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Executive Summary

The hydrologi@and coastaprocesses underlying water resources management aresamgitive to
changes in climate and weathdrhe US Army Corps of Engineers (USACER)dmnpelling need to
understand and adapt to climate change and variabilggause oucCivil Works Program and associated
water resources infrastructure represent @inendous Federal investment that supports public safety
and local and national economic growth

In response to growing body of evidence about climate impacts to our missions and operations, we
published a foundational report with other water resourcegages:.Climate Change and Water
Resources Management: A Federal Perspe@ivee that time, we havéeveloped a governance
structure to support mainstreaming adaptation by establishing an overar¢dh8®CE Climate Change
Adaptation Policy Statemeainda Climate Change Adaptation Steering Council.

This policy requires USACE to mainstream climate change adaptation in all activities to help enhance the
resilience of our built and natural wateesource infrastructure and reduce its potential vulneraigitit

to the effects of climate change and variabilBased on the best available and actionable science, we
identified six adaptation priority areas. Our progress on these priorities benefits from extensive
interagency collaboratioand an active prograro improve our knowledge about climate change and
adaptation For example, we are undertaking collaborative efforts to define user needs for actionable
science, developing a training program to build technical capabilities, and conducting adaptation pilot
tests.An early and important lesson learned though pilot studies is distdblishingeven broad and

general policy careduce the time and cost of adaptatiomhus, we are developing policies and

guidance to support adaptation planning and implementatiaw that can be refined over time

This USACE 2012 Adaptation Plan and Report, prepared at the direction of the USACE Adaptation
Steering Committee, demonstrates a broad understanding of the challenges posed by climate change to
our mission, programsnd operations, and a commitment to undertake specific actions in FY 2013 and
beyond to better understand and address those risks and opportunities. We present information about
our vision, goals, and strategic approaches, and how we plan and evaluatyagptation planning.

In describing our programmatic activities supporting climate change adaptation and our efforts to both
better understand and to address climate change risks and opportunities, we demonstrate our
awareness of crossutting activitiesunderway. The plan will be updated annually and will be publicly
available to our ®ff, partners and stakeholders
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1. Mainstreaming Adaptation

Global changes, includirtpanging demographics and population growth rates, varying land use/land
cover types, decaying and aging infrastructure, continuing global conflextning biodiversity,

increasing globalization pressures, altering social values and economic conditions, and transitioning
climate, all impact USACE Civil Works and Military Programs MisBIBASCE has the responsibility to
characterize and understarall potential threats to its missions, operations, programs and projects from
these global changes and their interactions. We also have the responsibility to engineer and deploy
adaptation strategies and policies that reduce these threats where they milyrer are expected to
appear.

Effective climate change adaptation is especially important for USACE bélcauseirologic processes
underlying water resources management are very sensitive to changes in climate and weather. Our Civil
Works Program andssociated ater reurces infrastructure represer tremendous Federal

investment that supports public safety and &and national economic growth, and hence, we have a
compelling need to understand and adapt to climate change and variability.

The pimary and overarching policy document for USACE i&/8®&CE Climate Change Adaptation Policy
Statement, signed by Assistance Secretary of the Army MEll@én Darcy on 3 June 2011, in accordance
with the Implementing Instructions for Federal Agency &linChange Adaptatiof(Council on

Environmental Quality (CEQ) and Office of Management and Budget (OMB) 2011), and also the Guiding
Questions contained in the compani@upport Documertb the Implementing Instruction€CEQ 2011).

Gal Ay a i dilBdieChaygd adaptation means that it will b
considered at every step in the project lifecycle for all USACE prc
both existing and planned . . . to reduce vulnerabilities and to enh

the resilience of our water rearce infrastructuré
- Ms.JoEllen Darcy, Assistant Secretary of the Army for Civ

Works, USACE Climate Change Adaptation Policy Statement, 3

Simply stated, this policy requires USACE to mainstream climate change adaptation in all activities to
help enhance the resilience of our built and natural watesource infrastructure and reduce its

potential vulnerdilities to the effects of climate change and variability. The policy statement also
directs USACE to begin adaption now based on the best available and actionable ceietiggenty of
information is available and to considethe impacts otlimate diange when planning for the future

(see insetboF 2 NJ (i K &ey pdinfs)A O& Qa

! Seehttp://www.corpsclimate.us/adaptationpolicy.cfm
21a3adzSR 22Ayidfteée 2y n al NDK Hnmwm Council orkESvirehiedt@ dzii A §S h FF A (
Quality/Office of the Federal Environmental Executive (CEQ/OFEE) and the Office of Man&gRutkyet (OMB)
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Key Points of USACE Climate Change Adaptation Policy

91 Integrate climate change adaptation planning and actions into USACE missions, operatis
programs, and projects
1 Consie@r potential climate change impacts when undertaking kengn planning, setting
priorities, and making decisions affecting our resources, programs, policies and operations
1 Continue efforts with other agencies to guide the science and engineering resmarch
climate change information into the actionable basis for adapting to climate change impe
1 Implement the results of climate change adaptation planning using the best avajlahk
actionableg climate science and climate change information
1 Recognizéhe significant differences between climate change adaptation and mitigation:
0 Act to integrate climate adaptation (managing the unavoidable impacts) with mitigatic
(avoiding the unmanageable impacts)
o Consider mitigation and adaptation investments ardponses together to avoid
situations where neaterm mitigation measures might be overcome by longgam

climate impacts requiring adaptation

USACE began work to understand and adapt igepts, programs, operations, and missions to global
and climate change impacts shortly after Hurricane Kagthan internal and external reports
demonstratedthe need toimprove our ability tancorporate new and changing informatiggspecially
known clanges such as climate chan@argoal is to develop practical, nationally consistent and
regionally tailored, legally justifiable, and cedffective adaptation measures, both structural and
nonstructural, that will reduce vulnerabilities and improve liesice to these new challenges.

To do this, we are evaluatir@dimate change risks and vulnerabilitieand opportunities; to manage
both the short and longterm effects of climate change on omnissiors and operationsas required by
Section 8(i) oExecutive Order 13514nd in accordance with th&uiding Principlegut forth in the
Federal Interagency Climate Change Adaptation Task FoitseOctober 201®eport to the Presideht

We believe that thi9)SACR012Adaptation Plan and Reponprepared at the direction of the USACE
Adaptation Steering Committedemonstratesa broad understanding of the challenges posed by
climate change t@ur mission, programs, and operations, and a commitment to undertake specific
actions in FY 2013 and beyorallietter understand and address those risks and opportuniiiés
present information aboubur vision, goalsandstrategic approachesndhow we plan and evaluate
agency adaptation plannindgn describing ouprogrammatic activities supporting climateange
adaptationandour efforts to both better understandand to addresglimate changeisks and
opportunities we demonstrate our awareness of crazsgting activities underwayThe plan will be
updatedannually and will be publicly available to our staff, partners and stakeholders.

% Seehttp://www.gpo.gov/fdsys/pkg/FR2009-10-08/pdf/E9-24518.pdf
* Seehttp://www.whitehouse.gov/sites/default/files/micrositeeg/InteragencyClimateChange
AdaptationProgressReport.pdf
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2. Governance Framework

2.1. Senior Adaptation Point of Contact

TheUSACEIlimate ChangAdaptation Policy Statemeigsued 3 June 2011, establishbe Assistant
Secretary of the Any for Civil Workasthe USACEenior Adaptation Point of Contagtsponsible for
ensuring implementation of the policy.

The 2011USACEIlimate ChangAdaptation Policy Statemenémains in force and provides the USACE
policy framework for climate changelaptation as required by the Council on Environmental Quality in
its 29 February 201&atement on Preparing Federal Agency Climate Change Adaptation Plans In
Accordance with Executive Order 13514

2.2. Adaptation Steering Committee

TheUSACEIlimate Changédaptation Policy Statememssued 3 June 2011 established the USACE
Climate Change Adaptation Steering Commit&8C), chaired by the USACE Chief, Engineering and
Constructionto oversee and coordinate agenayde climate change adaptatigrianningand
implementation.

The objective of the AS€Chaired by Mr. James C. Dalton, PE, SES (Chief of Engineering and Construction)
is to mainstream climate change adaptation planning and actions into our missions, operations,

programs, and project§ he ASC actsdhe highest level of Adaptation Authority in USACE. The ASC
establishes strategic direction; reviews/monitors existing adaptation programs, activities and policy
implementation; provides critical decisiorslatedto the implementation of adaptation acss USACE,

and coordinates the integration of adaptation and mitigation activities with the USACE Strategic
Sustainability Committee.

OGAdaptation is not optionat.
- Mr. James C. Dalton, PE, SES, Chair of the USACE CI
Change Adaptation Steerifi@ommittee, 19 January 2012

The goals of th&JSACE Climate Change Adaptation Steering Comraitct®:

1 Oversee and coordinate practical agenayle climate change adaptation planning and
implementation, including adaptation requirements put forth by the Council on Environmental
Quiality and the Office of Management and Budget.

1 Promote activities to mainstream climate change adaptation at every step in the project life
cycle for all USACE peajs, both existing and planned.

1 Continue to work to understand and adapt to the impacts of climate and global change,
particularly the effects of nonstationarity.



91 Facilitate and promote closer and more fruitful interagency cooperation for developingadgth
supporting climate change adaptation, especially those agencies with similar climate change
impacts and challenges.

1 Promote sharing of impact and adaptation data and information between Federal, State, Local
and DoD partners.

1 Build, sustain and manag portfolio of best practices and guidance to effectively and efficiently
manage USACE adaptation activities and investments.

1 Rapidly adopt new information, methods, processes, and technology that reduces risk, increases
resilience and improves efficiepin adaptation planning and implementation.

1 Foster an engineering workforce empowered and recognized for deep technical knowledge and
experience across the organization.

2.3. USACE Adaptation Planning Process

TheUSACElimate-change adaptation mission is itmproveour resilience and decreasmir

vulnerability to the effects of climate change and variahildyr goal is tesuccessfully perform our
missions, operations, programs, and projects despite the challenges of global and climate cHamge.
USACEtrategic approach taccomplishing our adaptation missianto:

1 Produce, gather, and select climate change informatisapporting decision making;

91 Developthe requiredpolicy and guidancesupporting adaptatiorplanningand implementation;

1 Understand wiere wehave theneed andcapacity for adaptationin a way thaimproves the
resilienceand reduces the vulnerability olur missions and operationso we can

1 Mainstream and implement climatehange adaptation measure® successfully perform our
missions operations, programs, and projects despite the challenges of global and climate
change.

oX mprove our resilience and decrease our vulnerability
the effects of climate change and variabilty

- USACE climatehange adaptation mission

3. Report of Progress to Mainstream Climate Adaptation

USACHaso SSYy @g2NJ Ay3 F2NI FAGS @SINBR y2g (G2 ARSYy(GATe ¢
we can do to fill the knowledge gaps andrép thepolicy andguidance we need to adapt to climate

change We have analyzed our vulnerability to climate change, including identification of risks and

opportunities, and continue to refine these analys@f understand that our projects are part af

dynamic and evolving systemndthat they can change continuously over time (vs. achieving and

maintaining a singlequilibrium& G I § S0 ® hdz2NJ SELISNASYOS 6AGK aoAir Ol SR
shown us that we must be careful when we implement chanbesause ouincomplete understanding

increases the potential for unintended conseaques resultingrom actions taken in isolation.



We understand the complexities of adaptation becausewater resources engineers and managers
and our military staff arealreadyaccustomed tonaking decisions under deep uncertainty of the kind
that climate change bring#t. is precisely tis engineering ability to adapt to changing problems and
conditions that provides a source iotitutional and organizationakslience and experience to guide
our climate change adaptatiofror example, USA@tade many difficult choicda 2011alone in the
interests of public safety choices that were possible only because engineers in the 1920s and 1930s
understood that futurecould bring changing conditiomsand they designed options into the system

that allowed us to adapt to these conditions.

oClimate change adaptation is a complex process that requir
thoughtful approach, recognizing the potential for unintende

consequences and cascading impakcts

-:aNX» ¢SNNBYyOS / & dw?
Principal Deputy, Assistant Secretary of the Army for Civil W

Ourprogress to date to supporhainstreaming climate change adaptation has focusedlarifying our
adaptation mission and goadsd developing new policy and guidance to support adaptation
implementation at multiplescales, from projeespecific to nationwideWe are applying our strategic
approaches to theriority areasidentified in previous yea:; with a heavy emphasis on external
collaborationand pilot testgo help improve our knowledge so we can make progoesthe policy and
guidance needed to mainstream adaptation.

Two programmatic efforts are the primary supporters of the work performed to date to support
mainstreaming of our climate change adaptation policy. These are the Interagency Performance
Evaluaion Task Force (IPET)/Hurricane Protection Decision Chronology (HPDC) Lessons Learned
Implementation Teanfalso known as the Actions for Changall the Responses to Climate Change
program. These programs, along with the new Reducing Civil Works Vulfigrésogram, as proposed

in the FY13 budget, will improve the resilience of our built and natural infrastructure benefits through a
proactive, nationally consistent, and regionally sensitive framework and program of actions to reduce
vulnerabilitiesto the physical, social and economic environment, as well as from unintended
consequences and cascading impacts from other decisions

3.1. USACE AdaptationPriority Areas

Since 2007, USACE has been assessing the impacts of climate change to its CivitiWigks Huoe
foundational document outlining our perspective on climate change and variability impacts to projects
and programs is contained in USGS Circular C3iBiate Change and Water Resources Management: A
Federal Perspectivgpublished in 2009 (§il). The information in thiport and subsequenagency

° Brekke et al 2009, sdstp://pubs.usgs.gov/circ/1331/Circ1331.pdf
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assessmendctivities formed the basis for the sixlaptation ZUSGS . == @
priority areas for action identified in the 2011 USACE Adaptation - ; -
Plan and Repo(?"and deSCI'Ibed In more detall beIOW Climate Change and Water Resources Management:

A Federal Perspective

1. National Actim Plan to Manage Freshwater Resources in a
Changing Climate

Riskinformed DecisioMaking for Climate Change
Nonstationarity

Portfolio of Approaches

More Refined Vulnerability Assessments

Metrics and Endpoints

ok WN

Circular 1331

USACE is committed to making progress in these priority areas in

2013 and beyond. Additional priorities will be identified in the Lot

future as we gain understanding and exigeice in adapting to

climate change. Figurel. USGS Circular 133the
fundamental assessment of climate

3.1.1. The US National Action Plan to Manage change impacts to water resources
management.

Freshwater Resources in a Changing Climate

In their October 201@Report to the Presidehtthe Federal
Interagency Climate Change Adaptation Task HO@EBATF)
presentedFederal agency actions needed to better prepare the
Nation to respond to the impacts of a changing climate. [Q@ATF
recommended that thie Water Resources and Climate Change
Adaptation Workgroup develop a national action plan to identify
steps that Fedral agencies can take to improve management of
freshwater resources in a changing climate.

In 2011, he ICCATFeleased theNational Action Plan Priorities for
Managing Freshwater Resources in a Changing Cfirth#eP) The
NAP(Fig. 2makes six majorecommendationseach with
supporting actions led by different agencies

Ottober 2011

1. Establish a planning process to adapt water resources
management to &hanging climate

2. Improve water resources and climate change information for
decisionmaking

3. Strengthen assessment of vulnerability of water resources tc

climate change

Expand water use efficiency

5. Support Integrated Water Resources Management (IWRM)

Suppot training and outreach to build response capability

Figure2. The 2011National Action
Plan: Priorities for Managing

Freshwater Resources in a Changir
Climate

B

o

® Seehttp://www.corpsclimate.us/adaptationpolicy.cfm

" CEQ 2010, sdwtp://www.whitehouse.gov/sites/default/files/microsits/ceg/InteragencyClimateChange
AdaptationProgressReport.pdf

® Interagency Climate Change Adaptation Task Force 2011, see
http://www.whitehouse.gov/sites/default/files/microsites/ceq/2011 national action plan.pdf
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There are 24 specific actions to support these recommendatidB84CE is the lead agency to
implementthe followingthree supporting actions for Recommendation®tegrated Water Resources
Management

1 Action 17addresses ‘ 4 iy N
. . ‘ : g 2 o aters rojec
workingwith States and ” a L ? e Partnetship]

interstate bodies (e.g.,
river basin commissions) to

Honolua - Wahikuli Region

() USACE West Maui
Watershed Proect

incorporate IWRM into ‘ T O e Sty

their planning and NAL T R

@ HCRS Coastal Uses
Mapping Area

programs with attention to
climatechange adaptation
issues. USAGEalso
supporting pilot studies to
address this action. The
West Maui Watershe N ~ N
Study(Fig 3)s developing | 2 ]
a climatechange Ty N | Lo =
adaptation plan for the ; —
watershed from the
summit to the outer coral
reef. Another pilostudyis Figure3. West Maui Watershed PlaWRMStudy Area

developing a climate

change adaptation strategy with the Ohio River Basin Alliance, a group made up of Federal and
State agencies, academia and Agmvernmental organizations. The goal is to develop practices
supportingan IWRM framework for climate ahge adaptation.

1 Action 19's goal is to work with states to identify flood risk and drought management "best
practices" to prepare for hydrologic extrem#st can be shared among the States and Federal
agenciesSincethis actionalsorequiresworking cbsely with the States, the first step is a review
of State Hazard Mitigation Plans. The next step is to survey state flood officials to thigiain
perspectives on Federal and State agency coordination anduiesiis on innovative policies.
 Action2@goalA & (2 AGRSOSt 2L 6SYOKYINJa F2NJ AyO2N1lR NI
LINE2SO0 RSaA3alyas 2LISNI GA2YyIFE LINRPOSRdAZNBazZ | yR L
teamincluding USACE, Department of the Interior (REAB%Geological Survey (GS, US
Department of Agriculture (USDA) Natural Resources Conservation S&RCEHUS
Environmental Protection AgenciRA, and the National Oceanic and Atmospheric
Administration (NOAA), and Forest Service, is working on this action. The team isrizegiitin
'y AY@SYid2NEB 2F CSRSNIf F3SyOASaQ |RIFLWGAGBS YIy
later recommendations for wider application of adaptive management strategies in the Federal
government.

As an operating agenc SACE has a spedidkrest in being sure that proposed adaptive management
methods address the needs of operating projects. In contract to adaptive management for natural
resources and ecosystengater resources project operations represent a continuous implementation
phaseand a shorter response period (e.g., Short et al 2012), as well as different types of thresholds and
management decisions. Often, these operations cannot be interrupted without disruption to the



authorized missions, such as flood risk reduction, navigahgdropower, and water supply. An

additional concern is the ageing of water resources infrastructure and the constrained economic

conditions. As pointed out by Kundzewatzal (2008), adaptation of water resources infrastructure goes
0Se82yR (KS AYTNIadNHzOGdzZNBE G2 AyOfdzZRS aF2NBOlFadAy3
plethora of means to improve efficiency of water use (e.g. via demand management) and related

behavioual change, economic and fiscal instruments, legislation, institutional cldaage

The IWRM actions are consistent with the framework laid out in the dfafional Fish, Wildlife, and
Plants Climate Adaptation Strategnd will help support the implementiatn of that strategyln
addition to the IWRM actiongnder Recommendation,3JSACE is deading threeother actions
concerned with climate and water dasapportingRecommendation ZThese actionwill provide an
opportunity to integrate other Federal soces of data and tools with the Federal Support Toolbox.
USACE is also-#md onan actiondeveloping training for water managers on climate chasgpporting
Recommendation @&nd described in more detail below in the sectionlomproving ouknowledge

3.1.2. Risk-Informed Decision-Making for Climate Change

USACE is developing a risk management framework to incorporate climate change into dealgion

A draft framework completed in FY Atidresseshe entire project lifecycle, since climate change
uncertainty may require making sequential decisions over time and updating design and plans to
incorporate new and changing information. Risk assessment includes both consequence and likelihood
assessmentandthe framework recognizes the potential chaliges of assigning probabilities to

uncertain future conditions. Formulation of risk management alternatives under changing conditions is
a critical component of the approach. The framework emphasizes the need for stakeholder involvement
throughout the degsion process.

Several climatehange adaptation pilot projects are testing the framewotke Hamilton Wetland
Restoration Project (HWRB)testingthe proposed risk framework and evalirag its application to the
USACE planning phase. The West Maatievghed StudyFig 3) is using the framework to

collaboratively identify climate risks and to develop adaptation strategies. The Lower Columbia River
Estuary pilot study is applying the framework to ecosystem restoration. An interagency team is
employng the risk management strategy to plan for sea level change as part détledopment of

USACE guidance addressing adaptation tdees changeThe risk frameworks nowunder revision

based on preliminary results from pilot studies and an internaiere. The risk management framework
will be a foundation for developing strategies to incorporate climate change into the decision making
processes of USACE, with FY12 and FY13 priorities being ecosystem restoration, flood risk management,
and water manageent.

3.1.3. Nonstationarity

Developing methods and procedures to address nonstationarity throutgthe project life cycle is a
priority action for the USACBur first action washte January 201Workshop on Nonstationarity,
Hydrologic Frequency Analysis, alldter Managementonducted with our fellow water resources
management agencies in the Climate Change and Water Working Group (CCAW®Xe et
Collaboratiorbelow). A majorobjective of the workshopvas to facilitate Federal interagency efforts to
accaunt for nonstationarity in hydrologic frequency analy&iteragency and other expert participation
in the workshop was reported ia speciatollectionof journal papergublishedin the June 2011 issue



of the Journal of the American Water Resources
Assaiation® with an introduction by Kiang et al (2012,
Figured).

INTRODUCTION TO THE FEATURED COLLECTION ON “NONS
HYDROLOGIC FREQUENCY ANALYSIS, AND

The Advisory Committee for Water InformatiGhCW]1)
Subcommittee on HydrologifsOHHydrologc Frequency
Analysis Work GroufHFAWG) is currently revising Bulletin
17B,Guidelines for Determining Flood Flow FrequébicS.
Interagency Advisory Committee dtater Data 1982). The
new revisionwill probablyinclude a statement that major
changes in climate may be occuag over decades or
centuries Employing timevarying parameters or using
other appropriate and statistically justified techniques
could allowthe impacts of such changes to imeorporated
in frequency analyse Howeverthere will be a number of
remaining unanswered questions on what methods to,use
and how to justify their usethat must be addresseloly
USACE and its partner water resourcesiagement Figure4. Collaboration around the issue
agencies of nonstationarity is demonstrated by a

special collection of articles in the June
In parallel with the revision of Bulletin 17B, USACE, USGS, 2011.J.American Water Resources
Department of Homeland Security (DHS) Federal Emergen Association
al yr3sSySyid ! 3Syo0e o6C9a! 0 5hLQ& . dz2NBlFdz 2F wSOf I Yl
and the Department of Transportation (DOT) Federal Highwadysinistration (FHWA) are embarking
on a joint effort to evaluate approaches and other issues regarding nonstationarity, climate change, and
flood risk. The first product will be an annotated bibliography of statistical methods to describe
nonstationarityin 2012. Future work in 2013 and beyond will address the choice of probability
distributions and the potential to use climate projections for estimating future flood likelihoods

A5dzNAY 3 GKS LINSOSRAYy3I KIFfF OSyddzN
RSY23INI LIKAO&X Ay Rdza i NX |sbcietalyhfectives, Mad O
AYLINR PGSR dzy RSNRUOFYRAY3I 2F SOz2aeadasSy:
future is notlikely to look like the past, with climate change further straining wate
infrastructure, and with areas of the country expected to experience increasin
FTNBIljdzSyOe Ay 020K Fft22R&a | yR RNERdA
-Andrew Warner & Je#y Opperman, The Nature Conservancy, and Bob
t ASGNRgGga1e&Z 5ANBOG2NE | {! /9 LyaudAaiildz
wSaAtASyOe 2F GKS bliaAzyQa 2

ASCE Journal of Water Resources 137(4368515 June 2011

® Seenttp://onlinelibrary.wiley.com/doi/10.1111/jawr.2011.47.issu@issuetoc
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3.1.4. Portfolio of Approaches

The wide portfolio of possible approaches for producing and using cliscé#ace and climatehange
information for water resource adaptation questions can bewilder planners and engineers because each
method or analytical technique in this portfolio brings uncertainties and particular deficiencies, some of
which are large or only partly charactezd and poorly quantifiedOperating and resource management
agencies looking to use these techniques to inform their climate adaptation planning currently lack good
practice guidelines for helping them assess the approaches and choose appropriaterqueasidalar
adaptation decisions.

Tohelp addresshis need USACHogether with its partners in th€ CAWWGsponsoreda workshop on
Assessing a Portfolio of Approaches for Producing Climate Change Information to Support Adaptation
Decisionsn Novembe 2010.The workshopwith more than 70 participant@rovided a platform for
representativedrom waterrelated resource Federal agenciesdiscuss their approaches for producing
and using climate change information and to hear from climate science mgenit the possibility and
desirability of establishing a muligency, common framework of good practgidelines for assessing

the strengths and limits of the approaches.

To be useful and adaptable in the face of changing conditions, good practitdiiges for water

resource adaptation decisions will not dictate individual approaches for specific applications. Rather,
they will help agencies develop robust, defensible, and reproducible practices for assessing the
strengths and limits of different appaches to using climate information at the various chegyoits in
their decision processekleally, the guidelines will be flexible enough to apply to current stdtne-
science information and future climate science developments.

During 2012 and@13, theCCAWWG workshop organizers will draft and publish a larger report to
provide more details on the portfolio of approaches to climate information for wetéated adaptation
decisions and the first steps identified in the workshop for buildingedinids for using those
approaches. Selectabproachesre beingestedthroughUSACE climate change adaptation pilot
studies

3.1.5. Continued Vulnerability Assessments

Climate vulnerability assessmere necessary thelp guide adaptation planning and implementation
so that USACE can successfully perform its missions, operations, programs, and projects in an
increasingly dynamic physical, socioeconomic, and political environtd&atCBascompleted tree
activities n connection with addressing vulnerabilities to climate charfide first was g@reliminary
assessmenbf how climatecouldimpact Federal water resources management, presented in USGS
Circular 1331Fig. 1) published in 200fintly by USACE, Reclamatitime USGS, and NORA

Thesecondwas ahighlevel analysis of the vulnerability of USACE missions and operations to climate
change required by themplementing Instructions for Federal Agency Climate Change Adaptation
(Council on Environmental Qualt@EQ#and Office of Management and BuddéMB)2011), and also
the Guiding Questions containedtime companion support document to thenplementing Instructions
(CEQ 2011y he CEQ intenddtiis analysiso help each agency identify priorities for futuassessment

1% Seehttp://pubs.usgs.gov/circ/1331/

YiaadzSR 22Ayidfte 2y n al NDK Hnmm o0& G(KS 9ESOdziAdS hFFA
Quality/Office of the Federal Environmental Executive (CEQ/OFER)affice of Management and
Budget.(OMB)
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and implementation actions and support initial or increased awareness of potential climate change

impacts to agency missions, operations, policies and programs. Théeliglanalyses were specifically

NOT intended to be detailed vulnerabilagsessments of specific programs, projects, or geographic
regions.The USACE responses to the Guiding Questions are contained in the USACE Climate Change
P'RELIGEFGA2Y tfFYy YR wSLE2NI wHanmm adzoYAGGSR G2 GKS
Office of the Federal Environmental Executive on 30 September2@iditional information (excerpts

of the highlevel analysis) is contained in Appendix A.

Thethird activity undertakenwas aproof-
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refinedwith updated climate fecing USACE mission, operations, programs, and projects to
hydrology, and indicator® provide a climate change

screeningevel vulnerabity assessment at
aHUCA4 watershed level

3.1.6. Metrics and Endpoints

Appropriate frameworks and metrics for assessing the efficiency and effectiveness of climate change
adaptation activities are crucial for achieving our combined objectives of developiniicplacationally
consistent, legally justifiable, and cost effective climate change actions, both structural and
nonstructural; and reducing the vulnerabilities and improving the resilience of wasgurce
infrastructures at risk from climate change d¢ats.

Information about the potential benefits and costs of climate change adaptation and mitigation actions
is required to help decision makers considering planning options and actions. At present, decisions
about adaptation and mitigation can be madé&hout systematic consideration of relevant information,

in part because this information does not exist for many types of climate change problems and
candidate actions to address them. This is an especially important issue where adaptation and
mitigation actions may interact synergistically or antagonistically, where taking one action would
obstruct or preclude another.

12 Seehttp://www.corpsclimate.us/adaptationpolicy.cfm
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Systematic approaches to gathering and interpreting information about the effectiveness of adaptation
and mitigation actions must incled but not be limited to, analysis of their economic costs and benefits.
Rather, information to help shape and choose among candidate clistaiege actions should include
assessments of reductions in climate change vulnerabilities across multiple tyipésriofation and
combining this in frameworks designed to support timely decisiaking.

The wrong choice of measures framework within which to evaluate them will hinder our ability to
deploy truly sustainable adaptation measures. The right choiceaofdworks and metrics will ease the
transition to a new organizational culture that integrates and mainstreams climate change adaptation
and mitigation throughout the lifecycle of USACE projects and progtdB&CE is working internally

and with other agenies to understand and devel@ppropriateinformation, frameworks, and

measures to support decisions that will meet our adaptation goals.

3.2. External Collaboration

USACE understanttsat close collaboration, both nationally and internationally, is the mdftative

way to develop practical, nationally consistent, and esfééctive measures to reduce potential
vulnerabilities resulting from global changes (Stockton and White 2011)isTwhl we are working

closely with other agencies having aligned missimrasas we work to understand climate change
impacts and to develop measures to adapt to these impdats appreciation for the benefits of
collaboration isalsowhy we have provided support in the form of our senior engineers and scientists to
the Federal Interagency Climate Change Adaptation Task F&CATRyorking groupsto the ICCATF
Adaptation Community of Practice, and to US Global Change Researcin®ragrong others.

oManaging water resources as a collaborative endeavor is becoming

increasingly crucial as society faces demographic, economic, institi/tamalal
climate changes manifesting across the U.S. and around the globe. These ci
portend a different understanding of the risks associated with the occurren:
location, intensity and impacts of extreme eveantscluding floods and droughts.
- Mr. Seven L. Stockton, Director of Civil Works, U.S. Army Corps of Engi

in "Responding to National Water Resources Challenges”

3.2.1. Interagency Climate Change Adaptation Task Force

TheUSACHBRasplayed an active role in the ICCAsIitce its inception ispring 2009The Assistant
Secretary of the Armifor Civil Workss the USACE representative to the ICCATF, which is composed of
more than 20 Federal agencies and Executive branch officescartthired by the CEQ, the National
Oceanic and\tmospheric Administration (NOAA), and the Office of Science and Technology Policy
(OSTP)In fact, he ICCATF wakescribedn Section 16 of Executive Order 135Bigned byPresident
ObamaonOctober5, 29> | a &l f NSFRe& woSAy3dIe Sy3alFr3aISR Ay RS@St
u2

RAYSyaArzya 2F | ! d{d AGNIrGS3Te F2NIIRIFILIWGFGAZ2Y o)

13 Seehttp://www.gpo.gov/fdsys/pkg/FR2009-10-08/pdf/[E9-24518.pdf
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The ICCATF formed a number of working groups to help develop recommendations to support agency
climate changedaptationplanning and implementatiotJSACE actively participated in many of these,
including theAgency Adaptation Processes working gr@upich developedecommendations for the
Implementing InstructionfCEQ and OMB 20)1the Water Resourced/orkingGroup (which

developed theNational Action Plan Priorities for Managing Freshwater Resources in a Changing Climate
(Fig. 2), the Fish, Wildlife and Plants Working Group (which developed thé&wtafyVildlife and Plants
Climate Adaptation Strated$), and Coass$ (whichprovided input tothe National OcearPolicy
ImplementationPlart®).

3.2.2. Federal Agency Adaptation Community of Practice

TheFederal Agency Adaptation Community of Practice is azs@inf T N2 Y Agkn8y Adptatioh ¢ C Q &
Processes working grouwhich supported CEQ by developing and hostirsgries of workshope help

agencis understand how to perform the preliminary hidggvel analysis required in September 2011. An
active member of the working group, USACE helped develop, presented agdlitdted these

workshops conducted by the working group. From the workshops, it was clear that, while some agencies
were active and engaged in all phases of adaptation planning (like USACE), others were at a loss,
particularly small agencies and thosewiut technical staff.

As a result, the working grougeveloped a Climate Change Adaptation Community of Practice (CoP) in
October 2011 to provide orum for interagency collaboration on facilities and climate change
adaptation The purpose of the CoPtis support federal officials who plan and implement climate
change adaptation actions by building capacity, sharing ideas and practices, and collaborating on
adaptation actions. CoP members &ederal employees working to mainstream climate change
adaptdion in their agenciesThe types of knowledge sharing fostered by the CoP include:

Saff training and capacity building

How agencies are evaluating or measuring progress

Communication strategies

Approaches to integrating adaptation into existing programs

Goncrete examples of agency adaptation projects and results

How to apply climate change scientific information in agency decision making
Providing agenegpecific briefings about progress under their plans

=A =4 =4 =4 -8 -8 =9

The USACE serves as an active member of botiwahiéng group and the CoP, and supported
information exchange workshops before and after the CoP befamfirst focus area of the CoP was
the development of the agency adaptation plans (i.e., this report) due 20h2.The CoP designed a
series of medhgs to help participants develop and implement their own plans, and also to share
information with CEQ to help inform guidance or information they may issue in the future related to
adaptation planningEach CoP meeting has focused on different aspedtecddaptation planning
process. Meetings to date include:

1 Federal Ecilities and Agency Adaptation Planning
1 How to Approach Adaptation Planning
9 Science and Adaptation Planning

14 Seehttp://www.wildlifeadaptationstrategy.gov/
15 Seehttp://www.whiteho use.gov/administration/eop/oceans/implementationplan
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Briefings on USACE and DHS Plans

Regional Coordination arigency Adaptatio®lanning

Adaptation Planning and the Cross Cutting Strategies addressing Wildlife, Water, and Oceans
Discussion Cafes dime Nuts and Bolts ohdaptation Planning

EcosysterBased Adaptation

=A =4 =4 =8 =4

3.2.3. US Global Change Research Program Adaptation Sience Working Group

Since 1989 e U.S. Global Change Research Program (USG&3R&9rdinated and integratel federal
researcharound global changes, including climate chdfighe USGCRRcmmposedof 13

departments and agencigmrticipate in the USGCRiRcluding Department of Defense but not
specifically the USACE). Though USGCRBdusedprimarily on science to date, there ia acreasing
emphasis on supporting adaptation planning and implementation, as evidenced by the four gtals of
10-year strategic plan for the period 202D21, releasedn May 2012’. This Plan ha®ur goals

i Advance Science

9 Inform Decisions

9 Conduct Sstained Assessment
T Communicate and Educate

Input from Federal agencies and components of agenpieslucing or usinglimate science and climate

change informations an important means for meeting the objectives of tbéD / wt Qa LYy T2 NX Ay 3
Decisions goaln 2012, USACE was appointeao-chair this Working Group along with the US

Department of Agriculture. USACE has an active interest in several items that this Workind@@&up

is advancing foS5CRP related to informing decisions about climate chatg®ng them are
GFrOGA2YylIo0fS A0ASyO0S¢ YR S@FfdzriA2y FNIYSg2Nla |y

OActionablesciencé is the theory, data, analysis, models, and other tools available, relevant, reliable,
and understandable for supporting multiple scatef decisiormaking around climate adaptation and
mitigation questions. Actionable science can support decisions across wide spatial, temporal, and
organizational ranges, including those of thsensitive operational and capital investment decision

making In many cases, climate science and climate change information must undergo a translation step
to maximize its visibility, relevance, and utility for decisinakers to see it as actionable and to use it.

Work to increase the availability of actionabtgesce and enlarge its use in decisimaking willsupport
foundational climate science research by fostering direct,-tvay communication between decision
makers and scientists around the science, science gaps, and production pathways and timelines most
important to each group. This direct, tweay communication creates important new opportunities to
identify entry points for climate science in existing decision structures for clinedé¢ed actions and

return that information for helping with researchgmning.

The nea#term focus will be on Federal science products and services and the translation of these, where
necessary, to be more accessible and more actionable for Federal agency decisions around climate

adaptation and mitigation. Federal agenciyrate change priorities for information and actioae to
beARSYGATFTASR F2NJ SIOK 3Syodeqa /ftAYFGS /KFy3aS | RIL
under the implementation terms of Executive Order 135318GCRRs WGs, anthe NationalClimae

'® Between 2002 and 2008, the USGCRP was known as the US Climate Change Science Program
7 Seehttp://globalchange.gov
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Assessment (NC#jll work with agencies to address their identified priority areas with enhanced
access, translation, and interpretation of climate science; much of this has now been surveyed and
collected for the 2013 NCA and will be made publicalgilable through the USGCRP Global Change
Information System (GCIS).

Another primary focus for th&VGis tohelp produce and test candidate evaluation frameworks and

metrics appropriate for measuring the efficiency and effectiveness of adaptation arghtitti

YSIadaNBas FANRIG F2NJ CSRSNIf F3ISyOaASaQ RSOMsEAZ2Yya |
an operating agency, USACE is able to provide perspectives on metrics that would not necessarily occur

to science agency staff.

3.2.4. Climate Change and Water Working Group

The Climate Change Water Working Group (CCAWS\®B)informal federal agency group thabvides
engineerng and scientific collaboratian support of water management under a changing climate.
Founded by USACE h LRa@denation andUSGSandNOAA CCAWWG has bean effective working

level forumsince 200@mong federal agencies that fosters communication, operational, and research
partnerships around user needs across the water resources and science communities o practic
CCAWWG now also includes FEMREB, and the National Atmospheric and Space Administration
(NASA). Other agencies with interests in watmources also participate (e.@OTFHWA/ / ! 22 DQa
objectives are to:

. dzA £ R d £P8) & y WNEBcfoss fedepalsdidade il water management agencies.

Provide a forum to share expertise and leverage resources to meet common needs.

Work with the water management community to understand their science needs.

Foster collaborative efforts across the fedénain-federal water management and science

communities to address these needs in ways that capitalizes on interdisciplinary expertise,

shares information, avoids duplication, aadcelerates the application of climate information.

1 Support applying climateformation to climate adaptation in ways that are consistent with
current scientifiknowledge.

1 Develop education and training forums that help the water resource community of practice use

climate information.

T
1
1
)l

CCAWWSG activities described previously in this report include the developme®®$ Circular 1331
(Fig. 1), a workshop, proceedings, and special journal collection around nonstationarity (Fig.&4), and
workshop and subsequent actions to develop bestcticgs aroundhe portfolio of approacheto

develop climate informationCCAWWG has established a joint web'Stteprovide information on

these and other activitiegwo of which are described in the section on user needs below

3.3. Improving Our Knowledge

USACE is improving our knowledge about climate change impacts and adaptation through the use of
targeted pilot studies to test new ideas and develop information needed to develop policy and
guidance. We are also improving our knowledge through assessmokots needs for climate

information in decisiormaking Byproviding those needs to science agencige carhelp shape

science to meet our needs. Finally, we are working with other water resources agencies to develop

18 Seehttp://www.ccawwg.us/index.php/home
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training tosupportstaff capabilies and foster interagency relationships that will support collaborative
networks to address climate challenges and opportunities.

3.3.1. Pilot Studies
We are in our third year of testing methods Climate Change Adaptation Pilot Studies

and frameworks for adapting to climate Begun in FY10

change through the use of pilot tests. The
objectives of the pilots are to develop and
test alternative adaptation strategies to
achieve specific business maeagent
decisions; identify new policies, methods,
and tools to support adaptation for similar
cases; learn how to incorporate new and
changing climate information throughout the
project lifecycle; to develop, test, and
improve an agency level adaptation
implementation framework; and to
implement lessons learned in next pilot
phase. Each of these pilot studies addresse
a central question that will help guide us as
we develop policy and guidance to
mainstream adaptation. q

G111 Spreader Canal, Everglades: How to
allow for shordine retreat in a longerm
regional planning context [Jacksonville Distric
Completed]

1 Climate Change Associated Sediment Yield
Impact Study: Garrison Dam Specific Sedime
and Operation Evaluations [Omaha District;
Completed]

I Climate Change Associat8ddiment Yield
Changes on the Rio Grande in New Mexico:
Specific Sediment Evaluation for Cochiti Dam
and Lake [Albuguerque District; Completed]

Climate Change Adaptation to Reservoir
Operations at Coralville Lake, lowa [Rock Isle

The goals of the firdour studies,begun in District; in Phase 2]

FYLO (seetext box), were to: (1}est the

Council on Environmental Quality (CEQ)

proposedflexible framework’for climate adaptation(CEQ 2010)2)develop and demonstrate
innovative methods, strategies, policy, and technologies stpmpclimate change adagtion, and(3)
build USACE district capacity in the professional and technical competencies important in climate
change adaptation.

The G111 Spreader Canal pilot studsias a coastal pilot that looked at how to incorporate $ezel

change impacts in project planning. For this pilot, enabling policy requiring the consideration of three
scenarios of sekevel change guidance (s&ection 3.4.1.2, Policy alidancdor Seal evel Charg)
supported a fairly rapid analysis of impscThe pilofound that ®a level rise (depth) and salinity
changes must be addresseder the long term, and that project benefits should be considered to be as
dynamic as the changes impacting theeanHigh High Water (MHHWjas determined to ba better
indicator for the transition fronfreshwater to saltwater ecosystems than mean sea level (MSL)
Presening critical tidal and near shore ecosystethsough soreline retreat must be allowed in
environmental restoratiorareas Simple and quick Gigaps ofinundationmapsusingl-foot increments
are adequate for planning phase studies given the uncertainties of topographic information, water
supply and habitat response. Sustaining ecosystem restorbgoefits requires planning for lorgrm
adaptdion capacity including coordination with othezgional flood protection planning efforts

19 Seehttp://www.whitehouse.gov/sites/cfault/files/microsites/ceqg/InteragencClimateChange
AdaptationProgressReport.pdf

16


http://www.whitehouse.gov/sites/default/files/microsites/ceq/Interagency-Climate-Change-Adaptation-Progress-Report.pdf
http://www.whitehouse.gov/sites/default/files/microsites/ceq/Interagency-Climate-Change-Adaptation-Progress-Report.pdf

The Garrison Dampilot study (Fig. 6)was a nice contrst to the C
111 Spreader Canal in terms of understanding climate change

impacts and adaptation planninghere are currently no enabling m
policies to support adaptation planning involving inland il
hydrology, though several efforts (e.g., nonstationarity, fuib

EVALUATIONS

of approaches) are supporting development of both enabling
guidance to frame an appach and implementation guidance
(how to adapt to these changes). The Garrison Dam failotd
that all climatechange scenariosvaluatedresulted in an
increase irsediment loadin@nd inflows to the reservoir. Though
the pilot study results determined that the impacts frarhanging
sedimentation ratesvould beminor for a large mainstem -
reservoirwith their geologic and geomorphic conditigrikey did
find that hydologic changesouldpotentially be significant. The e
rrison team alsperformed in h anal f ntial . ,

Swithiz t(:el?se ilisn?zteoforggg tgedprtiveahsdﬁ?c?g?c ?ngzgﬁstaar\d F'guree' Report of Gams.on D.am

. . h ) Climate change adaptation pilot study,
found that changes in flow due to bias correctiaas potentially March 2012.
be greater han changes due to future climatekhey also found
that timing of precipitation plays an important role in reservoir
inflows. This is important because of the role of snow volume and snowmelt in runoff to Garrison Dam.
The latter finding is the subject ah additional pilot.

The Cochiti Dam and Lake Stuidycontrastto Garrison Danpfound that under all three climate

scenarios tested, projected changes in climate are expected to result in continuing or even increasing
sediment yield from tributary arroyo$iowever, expected channagjgradation upstream from the

project is likelyto decrease sediment contributieo Cachiti Reservoir. If the analyses are correct, the
sedimentation accumulation rate may decline, with no adverse effects on the lifetime of the project,
and possibly an increase in its potential lifetime. However, the hydrologic impacts of decreased stream
flow due to climate changes may have significant impacts ranging from decreased water availability to
increased concentration of pollutant§hese differing sediment impact results for Garrison and Cochiti
Dams, due to their varying geology, geomorphol@mnd other basin characteristics, demonstrate why

an understanding of regional differences in climate impacts and response are important in developing
guidance.

Another pilot, atCoralvilleReservoiin lowa, involves anassessment of the impact of clineathange on
the resenwir and its various function€oralville Reservoir is a multipurpose USACE reservoir on the
lowa Riverwith authorized purposefor flood risk reduction, fish and wildlife management, water
quality, low flowaugmentation, and recrdn. The purpose of thigilot is toidentify potential

adaptation strategies to assess and improve the robustness of reservoir operations in the context of
climate changeThe centrauestion addressed by thisJA f ZHow cariclimate change considerations
be incorporated into reservoir operating policies that will be robust and adaptive to potential climate
changes® ¢stidy found that uncertainty in future extreme event hydrology resulttheneed for a
risk-baseddecision framework for incorporating event specific information into reservoir operations
during large flood events. This entails incorporating greater flexibility into current water control plans
and development of the economic, les§life, and hydrolgic information and tools to support risk
based decisiomaking.
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3.3.1.1. LessonslLearned

The most important lesson learned to date from the pilot studiéean outgrowth of the contrasting
experiences of the-C11 Spreader Canand Garrison Darstudy teams. Ithe first case, enabling
policy in the form of specified sdavel change scenarios allowed the study team to rapidly identify
impacts and consider adaptation questiofi$is enabling poliayould guide development of
implementing policy to help the teathrough the process of formulating and comparing adaptation
alternatives. In the Garrison Dam case, there is no USACE enabling guidawven interagency best
practices around evaluating hydrologic impacts of climate change. As a result, the Gaurdoteam
required more time and effort, includir@potential false start, before developing a method appropriate
to answering the central questions of the study. The lesson isetfeatestablishing a policy, no matter
how broad, reduces the time and cosf adaptation This is because poliopt only provideslegaland
technicaljustification, but it narrowsthe range ofpotential alternativeand can guidg@lanning and study
approached to support the desiratkcisionsBased on this lessdearned,USACE working hard to
developboth enabling (how to we frame the approach, e.g., we must evaluate theskegelachange
scenarios) and implementing.g., how we adapb these sedevel change scenariopdlicies and
guidancefor adaptation

We also foundhat adaptation requires best availabteandactionable science, not simply the best
available sciencéhis is important because science alone is not determinative for pdlieye is a gap
between science and application thaustbe addressed in pizy. Fortunately, agineers are ideally
positioned to translate and science into practid®e found that v have enough scienc®w to

develop initial adaptation policy and guidan@d that éose coupling of engineering to science speeds
development ofpolicy and guidance

A third import factor identified in our pilots is thabsts and benefits are dynamand will change over
time, just as climate doedVe mayneed to look at regional benefits or quantify changing bengfits
Consideration oflynamic banges over time can guide adaptive management decisiims USACE
district pilot leads appreciate the 9 v F NI Yjéestiéndias@diapproachbecause it helps define
levels of effort tied to the consequence and scale of the decision being made.

Throudh these pilots, we alslearned several other lessons that are helping us to improve our
understanding of adaptation and of the policies and guidance that will help us mainstream adaptation.
Wefound that bcal or projectievel application of th@roposedflexibleframework often concentrates
on one or two aspects of theamework The CEQ adaptation framework is adaptable and general
enough to be applied taew orexisting projects at any stap the framework. Bvelopment and use of
consistent national athregional climate scenarios is critical to support local or project level
implementation of the frameworkTime and cost to study climate impacts and apply them to mission
and operationscould beorders of magnitude higher than for agerleyel planningdlepending on the
level of effort(which should bescaled to consequenciandthe existence or lack of policand also, we
found that additional time is needed for implementiadaptation options that involve stakeholder
collaboration, engineering and dgs, construction, permittingand environmental impact assessments

3.3.1.2. Additional Pilot Studies

Additional pilot studies were added during FY44e inset box) with more specific direction to test the
risk-informed decision making framework, the skesvel change adaptation guidance under way (see
Section 3.4.1.2, Policy aflidancdor Sealevel Charg), and lessons from our work addressing
nongationarity. The pilot teams were encouraged to use approaches such as IWRM, regional
collaboration with stakeholders, and joint work with other entities. Another pilot project is also
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underway in partnership with the USACE Portfolio Assessment for &aalles. This pilot, conducted
by the Tulsa District, is addressing climate impacts on water supply ioiVReservoir, Kansas.

Additional Climate Change Adaptation Pilot Studies Added in EY11

1 Climate Change Impact Evaluationvifuntain Snowpack; Accumulation and Runoff
[Northwest Division]

1 East Rockaway Inlet to Rockaway Inl&tYCollaboration Framework Development [New
York District]

1 Formulating Climate Change Mitigation/Adaptation Strategies through Regional
Collaboration with theDhio River Basin Alliandéluntington District]

1 Upland Sediment Production and Delivery in GreatLakes Regionnder Climate
Change [Detroit District]

1 Red River of the Nortlrlooding at Fargo, ND [St. Paul District]

91 Developing a Framework for Incorporating Climate Change and Building Resiliency in
Restoration Planning Case Stuglyower Columbia Rier EstuanyfPortland District]

1 Applying Risk Informed Decisidaking Framework for Climate Change to Integrated
Water Resource Management (IRWM) Planmgigest Maui WatershedProject [Honolulu
District]

1 Risk Informed Decision Making for Potential el Rise Impacts odamilton Wetland
Restorationg [San Francisco District]

9 Utilization of Regional Climate Science Programs in Reservoir and WatershBdgeidk
Impact Assessments f@ologah LakeOklahoma [Tulsa District]

9 CollaborativeRelationships and Modeling to Assess lina-Cedar Watershe@ a

Vulnerability to Climate Cinge & Develop RigkformedClimate Change Adaptation
Strategie§Rock Island District]
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3.3.2. Identifying User Needs for Adaptation

3.3.2.1.Long-Term Water Resources

Planning Decisions

Addressing Climate Change in Long-Term Water
and
User Neads for I proving Teos ana informanan

In January 2011, USACE and Reclamation published the
report, Addressing Climate Change in Laregm Water
Resources Planning and Management: User Needs for
Improving Tools and Informatiéh This report (FigZ), builds

on the needs identified in USGS Circular 1331lisutiue first

in a series of reports by USACE and Reclamation that identify
how to improveinformation supporting water resources
management decisiomaking. It seeks to focus research and
technologyefforts to address information and tool gaps
needed for longeterm water resources planning and

management. The report concluded that there are gaps in the == #== St
information and tools to help water managers understand
how to use climate change information toake decisions,
how to assess the responses of natural systems to climate
char_1ge, and how to comm_unicate the results and uncertainti and Management: User Needss for
of climate change to decisiemakers. A followon report now Improving Tools and Information
being prepared by science agencigfl present a strategy on January 2011

how to meet theidentified user needs.

Figure7. Joint USACHReclamation

LongTerm Water Resaues Plannig

Short-Term Water Management Decisions

3.3.2.2. Short-Term Water Management

User Needs for Improved Climate, Weather,
and Hydrologic Information

Decisions

In 2011 and 2012, CCAWWG members USACE, Reclamation
FYR bh! ! Qa blidAz2ylrt 2SI {iKSNJ
about user needs for weather and climate information for
short-term water management decisionshis report(Short

Term Water Managemd Decisions: Use Needs for Improved
Climate, Weather, and Hydrologic InformafigiiFig.8))

describes shorterm water management decision processes
within USACE and Reclamation, including how assumptions @
climate change and variability influendecisions. Thdraft @ m

report presents thdypes of monitoring and forecast V “Smeme Us Ay Corme 2012

= of Engineers, Review Draft
information that is availablérom NWS and other agenci&s

report on Addressing Climate Change it

support water resources managemesmd discusssthe Figure8. Review draft of joint USACE
characteristics and constraints on the development and use  ReclamatiosNWS report orShortTerm
of this nformation. The drafteport alsocontainsa description  water Management Decisions: Use Neec

of how information iurrentlyusedby USACE and for Improved Climate, Weather, and
Reclamation within its shotterm water resource management Hydrologic InformationMay 2012.

2 seehttp://www.ccawwg.us/index.plp/activities/addressineclimate-changein-longterm-water-resources

planningandmanagement

2L seehttp://www.ccawwg.us/index.php/activities/shorterm-water-managemenidecisionsuserneedsfor-

improvedclimateweatherand-hydrologicinformation
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activities Ultimately, this documenvill helpidentify opportunities to improve watergsources
management by communicating to the broad community of information providers and the research and
development communities the needs of the management agencies within the mission authorities
currently availableThis joint reportwill be publishedn 2012and will befollowed by a sciencagency
prepared report laying out a strategy to meet the user needs expressed.

3.3.3. Training to Support Adaptation

USACE is collaborating with Reclamation and the COMET training program of the University Corporation

for Atmospheric Research (UCA®Rproduce a series of materials to help train professionals facing

guestions of climate change and water resourdéSACE and Reclamation expect the first modules to

be tested later in 2012. These modules will be deployeavider testing following evaluation and

revision.Once completed fese training materialwilld S Y+ RS | @ Af 1 0f S (4KNRdIzZIK |
remote training facilitiesAmong the issueilentified by USACE and Reclamation as meeting high

priority user needgor climate informationare these

1 Determine the relevant weather and climate processes tiate significant uncertainty when
used in addressingydrologic questions.

9 Distinguish between natural climate variability (as determined from historical dath) an
projected climate change manifestations.

1 Identify and explain issues associated with model resolution and regionalizing, elypsittal
respect to downscalingnd bias correction.

1 Locate relevant climate projection information and model data.

9 Evaluate he utility of projection information in portraying the relevant processes; describe and
support the approach taken for downscaling and bias correction

1 Assess and communicate the uncertainty level associated with climate projections

1 Determine the appropria blend of historical and climataformation for use in studies

addressing hydrologic questions
1 Select one or more hydrology models (from those available) consistent with the blending
technique chosen and appropriate physical processes.
1 Assemble and appthe hydrology model to the location of interest (recognizing basin
characteristics and historical weather/streamflow relationships).
9@l fdzZ 4GS GKS Y2RStQa LISNF2NXIyOS I O02NRAYy3 (2
Conduct simulations using identified climate changather scenarios and blending techniques
Evaluate the relevance and quality of the simulation results.
Judge whether the simulation results are consistent with your original hypothesis.
Assess if the results are relevant to the questions being askddhe decision to be made
Synthesize and communicate results.

=A =4 =4 =4 -8 =9

3.4. Developing Policy and Guidance Framework

Our goal is to develop practical, nationally consistent, legally justifiable, and cost effective measures,
both structural and nonstructural, to reduce vulnerabilities and improve the resilience of our water
resources infrastructure impacted by climate olga.In developingboth enabling and implementing

(e.g. Wilby and Keenan 20J&)licy and guidance, avare taking a collaborative approach that embodies
a new attitude to partnering between agencies. This collaboration takes advantage of our different
pergectives and expertiseand also results in consistent guidance between agencies.
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3.4.1. Actions Taken to Support Adaptation

3.4.1.1.Policy and Guidance for Consistent Vertical Datums

One major findindgrom the internal and external analysésllowing Hurricane Katrinavas thatUSACE
must be proactive in incorporating new and changing information into our missions and operations,
including climate changand subsidenc@nteragency Performance Evaluation Team (£R009, the
Hurricane Protection Decision ChronologfPD€, Woolley and Shabman 200the American Society

of Civil Engineers (ASCE Zdpand the National Acadeyrof Public Administration (NAR2009). The
IPET reporpointed out the followingmisunderstanding of Datums (both water level and geodeti@, us
of out-of-date elevations (sea level rise and subsidence, inconsistent vertical datums used in models,
MSL assumed equal to NGVD29 (and NAVD88), and vertical refenendedicated on documents.

In 2006 USACE began working to establigioasistent mtionwide datum and subsidence standdod
providea foundation for all activities, but especially in coastal areas where datum conversions can be
tricky and subsidence can have a large effect on project elevations. These findings resulted in a
Comprehensie Evaluation of Project Datums (CEPD) and Compliance Database to ensure that all Corps
projects are tied to the correct datum, and if they are not currently, require transition to current vertical
datum. This program also developed the USACE Survey Mendtgve Retrieval Tool (EMART)

Database to store project control information in a standard database referenced to the National Spatial
Reference Systenfrollowing a number of interim guidance products, in December 2010, USACE
published comprehensive gldance in the form of Engineer Manukl 10-2-6056,Standards and

Procedures for Referencing Project Evaluation Grades to Nationwide Vertical B atums

3.4.1.2. Policy and Guidance for S2a-Level Change

USACE has long recognized the potential of changing sea le
to impact our projects. We published our first guidance on th
subject in 1986 even before the publication of the influential
1987 National Research Council sti®rBsponding to Changes i
Sea Level: Engineering ImplicatigNRC 1987). In 2009, we
updated this guidance in Engineer Circular 126811,
Incorporating Sedevel Change Considerations in Civil Works
ProgramqUSACE 2009). EC 116311 was applicable to all
phases of the project life cycle and all USACE busameas
except RegulatoryWVe developed that guidance with help from
topseat SPSt &a0OASyOS SELISNIA |
and the USGS. We also considered the approaches being ta
by our stakeholders

O
(s}

In 2011 USACHpdated EC 1163-211 to account for new
information, again with assistance from NOAA expéfig.9).
According to the new guidance, EC 1186312, Seal evel

EC 1162-212.

% Seehttps://ipet.wes.army.mil/

% Seehttp://www.iwr.usace.army.mil/docs/hpdc/hpdc.cfm

% Seehttp://www.asce.org/uploadedFiles/Publications/ASCE_News/2009ARtil/ERPreport.pdf
% Seehttp://publications.usace.army.mil/publications/ermanuals/EM_1112-6056/
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