sound region used hourly historic rain-
fall data to examine changes in exireme events and climate
models to predict changes in future rainfoll patterns (Rosen-
berg et al. 2009, 2010). Such analyses are critical for un-
derstanding the implications of climate change in managing
stormwater sysfems. Researchers analyzed extreme precipi-
fafion data from weather sfafions in three major VWashington
and Oregon metropolitan areas (Seattle~Tacoma, Spokane,
and Vancouver—Portland) for changes from 1949 o 2007.
The results were generally nonsignificant, except in Seattle—
Tacoma, where Rosenberg et al. (2009, 2010) found an
increase of about 25% for the 24-hour design storm. The
researchers then used two weather research and forecast
(VWRF| regional climate models (RCMs) to simulate rainfall
from 1970 to 2000 and from 2020 to 2050, and again
analyzed changes in extreme precipitation between the two
periods. Results indicated increases in exireme rainfall inten-
siies, with sfafistically significant increases of 15% to 22%
projected for the 24-hour design sform.

Changes in streamflow projections are more directly related
fo design sforms and, therefore, fo changes in sformwater in-
frastructure needs. Rosenberg et al. (2009, 2010) modeled
streamflow in two watersheds representing urban and subur-
ban areas. Hydrologic streamflow simulations were gener-
ated using Hydrologic Simulation Program—Fortran with pre-
cipitation data from 1970 to 2000 and simulated data from
2020 to 2050. Based on these results, both stream systems
exhibited higher flows at the watershed mouth, although the
range of predicted changes varied widely, depending on
the recurrence inferval, watershed, and underlying VVRF
RCM precipitation data.

The authors determined that “concern over present design
standards is warranted” (Rosenberg ef al. 2010, 341)

and suggested that “drainage infrastructure designed using
mid-20th century rainfall records may be subject o a future
rainfall regime that differs from current design standards”
(Rosenberg ef al. 2010, 340). However, the range of pro-
jections was foo large to modify current stormwater design
assumptions.

Designing for Uncertainty at the
Site Scale

Since the level of uncertainty in predicting climate change
is high, and specific design standard modifications have
not been ascertained, the design community needs to focus
on broader design principles that build system resiliency for
climate change. Designers should rely on approaches that
(1) enhance storage and treatment in natural areas, (2) use
smallscale storage and freatment, and (3] provide convey-
ances that allow for a margin of safety for flood conveyance
and water quality freatment. These design principles reflect
current thinking in sformwater design and the low-impact de-
velopment (LID) design framework (see Case Study 2). In
the face of climate change, the use of distributed storage
and open-channel flow practices provide some insurance
against flood control and water quality storm events that may
be changing now and in the future.

Design modifications of individual sformwater practices may
also be necessary in response to the climate change factors
noted above. Since our understanding of design sforms may
change, the design community may want fo focus on what
may be fairly modest modifications of existing designs to bet-
ter accommodate more intense rainfall events. The examples
below provide two illustrations of how individual practices
could be modified at relatively low cost. These examples
are intended to be illustrative and not necessarily authorita-
five with regard fo the best possible solution for a particular
issue. The intention is to spur thought and discussion on what
types of adaptations will be necessary.

Example 1: Reallocating Storage in Bioretention

The Issue: Increasing rainfall depths and infensities may
force a rethinking about how sforage is allocated to the
various layers within a biorefention facility. More frequent
high-intensity rainfall will lead to increased bypassing of the
freatment mechanism and lower overall performance. The
most vulnerable flow path element may be the rate at which
water stored on the surface of the filler can effectively per
colate down and fill the void spaces within the soil media.

Possible Adaptation: Increasing the surface area allocated
for sforage above the soil media can creafe a “holding
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zone" for water to move down through the soil voids. Impor-
fantly, this does nof necessarily mean that the surface area
(or volume) of engineered soil media needs to increase, as
that could have profound cost implications. One possible
solution is to have a surface ponding area that is not under
lain by soil media, as shown in Figure 1. In fact, this method
has already been adopted in existing specifications, such as
those on the Virginia Stormwater Best Management Practice
(BMP) Clearinghouse, albeit not as a climate change adap-
fation (Virginia Department of Conservation and Recreation

[VADCR] 20104,

Example 2: Pretreatment for Rainwater Harvesting

The Issue: Rainwater harvesting systems are designed fo
capture a target amount of water. However, both ends of
the spectrum feature designed bypasses—firstflush diverters,
vortex filters, and additional prefreatment devices to keep
leaves and gross solids out of the storage tank (Figure 2)
and bypasses for higher flows once the storage device fills
fo capacity. With changing rainfall depths and intensities,
more water than desired may bypass at the front end, result-
ing in a loss of precious water that could be stored for future
use, and overflow af the back end, creating downstream
problems.

Possible Adaptation: The efficiencies for vortex filters and
other prefreatment devices can be increased so that higher
infensity rainfall events will not lead to excessive bypassing
of the storage tank. For instance, some current specifications
call for a filter efficiency of 95% for a sform infensity of 25
mm (1 in) per hour (VADCR 2010b). The assumed inten-
sity could be increased to 38 or 51 mm (1.5 or 2 in) per
hour. To address more frequent overflows from the tank itself,

onsite or offssite downstream infiliration or filtering practices
can be coupled with the rainwater harvesting system, as is
already called for in some state specifications (Figure 3).

Case Study 2: Understanding How LID Stormwater Practices
Can Help Communities Attain Climate Change Resiliency
The University of New Hampshire’s Stormwater Center
(UNH SC) investigated LID stormwater management prac-
fices fo reduce runoff and manage the more intense storm
evenfs expected as a result of climafe change impacts.
UNH SC used published esftimates of the 2-, 10-, and 100-
year design storm events. The UNH SC models demon-
strated dramatic runoff increases in the future due to climate
change. For New Hampshire, Stack ef al. (2009) predicted
increased mid-wentyirst century precipifation compared fo
mid-wentieth century (Figure 4).

: | Additionnl Surface
Soil Media Ponding Ares

Figure 1. Adaptation of biorefention facility. Ad-
ditional surface ponding area can be incorporated
(light blue line) while the surface area and volume of
soil media remain the same [yellow line). The photo
shows a conceptual approach of how the design
adaptation may be accomplished. Photo courtesy of:
Williamsburg Environmental Group, Inc.

Figure 2. This vortex filter is an example of a prefreat-
ment device for rainwater harvesting. The vortex filter
diverts the first amount of rainfall, which tends to have
a lot of solids and vegetative debris. Vortex filters
come in different sizes based on efficiency curves

for rooffop area treated and rainfall infensity. Photo
courtesy of: Rainwater Management Solutions, Inc.
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Figure 3. Schematic of a rainwater harvesting system de-
signed for internal use, seasonal irrigation, and freatment
in a downstream filtration or infiltration practice during

nonirrigation or rainy season months when the fank over-

flows routinely. Source: VADCR 2010b, figure 6.3.

UNH SC researchers Robert Roseen, lulia Barbu, and Tom
Ballestero studied a typical site undergoing development.
They estimated the fofal runoff volume for these climate
change scenarios for LD practices, predevelopment condi-
tions, and conventional practices, and found that LD prac-
fices can reduce the runoff volume for these design sforms.
In fact, in the typical site scenarios, the LD practices will
retain about 15% fo 22% of the design storm volume on-
site and provide greater groundwater recharge (Ballestero
etal. 2009). LD practices demonstrated improved resiliency
for the consequences of climate change by reducing storm
runoff on-site through infiliration; this also increases ground-

water recharge and/or collection and sforage for on-site use
(Ballestero et al. 2009).

Designing for Uncertainty at the
Community Scale

Given the degree of uncertainty, many efforts are underway
fo frame sformwater management approaches for climate
change at the broader community scale. Admittedly, most
of these deal more with the infrastructure side of the equa-
tion, such as sform system capacity, and less with water
quality or stormwater BMP design. However, it is crifical
fo sfart to frame stformwater management implications and
adaptations.
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Figure 4. Estimated change in the intensity-return period
relationship due to climate change. Source: Stack et al.
(2010); reprinted with permission from LJ. Stack, Syntec-
ftic International LLC.

Integrated stormwater and land use solutions have an impor-
fant role fo play in this fask. It is safe to assume that we can-
not rely solely on “hard,” or technological, solufions to deal
with such climafe change scenarios as more frequent flood-
ing and more prolonged droughts. Solutions that are rooted
in the integrated management of sformwater and land use
planning will need to play a role. These solutions will in-
clude improved floodplain management, urban watershed
forestry, and sfrategies fo promote more efficient develop-
ment patterns at the community and neighborhood scales.

These strategies are necessary to promote multiple and over-
lapping obijectives, such as enhanced stormwater freatment,
storage, and use; water conservation; and energy efficiency
[see Case Study 3). For instance, land use planning and site
and stormwater design can lead to reduced runoff volume;
less demand for municipal and potable water supplies [e.g.,
through rainwater harvesting); and more compact, energy
efficient development (e.g., requiring fewer and shorter trips
by automobile).

Table 2 provides several conceptual ideas for how integrat-
ed stormwater and land use tools can help adapt to both the
hydrologic and policy implications of climate change.
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Table 2. Climate change and conceptual land use and stormwater management adaptations.

Hydrologic Impacts of Climate Change

Land Use and Stormwater Management Adaptations

More frequent flooding

 Remap floodplains based on “new” frequent and infrequent events.

o Adopt stringent regulations to restrict development within floodplains.

© Develop mitigation programs to remove susceptible structures from floodplains.

© Conduct more frequent cleaning of storm sewer infrastructure in urban areas to maintain hydraulic capacity.

o Ensure that all new development has overland relief in case of system failure.

o Model storm sewer infrastructure using new climate scenarios and coordinate with emergency response plans.

More prolonged droughts

© Extend rainwater harvesting beyond the individual rooftop scale to the neighborhood or community scale. Use stormwater as a local
supplemental water resource—jpotable and nonpotable.

o Adopt small-scale (household) and larger-scale (community) water budgets for indoor and outdoor uses as a tool fo prioritize uses and to
promote the most efficient use of water.

o |mplement drought-resistant planting plans for stormwater practices and municipal landscaping.

o Promote urban forestry and forest protection o promote shade and the retention of moisture.
© Incorporate groundwater recharge into all stormwater practices where safe and feasible.

Increased runoff femperature

streams).

© Include trees and other plantings in BMP designs.

o Develop methods to reduce straight-piping of runoff to streams; use disconnection methods to direct runoff to buffers, planted areas,
pervious parking, forested stormwater practices, etc.

o Develop impervious limits and minimum tree canopy requirements for special temperature-sensitive receiving waters (e.g., high-value frout

More combined sewer overflows

* Incorporate runoff volume—reduction measures across the landscape (e.g., for individual homes, streets, and businesses), including rain
gardens, rainwater harvesting, and dry wells.
o Srategically locate and use open-space areas for runoff capture fo reduce flows ino the system.

Policy Goals in Response to Climate Change

- ment that requires more driving.
Reduce carbon emissions

© Promote compact development to reduce vehicle trips and vehicle miles.
o Provide stormwater incentives for redevelopment close o urban centers and more stringent requirements for new (greenfields) develop-

o Provide stormwater credits for transit and bicycle fucilities at development sifes.
o (Consider the energy embodied in BMP materials and installation (e.g., plastic or wood components or land cleared for stormwater
practices) as a BMP selection criterion.

Increase carbon sequestration

o Use urban forestry as a stormwater BMP.
* Incorporate trees into all or most new stormwater practices.
© Design infegrated stormwater or carbon sequestration facilities; incorporate planting maintenance plans that maximize carbon uptake.

Increase clean, renewable energy sources

* Incorporate small-scale power generation info some BMP and storm sewer designs that have adequate head.
* (o-ocate neighborhood-scale stormwater practices with solar, wind, and other renewable-energy facilities.

Source: Adapted from Center for Watershed Protection (2008), table 3.9.

Case Study 3: Adaptive Management To Combat Climate
Change in Punta Gorda, Florida

Adaptive stormwater management is called for in the South-
west Florida Regional Planning Council (SWFRPC) Resolu-
fion 08-11 (2008) to address water quality, infrasfructure,
and flooding in the face of climate instability. The City of
Punta Gorda, Florida is taking steps (City of Punta Gorda
n.d.) to mitigate and adapt to climate change impacts using
an adaptation plan that builds on the Comprehensive South-
west Florida,/Charlotte Harbor Climate Change Vulnerabil-

ity Assessment (Beever et al. 2009a). The adaptation plan
(Beever et al. 2009b) includes defailed mapping, aerial
photography, a vulnerability analysis, and involved commu-
nity sfakeholders and decision makers tasked with develop-
ing specific implementation actions. Flooding, water quality,
infrastructure, water supply, and/or drought were identified
as major concerns.

The adaptation plan fargets climate stressors by calling for
specific sformwater adaptations, such as the following:
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Build roads and sidewalks from porous materials to adapt
to more frequent flooding.

Increase stormwater management capacity to address in-
adequate water supply and more frequent flooding and
to modify the stormwater design criteria.

Modify stormwater conveyance systems fo be relafive fo
sea level instead of af set elevations.

Construct stormwater infrastructure improvements.

Require Florida residents and developers to use native
landscaping and xeriscaping (the use of plants with less
need for watering] fo reduce pollutants and to promote
water conservation (SVWFRPC Resolution 07-01, 2007).
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Watershed Management and Climate Change in New York
State: The Great Lakes Compact

Jon W. Davis® and Khristopher Dodson®”

Abstract

Increased water usage and supply uncertainty due tfo cli-
mate change motfivated eight states and two provinces in
the Great Lakes region to devise comprehensive recom-
mendations on managing water in the Great Lakes bo-
sin. If put into place, these recommendations, collectively
called the Great lakes Compact, would put restrictions
on outofbasin water withdrawals and encourage more
inbasin conservation programs. This paper presents and
discusses key recommendations put forth by the New York
Great Lakes Basin Advisory Council, which was assigned
the task by the New York State Governor's office of imple-
menting the Great Lakes Compact. It will be increasingly
important, particularly for municipal water suppliers and
industrial users, to plan further info the future, enact conser-
vation measures, and meter and use water more efficiently.
The regulations recommended by the Great Lakes Com-
pact, and the process through which they are being devel-
oped, can be used as an example for other watersheds in
North America and will potentially lead the nation in pre-
paring for climate change through susfainable water use.

Introduction

As a nation, the United States is experiencing a time of
quickly evolving environmental concerns whose impacts
will be felt by generations fo come—perhaps most notable
of these concerns is global climate change. Both the US
Environmental Protection Agency (USEPA 2008) and the
Infergovernmental Panel on Climate Change (for more in-
formation on the lafter see Bates et al. 2008) have pub-
lished decisive and comprehensive reports outlining the
impact that climate change will have on America’s water
and wastewater systems. Municipal leaders and treatment
plant operafors need to be aware of these impacts and
have the knowledge and tools to plan for the longterm
challenges that lie ahead.

This paper analyzes one such plan of action by exploring
the process used, problems encountered, and recommen-
dations developed by the New York Great Lakes Basin
Advisory Council (GIBAC| when it prepared its long-term

o MA Candidate, Communication and Rhetorical Studlies, Syracuse University, Syracuse, NY

Facts about the Great Lakes

e The Great Lakes hold about 23 quadiillion liters
(6 quadrillion gallons) of water.

¢ The Great Lakes contain about 95% of the United
States' fresh surface water and 20% of the world's
fresh surface water.

e |f spread evenly, the water confained within the
Great Lakes would cover the continental United
States with about 3 m (10 ft) of water.

® The Great lakes basin drains almost 520,000
km? (200,000 mi2).

e Great Lakes shoreline in the United States is more
than 7,200 km (4,500 mi) long, longer than the
US East and Gulf Coasts combined.

® The tofal Great lakes shoreline is more than
16,000 km (10,000 mi) long, including 35,000
islands.

e The Great Lakes region is more than 1,200 km
(750 mi) wide.

e The region is home to more than 33 million
people.
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Figure 1. Map showing the eight states and two provinces
included in the Great Lakes basin.
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plan to conserve and protect the Great Lakes basin in New
York State. After a brief outline of the watershed and the po-
fential impacts of global climate change, this paper elabo-
rates on the specific actions the GIBAC proposed and how
those actions are infended to work. The article concludes
with a brief overview of lessons learned and options for
improved future organization.

Climate Change and the

Great Lakes Basin

The enormity of scale and diversity of the region makes the
Great Lakes basin (Figure 1) an important case study for un-
derstanding the effects of climafe change on water sysfems.
In the Great Lakes basin,

basin and that this, in turn, will increase the percentage of
precipitation that is returned fo the atmosphere. In addition,
water supplies are expected fo be affected as the amount
of water contributed by each lake basin to the overall hy-
drologic system will be decreased by 23% to 50%, with
consequent decreases in average lake levels from 0.5 to
2 m, depending on the general circulation model used. It
is in this framework that the GLBAC (2010) organized and
produced its diagnostic analysis of the current and future uses
of, and needs for, New York's Great Lakes basin (Figure 2).

The GLBAC'’s Report

In 2008, the sfates and provinces that make up the Great
lakes basin  signed the

one of the nation’s most
complex water systems,
climate change will have
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ture. It provides a “macro”
management effort in the
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provide insight info effec-
five “micro” plans that can

Figure 2. Map of the New York Great Lakes basin showing
the communities that straddle the basin, the communities that
drain into one of the lakes or the St. Lawrence River, and
subwatershed boundaries.

cludes measures to prohibit
diversions from the Great
lakes basin with specific
exceptions;  requirements
for  water  conservation

be implemented in seg-

ments of the basin or in other, smaller watersheds. However,
this will all depend on how the recommendations are imple-
mented and enforced.

Mortsch et al. (2003) outline some projected impacts of
global warming on the Great Lakes basin, including:

® an increase in air femperature,

® a pofential decrease in the daily air femperature range,

e iofal annual precipitation increases,

e a decrease in precipifation during key seasons,

® decreased snowpack and increased rainfall,

* an increased intensity of precipitation events, and

® a potential for increased evapotranspiration with warmer
air femperatures.

USEPA (2008) further elaborated the impacts, indicating
that warmer climates will increase evaporation from lake
surfaces and evapotranspiration from the land surface of the

and efficientuse programs;
in-basin water withdrawal management or regulation pro-
grams; and enhanced science, enforcement, public involve-
ment, and consultation with the Tribes and First Nations. The
compact ouflines the actions and procedures included in the
agreement, giving the sfafes and provinces clearly defined
roles and responsibilities. The GIBAC was tasked by the
New York State Governor's Office with preparing a plan
for implementation of the compact in New York, as laid out
in the agreement. The purpose of the GLBAC's report was
fo create an enforceable document through which to stimu-
late new dialogue within the state about managing New
York State’s water resources in light of the growing need for
renewable energy and threats from climate change and fo
guarantee susfainable resources and a healthy ecosystem
for future generations. The GIBAC used scientific research
in the region fo better evaluate water usage, threshold levels,
and social and economic need and fo provide legislative
recommendations.
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Below, we outline the major issues addressed in the GLBAC
report: establishing a baseline water use level, monitoring
water use, establishing threshold levels, and developing
efficiency and conservation programming. As the GIBAC
discovered while preparing management recommendao-
tions for New York's Great Lakes basin, the tasks involved in
understanding a watershed of this size are selfreinforcing,
each one demanding the next.

Establishing a Baseline

The first and most fundamental challenge the GIBAC en-
countered was the difficulty in defermining a baseline (an
appropriate level of daily use in the basin) for withdrawals,
diversions, and consumptive uses. This baseline is infended
to inform regulations on the level of use based on what each
facility (e.g., public water supply and industrial facilities)
actually uses compared fo what it is permitted to withdraw.
To do this, the GIBAC, together with the New York State
Department of Health and Department of Environmental
Conservation, needed to compile an accurate and compre-
hensive list of all currently permitted withdrawals, presenting
the capacity of the existing systems in terms of withdrawal
capacity, treatment capacity, distribution capacity, or other
capacitydimiting factors. Table 1 shows the number of facili-
fies permitted fo withdraw at least 379,000 liters (100,000
gallons) per day.

This compilation of permitted withdrawals required the co-
ordination of all water users from all systems: more than
10,000 public drinking water, industrial, energy, and ag-
ricultural users, including those with permitted withdrawals
of less than 379,000 liters {100,000 gallons) per day. The
GIBAC needed information about each use throughout the
recorded history of each water withdrawal site, including
the Erie Canal and lake Champlain Canal, where with-

drawals have occurred for more than a century and have
never been metered. Compounding the complexity, the
baseline had to accommodate potential future increases in
withdrawals. Such a task demands a cooperative effort on
the part of all water users in the basin to ensure accurate
projections.

Monitoring Water Use

To determine the levels of consumptive use, New York Stafe
must be able to monitor water use and track that information
over time. The State has no statutory authority governing
overall water resource withdrawals; thus, neither scientific
research nor environmental monitoring activities exist on
a statewide or basinwide scale outside of several highly
localized and specialized situations. Historically, the US
Geological Survey (USGS) has assessed the groundwater
supplies and surface flows using more than 125 gauging
stations throughout the stafe. USGS provides this information
fo generate a series of monthly reports on New York State’s
water conditions, including the capacity of several key lakes
and reservoirs. With changing federal budgetary priorities,
the future status of many of the gauging stafions is uncertain.

The GIBAC recommended that the State work with local
governments, nongovernmental organizations, research in-
stitutions, and federal agencies to effectively monitor water
usage in the Great Lakes basin as this information is crifical
for calculating water supply budgets, defermining appro-
priate water withdrawal levels, and implementing effective
conservation measures. Beyond monitoring dafa, the report
also recommends making science-based development and
withdrawal decisions that account for watershed health and
the cumulative effects of withdrawals and waste and storm-
water discharges.

Table 1. The number of registrants and public water supplies with approvals to withdraw more than 379,000 liters
(100,000 gallons) per day in the Great Lakes basin through the Public Water Supply Permit Program (PWSPP) and the
Great Lakes Water Withdrawal Registration Program (GLWWRP) as of 2008.

Number of Facilities

Water Use (mid) Maximum Capacity (mld)

2,737 4,283

PWSPP 245 (724 mgd) (1,133 mgd)
14,307 21,727

GLWWRP 100 (3,785 mgd) (5,748 mgd)

Note: mld, millions of liters per day; mgd, millions of gallons per day.
Source: Data courtesy of the New York State Depariment of Health.
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Establishing Threshold Levels

The GLBAC also examined water threshold levels—the mini-
mum amount of withdrawal for consumptive use that would
frigger the management and regulafion requirements of the
compact. Prior fo the compact, each state and province had
its own threshold level ranging from 38,000 to 19 million
liters (10,000 to 5 million gallons| per day. This created
uncertainty about how much water was being withdrawn
from the basin and, likewise, the volume of water that had to
be refurned fo the basin to support that level of usage. The
compact stipulates that amounts greater than 379,000 liters
(100,000 gallons) per day over a 30-day period require
regulation. Withdrawals below that amount would, depend-
ing on existing state and provincial requirements, require
withdrawal registrations and/or an effort to achieve reason-
able water efficiency through environmentally sound and
economically feasible conservation measures.

Because of a lack of comprehensive baseline and monitor-
ing data, and in response fo comments received during a
public comment period, the GIBAC recommended a provi-
sionary threshold of 379,000 liters (100,000 gallons) per

day, in accordance with compact specifications.

Developing Efficiency and Conservation
Programming

Perhaps the most pertinent part of the report for water facility
operators and municipal leaders were the GLBAC's recom-
mendations fo intfroduce legislation mandating water effi-
ciency and conservation programs. The GLBAC recognized
that many (if not most) water systems in New York State func-
fion with anfiquated or overstressed equipment and/or lack
efficiency training and measures. The efficiency recommen-
dations in the GLBAC's report include checking for leaks
(even small leaks can waste hundreds or thousands of liters
of water per day), reducing the pressure in the distribution
system to lessen the sfress on exisfing infrastructure, targeting
residential consumers with refrofits and water conservation
education (one leaking residential sink can waste more than
70 liters (20 gallons) of water per day, reducing outdoor
water use (which accounts for 25% of total urban usage
according fo the GLBAC), and setting water prices to reflect
actual costs of service.

To underscore the need for conservation measures, the Gl-
BAC included information from a survey (Lameka 2004) of
public water supply systems throughout the Great Lakes basin
for factors such as the linkage among water conservation,
water quality, and ecosystem health and the importance of
education and financial incentives. The survey, which pro-

vides a snapshot of the current state of water conservation
practices in the public water supply sector in the Great Lakes
region, found that most municipal systems in the basin focus
their conservation efforts on mefer calibration and replace-
ment and leak detection and repair (lameka 2004). But,
most crucially, the survey found that “more than half (65%)
of the facilities who responded do not operate under any
formal conservation plan” and that “less than half the facil-
fies provide any sort of education programs (48%)" (Lameka

2004, 31).

The GLBAC recommended that the New York Stafe De-
partments Health and Environmental Conservation allocate
funds, through its water permitting system, to help facilities
offset the expense of incorporating the external costs for wa-
ter delivery (e.g., education, refrofitting, regular testing, and
longferm prediction). The GIBAC also recommended that
water suppliers seek alternative sources of funding for opero-
fions, create intermunicipal agreements to share conserva-
fion education expenses, and implement green infrasfructure
technologies and smart growth planning to reduce water
system sfresses.

Discussion

The GIBAC (2010) report stressed the need to compile
a complete dafa sef to understand the complexities of the
Great lakes basin and its subwatersheds. To do this, the
Stafe needs to fund additional research that will provide the
data necessary fo set an appropriate baseline. Without a
clear and accurate baseline, it will be impossible fo set an
appropriate regulatory threshold. Monitoring is key, espe-
cially considering that state and federal monitoring, mainly
through USGS, is inadequate and that climate change can
increase the variability in, or decrease the predictability of,
the quantity of water in watersheds used for public water
supply withdrawals. Although its report (GLBAC 2010)
makes this clear, the GIBAC is largely powerless to do more
than make recommendations fo the New York State Depart-
ment of Environmental Conservation (NYSDEC), which itself
has limited capacity to take on these tasks. It could soon be
up to the individual public water supply facility to conduct
their own moniforing of water sources to be able to consist-
enfly provide water services; conservation measures would
then also be a tool to ensure the sustainability of any water
supply. With these information gaps filled, water manag-
ers should then begin extending their typical timelines and
begin to manage for long-term sustainability. Municipal wa-
ter suppliers might currently be considered wellprepared if
they have planned one year in advance, but with the poten-
fial effects of climate change (e.g., displaced populations,
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reduced water sources, and drier weather] adding fo the
current stresses in municipal water operations (antiquated in-
frastructure, declining tax bases, and aging operafor popu-
lations), it seems prudent to be wellsuited to deal with major
longterm changes. Water managers must modify their de-
cision-making fimeframes fo reconcile the daily and annual
issues of water supply operators (e.g., Will the drought con-
finue? Will the municipal board pass a much-needed rate in-
crease? Are we in regulatory compliance?) and the decadal
and longer time frames over which watershed health may be
impacted by a changing climate.

Further research by federal, sfate, and municipal water
boards is needed fo understand the infricate workings of the
watershed, how much water is used by the inhabitants of
the basin, how much water is refurned to the basin (naturally
or through municipal systems), how much can be withdrawn
sustainably from the watershed, how the watershed is pre-
dicted fo react fo increased use, and, finally, how it could
react fo a changing climate. These all impact not only the
watershed but its users. To plan for the future, the current
state of the watershed must be wellundersfood by address-
ing the above issues.

To facilitate @ more longterm look at watershed services,
the scientific community and applicable agencies (NYSDEC
and the New York State Department of Health, in particular)
need fo ensure that municipal leaders and engineers receive
accurate projections and data with which to make more
informed decisions. The daily operations of a water sysfem
(and the knowledge base of its operators) need to reflect the
potential future complications that every watershed could
face as a result of global climate change.

Conservation and education measures are key actions that
will help ease the strain on current water systems to pre-
pare for potential future stresses. Education must start with
the operator, then the municipal leader (the mayor or su-
pervisor] and the associated board. Many fown, city, and
villoge boards need to better understand the cost implica-
fions of current water pricing sfructures fo ensure that they
can make effective decisions to maintain municipal services
at a sustainable level. This can then provide the general
public with an appropriate funding sfructure for education
and conservation measures. Oﬁen, conservation measures
need to be incentivized through service fee discounts or
other mechanisms. Incentives provided to water uses may
allow for increased system capacity through the resulting
conservation measures; this could allow water system op-
erators to potentially create excess capacity to account for
greater variability in the quantity of water in current sources.

I

The GIBAC (2010) report stresses the importance of such
conservation and education measures and provides a few
examples of how best to do this. Unfortunately, education,
which may very well be the key to a successful and sustain-
able municipal water system, is currently undervalued.

Implementation of the GLBAC's recommendations is infe-
gral fo the susfainable management of the Great Lakes.
Regional, inferstate, and international partnerships must be
recognized and given the authority fo present lawmaker’s
recommendations that should not only be legislated, but also
enforced. This becomes an increasing challenge as rising
staff and funding cuts in sfafe agencies make the enforce-
ment of legislative mandates, such as those recommended
by the GIBAC (2010) report, seem less realistic. In fact, the
greater variability in water supply that climate change may
bring will mean that some watersheds within the Great Lakes
basin may need to adhere fo more stringent withdrawal stan-
dards; the GIBAC (2010) report falls short of recommend-
ing a more flexible regulatory mechanism to provide for
more localized (and more stringent) threshold levels. Defin-
ing sustainable water withdrawal to meet current and future
demands is the basis for creating this flexibility (e.g., what is
good for Buffalo and its watershed may not be good for the
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Adirondacks). The inferconnectivity of watersheds demands
a new management matrix that (1) is based on the complex-
ity of each water system, (2] includes triggers to allow for a
tiered threshold system, and (3] allows localized watersheds
fo adapt fo withdrawal pressures (or the lack thereof).

Conclusion

The compact and, by extension, the GLBAC (2010 report,
sef the groundwork for future sustainability for our water sys-
tems. The GLBAC's (2010) research-based recommenda-
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Increased Streamflow in Agricultural Watersheds of the
Midwest: Implications for Management

Christian F. lenharte*, Heidi Peterson®, and John Niebere

Abstract

Traditionally, flows that did not cause flooding were thought to
be inconsequential for agricultural watershed management.
However, flow volume plays an important role in flow duro-
tion and Total Maximum Daily loads (TMDLs), particularly
for nitrate-nitrogen. Prolonged below-bankfull flows may also
increase bank saturation and the frequency of mass wast-
ing, leading to increased sediment and phosphorous load-
ing and reduced index of biofic infegrity scores. Low, mean,
and high flows below the bankfull elevation have increased
in many upper midwestern watersheds in the past 30 years,
although large floods have not increased significantly af most
of our study sites. Using the indicators of hydrologic altera-
tion suite of statistical metrics, we found that streamflow has
increased in agricultural watersheds (> 67% agricultural land
use) in annual mean flow, most monthly median values, and
many flow duration metrics during the 1980-2009 fime pe-
riod compared to 1940-1979. As a percentage, flow has
increased most in December and least in August through Oc-
fober. At the same time, the sireamflow-to-precipitation (Q:P)
ratio has increased in the past three decades compared fo
the previous several decades. The overall change in Q:P, the
fiming of increased flow, and the reduced streamflow vari-
ability, as measured by the coefficient of variation, suggest a
mechanism of subsurface tile flow and/or increased ground-
water flow. Management actions are needed in agricultural
watersheds of the Upper Midwest fo reduce water volume as
well as peak flow to meet TMDL requirements.

Introduction

Extreme high and low flows have been the primary focus
of watershed management, particularly from the water re-
sources engineering perspective (Mays 2001). Global cir-
culation models (GCMs) for climate change predict that ex-
freme events and flow variability will increase, making them
even more important from a management perspective. Both
floods and extreme low flows have clear consequences for
humans and for aquatic biota. Consequently, management
approaches for addressing these problems are well estab-
lished in the field of watershed management (Mays 2001,
Brooks et al. 2003).

@ Research Assistant Professor, Department of Bioproducts and Biosystems Engineering, University of
Minnesota—Twin Cities, St. Paul, MN, lenh0010@umn.edu

b Graduate Research Assistant, Department of Bioproducts and Biosystems Engineering, University of
Minnesota—Twin Cities

In contrast, the watershed management field has not made a
widespread effort to manage flows below the bankfull level
in agricultural watersheds because many in the field believe
that their impacts are minimal. Nevertheless, increased low
and mean flows have occurred recently in many upper mid-
western watersheds concurrently with climatic and land use
changes. Despite the lack of management, lessthanflood-
level flows are important because they increase the duration
of high flow, adding fo the cumulative transport of sediment
and nutrients and increasing annual loads (Cleland 2002).
This has crucial implications for total maximum daily loads
(TMDLs) and nutrient management issues. For example, the
Gulf of Mexico hypoxia problem is primarily caused by ex-
cess nitrates—a pollutant carried in dissolved form (Goolsby
et al. 2000). The cumulative loading of dissolved substances
in the Mississippi River is directly related fo the amount of
streamflow (Donner et al. 2004; Raymond et al. 2008).
Streamflow volume increases have become an issue in urban
stormwater management (Minnesofa Pollution Control Agen-
cy [MPCA] 2005) and are being addressed with infiliration

practices in some areas.

Increased flows below the bankfull level also may have
important impacts on stream ecology and channel stability
(Richter et al. 19906]. Sediment and particulate phosphorus
loading may increase from prolonged flow duration since
bank failure events tend to occur more frequently following
saturation of streambanks, when stability conditions are at
their lowest (Thorne 1999). Therefore increased streamflow
levels will tend to promote more frequent mass wasting
events, even below bankfull events.

The Minnesota River Basin (MRB), a focal area for this re-
search, illustrates how watershed response to climate change
may not fit preconceived nofions based on generic GCM
predictions. VWatersheds in different regions respond vari-
ably fo climate changes because runoff and other hydrologic
processes are mediated through the unique combinations of
the existing land cover, geology, and surface and subsurface
drainage networks.

< Professor, Department of Bioproducts and Biosystems Engineering, University of Minnesota—Twin
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Methods .

We used two complementary sfafisti- 4o
cal approaches to analyze streamflow
frends and changes to watershed hydro-
logic processes in the upper midwest-
ern states, focusing around Minnesofa
(Figure 1). The indicafors of hydrolog-
ic alteration (IHA) test for changes in
streamflow that may be of ecological im-
portance by comparing two periods of
time—before and affer a chosen impact,
alferation, or climatic change (Richter ef
al. 1996). In this study, we completed
an IHA analysis at 18 watersheds to
compare the time periods 1940-1979
and 1980-2009. These time periods

caplure the longest period of sireamflow
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sessing hydrologic alteration from anthro- 1000w
pogenic sources available starting affer
the Dust Bowl, a period of anomalously
low precipitation {Schubert et al. 2004).
Ofthe 16 sites, 13 had stream discharge
records datfing back fo 1940, and three
sites (Bois Brule, Sturgeon, and Pigeon) were missing several
years from the early 1940s. We conducted significance
festing using a boot strapping-like approach whereby the
data are reshuffled many times to create a larger population
by which to assess significance af the 0.05% level.

We analyzed the streamflowto-precipitation (Q:P) ratio, that
describes the percentage of streamflow resulting from pre-
cipitation, in more defail on a data subset consisting of the
four watersheds located within the MRB. We hypothesized
that the Q:P rafio would be indicative of a change in hydro-
logic process, not just climatic variation. An increase in the
Q:P rafio from land use change indicates human alteration
rather than climate changes. If a watershed experiences in-
creased streamflow without a concurrent increase in rainfall,
clearly some change in land use, drainage, or water with-
drawal has altered the Q:P ratio. Both rainfall and runoff are
subject to widely varying climatic fluctuations.

We selected the MRB because large changes in streamflow
have occurred there, contributing fo increased nufrient and
sediment loading fo the Mississippi River. We selected four
watersheds with varying drainage areas located within the
MRB based on the availability of longterm streamflow data.
We calculated Q:P ratios for these watersheds using mean
annual discharge (Q) and precipitation (P) values. VWe ob-
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Figure 1. location of US Geological Survey gauging stations and their
corresponding watershed drainage areas included in the indicators of
hydrologic alteration and streamflow-to-precipitation ratio analyses.

tained discharge data through the Surface Data for Minne-
sota website of the US Geological Survey (USGS n.d.). We
obfained precipitation data for the climate divisions over-
lapping the MRB watersheds through the Western Regional
Climate Center (n.d.). To address watersheds that overlap
several climate divisions, we calculated mean monthly and
annual precipifation using the Thiessen polygon method.
We then converted precipitation and streamflow to volumes
using the watershed drainage area fo obfain a Q:P ratio.

To identify whether Q:P ratios have changed over time, we
calculated ratios using seasonal (lumped three-month time
periods) and annual data. To eliminate any discharge data
gaps and to keep relatively consistent time infervals, the two
data periods used in the Q:P analysis were 1950-1979
and 1980-2008. We completed the seasonal and annual
analyses using a Mann-Whiiney nonparametric test of sig-
nificance to defermine if the two time periods have the same
distribution of Q:P ratios. VWe defined seasons as winter (De-
cember, January, and February), spring (March, April, and
May), summer (June, July, and August), and fall (September,
October, and November.

We examined the response of upper midwestern water
sheds fo recent climate change in the form of precipitation
increases to betfer understand potential future responses fo
climate change, assuming that the hydrologic processes at
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work will be the same in the future, although possibly varying
in scale. We used Minnesota's ecoregion divisions fo assess
the relative response of different regions to climate change
and to identify hydrologic management issues specific fo
streams in those regions. In particular, we examined in more
detail the management consequences for large increases in
the Q:P ratio experienced in the southern agricultural water-
sheds, focusing on the control of streamflow volume in these
watersheds. We also briefly examined summer low flow in
streams along the north shore of Lake Superior in the north-
em forested region.

Findings

Mean annual flows have increased in most of the MRB and
Red River basin streams as well as in the Des Moines, Sugar,
and Root Rivers—specifically, in all watersheds dominated
by agricultural land cover (Table 1). Mean annual flow ei-
ther decreased or did not increase significantly in each of
the northern Minnesota and Wisconsin watersheds with
more than 67% forest land cover.

Median monthly flows have increased in most months in
watersheds with > 67% agricultural land cover (Table 1).
The months with the lowest percentage increase were April

Table 1. Summary data for the IHA analysis of 16 watersheds in Minnesota, Wisconsin, and the eastern Dakotas. Flow
in the 1980-2009 time period is compared to that of the 1940-1979 time period by the percentage (%) change in the

magnitude or number of months with significant change.

USGS Gaudi Predominant Land Change in Mean | Change in Coef- S.M?F'hs twl\:I' - d? Mgtﬂh.srwitl: g
Station Location Station g:ng Uls: g::“:: ((:,2) Annual Flow | ficient of Variation ;\?I:In;‘l::lm (h:n |:n low-ﬁ::n:cgll:un e
gory (%) (%) y Chang g
(% of 12 Months) | (% of 12 Months)
Blue Earth River af Mankato, MN 05320000 > 67 ag 73 -29 83 42
Bois Brule af Brule, WI 04025500 > 67 forest -2 -13 92 17
Buffalo River af Hawley, MN 05061000 mixed 42 -7 67 67
Chippewa River at Chippewa Falls, WI 05365500 > 67 forest -7 5 8 -42
Des Moines at Jackson, MN 05476000 > 67 ag 100 -26 83 50
Little Fork River af Little Fork, MN 51315000 > 67 forest -8 -14 42 42
Little Minnesota River at Peever, SD 05290000 > 67 qag 27 -33 100 100
Minnesota River af Mankato, MN 05325000 > 67 qag 75 =23 92 75
Mississippi River at St. Paul, MN 05331000 mixed 31 11 50 33
Mississippi at Grand Rapids, MN 05211000 > 67 forest 4 -1 0 0
Oconto River af Gillett, WI 04071000 > 67forest -9 -N 0 8
Pigeon River at Grand Portage, MN 04010500 > 67 forest -9 -13 33 33
Red River at Grand Forks, ND 05082500 > 67 ag 56 -10 75 33
Red Lake River at Crookston, MN 05079000 > 67 ag 6 -6 17 8
Root River near Houston, MN 05385000 mixed 57 -36 100 83
St. Croix River at Grantshurg, W1 05333500 > 67 forest -6 -7 0 0
Sugar River at Brodhead, WI 05436500 > 67 ag 29 -32 92 100
Yellow Medicine River at Granite Falls, MN 05313500 > 67 ag 77 -38 92 58
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and August to October; (Figure 2). low flows increased in
42%-100% of months in streams within the MRB, as well

as the Des Moines, Root,
and the Buffalo Rivers (the
latter is a Red River tribu-
fary). In contrast, the north-
ern forested watersheds
had lowflow increases
in the winter months, but
fotal
volume, as indicated by
mean annual flow, actu-
ally decreased in most
cases. The cause of low-
flow increases in northern
forested watersheds of the

annual  streamflow

Midwest is not well under-
stood. It may be related
to warmer temperatures at
the beginning and end of
the winter season reducing
the frozen period (Johnson
and Stefan 2006). As a
consequence of earlier
snowmelt, streamflow in

ficient of variation, decreased in 15 of 16 streams during
the current time period.
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Figure 2. Median monthly flow increases by percentage change
during 1980-2009 vs. 1940-1979 in the northern forested
watersheds (> 6/% forest cover) and the southern and western
agricultural watersheds (> 6% agricultural land cover). Each
value is an average from all watersheds in Table 1 in each land

cover category.

the lafe spring and summer may be reduced as the timing of

streamflow has shifted. Low flows have negative impacts on

recreational fishing in sireams along the North Shore of Lake

Superior, such as the Pigeon River (USGS gauging stafion
04010500). Streamflow variability, measured by the coef

Results of the Mann—
Whiney  test  indicate
that the annual Q:P ratios
significantly  increased
in three of the four MRB
watersheds from 1950-
1979 1o 1980-2008
(Table 2). Litle Minnesota
River near Peever, South
Dakota  (USGS  goug-
ing station 5290000,
is the smallest of the four
watersheds and also had
missing streamflow data
during 1982-1989 and
affer 2003.

Seasonal results of the
Mann-Whitney  analysis
indicated that Q:P ratios
in three of the four MRB
watersheds  significantly

increased  (pvalue <

0.05] from 1950-1979 to 1980-2008 in spring, fall, and
winter (Table 3). Summer was the only season without a sig-
nificant difference in any of the Q:P rafios between time infer-
vals. Minnesota River at Mankato, Minnesota (5325000,
had significant differences only in fall and winter.

Table 2. Minnesota River basin annual Q:P ratios for the 1950-1979 and 1980-2008 time intervals.

Mean Annual Discharge Mean Annual Precipitation Annual Q:P value®
USGS Gauging (m® second-") (cm year") . P
Station
1950-1979 1980-2008 1950-1979 1980-2008 1950-1979 1980-2008

5290000 12 20 499 57.6 0.06 0.09 0.170
5313500 34 5.6 63.1 68.9 0.10 0.15 0.037
5320000 228 40.8 725 81.2 0.15 0.25 0.005
5325000 90.7 158.4 64.6 70.7 0N 0.18 0.002

2 pvalues in bold were considered significant at a maximum 0.05 level resulting from a Mann-Whitney nonparametric

analysis of annual Q:P ratios.
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Table 3. Minnesota River basin seasonal Q:P ratios for the 1950-1979 and 1980-2008 time intervals.

Gl:ls';:g e T Seasonal Q:P Ratio p-valve®

Station Period Spring Summer Fall Winter Spring Summer Fall Winter

5290000 1950-1979 031 0.02 0.01 0.02 0.031 0.588 0.050 0.007
19802008 0.41 0.05 0.09 0.08

5313500 1950-1979 031 0.06 0.04 0.06 0.034 0.200 0.005 0.007
1980-2008 0.37 0.10 0.14 0.24

5320000 1950-1979 117 0.41 0.52 0.44 0.040 0.077 0.000 0.003
19802008 1.79 0.69 1.01 1.14

5325000 1950-1979 0.27 0.08 0.10 0.10 0.075 0.053 0.001 0.004
19802008 0.36 0.13 0.19 0.26

o pvalues in bold were considered significant at a maximum 0.05 level resulting from a Mann—\Whitney nonparametric

analysis of seasonal Q:P ratios.

Discussion

In streams within the Upper Midwest, flows ranging from
low to moderately high (but below the bankfull flow) have
increased, yet large floods (greater than ten-year flood) did
not increase significantly during the 1980-2009 time pe-
riod despite significantly more annual precipitation in most
watersheds, with the IHA methodology. In the MRB, our re-
sults indicate that Q:P rafios are increasing and contributing
fo greater flow volumes, particularly during late fall and win-
fer. Evapotranspiration is highest during the summer months,
which may explain why Q:P ratios did not increase signifi-
cantly between June and August (Table 3). Though annual
precipifation has increased across southern and western
Minnesota, this, alone, could not account for the 70% aver-
age annual streamflow increase that occurred in the MRB riv-
ers. Much larger precipitation increases would be required
fo produce such large streamflow increases.

The discharge could have increased as a result of an in-
crease in baseflow or runoff from storm flow. The greatest
percentage of flow increase occurred during months that are
typically baseflow periods, suggesting that the mechanism
for increased flow was some combination of increased sub-
surface tile drainage and groundwater flow that altered the
pathway by which water is delivered to streams (Schilling
and libra 2003; Schilling ef al. 2008). In the MRB, the
use of file drainage, which increases baseflow (Fore 2010)
has risen drastically since the 1980s. However, tile drain-
age is not yet prevalent in the Dakotas; this may explain
why, although Litle Minnesota River near Peever, South Do-
kota (USGS gauging station 5290000, is in the MRB, the

change in the annual Q:P rafio was not significant (Sugg

2007). In Minnesota, streamflow is typically lowest in Feb-
ruary and can, therefore, be used as a proxy for baseflow
since minimal surface runoff contributes to the total discharge
(Ruhl et al. 2002). Although winter precipitation has de-
creased and mean maximum temperatures remain below
freezing, mean February streamflow in the 1980-2008
time inferval has increased in each of the MRB watersheds
by an average of 170% compared to the 1950-1979 time
period.

The MRB demonstrates the interactive effects of land use and
climate change. land use and drainage changes in the past
30 years have increased low to moderately high flows, but
not the large floods as predicted in many climate change
scenarios, creafing a different sef of management issues.
There is now a need for streamflow volume control prac-
fices in upper midwestern watersheds, particularly to reduce
loads of nitrate and other dissolved pollutants carried in tile
and groundwater flow. In addition o improved nutrient man-
agement, these practices will be critical for addressing the
Gulf of Mexico hypoxia problem and will require manage-
ment strategies that differ from those used for volume control

in urban areas (MPCA 2005).

The use of perennial crops and native plants that franspire
more water can help reduce water yield. Although large
land cover changes would require maijor shifts in policy, in-
cremental changes are possible (Jordan and Warner 2010).
March to June is a particularly critical time period in upper
midwestern watersheds because the highest streamflow and
Q:P ratio occurs at this time. Snowmelt runoff, combined
with the increased runoff from relatively bare fields that oc-
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curs early in the growing season, leads fo greafer stream-
flow in April. The fall months, which experience the greatest
increase in Q:P rafio (Table 3), are another critical time peri-
od for the reduction of excess water, sediment, and nutrients.

Increased hydrologic storage through the resforation of
lakes and wetlands could help reduce flow and nitrate load-
ing (leach and Magner 1992). Weflands in the MRB are
thought to be particularly effective at reducing small, fre-
quent floods (with less than a two-year recurrence inferval),
as the largest floods tend fo fill all available storage capac-
ity (Miller 1999). To reduce spring outflow from subsurface
drainage, controlled or conservation drainage is another
tool that may be used to reduce streamflow volume when
drainage is not needed for crop growth, particularly during
the high-flow season of March to May (Cooke et al. 2008).
The technique may apply fo

surface diiches as well as sub- The hydrologic response of the northern

surface pipes.

Llower flows have been con-
sidered  inconsequential  to
sediment fra nsport and stream-
bank erosion, since floods
in the one- to twoyear recur-
rence range are thought to do most of the work in moving
sediment and forming channels (Leopold et al. 1964). Yet
increased flow durations lead to a greater frequency of mass
wasting by prolonging the duration of moderate flows that
partially saturate the streambanks and increase the rate of
streambank collapse. For example, Odgaard (1987) found
that mean daily flow levels at only onethird of the bankfull
discharge or higher were related to bank erosion events.

Unfortunately, it is much more difficult to manage increased
bank erosion on a large watershed scale because of the
time, cost, and labor-intensive nature of most streambank
erosion reduction projects. It would be possible to target
channel areas producing the most sediment, but in the long-
ferm, the reduction of water yield via watershed manage-
ment may be the most sustainable solufion.

The hydrologic response of the northem forested regions fo
slight precipitation increases contrasted sharply with south-
ern agricultural watersheds, highlighting the importance of
land use and drainage changes for streamflow response in
these regions. In northern forested streams, increased winter

forested regions fo slight precipitation
increases contrasted sharply with

southern agricultural watersheds. ..

streamflow and earlier snowmelt runoff may lead to reduced
flow lafer in the summer, creating higher femperatures that
are defrimental to numerous fish species. This is likely to be
important in northern Minnesota and Wisconsin for recre-
ational fishing in areas such as the north shore of Lake Supe-
rior, where sport fishing is a big part of the tourist industry.

Conclusion

The dissimilar response of the southern agricultural water-
sheds (exemplified by the MRB case study) compared to
northemn forested watersheds provides insight info the hy-
drologic processes responsible for streamflow change and
related management issues. By examining the hydrologic
response fo recent climate changes, this analysis provides
clues as to how different regions of the Upper Midwest may
respond fo future climate chang-
es. Future hydrologic responses
are being simulated through hy-
drologic modeling work current-
ly underway. Still, it is unclear
whether flows in the Minnesota
and Red River basins will contin-
ue fo increase in upcoming de-
cades or will taper off with the
increasingly higher temperatures and greater evaporation
predicted by GCMs. Currently, flow volumes and Q:P ratios
are increasing at a rate disproportionate fo that of precipita-
fion alone in watersheds exhibiting a large expansion of
file drainage in recent decades. These hydrologic changes
represent a management challenge because they have not
been perceived as a management issue in the past. It will be
necessary fo reduce water, nutrient, and sediment yields for
TMDLs in many upper midwesfern agricultural watersheds
for the foreseeable future using some of the management
pracfices discussed in this paper.
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Sea Level Rise Adaptation at the Local Government Level

in Virginia
William A. Stiles, Jr.
Abstract

The tidal region of Virginia has the highest rate of sea level rise
on the Aflantic Coast, threatening shoreline communities and the
fidal ecosystem. Wetlands Watch has worked for nearly four
years in this region fo inifiate local government sea level rise ad-
aptation planning and fo see those plans implemented through
land use and other regulatory decisions. Early efforts, focused on
profecting the tidal ecosystem from climate change impacts, pro-
duced insufficient responses. Current work, focused on protecting
coasfal communities and businesses from an increasing risk of
storm surge inundation driven by sea level rise, have proven more
effective. The goal of this shift is fo use concerns about infrastruc-
ture and public safety fo stimulate early adaptation work and
insert shoreline ecosystem adaptation needs info the process once
it has commenced. In the course of this work, Wetlands Watch
has cafalogued numerous existing, mandated planning efforts at
the local and regional levels that serve as effective planning fools
for climate change impacts. We are now developing these fools
info a toolkit for local government policymakers.

Sea Level Rise Impacts in Virginia

Rates of relafive sea level rise in Virginia are the highest along the
Aflantic Coast, reaching 0.44 m (1.45 fi) over the last century at
the Sewells Point tide gauge in Norfolk (Table 1; Williams et al.
2009). Future projections for rates of sea level rise in the Chesa-
peake Bay region (Pyke ef al. 2008) show a significant increase,
with the centennial rate predictions running from a minimum of

0.7 m (2.3 ft) to as much as 1.58 m (5.2 ft} in the coming century.

Table 1. Rates of relative sea level rise along the Atlantic Coast.

Tide Gauge Station RUIE ::l;e;:;‘_'gl A
Portland, ME 2.12+0.09
Boston, MA 2.65+0.1

Providence, RI 2.57+£0.17
The Battery, NY 2.77 £0.05
Atlantic City, NJ 3.98+0.11

Baltimore, MD 3.12+0.16

Hampton Roads, VA 4.42+0.16
Wilmington, NC 2.22 +0.25
Charleston, SC 3.28+0.14
Miami, FL 2.39+0.22

Source: Williams et al. 2009.

* Executive Director, Wetlands Watch, Norfolk, VA, skip.stiles@wetlandswatch.org

In the low-lying areas of Virginia’s tidal region, these
current and projected rates of sea level rise threaten
natural ecosystems and developed areas alike. In the
fidal ecosystem, the projected higher sea levels are ex-
pected fo cause a range of impacts: a loss of primary
coastal dunes fo erosion; a loss of existing submerged
aquatic vegetation (due fo increased water depth,
possible decreases in water clarity resulting from algal
blooms and sediments, and increases in water tem-
perature); and the inundation of vegetated wetlands in
the intertidal zone (Pyke et al. 2008).

Tidal wetlands, if healthy and afforded adequate sedi-
ment, can accrefe vertically and keep pace with the
gradual rafes of sea level rise observed over the last
century. However, vegetated tidal wetfland accretion
rates, currently in the range of 3-4 mm year! in the
Chesapeake Bay (Stevenson et al. 1996] will prob-
ably not be sufficient to keep pace with the minimum
predicted centennial rate of relative sea level rise of
around 7 mm year'.

With rafes of sea level rise higher than the ability of the
coasfal ecosystem to adapt in situ, the interfidal zone
of the coastal ecosystem will move landward. When
this shoreward movement encounters steep slopes,
high banks, or hardened shoreline infrastructure, the
wetlands will “drown” in place, unable to stay in the
intertidal zone as that zone shifts (Titus et al. 1991).

Using the then-expected cenfennial rafe of sea level
rise of 60 cm, Wetlands Watch {2007) predicted
tidal ecosystem impacts and estimated tidal wetland
losses in the next century of 50% to 80%, depending
on the type of wetland and on shoreline development
and erosion control decisions. This range of estimates
was confirmed by two subsequent studies, one by the
National Wildlife Federation (2008) and the other by
Cahoon et al. {2009).

A recent analysis of future shoreline development and
erosion control decisions (Titus et al. 2009, 1) illus-
frates the threat to shoreline ecosystems along the At-
lantic Coast:
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"Almost 60% of the land below 1 m along the US Atlantic
coast is expected to be developed and thus unavailable
for the inland migration of weflands. less than 10% of the
land below 1 m has been set aside for conservation.”

Developing Local Government
Adaptation Strategies

After estimating wetland loss and tidal impacts, VVeflands
Watch began work at the local government level in Virginia
fo initiate sea level adaptation strategy development. Be-
cause shoreline development conditions are a maijor factor
in coastal ecosystem loss—with the vast maijority of the fidal
shoreline in Virginia privately owned'—and because local
governments control most private property development and
erosion control decisions, lo-
cal governments are central
fo sea level rise adaptation
strategy development.

The main focus of our work
was fo place conditions on
the development and rede-
velopment of shoreline par-
cels through the longrange
comprehensive  planning
process required of each
locality in Virginia, Code of
Virginia (Va Code| § 15.2-2223 (2010). These plans usual-
ly have a 20-year horizon and are the logical places to start
longTrange climate change adaptation planning. In areas of
the stafe with tidal waters, localities are also required fo in-
clude water quality protection measures, including shoreline
setbacks, in their long-range planning and zoning, Va Code
§ 10.1-2100 (2010). local governments have additional
planning, land use, and regulatory authorities that also may
be useful in sea level rise adaptation strategies.

In 2008, Wetlands Waich secured funding from the Nao-
tional Fish and Wildlife Foundation ([NFWF| to explore the
development of a shoreline conservation strafegy fo protect
the shoreline ecosystem from climate change impacts. This
project involved examining the planning and regulafory
fools available to the shoreline locality as well as investigat-
ing how to develop a social marketing sfrategy sufficient fo

! Many federal and Virginia State government documents indicate that 85% of the Chesapeake
Bay shoreline is privately owned, although | am not aware of any peer-reviewed documentation
for that claim. The percentage of ocean shoreline in Virginia that is privately owned has not been

estimated.

...use of the term climate change
generated distracting debates about
the source of the change. ..
However, many of these participants

accepted the reality of sea level rise. ..

generate public support for climate change adaptation. Staff
reviewed available literature on land use planning, zoning,
and other authorities placing restrictions on the development
of shoreline property. We reviewed sfate and federal natu-
ral resources regulatory authorities and conducted inferviews
with local government planning staff, as well as local and
state regulatory sfaff, on the potfential ability to include cli-
mate change impacts in their program decisions.

We undertook a similar process to develop a social market-
ing sfrategy, although a literature review revealed few practi-
cal examples of social marketfing directed af climafe change
adaptation. General social marketing information provided
some guidance and emphasized the need to (1) find issues
of concern to the farget audience, (2) put the issues into
a local context, (3) make the im-
pacts personal and real, and (4)
show the immediate impact of the
threat and the cost of inaction.

Wetlands Watch  staff worked
in Mathews County, Virginia
(the target locality), as well as in
numerous ofher localities in Vir-
ginia’s tidal region from 2008 to
2010. Our representatives spoke
at numerous public meefings, tes-
fified and appeared before gov-
emment bodies, consulted with local and regional planning
staff, and offered comments on government land use and
regulafory decisions. The focus of this work was to convince
local governments of the need to plan for and act on pro-
jected climate change impacts.

We made some progress in the draft longrange lond use
plan for the target locality, which includes “possible climate
changes and rising sea levels” in its comprehensive land use
plan (County of Mathews,93). Other localities along Virgin-
ia's tidal shoreline have also begun including sea level rise
impacts in their longrange land use plans. During this pe-
riod, the Virginia Commission on Climate Change (2008
developed an outline of a statelevel adaptation action plan.

Challenges to Local Government
Adaptation Efforts

While these actions represent advances in state and local
government public policy awareness, VWetlands VWaich
observed significant challenges o ifs initial, narrow focus
on protecting the shoreline ecosystem from climate change
impacts.
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First, the use of the term climate change generated distract-
ing debates about the source of the change (anthropogenic
or natural), its severity and certainty, the scientific basis for it,
and a whole suite of issues that were fueled by the nafional
debate over the need for greenhouse gas mitigation efforts.
Wetlands Waitch staff members encountered this at public
information sessions and when they provided presentations
across the fidal reaches of Virginia. Participants in these ses-
sions raised issues to counter the evidence of anthropogenic
climate change and to deny that climate change was a
problem. However, many of these participants accepted the
reality of sea level rise and provided anecdotal confirmation
of worsening storm surges over fime.

Second, staff encountered challenges to moving public
policy to better protect wetlands and the coastal ecosys-
fem. According fo the Virginia Department of Environmental
Quality (2010), the State has yet to meet its commitment
for “no net loss” of tidal wetlands, set in state law in 2000,
Va Code § 62.1-44.15 (2010). In the 2008 annual re-
port to the Chesapeake Bay Program, Virginia's Secrefary
of Natural Resources (2008, 13) could not report on the
acreage of wetlands restored toward its Chesapeake Bay
2000 Agreement goals because the State does not have
a central wetlands tracking database. Given this inability
fo address conventional threats to Virginia's wetlands, gen-
erating government policy and a management response to
deal with additional, future threats to the coastal ecosystem
proved very difficult.

Finally, while some local government planning documents
acknowledge that climate change impacts exist, litlle con-
crete action was occurring. An informal survey of local and
regional government elected officials and planning staff in
Virginia's tidal region contacted by Wetlands VWatch could
not find a single restriction on development that has occurred
solely as a result of climate change and sea level rise im-
pacts. The survey did find that some localities have imposed
additional freeboard, or elevation of living space above the
floodplains in tidal areas, because of concerns over rising
sea levels, but development and redevelopment is still al-
lowed with those conditions.

As Wetlands Waich sfaff reviewed initial approaches to
climate change adaptation, we noted that local policymak-
ers and the general public were less concerned about the
shoreline ecosystem than more immediate concerns, such
as emergency management, economic development, and
fransportation. Contacts with state, regional, and local gov-
ernment planners also revealed that many of the data needs

and policy tools for addressing inundation threats to commu-
nities generally were the same needed to address shoreline
resilience and adaptation sirategies for ecosystem protec-
tion: maps with high-resolution vertical accuracy, inundation
models with sform surge built in, shoreline evaluations, and

the like.

In response, we refined our social markefing approach to
focus on the protection of shoreline communities and busi-
nesses from the present risk of sform surge inundation occur-
ring along with accelerating rates of sea level rise. This new
approach projected the distant, global issue of future climate
change onto the present local landscape using images that
people could understand: worsening fidal flooding events
in their communities. This approach focused on impacts
that were measurable and visible, such as new sform surge
maps prepared by the map modernization program of the
Federal Emergency Management Agency (FEMA| and result-
ing expansions in mandatory zones for federal flood insur-
ance coverage. It replaced a lowerpriority issue of wetlands
protection with higher-priority issues of public safety, critical
infrastructure profection, and threats to local economies.

Wetlands Waich reasoned that stimulated action along
Virginia’s tidal shoreline to protect critical infrastructure and
personal safety could generate an adapfation response
more quickly than with a fraditional shoreline ecosystem
profection campaign. Once shoreline adaptation strategy
planning began, we expected that some of the overlapping
dota and technical needs could be addressed. As the strat-
egy developed, measures to restrict development along the
fidal shoreline would keep the shoreline open and resilient,
simulianeously providing fidal shoreline ecosystem benefits.
Staff theorized that specific consideration of environmental
services and protection of the shoreline ecosystem could be
inserted back into the process later, but that an initial emphao-
sis on emergency profection would accelerate the adapta-
fion process.

Broadened Focus for Adaptation Efforts

Starting in mid-2009, Wetlands Waich activities com-
menced networking with shoreline businesses, local gov-
emments (including planning, regulatory, emergency and
floodplain management, and economic development sfaff],
public utilities, and economic development organizations in
the tidal region of Virginia on the new farget of infrastructure
protection and public safety. Staff reviewed the legal authori-
fies and requirements for planning among this sef of part
ners, assessing data and technical needs, to identify overlap
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with those needed for determining sea level rise impacts on
the shoreline ecosystem.

Wetlands Waitch's work in the early stages of the NFWF
planning project focused mainly on land use and natural
resources planning and regulatory programs. With our
broader focus, staff began fo examine other planning pro-
grams and documents in the emergency management, frans-
portation infrastructure, and economic development fields.
As a result, we discovered a wider array of policy tools
with which to begin sea level rise adaptation planning. For
example, many federal economic development, fransporta-
fion infrastructure, and emergency management programs
require local and regional governments to engage in long-
range planning before federal funds can be obligated.
FEMA requires a hazard mitigation plan before a community
is eligible for most agency post
disaster mitigation programs
(Tile 42 United States Code
[USC] Section 5165). And
the US Department of Com-
merce requires a comprehen-
sive  economic  development
strategy (CEDS) prior to ap-
plying for Economic Develop-
ment Administration funds (42
USC Section 3162). Periodic
updates to these plans present
opportunities to discuss local
and regional climate change impacts and their emergency
management and economic development consequences.

When Wetlands Watch examined some of those plans for
localities in Virginia, we discovered that climate change im-
pacts—at least sea level rise and increasing coastal storm
surge inundation—were already being included in these
planning processes. For example, the Hampton Roads Part-
nership (2010) produced a regional CEDS that lists sea
level rise as a pofential threat to the regional economy. And
the current hazard mitigation plan for the City of Poquoson
(2009), a lowlying city in southeastern Virginia, contained
a discussion of the inundation threats driven by sea level
rise. Other localities in the fidal regions of Virginia were
similarly addressing sea level rise impacts in emergency
management and economic development documents.

This new social marketing focus allows us to more readily
engage nontraditional partners in Wetlands Watch's work,
especially those in the private sector. It also enables us to lev-
erage for a broader set of events to drive adaptation work.

...we discovered that climate change
impacts—at least sea level rise and
increasing coastal storm surge
inundation—were already being

included in these planning processes.

For example, concerns over financial risk in tidal shoreline
communities have caused a withdrawal of private wind and
personal property insurance availability. Fleishman (2006)
reported on this trend, and Wetlands Watch, through in-
terviews with representatives from insurance providers, has
documented the withdrawal of more than 50% of the private
insurance market for primary residence and business cover-
age along Virginia’s Aflantic Ocean and Chesapeake Bay
shorelines. Efforts o reduce risk along Virginia's fidal shore-
line can address the concers of private insurers and lead fo
a potential partnership among homeowners and the private
sector in Wetlands Waich'’s refocused work fo initiate adap-
fafion planning for storm surge and sea level rise.

In May, 2010, Wetlands Watch held a halfday, mediated
workshop with coasfal planners at the annual meeting of the
Virginia Chapter of the Ameri-
can Planning Association. At
that session, we presented our
draft toolkit of planning and
regulatory authorities identified
during the NFWF  planning
process as useful in sea level
rise adaptation and discussed
social marketing approaches.
Planners at that workshop
helped refine the adaptation
approaches and tools being
used: Wetlands Watch is cur-
rently using this information to create a toolkit and social
marketing package for use at the local and regional levels
in Virginia fo promote adaptation to sea level rise. VWetlands
Waich will continue to collaborate with this community of
planners going forward.

Summary and Next Steps

Adaptation to climate change impacts in coastal Virginia has
proven difficult using a traditional natural resources—based
approach. Distant impacts, indifference foward ecosystem
profection, and conlflicts with the present economic goals
of local governments and individual landowners conspire to
limit the effectiveness of adaptation efforts focused solely on
the shoreline ecosysfem.

Once such adapfation work is reframed and focused on
an immediate impact—such as increasingly serious sform
surges—and responses are framed in terms of the profection
of public safety, critical infrastructure, and local economies,
more support can be gained for early adapfation. Since the
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early fechnical needs for any shoreline adaptation effort are
similar (e.g., maps with high vertical resolution, modeling of
shoreline inundation, and shoreline situation surveys), much
of the initial work for shoreline ecosystem adaptation can be
accomplished using this approach.

Virginia sfill lags its neighboring states in supporting sea
level rise adaptation efforts. Unlike Maryland and North
Carolina, detailed digital elevation maps have yet to be
produced, state agencies are not being tasked to support
this work, and state political leaders are not visibly promot-
ing adaptation efforts. Unfortunately, efforts to address the
federal budget deficit, combined with the end of federal
stimulus funding, also threaten to curtail federal support for
climate change adaptation work. This increases the impor-
tance of efforts by Wetlands Watch and others to work with
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Recommendations for Developing Salimarsh Buffer Widths

as Sea Levels Rise

The Delaware Inland Bays are three shallow coastal lagoons
of great recreational and ecological importance to the sfafe
and region. Their 777 km? (300 mi?) mixed-use watershed
contributes excess nutrients that have eutrophied the 78 km?
(30 mi?) estuary (Figure 1). Acting to moderate the effects of
this pollution are approximately
4,000 ha (10,000 acres) of
saltmarsh that define the bound-
ary between the land and the
Bays. Because these signature
ecosystems of the estuary are
crifical o maintaining  water
quality and aquatic life, their
protection is of the highest pri-
ority for the Delaware Center
for the Inland Bays National
Estuary Program (the Centfer).
Now more than ever, meeting
the Center’s conservation and
management plan goal of max-
imum profection for salimarshes Bason)
is dependent on an understand-
ing of marsh response fo rising
seas.

Rising sea levels press marsh
boundaries  landward
adjacent uplands, while at the

over

same fime marsh edges are
eroded by wave action to be-
come shallow bay bottom. The
net result is the inland migration = =
of a marsh system observable
over a human lifetime. Maximiz-
ing future marsh acreage under
conditions of rising sea level re-
quires unobstructed pathways
for saltmarsh migration.

Construction adjacent fo marsh-

es can act as a barrier fo marsh migration; such construction
became increasingly common during the past two decades.
From 1992 to 2007, development within the Inland Bays'
watershed increased by 67 km? (26 mi?) or 57%, with much
construction occurring adjacent fo tidal areas.

Figure 1. Aerial photograph of the connection be-
tween the Indian River Bay, a temperate coastal lo-
goon, and the Aflantic Ocean. (Photograph by Chris

LAt Sy

Figure 2. Tidewater inundates a residential lot for
sale in a study development during a nor’easter in the
Indian River Bay watershed, Delaware. This illustrates
that wide buffers can protect homeowners as well as
marshes. (Photograph by Chris Bason)

Recognizing that an existing County wetland buffer ordi-
nance was inadequate and unenforced, the Cenfer de-
veloped recommendations for enhanced buffers between
marshes and new development. This work was part of a
complefe sef of recommendations for a water quality buf-
fer system submitted for consid-
erafion fo the State of Delaware
in 2008 during the development
of the pollution control strategy
(PCS] for the Bays. The PCS was
designed to reduce nitrogen
and phosphorus loads fo the
Bays from 40% to 85%, in ac-
cordance with established total
maximum daily load regulations.

The Center's recommendations
for saltmarsh buffers were based
on research by the University
of Delaware’s Wendy Carey,
who estimated rates of marsh
migration by interprefing aerial
photography over the period
1944-1989. During this pe-
riod, the tidal prism of the estu-
ary’s inlet fo the ocean increased
by nearly five times as a result
of scouring caused by its earlier
stabilization with rock jeffies.
This created higher high tides
at the landward boundary of
. marshes, which probably added
fo the effect of regional sea level
rise on the landward migration
of marshes.

Marsh  migration rates varied
based on the slope of the ad-
lands,

next to gradually sloping lands
(< 0.08 rise over run) migrating an average of 1.7 m (5.7
f) per year, and those next to steeply sloping lands (> 0.08
rise over run) 0.3 m (1.1 fi] per year. The Center converted
the rates fo the number of years it would take for marshes o
migrate across buffers of different widths and slopes (Table
1); the resulting values thus function as simple planning hori-
zons for effective buffers.

jacent with  marshes
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Through a GISbased exercise, the Center evaluated the
impact of the recommended buffer widths on randomly se-
lected development project parcels proposed fo the State.
The percentage of developable land for a project that the
most protective saltmarsh buffers encompassed ranged from
less than 1% to 64% (Figure 2). This, predictably, was de-
pendent on the amount of salimarsh in or adjacent fo the
development and the slope of the uplands adjacent to the
marshes.

Overall, the work illustrated (1) the surprising speed at which
marsh systems can move across the Mid-Atlantic coastal
plain, where rates of sea level rise are relatively high; (2)
how buffer widths that maximize pollutant removal in coastal
plain freshwater streams (between 24 to 46 m, or 80 fo
150 ) may provide only a few years of protection for many
saltmarshes; and (3) that development site design would
have to change significantly to accommodate marsh migra-
fion for low-elevation sites with gradual slopes.

The results of this analysis were influential in the decision by
the Stafe of Delaware to assume regulation of salimarsh buf-
fers for new major subdivisions under the Inland Bays PCS in
2008. However, the State decided not to define the width
of buffers based on the provided migration rates of marshes,
but instead included an option infended fo offer flexibility for
developers whereby they could choose to establish either
100 foot or 50 foot salt marsh buffers dependent on the
level of sformwater quality management practices incorpo-
rated on the subdivision.

In 2010, researchers at the University of Delaware began
a new remote sensing sfudy of marsh change that will in-
clude refinement of estimated migration rates by sampling
an expanded number of marshes. The study, expected to be
completed by 2013, will also examine changes in the rate

of marsh change over time (including changes since the pre-
vious analysis] and explore potential relationships between
marsh migrafion rates and both climate and development.
Historical aerial photography and satellite imagery will be
used in the analysis.
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For More Information

For more information, confact Chris Bason, Deputy Director
of the Delaware Center for the Inland Bays National Estuary
Program, at chrisbason@inlandbays.org.
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Table 1. The average number of years it would take for marshes to migrate across buffers of different widths by the slope
of the buffer for two of Delaware’s Inland Bays. (A gradual slope is defined as < 0.08, and a steep slope is > 0.08).
Data are derived from migration rates estimated for the period 1944-1989.

Rehoboth Bay Indian River Bay
Buffer Width Gradual Slope Steep Slope Gradual Slope Steep Slope

m (ft)

15 (50) 10 35 8 61

23 (75) 14 52 12 9

31 (100) 19 69 17 122

61 (200) 38 139 33 244

91 (300) 57 208 49 366
127 (400) 76 278 66 488
152 (500) 95 347 82 610
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Adaptive Approaches for Riparian Forest Management To

Offset Climate Change Effects

Riparian forest buffers are corridors of trees and other vegeta-
fion located landward from the edges of waterways. Despite
the many ecosystem benefits and services riparian buffers
provide for watersheds, they continue to disappear from the
landscape (see box). Although threatened primarily by land
use conversion, riparian buffers are also impacted by invasive
plant competition, drought, insects, disease, and wildlife dam-
age. Climafe change is an added stressor that may exacer
bate these threats and may, itself, impact forest buffers.

Maryland's Critical Area law and Virginia’s Chesa-
peake Bay Act profect existing riparian forest buffers.
Even with these efforts, however it is not clear for most
watersheds whether the net forest buffer area has in-
creased. A 20006 study demonstrated that, over eight
years, 1.1% to 5.2% of forest buffers area was lost fo
land use conversions in rapidly developing counties of
Maryland, Pennsylvania, and Virginia.

Table 1. Suggested adaptive actions to offset climate change effects on riparian forest buffers.

Projected Climate Change

Factors for Mid-Atlantic Implications for Forest Buffers

Recommended Adaptive Actions and Practices

© Increased decline of riparian forest community
diversity

® |oss of forest edge species undercut by flood surges

© Decreased habitat and shoreline stability

Increased frequency of floods, sea
level rise, and land subsidence

o Agencies, local organizations, and industry project managers should use flood-folerant riparian
species.

o Waterfront landowners and managers should use natural stabilization techniques to profect
shorelines and streambanks.

© State and local governments are advised to modify forest buffer ordinances and criferia fo
extend forest buffer widths and plant farther upstream fo protect against flooding and erosion.

® Poor growth, development, and survival of young
forest buffers

© Defoliation and mortality related to reduced soil
moisture

Extreme, prolonged drought periods

Agencies, organizations, and industry project managers are encouraged fo:
o yse healthy and vigorous tree stock of minimum diameter 6.33 mm (0.25 in) and
© yse root and soil amendments to increase water availability for new plantings.

© Species migration fo cooler regions
© Increased numbers of forest pests
® Increased invasive plant species competition

Increased temperatures

© Agencies, organizations, and industry project managers are encouraged fo practice “over-
restoration,” with a 10% increase in riparian cover fo compensate for potential plant losses.

© Invasive monitoring and removal should be a key element of riparian forest management plans
and policies for riparian landowners and managers. Guidelines are available from Maryland
DNR, Division of Forestry.

© Federal agencies and research insfitutions should develop maps of endemic forest infestations
by pests, disease, and nonnative plants to facilitate preemptive treatment.

The evaluation of potential risks to riparian forest buffer resto-
ration and protection is limited by the sparse literature avail-
able on this topic. Despite the paucity of relevant literature,
we found and reviewed 62 arficles and reports on climate
change and forestry. Based on this review, we developed a
set of adaptive actions for the Mid-Atlantic region and intro-
duced them to the Chesapeake Bay Forestry Work Group.
The Work Group recognized the actions as appropriate o

address future climate change impacts on riparian forest buf-
fers (Table 1).

List of Sources
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management & profection fo offset climate change effects.
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CAKE: Your Online Climate Adaptation Destination

Many natural resource managers and planners under-
stand the need for climate change adaptation but feel
lost or overwhelmed when it comes to actually doing it.
Part of the problem is that they offen start with a general
question, such as “what are all of the changes that will
result from climate change, and how can | respond?”
rather than a more focused question, such as “what do |
do, and how should | adjust that for the reality of climate
change?” Answering the former question leads to a del-
uge of information that is difficult to organize and priori-
tize, while answering the latter triggers a more practical
and focused response that is related to an organization’s
mission or an individual's responsibilities. An overarch-
ing goal of the online Climate Adaptation Knowledge
Exchange (CAKE) is to answer this more focused ques-
fion by providing a range
of adaptation resources and
short case studies demon-
strating how actual groups
are adapting their work to
climate change. CAKE was
esfablished on the principle
that we learn best by sharing
and doing.

CAKE, a joint project of Eco-

Adapt and Island Press with initial funding by the Kresge
Foundation, aims to build a shared knowledge base for
managing natural systems in the face of rapid climate
change. Target audiences include natural resource man-
agement and conservation professionals, researchers,
policymakers, and teachers. It is a free online resource
and, while user registration is encouraged to allow fuller
participation in the CAKE community, it is not required.

CAKE includes four core components—a virtual  i-
brary, case studies, a directory, and tools—along with
a monthly advice column and resource support pages
fargeted fo individual adaptation workshops. The tools
section, which is currently in development, will include
web-based mapping, modeling, and visualization pro-
grams as well as a range of guidebooks, exercises, cur-
ricular material, and more. All case studies and directory
entries, as well as many virtual library items, are geo-
referenced, meaning that users can search by text, map,
or a combination of the two. Case studies to date come
primarily from EcoAdapt's ongoing survey of adaptation
efforts in North America, but anyone can submit case

EcoAdapt is a scientific research and educa-
tional 501(c)(3) nonprofit incorporated in the
District of Columbia with a goal of bringing
fogether diverse players in the conservation,
policy, science, and development communi-
fies fo reshape conservation and development
in response to rapid climate change.

studies. CAKE staff will vef them for completeness and
relevance before posting them.

Initial survey funding from the Gordon and Betty Moore
Foundation focused on coasfal regions; more recent
funding from the Wilburforce Foundation has allowed us
fo expand to western states, territories, and provinces.
EcoAdapt seeks to expand coverage and fo create far-
geted collections focused on particular issues, such as
adaptive management or watershed-scale adaptation.

One can approach CAKE in a number of ways. A user
might do a fext or keyword search for a particular cli-
mate change impact (e.g., sea level rise or flooding] to
see what resources exist or how others have adapted to
it. One might also search for a parficular management
problem (e.g.,
management or water qual-
ity or a particular type of tool
(e.g., a visualization or runoff
tool). A user could use the
map function to find local re-
sources—for instance, fo help
highlight local case studies af
a workshop or fo find local
experts to assist with planning
efforts. Another powerful ele-
ment of CAKE is the interlinkage among its various com-
ponents. From a case study page, a user may link fo the
directory entry of a confact person or organization or to
related tools, library items, or even other case studies.
Likewise, a particular ool or library item may be linked
fo case studies, illustrating how fo put the tool or other
resource info practice.

stormwater

Visit and explore CAKE at www.cakex.org, and put
yourself in the directory or suggest case studies, tools, or
library items to add.

For More Information

To learn more, confact Rachel Gregg (Rachel@ecoad-
apt.org) or Kate Graces (kgraves@islandpress.org)
or visit www.cakex.org.

Contributors

Contributors fo this vignette include Jennifer Hoffman and
Rachel Gregg, EcoAdapt.
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Arizona NEMO Preparing Watershed Communities
for Climate Variability with Best Management Practices

The scientific community continues fo compile evidence that
the climate is changing and that observed and projected fu-
ture changes will have significant impacts on the ecosystems
and natural resources of our communities. The Arizona Non-
point Education for Municipal Officials (NEMO) program
recognizes that the arid Southwest will confinue fo become
warmer and drier; these climate changes will increase the
vulnerability of the state’s most precious natural resource—
water. The Arizona NEMO program has risen to meet this
challenge by integrating watershed management and com-
munity planning. The NEMO program emphasizes the link-
ages between water supply and water quality with research-
based professional education and encourages community
stakeholders to engage in bet
fer land use decisions and best
management practices (BMPs)
fooled  from bioengineering
fechniques that will protect
and resfore water resources
from nonpoint source (NPS)
pollution. For the arid South-
west, this  community-based
resource management technique is adaptive and resilient to
environmental changes.

To enable policymakers and shareholders to address the ad-
verse impacts of climate change (e.g., extreme droughts),
NEMO provides education on the characterization and
modeling of watershed responses to precipifation and NPS
fransport. This modeling identifies physical, biclogical, and
social characteristics of a watershed from publicly available
mapped information. NEMO then uses ArcGIS (Environmen-
fal Systems Research Insfitute, Inc.) software to construct a
spatial database that includes topography, land cover, soil
type, geology, vegefation, hydrologic features, and popula-
tion characteristics.

After developing the GIS database, NEMO staff performs
watershed classifications to identify important resources
and rank fendigit hydrologic unit code subwatershed areas
based on the likelihood of NPS confribution fo stream water
quality degradation. NEMO then designs BMPs, including
structural, vegetative, and managerial conservation prac-
fices. When implemented, the BMPs reduce and prevent
the detachment, transport, and delivery of NPS pollution to

...the arid southwest will continue to become
warmer and dryer; these climate changes will
increase the vulnerability of the state’s most

precious natural resource—water.

surface water and groundwater. The choice of BMP design
will depend on the pollutant(s), the impaired area, and the
level of engineering required fo profect and/or restore the
water body. However, the nature of the climate change may
dictate the category of BMP that needs to be implemented.
In the case of the arid Southwest, where predictions of a
warmer and drier climate will increase water demands (on
an already stressed supply) while adversely impacting land
cover (creating erosion opportunities), these changes will
call for the implementation of BMPs that are designed for
the upland zone, such as low-impact development for site
detention of runoff in urban areas as well as grazing man-
agement and grade sfabilization structures for erosion con-
frol and the sustainability of
native vegetation in rural
and ranchland locations.
These categories of BMPs
will provide a frontline
phase of protection, while
BMPs  designed for the
transition, overbank, bank,
and toe zones can provide
additional profection against NPS pollutants reaching and
impairing the water supply.

This type of analysis and selection tool will help to priori-
fize the types of BMPs that can protect water quality and
supply while also enabling communities fo adapt to climate
change.

List of Sources

Hughes, T. P, A. H. Baird, D. R. Bellwood, M. Card, S.
R. Connally, C. Folke, R. Grosberg, et al. 2003. Climate

change, human impacts, and the resilience of coral reefs.

Science 301:929-933.

For More Information

More information about the arid region—specific BMP man-
ual, as well as the NEMO watershed-based plans, can be
found at: http:/ /www.ArizonaNEMO .org.

Contributor

This vignette was prepared by James C. Summerset, Jr., Ari-
zona NEMO, jcsummer@email.arizona.edu.
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Adaptation Strategies To Address Climate Change Impacts
on Wisconsin’s Water Resources

Wisconsin's water resources are an important part of what
defines the state and its people. The Mississippi River, Lake
Superior and Lake Michigan, about 135,000 km (84,000
mi) of streams, 15,000 lakes, 2.1 million ha (5.3 million
acres) of weflands, and a plentiful, though finite, supply of
groundwater support industrial and agricultural activities and
enrich our recreational opportunities.

In February 2011, the Wis-
consin Initiative on Climate
Change Impacts  (WICCI)
released its first  climate
change adaptation  strat-
egy report. A statewide
collaborative effort, WICCI
focuses on adaptation strat-
egies and how to prepare
for climate change proac-
tively at state and local lev-
els rather than focusing on
the mitigation of greenhouse
gases. The project is a part-
nership among the Wiscon-
sin Department of Natural
Resources, the University of
Wisconsin, and other state
agencies and institutions.
WICCI has more than a
dozen working groups com-
posed of hundreds of scientific experts and stakeholders that
have been charged with developing risks, vulnerabilities,
and adaptation strategies related to Wisconsin's changing
climate (Figure 1). This vignette highlights the VWICCI find-
ings on water resources.

The Climate Working Group of WICCI developed future cli-
mate forecasts by downscaling 14 global climate models to
the state level. One of the first efforts of this kind in the coun-
iry, this modeling was possible because of the availability of
longferm, fine-scale weather data in Wisconsin. Research-
ers predict that the sfate’s average annual temperature will
warm by 2°C and 5°C (4°F and 9°F) by the middle of the

century, with warmer winfers and warmer nights.

Resources

Flasts & Matuial
Corramunites:

Central Sands
Hydralogy

tions, and disciplines.

Precipitation changes are more difficult to predict, but re-
searchers expect less precipitation in the form of snow. Win-
fer and spring precipifation is likely to increase by about
20%. As air and water temperatures increase, we can ex-

Human

Figure 1. The Wisconsin Initiative on Climate Change Impacts is
made up of hundreds of experts across multiple agencies, institu-

pect fo see longer icefree periods and increased potential
evaporation. Storm intensities are expected to increase, with
slightly more frequent events of greater than 5.1 c¢m (2 in) of
precipifation in a 24-hour period.

Climate scientists also analyzed seasonal and annual pre-
cipitation and temperature data from 1950 to 2006 to doc-
ument historic climate changes. Our climate has changed,
and an analysis of his-
foric  water
data shows that water
resources are intimately
linked to regional cli-
mate conditions that are
also changing.

resources

Milwaukee

Coldwatid Fish
& Fizharies

Robust data sefs of ice
cover dating back to
the 1850s show that
average  ice
has  decreased by
about 20% in southern
Wisconsin,  reflecfing
warmer  temperatures.
lake levels in northern
Wisconsin have gradu-
ally decreased and are
currently at the lowest
levels in the 7O-year re-
cord. In the southern part of the sfate, water levels appear to
have increased since the 1960s. Changes in both ice cover
and water levels parallel other historic and ongoing climate
changes statewide.

Wildlife

cover

Mean annual stream baseflow has increased overall state-
wide by about 14% over the past 56 years, consisfent with
a 10%—15% increase in precipitation over the same fime
period (Figure 2).

Using the historical databases and the climate projections,
water resources specialists identified the major impacts of cli-
mate change on water resources. Through a series of work-
shops, WICClI's Water Resources Working Group (WRWG)
then developed several adaptation sfrategies to address
these impacts. The six major impacts and adaptation strafe-
gies that WRWG has identified thus far are as follows.

Increased flooding will have impacts on infrastructure and
agricultural land. 1dentify, map, and prioritize potfentially re-
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storable wetlands in floodplain areas; restore prior-convert-
ed wetlands in upland areas to provide storage and filtro-
fion; mitigate storm flows and nutrient loading downstream;
and develop both longterm and
shortterm changes to community
infrastructure.

Harmful blue-green algal blooms
will occur more frequently with
increased summer femperatures.
Increase monitoring  of inland
beaches and develop better pre-
diction tools for blue-green algal
foxins and associated changes in
water quality to improve predic-
five capacity. Develop statewide
standards for blue-green algal
foxins and fake appropriate ac-
fion to protect public health.

Demand for water and ground-
water extraction  will
as a result of precipitation pro-
jections and warmer growing
season temperatures. Encourage
major water users such as pow-
er plants fo locate in areas with
adequate and susfainable water
sources, including large rivers or
the Great Lakes; encourage rural
and urban water conservation
through incentives and  regula-
fion; and promote integrated water management by plan-
ning water use based on longferm projections of supply and
demand and by tying water use fo land use and economic
growth forecasfs.

increase

Kucharik et al. (2010)

Seepage lakes will change as a result of variable precipi-
tation, recharge, or increased potential evapotranspiration
with additional implications for water chemistry, habitat, and
shorelines. Enhance and resfore shoreline habitat (using, for
example, coarse wood, littoral and riparian vegetation, or
bioengineered erosion control) to withstand variations in wa-
ter levels; in headwater areas or near watershed divides,
enhance infiliration by reducing impervious surfaces in urban
and riparian areas and changing land management prac-
fices; change planning and zoning for lakeshore develop-
ment to account for changes in water levels; and adjust and
modify expectations and uses of lakes, especially seepage
lakes, by recognizing that some lakes are not suited for all
uses.

I

Sediment and nutrient loading will increase as a result of
earlier and more infense spring runoff events. Resize manure
storage facilities, wastewater facilities, stormwater drains,
and infrastructure to accommo-
date increased sform flows to
protect water quality; reverse
the loss of wetlands; restore
prior-converted wetlands to pro-
vide sforage and filiration by
mifigating storm flows and nu-
frient loading; protect recharge

and infiliration areas and ripar-
ian buffers fo reduce overland

Figure 2. From 1950 to 2006, Wisconsin as a
whole has become wetter, with an increase in an-
nual precipitation of 7.9 cm (3.1 in). This observed
increase in annual precipitation has primarily oc-
curred in southern and western Wisconsin, while
northern Wisconsin has experienced some drying.
The southern and western regions of the state show
increases in baseflow, corresponding fo the areas
with the greatest precipitation increases. Map
prepared by Eric Erdmann, Wisconsin Department
of Natural Resources, in 2010. Sources: Greb and

flow of polluted runoff; and in-
corporate  water management
strategies based on climate pro-
jections info farm-based nutrient
management plans.

The spread of aquatic invasive
species is likely fo increase.
WRWG continues to develop
adaptation  strategies for  this
projected change.

WRWG is moving info the next
phase of implementation and
has already defined and fund-
ed new research priorities and
projects, along with discussions
fo modify water quality moni-
foring programs fo address cli-
mate change af the state and watershed levels. In addition,
WRWG is developing outreach and education strategies.

A separate working group has dealt with stormwater; its re-
port is available on the WICCI website.

List of Sources
Greb, S. R. No date. Historic trends in flows of Wisconsin's
rivers and streams. Unpublished data. Madison, WI: Wis-

consin Department of Natural Resources.

Kucharik, C. J., S. P. Serbin, S. Vavrus, E. J. Hopkins, and
M. M. Motew. 2010. Patterns of climate change across
Wisconsin from 1950 to 20006. Physical Geography
31(1):1-28.

Magnuson, J. J., J. T. Krohelski, K. E. Kunkel, and D. M.
Robertson. 2003. Wisconsin's water and climate: Historical
changes and possible futures. In Wisconsin's waters: A con-
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fluence of perspectives, ed. C. Meine, 23-36. Madison,
WI: Wisconsin Academy of Sciences, Arts and Letters.

Wisconsin Initiative on Climate Change Impacts. 2011.
Wisconsin's changing climate: Impacts and adaptation.
Nelson Institute for Environmental Studies, University of Wis-
consinMadison and the Department of Natural Resources,

Madison, WI.

For More Information

For more information, visit http://wicci.wisc.edu/ or con-
fact Carolyn Betz, Science Writer, University of Wiscon-

sin=Madison, Aquatic Sciences Center, at betzc@aqua.
wisc.edu; Tim Asplund, Statewide Aquatic Ecologist/Lim-
nologist, Wisconsin Department of Natural Resources, at
Tim.asplund@wisconsin.gov; or Jim Hurley, Environmental
Health Division Director, University of Wisconsin-Madison,
State Laboratory of Hygiene, at James.Hurley@slh.wisc.edu.

Contributors

This vignette was prepared by Carolyn Rumery Betz, Uni-
versity of Wisconsin-Madison; Tim Asplund, Wisconsin De-
partment of Natural Resources; and Jim Hurley, University of

Wisconsin—-Madison.

A Climate Change Action Plan for the Florida Reef System

The Florida Reef System is the third-largest coral reef ecosys-
fem in the world, spanning more than 556 km (300 nauti-
cal mi) from Martin County, Florida, on the Aflantic coast,
south through the Keys, fo the Dry Tortugas (Figure 1). It in-
cludes a rich diversity of sensitive coral habitats ranging from
hardbottom, nearshore paich reefs to
reef flats fo deep and outlier reefs, as
well as associated seagrass, beach, _
and mangrove habifat. For decades, v
overfishing, land-based  pollution, ok
and direct habitat degradation from -
human activities—along with climate-
related threats, such as exireme wa-
fer femperatures and ocean acidifi-
cation—have threatened this system
(Figure 2).

[ mamis miapn postomt Vhamen Sirvctione;
FesnmFah @ b
Ty P

The Florida Reef Resilience Program
(FRRP), established in 2004 in re-
sponse fo these threats, brings to-
gether diverse inferests, expertise,
and management authorities.  The
FRRP evolved organically across dis-

€% Florida's Reef Management Jurisdictions ...

i e

Figure 1. The extent of the Florida Reef

fries via oufreach and adaptation planning, and (3) execute
fargeted research. It outlines a coordinated response to
climate change—related threats, including efforts by state,
federal, and local partners working across political, social,
and jurisdictional boundaries. Built on well-established prin-
ciples for helping corals resist, fol-
erate, and recover from negative
impacts, the plan describes actions
that reef managers can underfake,
in collaboration with stakeholders
and other pariners, to minimize the
damage and associated impacts
caused by climate change on reefs
and reef-dependent industries, such
as tourism and fishing.

The plan includes a range of de-
tailed recommended actions ad-
dressing outreach, social resilience,
research, and management which,
if implemented, should increase the
overall resilience of the entire Flori-
da reef system. Top actions include

ciplines, user groups, and resource
management entities that leveraged
resources and focused efforts on the

System with respect fo Florida’s reef man-
agement jurisdictions. Map courtesy of The
Nature Conservancy.

the following:

e Confinue and expand the FRRP

emerging challenges. A steering com-

mittee representing fishing, diving, science, management,
and the environmental community spearheaded the develop-
ment of a holistic five-year plan: the Climate Change Action

Plan for the Florida Reef System 2010-2015.

The plan is designed to accomplish three main goals (1)
increase reef resilience through active management, (2] re-
duce impacts from reefdependent communities and indus-

disturbance response monitoring.
® Implement a marine zoning plan that incorporates resil-
ience and connectivity between reefs.
® Include sea level rise adaptation and mitigation planning
in local land use comprehensive plans.
® Evaluate and revise existing monitoring programs fo op-
fimize their effectiveness in the context of climate change
® Decrease negative user impacts.
® Target oufreach across sectors.
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Figure 2. Florida coral reefs in good condlition (A) and bleached (B, C). Photos courfesy of the National Oceanic and
Atmospheric Administration [A) and the Florida Keys National Marine Sanctuary (B, C).

® Forecast and project impacts to dependent communities to
help develop a response plan.

® Increase understanding in the region regarding potential
climate change impacts on coral reefs.

® Fnsure a longferm water quality monitoring program
throughout the entire reef tract.

® Map areas of high and low resilience to prioritize invest
ment of management effort.

This plan, building on the concept of resilience to help a
region cope with the reality of climate change, is the first
of its kind in Florida and may act as a catalyst to spur cli-
mate adaptation up the Florida peninsula, throughout the
Caribbean, and beyond. The plan and its process are be-
ing actively disseminated via presentations at regional and
infernational frainings, science and policy meetings, and via
online knowledge-sharing sites such as the Climate Adapta-
fion Knowledge Exchange (see related vignette, this issue).
The FRRP concept and framework can be used by water-
shed or other professionals faced with complex challenges
that span jurisdictions, management authorities, and inferest
groups and in cases for which meaningful solutions rely on
collaboration and the targeting of limited resources. It is par-
ficularly appropriate when integrated, mulfisector actfion is
needed in an environment of little legislative or governmental
guidance and leadership.

The plan was released in June 2010; the FRRP will over
see its implementation, and The Nature Conservancy will
provide primary coordination. Core FRRP partners include
the Florida Department of Environmental Protection, the Na-
tional Oceanic Atmospheric Administration, and Australia’s
Creat Barrier Reef Marine Park Authority along with several
other agencies, universities, and organizations, including:
EcoAdapt, University of South Florida, University of Miami,
Rosenstiel School of Marine and Aimospheric Sciences, Flor
ida Fish and Wildlife Conservation Commission, Southeast
Florida Coral Reef Initiative, Florida Institute of Technology,
Mote Marine Laboratory, Nova Southeastern University, and
the Florida Keys National Marine Sanctuary.

For More Information

For more information, please visit htip://www.frrp.org or
confact EcoAdapt at info@FEcoAdapt.org or The Nature
Conservancy at info@inc.org.

Contributor

This vignette was prepared by Alex Score, EcoAdapt, Alex.
Score@EcoAdapt.org.
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Building a Network of Climate-Resilient Watersheds

in Oregon

The impacts of climate change are already apparent in
Oregon'’s water systems. Changing patterns of flooding and
drought, precipifation, and femperature directly affect water
quality and quantity, creating new challenges for watershed
managers. Because of the complexities of climate change,
new considerations and approaches fo watershed man-
agement are needed. Managers can no longer assume a
stafic range of climate variability, but instead must consider
projections for future climate change when developing and
implementing restoration projects and standards. Consid-
eration for future conditions
allows managers fo build
system resiliency and fo re-
spond more effectively when
impairments occur. Building
resilience now will increase

the likelihood that Oregon

among watershed managers, (2) promote an understand-
ing of projected climate impacts to Oregon watersheds de-
veloped by the Oregon Climate Change Research Insfitute
(OCCRI), (3) facilitate an understanding of how fo develop
and integrate climate adaptation strategies into existing wor-
tershed council processes, and (4) effectively communicate
climate change issues fo local watershed constituents.

The Watershed Climate Project has completed the follow-
ing activities (1) a stafewide needs assessment of water
shed council staff in 2009 to assess knowledge of, and
concerns about, climate
impacts, as well as ca-
pacity  and
needs for the implementa-
fion of climate resiliency
strategies; (2) workshops

in 2009-2010 for water-

resource

watersheds can  contfinue

fo provide the services on

which both human and natu-
ral communities depend.

To support these efforts, the
Climate Leadership Initiative
(CU)" has implemented @
project on building resiliency
across Oregon’s watersheds
using a five-systems approach
(Figure 1). The audience for
the Preparing Watersheds for
Climate Change Project (hereafter, the Watershed Climate
Project] is broadly defined as “watershed managers” fo in-
clude the full range of participants in Oregon’s community-
based volunteer watershed management program?. This
includes professional resource managers, informed commu-
nity participants active in local watershed councils, and lay
audiences concerned with watershed health. The principle
learning objectives of the Watershed Climate Project are
fo (1) achieve a general understanding of climate change

iency in watersheds.

' The Climate Leadership Initiative is a social science—based global climate change
research, education, and technical assistance program of The Resource Innovation
Group, a 501(c)3 organization based in Eugene, Oregon.

2 The Oregon legislature established watershed councils in 1995 under House Bill 3441.
Oregon’s watershed councils are locally organized, voluntary, nonregulatory groups

infended to improve the conditions of local watersheds.

Climate
Resilience

Figure 1. Fivessystems approach to building climate resil

shed managers to identify
local climate impacts and
climate resiliency strate-
gies; and (3] the CLI Wao-
tershed Council Resilience
Cuide, released in early
2011,  which
step-by-step climate action
planning for watersheds,
including indicators for as-
sessing and monitoring re-
siliency. Among its future
initiatives, the Watershed Climate Project will collaborate
with state agencies, research instfitutions, and organizations

outlines

fo (1) develop protocols for climate change consideration in
fotal maximum daily load programs, (2) define and evaluate
indicators, and (3) develop case studies on climafe action
planning for watersheds. Funding for the project has been
secured from foundation sources as well as the Oregon Wor-
tershed Enhancement Board, a sfate agency funded primar-
ily through lottery dollars.

The insights provided by the 2009 statewide needs assess-
ment indicate a broad understanding among watershed
managers that climate change will probably have negative
impacts on watershed health and a corresponding high
degree of concern about the nature of those impacts. The
assessment further found that watershed managers lack spe-
cific, localized projections for changing climatic conditions
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within the watersheds they manage. The majority felt that
they lacked the understanding, capacity, and resources
needed to incorporafe adaptive responses into existing wor-
fershed management activities.

To meet these needs, ClI developed and refined a fraining
curriculum in 2009-2010 using a fivesystems approach
that provided an overview of principles and methods for
climate resilience. The five-systems approach considers all
aspects of the watershed by identifying climatic impacts
fo natural systems (e.g., landscapes, streams, and biodi-
versity), human systems (e.g., emergency response, health
care, and education), built systems [e.g., transporfation, irri-
gation, communications infrastructure, and bui|o|ings), cultur-
al systems (e.g., species and places of cultural importance),
and economic systems (e.g., fores‘rry, ogricuHure, manu-
facturing, and tourism) as well as examples of resilience
strafegies that are beneficial across multiple systems. The
fraining curriculum draws extensively from the literatures of
adaptive resource management, natural systems resilience,
human psychology, and climate change communications fo
build capacity among watershed managers for developing
response sfrategies.

The fraining program included a series of presentations,
focilitated participant discussion with question-and-answer
periods for presenters, and a series of tablefop exercises in
which participants worked through future climate projections
developed by OCCRI. The modeling, which was provided
by OCCRI and the USDA Forest Service Pacific Northwest
Research Station, featured downscaled climate projections
(i.e., at an 8+km? scale compared to global climate models
that provide regional projects af a scale of 150 km?).

The resilience guide supplements training materials and pro-
vides step-by-step guidance for applying the tools described
during the training sessions, including indicators for moni-
foring resiliency and a process for initiating climate acfion
planning. The resilience guide identifies how watershed
managers can use local climate data to develop a whole-
sysfems approach to climate action planning and to devel
op strafegies under conditions of uncertainty. For example,
the resilience guide identifies approaches to infegrating the
flexibility and adaptability of projects and provides case
studies. It also provides specific tools and exercises to fa-
cilitate the planning process—for example, mapping past
evenfs and responses and evaluating priority strafegies for
implementation. Finally, ClI has developed a professional
networking website using “Yammer” networking technology

. .

Although the Watershed Climate Project was initiated in Or-
egon, the methods, tools, and lessons learned are transfer-
able to watersheds across the country where practitioners or
decision makers are beginning to consider climate impacts
and the need for resilience strategies. CLI continues to work
with the watersheds and associated communities across
Oregon fo prioriize, fund, and initiate the implementation
of strategies. The project released the resilience guide to
watersheds in the Pacific Northwest in winfer 2010-2011
and will make it available to other regions in summer 201 1.

For More Information

For more information, please contact Stacy Vynne (stacy@
frigcli.org). The survey results, reports, modeling data, and
the resilience guide are available at www.climateleader-
ship.org.

Contributors

This vignefte was prepared by Stacy Vynne, project man-
ager, and Steve Adams, managing director of the Climate
leadership Initiative, o program of The Resource Innovation

Group.
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as a means of facilifating ongoing conversation and shar- MalcoL ‘@ARCADIS
ing among watershed managers concemed with climate imagine the result e
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What's in a Name? Not Much if It's “Climate Change”

Our choice of words affects
how the general public re-
sponds fo issues—whether
at local, national, or even
global scales.

With public opinion polls e
routinely finding the issue of ~ #esee
“climate change” toward

a L i i

B O T .

w  For a while, it appeared
as though the general
public was inferested
in leaming more about
"global warming.”  After
the release of An Incon-
venient Truth in 20006,
Americans  stampeded
to Google to learn more

the botfom of the priority list
for most Americans, it may
be time to begin paying at
fenfion fo the words we use
fo engage the public. The
latest assessment report by
the Infergovernmental Panel
on Climate Change finds
that the increase in global temperatures is very likely attribut-
able to greenhouse gas (GHG) pollution from human activity.
As the United States has yet to act on GHG emission regulo-
tions, it is very likely that US GHG emissions will continue to
rise, along with their longferm impacts.

WATER PENNY SPONSOR
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Figure 1. Google Trends (from December 18, 2010) in tracking
website hits for the search ferms “global warming” (top blue line)
and “climate change” (top red line) by users in the United States
from 2004 to 2010. The bottom graph indicates the use of the

terms “global warming” (bottom blue line) and “climate change”
(bottom red line) in online news articles.

about “global warming”
(Figure 1). So what went
wrong@

The  language
changed  since
and  their

has  waned.

has
then,
enthusiasm

"Climate
change” overtook “global warming” as the predominant
ferm used in the news media. Google Trends data reveal
the consequence: back when the press wrote about “global
warming,” the public conducted Google searches about
"global warming.” Now that the press writes about “climate
change,” the public doesn't seem to respond much at all.

A few years ago, Frank Luntz urged those opposed to GHG
regulations to use the phrase “climate change” as his re-
search had found that voters greefed this term with complo-
cency but responded with alarm to “global warming.” In
2010, he released the presentation “The language of the
Clean Energy Economy.” This time, his purpose is to advance
solutions to GHG pollution. His presentation is packed with
useful advice to help regain some of the ground we have lost
over the past few years.

Among his time-tested recommendations, Mr. Luntz suggests
that if we want fo build political support for GHG regulo-
tions, we must use the same words that the voters do, such
as “clean,” "healthy,” and “safe.” We must avoid jargon—
especially the terms “carbon-neutral” or “anthropogenic.”
Even more importantly, Mr. luniz urges us to define our pur
pose more broadly than “preventing global warming.” In
particular, we must stress the benefits of clean energy tech-
nologies in terms of gaining “energy independence” from the
Middle East and the prospects of new jobs in industries that
have a future.

M. Luniz's advice is useful for insidethe-belway political
players sparring over law, policy, and the public purse. But
what about engineers, scientists, and public servants out on
the front line? What about people like you—anticipating
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harsher weather and rising waters, creek by creek, acre by acre,
neighborhood by neighborhood? Allow me to channel Mr. Luntz
and provide some practical advice: If you want to build public

For More Information

For more information, contact Eric Eckl, Water Words
That Work, LLC, eric.eckl@waterwordsthatwork.com.

support for stream restoration, erosion prevention, or polluted runoff

reduction, it is more important for you fo stress the traditional ben-
efits of this work—clean water, improved flood safety, and a home
for wildlife—than the need to prepare for climate extremes or the
historical rationale for your efforts, such as floodplain development

and channelization.

List of Sources

Contributor
This vignette was prepared by Eric Eckl, founder of
Water Words That Work, LLC, a marketing agency
that helps nature protfection and  pollution control
organizations professionalize and modemize their
communications.

Coogle. No dafe. Google trends. http://www.google.com/

trends

Oyster River Culvert Analysis Informs Coastal Climate

Change Adaptation

Many coastal communities in the eastern United Stafes are
experiencing an unusual and persistent increase in heavy
and extreme sforms that is generally consistent with climate
change projections. Existing drainage systems were not
designed to safely pass the volume of water resulting from
these events, and new sysfems sfill are being designed us-
ing 50yearold standards. As a result, there is an increased
likelihood that drainage components will fail, damaging in-
frastructure and property, causing loss of life, and degrad-
ing both fluvial and estuarine aquatic ecosystems. However,
published adaptation research and planning guides remain
typically characterized by general resilience building or re-
gional vulnerability studies.

On October 5th, 2010, the White House Council on En-
vironmental Quality issued its Progress Report of the Infer-
agency Climate Change Adapfation Task Force, one of the
key findings of which is that the federal government must ”...
promote and implement best practices for adaptation...."!
A recent study by a team in New Hampshire is helping to
actualize these goals. The Oyster River Culvert Analysis Proj-
ect assessed the capacity required for a coasfal watershed's
stormwater drainage system to accommodate mid-twenty-first
century climate change and population growth. This study
delivered results in a form understandable to, and usable
by, planners, resource managers, and decision makers. The
project was performed by Syntectic Infernational, led by
latham Stock and Michael Simpson, under confract to the
Piscataqua Region Estuaries Partnership. It was one of six

1S Council on Environmental Quality, Progress Report of the Interagency Climate Change
Adaptation Task Force: Recommended Action in Support of a National Climate Change Adaptation

Strategy (Washington, DC: Council on Environmental Quality, 2010), page 8.

pilot projects selected nationwide for funding under the US
Environmental Profection Agency's Climate Ready Estuaries
Program. The study estimated adaptation costs, developed
methods for managing uncerfainty, and examined the ca-
pacity of nonstructural methods such as low-impact develop-
ment (LID) to mitigate climate change impacts. The project
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challenged the validity of the commonly held assumption
that climate model output is too uncertain to support reliable,
quantified, and actionable information for localscale adap-
fation needs.

For this project, a multidisciplinary team used conservative,
wellestablished analytical methods. The team computed run-
off using the curve number method and modeled current and
projected culvert capacities using standard civil engineering
formulas. To project population growth, they performed a
build-out to current zoning standards. They estimated future
precipitation using state-ofthe-art stafistical methods and
output from the highlyregarded Geophysical Fluid Dynam-
ics Laboratory 2.1 coupledclimate model. The team used
a statistical downscaling method, validated against histori-
cal rainfall records. They projected mid-wenty-irst century
precipitation amounts for two greenhouse gas emissions
frajectories: the optimistic (A1b), and the pessimistic (ATfi)
scenarios. They developed an achievable LID scenario that
would maintain, on each building site, 25 mm (1 in) of the
precipifation falling on impervious surfaces. The team esti-
mated replacement and upgrade construction costs, and the
resulting impact on fown budgets and property fax burdens.

Key findings include the following:

e Of the watershed's culverts, 5% are already undersized for
the 1971-2000 rainfall pattern, and 32% have impaired
conditions that reduce flow capacity.

e The midfwentyfirst century design storm is estimated fo be
35% and 64% greater, for optimistic and pessimistic cli-
mate change scenarios, respectively, than that historically
used for specifying drainage systems. What historically
had been a 1-in25vear (i.e., a 4% probability] storm
is projected to become a 1-in-/.5-year event. And what
had historically been a 1-in-150-year sform is projected to
become a 1-in-25-year event.

e Of the culverts in the watershed, 17% and 28% probably
will be undersized by midtwentyirst century, for optimistic
and pessimistic climate change scenarios, respectively.

* Watershed-wide, the cost of upsizing atrisk culverts is es-
fimated to be 9% greater than the cost of replacing all
culverts with ones of identical size at the end of service
life. Spread over a 30-year period, this adds 0.02% to
annual fown budgets. Preparing a community’s drainage
system for climate change is estimated to cost 65%-80%
less than repairing damage fo road-stream crossings that
results from undersized culverts.
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adaptation. For culverts in the watershed, 65% are project
ed to be adequately sized even for the upper 95% confi-
dence limit of the pessimistic climate change scenario.
Adapting the watershed's drainage system for pessimistic
climate change costs only 5% more than adapting for an
opfimistic expectation, so incorporating a safety margin to
accommodate uncerfainty carries litfle penalty. Because
of the discrete sizes of premanufactured drainage compo-
nenfs, an upgrade for a culvert undersized for optimistic
climate change generally will provide adequate capacity
for the mostikely pessimistic climate change conditions.

® Most culverts projected to be undersized are on rural,
low-raffic roads; as a result, the risk from failure of these
components is lower than if failure occurred in highly-
populated neighborhoods or high-raffic roads.

e A practical and politically palatable LID standard can sig-
nificantly mitigate the impacts of optimistic, but not pessi-
mistic, climate change. For the study site, under optimistic
climate change impacts LID can reduce the number of cul-
verts requiring upgrading by 25%-100%. However, as
rainfall becomes more exireme, the goal of mainfaining
onsite 25 mm (1 in) of rainfall on impervious surfaces
becomes less significant. Under pessimistic impacts, LID
reduces the number of culverts requiring upgrading by

only 5%-8%.
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This study makes a significant contribution to climate change
adaptation of estuaries and coastal watersheds by pro-
posing a simple yet reliable model capable of generating
specific estimates of civil infrastructure vulnerabilities. These
resulls may be of interest to planners, resource managers,
stakeholders, and decision makers, as they consider prepar
ing for predicted increases in rainfall infensity and watershed
runoff. The authors hope that this work will increase aware-
ness of the need for, and practicality of, climate change
adaptation.
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For More Information

A copy of the project report can be found at http://www.
prep.unh.edu/resources/ pdf/oyster_river_culvert-prep-10.
pdf. Or contact Llatham Stack at Istack@synfectic.com.

Contributors

Contributors fo this vignette include Latham Stack, Syntectic
International LLC; Michael Simpson, Antioch University New
England; Thomas Crosslin, Climate Techniques; Colin Law-
son, Antioch University New England; Derek Sowers, Pis-
cataqua Regions Estuaries Partnership; and Robert Roseen,
University of New Hampshire Stormwater Center.
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Water, Climate Change, and Forests:
Watershed Stewardship for a Changing Climate

By Michael J. Fumiss, et al. Portland, OR: USDA Forest Service, Pacific Northwest Research Station, 2010.

Reviewed by laurel Woodworth, Center for VWatershed Profection

Water, Climate Change, and Forests takes a big-picture
look af the likely impacts of climate change on our nafion’s
waterways and asserts that forests will serve as safety nefs
for maintaining our supplies of fresh water. This recently
released report is less a detailed how-o manual for forest
managers than it is a manifesto of how the USDA Forest
Service [USFS) believes it will need to respond to climate
change, not only to profect forests and habitats, but also
fo preserve water resources.

The strength of this 75-page report lies in its infroduction
and background. The facts and figures in these pages
give the reader a thorough synthesis of the hydrological
responses and cumulative effects of climate change. The
infroduction makes it clear that this piece is strictly about
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adaptation to climate change, not the benefits that for-
ests may provide in mitigating the effects of climate
change. The report assumes that the global temperature
will rise and that a myriad of climatic and ecological
changes will result. In this context, the authors advocate
a framework to prepare and learn to adapt in three
distinct sections: “Think,” “Collaborate,” and “Act.” The
report closes with examples of how USFS is evaluating
forest and watershed management in the context of cli-
mate change fo target and prioritize actions.

The climate change picture painted in these pages is of-
fen dire, making the juggling act of forest management
in the uncerfain future seem like an impossibly compli-
cated task. Yet the report persuades us with a wealth
of revealing maps and statisfics that we don't have a
choice—if we don't have forests, we won't have clean
water (or enough water, period). As clean freshwater
sources become increasingly scarce, forested lands will
remain the “water fowers” of the nation as they store
and filter a huge proportion of the water we depend on.
In fact, as the report points out, 50% of fresh water in the
United States originates from forested headwater lands,
18% of which is National Forest acreage.

The language used in this report makes it accessible
fo scienfists in a broad range of fields, as it is not rife
with agency lingo or fechnical silvicultural terms. Though
not as defailed as some foresters may like, Water, Cli-
mate Change, and Forests comprehensively examines
the unique and important relationship between intact,
healthy forests and watershed resilience and sends a
calHo-action to forest managers to think critically, col-
laborate broadly, and act swiftly to relieve the stress of
climate changes on our nation’s watersheds. To be fair,
no one will know in defail how climate change will im-
pact forests until it happens, but this report does a nice
job of gathering up the evidence we do have and mak-
ing a plan for the future of forest management.

The report and complefe citation may be downloaded
af: www.fs.fed.us/pnw/pubs/pnw_gtr8 12 pdf
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HAVE A QUESTION YOU'D LIKE US TO ASK OUR EXPERTS? The upcoming Fall 2011 issue will focus on the

influence of watershed land cover on the condlition of downstream water resources. AVWSPs members and Bulletin subscrib-

ers may email their questions o bullelin@awsps.org. The Bulletin features interviews with experts in the watershed and

stormwater professions o discuss the topic of each issue. In this issue, four professionals weigh in with diverse perspectives

on climate change in the context of watershed management. Here is what our experts had fo say...

NOAA'’s Multi-Level Approach to Climate Change

Margaret Davidson
Director, NOAA Coastal Services Center

Margaret Davidson is the director of the National Oceanic and Aimospheric Adminis-
fration (NOAA|) Coastal Services Center. Before joining NOAA, she was executive director
of the South Carolina Sea Grant Consortium and also served as special counsel and as-
sistant attorney general for the Louisiana Department of Justice. She has focused her profes-
sional work on environmentally sustainable aquaculture, mitigation of coastal hazards, and
impacts of climate variability on coastal resources. Davidson earned her juris doctorate in

natural resources low from Louisiana State University. She later eamed a master’s degree in marine policy and resource
economics from the University of Rhode Island. Davidson holds a faculty appointment af the University of Charleston; serves
on the adjunct faculties of Clemson University and the University of South Carolina; has served on numerous local, sfafe,
and federal committees; and has provided leadership for national professional societies.

How is your agency involved in climate change?
Does NOAA address water resources specifically as
an aspect of climate change?

NOAA and other agencies are working foward es-

fablishing national climate services to provide local
governments with the resources to help address climate
change issues [see list of recommended resources, below).
For example, the agency's Data & Services webpage feo-
tures a section called “Climate and You,” which provides
information and resources to link climafe change fo commu-
nity planning needs. The issue of water resource profection
has been recognized by NOAA as one of the top five issues
affected by climate change. Future water resource planning
will need fo incorporate measures fo account for climate
change.

What is a key first step that federal, state, and local
government agencies can take now to address the
potential impacts on water resources from climate change?

Synchronization of planning efforts at all three levels is
necessary fo adequately address the potential impacts
on water resources from climate change. Also, we need

an “infervention strategy” for land use planning that would
bring fogether developers, councils of governments, and
others to talk about growth, since decisions for future growth
and economic development are determined outside the pub-
lic sector realm. Finally, municipal planners need to update
current watershed plans, conservation plans, and floodplain
management plans. One problem occurring due fo climate
change is that, in some cases, the floodplain mapped by
the Federal Emergency Management Agency (FEMA] and
the observed floodplain may be different, which can result
in growth in flood-prone areas.

What major group could, if it came to the table,
make a difference in implementing climate change
work in our watersheds?

The privafe sector is a big player that really needs

fo be brought fo the table, and also the Chamber of
Commerce, developers, and builders since they influence
where local growth takes place. If they were included in
the climate change discussion, we could defermine how
development is occurring fo keep future development out of
changed floodplain areas.
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What methods or techniques can effectively
engage people in the discussion about climate
change and/or watersheds?

Our agency defermines the technical assistance

fo offer o other agencies and local governments
through @ needs assessment survey. We found that
storytelling is more effective than lectures at engaging
people. We also found connections between plan-
ning required for catastrophic events (flooding, wild-
fires, and drought] and planning required to address
climate change. This approach works well in areas
where people may not be sold on the idea that cli-
mate change is real, but can understand the impact of
community disasters.

Share one of your favorite success stories for climate
change in watershed planning.

The National Infegrated Drought Information System (NI
DIS) project in the Upper Colorado River basin. The Colo-

rado River basin (CRBJ is the location for the first NIDIS pilot
project fo improve the capacity fo manage droughtrelated risk
using a collaborative, interagency approach, lead by NOAA.
NIDIS was authorized by the federal government through legis-
lation in 20006 for the development and coordination of drought
risk information fo support proactive decision-making. The CRB
project includes drought early warning systems, cusfom drought
index tools, water supply indicators, weekly webinars to monifor
drought conditions, and more.

Interviewed by Chris Swann
Center for Watershed Protection

EPA Fosters Resiliency at the Local Level to

Address Climate Change
Karen Metchis

Senior Policy Advisor for Climate Change, USEPA Office of Water

Karen Metchis currently serves as the US Environmental Profection Agency (USEPA)
Office of Water's senior policy advisor for climate change. She coordinates the National

Water Program’s efforts to address climate change, including the challenges of adapting et
fo impacts on water resources. Karen has been at USEPA for 18 years. Before joining the -
Office of Water ten years ago, she worked in the Office of Air and Radiation and the Office of Policy.

How is your agency involved in climate change?
Does USEPA address water resources specifically as
an aspect of climate change?

The USEPA National Water Program established a

workgroup in 2007 to evaluate climate change impli-
cations for water resources and for USEPA's water programs.
In 2008, the workgroup published a strategy that included
44 "key actions” that could be initiated with existing resourc-
es and that the National Water Program planned to under-
fake during 2008 and 2009. Subsequently, the Workgroup
published a Key Action Update for 2010 and 2011. Over
the past four years, USEPA's implementation of these key ac-
fions resulted in significant momentum fo address this issue,
and the workgroup is now revising the strategy.

Climaterelated program examples underway include Cli-
mate Ready Estuaries, Climate Ready Water Utilities, Wa-

terSense (for residential water use efficiency), and the Green
Infrastructure Initiative (fo use “natural infrastructure” to help
manage stormwater).

Can you explain how climate change is expected
to affect stormwater planning and water quality in
lakes, rivers, and streams in noncoastal areas?

The phrase “stationarity is dead” is a catch phrase for

the fact that the hydrological cycle that we planned
our communities around is shifting. We rely on information
derived from historical records during the past 100 years
for designing infrastructure, planting crops, and managing
water supplies. Scientists tell us that we can expect a range
of shifts in different parts of the country and the following im-
pacts (1) warmer air temperatures will result in warmer water
that holds less dissolved oxygen; (2) heavier precipitation
will increase flooding, streamflow variability, and erosion
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due to higher water velocity; (3) altered precipita-
fion patterns or drought can affect drinking water
supply availability; (4] rising sea levels will inun-
date shorelines, displacing wetlands and altering
the tidal ranges; (5) increased evapotranspiration
and changes in stream and lake flow may change
wefland and lake size; and (6] altered aquatic
species composition will result in, for example,
increases in the populations of those species bet-
fer adapted to warmer waters. The US Globoal
Change Research Program website (see below)
defails the expected changes in the country's re-
gions and different secfors of society.

What is a key first step that federal, state,

and local government agencies can take
now to address the potential impacts on water
resources from climate change?

A few key steps are for communities or plan-

ners fo conduct vulnerability assessments
and implement “win-win strategies” that build re-
silience over a range of impacts, using methods
such as green infrastructure, low impact develop-
ment, energy and water conservation programs,
and source water protection strategies. There is
a growing body of tools that we can readily ac-
cess (e.g., USEPAs Climate Ready VWater Utilities
toolbox and the Climate Resilience Evaluation and
Awareness Tool). Finally, educating the public is
crucial.

What major group could, if it came to the
table, make a difference in implementing
climate change work in our watersheds?

An authoritative body with regional exper-

fise needs to provide guidance for how fo
use the best available projections, information
and methods at the local scale where decisions
This provision of reliable, accepted
information will help local action begin or gain
momentum.

are made.

But it is imporfant to note that this
information will not be handed to us on a silver
platter — this is going fo require us to become
"knowledgeable users” of information as we de-
velop more and better tools and learn how to ap-
ply them.

ASKTHEEXPERTS

Share one of your favorite success stories for climate change
in watershed planning.

One recent example of a successful project supported by the

Climate Ready Estuaries initiative involves the Charlotte Harbor
National Estuary Program and the City of Punta Gorda, Florida which
developed a city-wide climate change adaptation plan.  They con-
ducted three workshops that included interactive exercises to engage
the public in helping to consider and prioritize vulnerabilities and
adaptation strategies. The plan was approved by the City Council
in November 2009. The top adaptation strategies that were agreed
upon include: seagrass protection and resforation; xeriscaping and
native plant landscaping; explicily indicating in the comprehensive
plan which areas will refain natural shorelines; constraining locations
for certain high-risk infrastructure; restricting fertilizer use; promoting
green building alfernatives through education, taxing incentives, and
green lending; and drought preparedness planning.

City of Punta Gorda Adaptation Plan

htto: / /www.chnep.ora/projects /climate /PuntaGordaAdaptation-
Plan.pdf

Interviewed by Greg Hoffmann
Center for Watershed Protection
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“No regrets” Approach Advocated

John Jacob

Coastal Community Development Specialist, Texas Sea Grant College Program

Director, Texas Coastal VWatershed Program

John Jacob is the coastal community development specialist for the Texas Sea Grant College
Program and the director of the Texas Coasfal Watershed Program. He holds a joint appoint-
ment with the Texas A&M Sea Grant Program and Texas Agrilife Extension Service through

the Department of Recreation, Parks, and Tourism Science. He has coastwide responsibility

for inland environmental problems that have a direct impact on the quality of Texas bays, estuaries, and coastal waters.
Preeminent among these issues are the mitigation and abatement of runoff pollution from both rural and urban sources
and the preservation and resforation of valuable natural habitats, such as wetlands. His current project, Coastal CHARM
(Community Health and Resource Management), aims to enable coastal communities in Texas to improve the quality of
life in cities and towns while preserving and enhancing the natural coastal environment. The Texas Coasfal Watershed
Program provides education and outreach to local governments and citizens about the impact of land use on watershed

health and water quality.

How is your work involved in climate change? Do
you address water resources specifically as an aspect
of climate change?

Planning for climate change is not addressed directly

or quantitatively through my program, but it is con-
sidered within the framework of existing programs—for ex-
ample, with storm surges, building in the floodplain, and sea
level rise. | work specifically with coastal communities and
advocate for resilient communities under any circumsfance.
We promote the idea of freeboard, adequate buffers, and
good planning to deal with uncertainty.

Can you explain how climate change is expected
to affect stormwater planning and water quality in
lakes, rivers, and streams in noncoastal areas?

Stormwater planning that takes into account climate

change should focus on the potential for larger and
more frequent storms, including hurricanes. But a key point
here is that most coastal communities are not planning like
they should for the sforms we have now, let alone climate
change impacts. VWe need to work with our coastal commu-
nities and noncoastal communities on simple, good planning
principles. For example, do not build in the flood plain and
stay out of storm surge zones. When communities need to
build in a hazard zone (and almost all coastal cities by defi-
nition have to do that), then simply build better and stronger.
Building a better, more walkable city also incorporates more
resiliency features (for example, check out the January 2011

issue of Zoning Practice by the American Planning Associo-
fion, which discusses smart growth and coastal hazards in
the recommended resources at the end of this section). All of
these are things that can be done without having to bring up
the often contentious issue of climate change.

The main issue of a larger “envelope of uncertainty” would
be similar for coastal and noncoastal areas. larger storms
moving inland could very much affect channel dynamics.
We would therefore like to have larger buffers along our
stream channels—something we would like to have anyway
for a variety of reasons, making this a “noregrefs” way fo
adapt to climate change. In addition, in coastal and non-
coastal areas alike, we should plan for variability and en-
gage the community.

Can you list actions that federal, state, and local
government agencies can take now to address the
potential impacts on water resources from climate change?

Federal flood insurance subsidies should be removed

because development in the floodplain is essentially
a moral hazard. The federal government can improve as-
sistance by providing dollars, flood maps, and community
incentives, such as the Community Rating System (see recom-
mended resources) fo local jurisdictions.

Action at the local level is needed more than at the federal
level. For success on any level, local stakeholders should
be involved in all aspects of climate change planning and
should be the primary drivers of the process. It will be very
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important fo focus on “noregrets” kinds of policies that
have ancillary benefits across a range of areas.

What are your top two “good” and “bad” issues
associated with climate change?

Good: The most important thing we can do in my

opinion is build better cities. By better cities, | mean
walkable cities, built to a pedestrian scale. As discussed
in the Zoning Practice article, the proximity and density re-
quired for a walkable city allows a series of characteristics
that enable greater resiliency. For example, a denser city
or community requires much less land and can therefore
choose where development occurs. Mixed use, the com-
ingling of residential and commercial areas, might result
in easily accessible “community safe rooms,” to borrow a
phrase from FEMA. Townhomes and smaller lot homes use
much less water than the Va-acre lots that are typical of
modern suburban developments. We should be building

better cities as a standard practice, so all of these things |
mentioned are “no-regrets” policies.

Bad: For the much of the clientele | work with, it is often
counterproductive to address climate change directly. It is
unfortunately a polifically charged topic. Concentrating foo
much on the direct approach is a “bad” issue for me. No
one disputes that coastal population growth is occurring.
This growth invariably puts more people in harm's way.
Climate change does exactly the same thing - growth just
greatly exacerbates the potential harm. The point is that we
can perhaps be more successful by helping communities do
planning efforts that include hazard mitigation plans, for ex-
ample. For the coast, hazard mitigation is climate change
adaptation. Just about everyone can sign off on hazard
mitigation (even though it requires some serious nudging)
and that is not the case with climate change adaptation.

Interviewed by Lori Lilly
Center for Watershed Protection

Making Global Climate Change Science

Relevant to Local Management
Ken Potter

Professor, University of Wisconsin-Madison

Ken Potter is a faculty member of the Department of Civil and Environmental Engineer-
ing af the University of Wisconsin-Madison. He holds a BS from Louisiana State University
and a PhD from Johns Hopkins University. Ken's research focuses on (1) stormwater model-
ing, management, and design; (2) adaptation of water resource management to climate

ASKTHEEXPERTS

change; (3) hydrologic modeling, design, risk estimation, and budgets; and (4) aquatic system restoration. His interdisci-
plinary research provides a technical basis for the sustainable use of aquatic resources and for restoring degraded aquatic
resources. Ken is a fellow of the American Association for the Advancement of Science, American Geophysical Union, and

Woodrow Wilson International Center for Scholars.

How is your research involved in climate change? Do
you address water resources specifically as an aspect
of climate change?

| am involved in two climate change—related research

projects that involve flood-related infrastructure, such
as stormwater management practices, wastewater treatment
plants, bridges, and flood profective works. Our research
feam uses downscaled daily precipitation projections based
on 15 global circulation models used in the latest Infergov-
ernmental Panel on Climate Change report. Our research
includes interactions with municipal engineers, wastewater
freatment plant operators, the Wisconsin Department of
Transportation, and private consultants.

Can you explain how climate change is expected

to affect stormwater planning and water quality
lakes, rivers, and streams in noncoastal areas?

in

The climate projections for the period 2046-2065 in-
dicate modest increases in the 10-and 100-year daily

rainfall quantiles. Also, significant increases in the frequency
of 75-cm (3-in) rain events are expected, with high variabil-
ity across the 15 models. Finally, substantial increases in
winter and spring precipitation and in the fraction that will
occur as rain appear likely.

The predicted increases in the daily rainfall quantiles are
relatively modest and vary widely across models; as a con-
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sequence, the research team does not believe that the
projections will be used in stormwater planning. How-
ever, the projected increases in the frequency of moder
afe rainfalls have significant water quality implications.

What do you think are the key drivers of climate

change with respect to watershed planning and
stormwater management, and what do we need to
know about them to move forward and take action?

For Wisconsin, the major drivers are large rainfall

events, which cause flooding, as well as small-
er rainfall events that affect water quality. Increases
in winfer—spring precipitation and in the rain fraction
will likely impact watershed flooding. However, the di-
rection of the impact is unclear. For many Wisconsin
watersheds, spring snowmelt is the dominant flooding
cause. Based on our preliminary modeling, the pro-
jected change in winter—spring climatology may result
in a decrease in snowmelt flooding. However, if this
is the case, there will be an increase in groundwater
flooding. In the last two years, many communities have
suffered from groundwater flooding. In fact, the Village
of Spring Green (Wisconsin| was the first community in
the United Stafes to receive FEMA funding fo relocate
homeowners displaced by groundwater flooding.

Can you list actions that federal, state, and local gov-
ernment agencies can take now to address the potential
impacts on water resources from climate change?

The US Weather Service should complete national cover-

age of NOAA Atlas 14 (precipitation frequency reports)
and develop a mechanism for upgrading the statisfics every
decade, resurrect the national storm catalog and develop the
capacity fo augment it using gauge and radar data, and pro-
mote the use of calibrated radar rainfall data for measuring
and modeling rainfall at the watershed scale. All states should
mandate minimum sformwater standards for new development.
State and local governments should require the use of Aflas 14
for stormwater management and design.

What major group could, if it came to the table, make a
difference in implementing climate change work in our
watersheds?

It is my experience that widespread skepticism exists re-

garding climate change, and regulators are cautious in
ferms of how to address it as part of their decision making.
As a consequence, it is better to present climate change in the
confext of other risks, such as the vulnerability fo flood risk, and
encourage actions that reduce this risk. Climate change informao-
fion would inform both actions and lead to resiliency in systems.

Interviewed by Cecilia Lane
Center for Watershed Protection

Here are some of the top resources for climate change and watershed
management recommended by our experts:

NOAA Climate Services portal for agendies:
http:/ /www.climate.gov

National Integrated Drought Information System (NIDIS): index.cm

http:/ /www.drought.gov

National Academy of Sciences—Adapting to the Impacts of
(limate Change:
http:/ /americasclimatechoices.org/index.shtml

creat.cfm

(limate Change Indicators in the United Staes:
http:/ /www.epa.gov/climatechange /indicators /pdfs /
(limatelndicators_full.pdf

(limate Change Risk Perception and Management: A Survey i i s

of Risk Managers: i frr
http:/ /www.ceres.org/zurichreport el By e S
USEPA Watersheds: Water Utility Climate Alliance:

http:/ /water.epa.gov,/type/watersheds/

(limate Ready Water Utilities toolbox:
http: //water.epa.gov/infrastructure /watersecurity /climate,/

(limate Resilience Evaluation and Awareness Tool:
http: //water.epa.gov/infrastructure /watersecurity /climate,/

(limate Ready Estuaries:
http:/ /www.epa.gov,/dimatereadyestuaries/

USEPA headquarters activities and regional activities:
http: / /water.epa.gov/scitech /cimatechange /upload /High-

http://water.epa.gov/scitech /cimatechange /upload /

http: / /www.wucaonline.org/html /

NOAA Sea Grant Climate Community of Practice:
http:/ /qulfseagrant.tamu.edu/community.him

Mississippi and Alabama Sea Grant:
http:/ /tx.stormsmartcoasts.org/

Community Rating System
http:/ /tx.stormsmartcoasts.org/home /crs-primer/

Smart growth and walkability resources, such as Smart Growth
America:
http:/ /www.smartgrowthamerica.org/

New Urbanism:
http:/ /www.newurbanism.org/

American Planning Association, Zoning Practice:
http:/ /www.planning.org/ZoningPractice /

Jacab, John and Tommy Pacello. 2011. Coastal Hazards
and Smart Growth. Zoning Practice Issue Number 1, Practice
Resilience.
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Watershed Superstar

The Association of Watershed and Stormwater Professionals (AWSPs) sponsors a Watershed Superstar contest as a way to highlight the achieve-
ments of watershed professionals. AWSPs solicited nominations for the first such award in the Fall 2010 issue of the Watershed Science Bulletin.
A panel of three watershed professionals from the Center for Watershed Protection, Inc. judged applicants based on their accomplishments as
well as the unique qualities that make up a Watershed Superstar, including ambition, innovation, collaboration, and dedication. AWSPs is now
accepting nominations for the next Watershed Superstar to be featured in the Fall 2011 issue of the Bulletin. The deadline for nominations is
May 1, 2011. For additional information and to submit your entry, please visit www.awsps.org.

The Bulletin received an impressive collection of more than a dozen applications for Watershed Superstar. Each applicant has made a significant and positive impact on his or her
local watershed, and some have done so at national and infernational levels! The dedication and commitment shown by these applicants demonstrates what can be done to protect
and restore our watersheds—one project, one mile, at a time. Congratulations to everyone for their contributions.

The Watershed Superstar for Spring 2011

i Nancy McClintock

Assistant Director, Watershed Protection Depart-
ment, ity of Austin, Texas

o

Nominated by Victoria Li and Kathy Shay

Nancy McClintock has been a pivotal leader in wa-
ter quality protection in Central Texas for nearly 25
years. Her tireless work has inspired and quided successful agreements, land preserves,
award-winning educational programs and cutting-edge technical approaches during her
tenure with the City of Austin. Her accomplishments include many that are measured,
not only by the final product, but also by her capacity to build parmerships and have
some fun along the way. Below are some highlights of her work in Austin, Texas.

Nancy played an essential role in shepherding the Watershed Protection Department
from its infancy to the nationally recognized leader in natural resources stewardship that
it is today. She was the key driver in establishing the Environmental Integrity Index,
a comprehensive rating system that is now recognized as a national benchmark for
determining stream health. She helped spearhead the Watershed Master Plan, which
promoted the infegration of flooding, erosion, and water quality issues to find solutions
that went beyond tradifional, one-dimensional engineering. She is especially proud of

the groundbreaking staff research that led to the discovery of coaltar based pavement
sealants as a major contributor of PAH pollution, and ultimately to Austin’s passing of
the nation’s first ban on those products.

One of Nancy’s greatest legacies is the protection of more than 12,000 ha of Hill Coun-
try land that feeds Austin’s symbol of environmental health—Barton Springs. Nancy
quided the City’s efforts on bond propositions totaling $128,000,000 that allowed the
ity to purchase land and conservation easements that will forever keep these lands
undeveloped, contributing to clean, plentiful water for Hill Country springs and streams.

As a member of the Stakeholder Committee for the Regional Water Quality Protection
Plan for the Barton Springs Zone, Nancy worked with a diverse stakeholder group that
included ranchers, developers, and environmentalists to define guiding principles that
recognize the need fo preserve our unique environment and offer economic incentives.

Finally, Nancy's code of conduct allows her to reach across previously unbridgeable
divides. She has accomplished her tasks with a warm smile, a folksy wit, and an un-
derstanding that people do their best work when inspired. Austin and Central Texas, as
well as the national watershed community, are better today—and, more importantly,
will be able to remain so in the future—because of the efforts of this unique and
caring person.

Honorable Mention...

Darion Warren
Project Consiruction Manager, City of Juckson,
Mississippi

Nominated by Mauricka McKenzie

Darion is a rising Watershed Superstar in the City of
Juckson, Mississippi. In a short time, Darion has tumed around the local stormwater
management program—xwhich was characterized by high staff tumover, heavy fines,
and a lack of funding—to one characterized by action and innovation. Darion’s com-
mitment has inspired others to think more innovatively regarding solufions to stormwa-
ter problems. He has worked closely with stormwater equipment manufacturers and
stormwater consultants to determine cost-effective solutions to problems. Over the past
two years, he has developed more than 30 individual stormwater pollution prevention

plans (SWPPP) and inspected all of the affected facilities for annual compliance with
the developed SWPPPs. He spearheaded the city’s first stream cleanup event, which
featured considerable participation by partmerships between nonprofit organizations and
corporations, along with very high media campaign participation by television stations.
He has acquired and attended more stormwater management courses and stormwater
inspection and erosion control certifications than anyone else in the municipal public
service arena in Jackson, Mississippi. And he recently eamed a master's degree in
management from Belhaven University while working full time.

He has, singlehandedly, accomplished the work of three staff persons. Because of his
accomplishments, responsiveness, and enthusiasm, the public works director has pro-
posed significant monetary resources for the next fiscal year’s stormwater implementa-
tion program. Though only 29 years old, Darion has a strong desire to excel in his work
in the area of watershed protection.
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AWSPs Photolog Contest Winner

The Association of Watershed and Stormwater Professionals (AVWSPs) sponsored a photolog contest as a way fo feature
the watersheds in which we live, work, and play. Entries were accepted between October and December 2010, and
the winner was selected by the Center for Watershed Protection, Inc.

And the winner is....

Scoft Hansen for his photo, “lowcountry Shrimp
Dock.” The photo was taken at the Gay Seafood
Company on St. Helena Island in Beaufort County,
South Carolina. The abundance of seafood and
marshlands in this coastal community supports the
local seafood and tourism industries. Recognizing
the imporfance of natural resources to the com-
munity, Beaufort County has been adopting and
strengthening controls on stormwater runoff since
1998. As a result, more than 85% of the des
ignated shellfish harvesting waters remain open
for harvesting. This percentage has remained the
same since the county adopted its first water qual-
ity controls in 1998; during this same time period,
the county’s population increased by 30%.
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Stoneroller Sponsor URL PAGE
CONTECH Construction Products Inc. ... ... ... ... .. www.confech-cpi.com . ... ... ... L. o4

Kingfisher Sponsors
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StanfecInc . .. .. www.stantec.com. . ... 10
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TetaTechInc. .. ... ... ... . ... ... . ... ... ..., wwwi.tefratech.com. .. ... 7

Water Penny Sponsors

EnviroCert Infernational Inc. . ... ... .. ... ... ... www.envirocertintlorg . ... ... 24
Imbrium Systems Inc .. .. ... www.imbriumsystems.com. .. ... 52
Johnson, Mirmiran & Thompson Inc . ... ... ... ... ... WWWLMLCOM . .o 23
StormTreat Systems Inc. . ... ... oo www.sformireat.com. . ... 48

Spatterdock Sponsors

Advanced Drainage Sysfems Inc. ... ... ... WWW.adSPIpPe.COM . . ..o 49
ARCADISUS Inc ... ..o www.arcadisUs.com. . . ... 47
Ben Meadows. . . ... ... ... ... www.benmeadows.com . ... ... L. 50
KCl Technologies Inc. . .. ............ ... .. .. ..... www.kci.com. ... 45
PV & Associates LLC . . . . . ... www.winslamm.com. . .. ... 55
Wetland Studies and Solutions Inc. . .. ... ... ... .. www.wetlandstudies.com . . .. ... L. 31
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ASSOCIATION OF WATERSHED &
STORMWATER PROFESSIONALS

Latest News from AWSPs

Membership Information

Enjoy reading the Watershed Science Bulleting Consider joining the
Association of Watershed and Stormwater Professionals [AVWSPs).

Member benefits include:

® Two issues of the Watershed Science Bulletin per year

* Substantial webcast discounts

e 50% discount on Center for Watershed Protection publications

® Subscription fo the quarterly enewsletter, Runoff Rundown

e Significant discounts for Career Center postings

® Exclusive member discounts for conferences with indusiry partners

Next Issue

Be on the lookout for the Fall 2011 issue of the Watershed Science Buk-
letin, which features the next generation of research on the influence of
watershed land cover (e.g., impervious surfaces, forest, wetlands, grass-
lands, cropland, pasture, and managed turf) on the condition of down-
stream water resources. For additional information, visit www.awsps.org/
watershed-science-bulletin.

Upcoming Events

® May 18, 12-2 pm, Webcast: Ulira-Urban Stormwater Design and
Retrofitting (www.cwp.org/ourwork/training,/ webcasts)

® July 13, 12-2 pm, Webcast: The Top Actions That Local Governments
Can Take To Address Numerical Goals, Such as TMDLs & WIPs
(www.cwp.org/our-work/fraining/webcasts|

e September 14, 12-2 pm, Webcast: Rainwater Harvesting as a
Stormwater Management Practice (www.cwp.org/ourwork/training,/
webcasts)

Sponsorship

Sponsors of the Watershed Science Bulletin benefit from the Center for
Watershed Profection’s status among top decision makers in the watershed
and stormwater business. For additional information about sponsorship
within the journal, please visit www.awsps.org,/mediait.

AWSPs\ WS
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Founding Members

The first 100 members of the Association of Watershed and Stormwater Professionals are honored as founding members of the program. AWSPs would like to
thank the following founding members for their support:

Individual Members
Williom Arcieri, Vanasse Hangen Brustlin, Inc.
Francis Barbe

Bruce Barber

Kathleen Blaha, Blaha Consulting, LLC
Georganne Bowman, Boone County Public Works
Geoff Brosseau, BASMAA/CASQA

Cynthia Brown, Tetra Tech

Greg Brown, Atlantic Rainwater Management, LLC
Robert Brown, Streamline Planning

Brian Busiek, LimnoTech

Vicky Carrasco, University of Maryland Cooperative
Extension

David Clouser, David Clouser and Associates
Aislinn Creel, Timmons Group

Scott Cuppett, New York State Depariment of
Environmental Conservation

Brian Davila, Charles P. Johnson & Associates
Duane Demeritt, City of Austell, Georgia

Bill DePoto, LA County Public Works, Watershed
Management Division

Jennifer Dindinger, University of Maryland Sea Grant
Extension Program

Carla Dods

Kevin Drake, Integrated Environmental Restoration
Services

Susan Erlenwein, Sedgwick County Environmental
Resources

Joseph Fleming, Paulus, Sokolowski, & Sartor

Suzanne Fosfer, Parker Rodriquez

Adena Fullard, Gwinnette County Department of Public
Utilities

Tony Gallegos, Western Piedmont Council of
Governments

Tim Gangaware, University of Tennessee—Knoxville

Ed Gazendam, Water's Edge Environmental Solutions
Team Ltd.

David Gilbey

llene Gingerich, AH Environmental Consultants
Cecilia Govrik, Michigan Conservation Districts
Terry Hackett, Orange County, North Carolina

Hamilton Hackney, Greenberg Traurig

James Hall, Engineering Service Consulting Engineers
Eric Henion, City of Angola, Indiana

Sarah Hippensteel, Miami Conservancy District

Kent Holm, Douglas County Environmental Services
Steven Hubble, Stafford County Government

Scott Job, Tetra Tech

Jeremiah Johnson, Beckley Sanifary Board

Mary Johnson, Louisa Design Group

Sonja Johnson, City of Newberg

Michael Kakuska, Capital Area Regional Planning
Commission

Richard Kampf, The Elm Group
Owen Karickhoff, CT Consultants, Inc.

Keith Kennedy, NCTCOG, Department of Environment &
Development

Carrie Lamb, Springfield, Missouri

Ryan Langan, Thurston County Storm and Surface Water
Utity

Jomes Lenhart, Contech

Howard Lusk, CH2M Hill

Debbie Magin, Guadalupe-Blanco River Authority

Thereso McGeady, The Miami Conservancy District

Shahram Missaghi, Minnesota Extension Stormwater
Education Program

Hilary Noonan, Syntax Land Design

Michael Novotey, Lake County Stormwater
Management Commission

Edwin Paulson, MWH Americas, Inc.
Scott Perry, Imbrium Systems

Barbara Priest, Oregon Department of Environmental
Quality, Water Quality Division

Paul Rentschler, ASTI Environmental

Jeffrey Rice, Urban Systems Ltd.

Joanne Richter, Richter Environmental Consulfing
Amanda Rockler, UMD Sea Grant Extension Program
Bruce Roll, Clean Water Services

Levi Rose, Plateau Action Network

Barbara Rosenstegl

Lauren Ross, Glenrose Engineering

Darlene Rusnak, ity of LaGrange, Kentucky

Patricia Sauer, lowa Association of Municipal Utilities

Steve Schreiner, Versar, Inc.
John Sigler, City of Pocatello, Idaho
Kim Singleton, Sandy City, Utah

Jeffrey Sitler, University of Virginia, Office of
Environmental Health & Safety

Jeremy Sokulsky, Environmental Incentives, LLC
Pavlos Stavropoulos, Woodbine Ecology Center
Eileen Straughan, Straughan Environmental
Ken Susilo, Geosyntec Consulfants

Juckie Takacs, University of Maryland Extension—
Maryland Sea Grant

Sarch Taylor-Rogers, Department of Agriculture & Natural
Resources of the University of Maryland

John Tippett, Friends of the Rappahanock

Andres Torizzo, Watershed Consulting Association
Donald Tsusaki, Zitherist International

Bob Tucker, Bob Tucker Consulting, Inc.

Andrew Uglow, Prince William County Public Schools

Keith Underwood, Underwood & Associates Ecological
Resforation

Nick Vande Hey, McMahon Group
Robert Vogel, Robert H. Vogel Engineering, Inc.
Shareen Wagley, Muncie Sanitary District

Lee Ann Walling, Department of Natural Resources and
Environmental Control, Chief of Planning

Carolyn White, Harris County Flood Control District, Texas
Rebecca Winer-Skonovd, Larry Walker Associates

Local Governments

Beaufort County Stormwater Utility, South Carolina

(ity of Rockville, Department of Public Works, Maryland
Hamilton County Water Quality Program, Tennessee
Waukesha County Land Resources Division, Wisconsin

Students

Michael Downey, University of Virginia

(Christopher Dreps

Brian Payne, University of lllingis at Urbana-Champaign
David Powers, Virginia Tech

Matt Robinson, John Hopkins University
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Solutions for clean water
& healthy natural resources

The Center's clients and partners include municipal government
staff from planning, engineering, public works, parks, utilities and
other departments; private consultants in engineering, landscape
architecture, forestry, and environmental science; community
organizations working to implement on-the-ground restoration
projects; state and federal government regulators and scientists; and
university professors educating others about water issues.

We offer a wide range of services including. ..

* Partnering with Watershed Groups - Directly work with these
small watershed organizations on the technical and organizational
aspects of watershed management

» Making Regulatory Updates - Review development codes and
evaluate local programs for communities

* Providing Stormwater Services - Update stormwater BMP
manuals, do retrofit designs and develop programs for state & local
government

* Distill Research into Practical Tools - Translate research on the
latest watershed technologies, trends, and successes into on-the-
ground tools for practitioners

e Watershed Assessment and Planning - Assist with mapping
analysis, baseline characterizations, field assessments, regulatory
audits, pollutant load modeling, and comprehensive watershed plan
development

* Training Others to Manage Watersheds - Provide tailored
workshops, weeklong institutes, and speaking engagements
designed to teach local planners, engineers, and watershed groups
the technical skills they need to manage watersheds effectively

Learn more at www.cwp.org or contact us at 410-461-8323

Join the Center's Membership Program:
Association of Watershed and Stormwater Professionals (AWSPs)

Visit www.awsps.org for more information
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