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Objectives

1. Climate Change Impacts
Mitigation
Adaptation
What is climate science saying

2. EO 13514 — CEQ Implementing Instructions

3. How has the Corps answered?

CC Adaptation Plan and Report
— Pilot Studies

- Vulnerability Assessments

— CC Adaptation Steering Committee
CC Adaptation Task Force

— National Action Plan

CC and Water Working Group
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Why Does Time Only Move Forward? ( page 45)
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Global Water Stressors

= Supply vs Demand
e Population growth &
urbanization
e Land use change

e Economics, governance,
& finance

e Climate change

= Climate change uniquely
affects water supply &
hydrologic cycle

» Quantity and quality

e Timing of
precipitation and flow

— H activities

Increase in
impermeable
I surface

Land use

@ -

Greenhouse
gas emissions

disturbar
ist
— isturbances o

Main climate characteristics —

Climate change processes

-

Carbon

Carbon
dioxide

Nitrous .
A spanner in

oxlde
(etfimz the climate wheel

*G If Stream
Abrupt SUEEIHEIEN]
cdimate
change E rope

oollng

Major threats
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What is Climate Science Saying
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Observed Temperature Changes Differ Regionally
Numerical Models Track Changes & Differences on Land & Water
But Only When Anthropogenic_Forcings Are Included
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Observed Hydrologic Changes Differ Regionally
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Watershed Classes Will Continue to Change

Example: Snow to Rain Dominated HUCs in PacNW

(Ratio of Peak SWE to

Oct. to March Precipitation
(B <0.1 Rain dominant
@@ 0.1- 0.4 Transition A1B
(3 >04 Snow dominant
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figure adapted from A. Hamlet & R. Norheim, U Washington M

* Based on Composite Delta Method scenarios (multi-model average change in T & P)
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What are the Federal Action Drivers?

1. Internal and external reviews
following Hurricane Katrina —
IPET-HPDC Report (2006)

2. Executive Order 13514
(October, 2009)

Federal Leadership in Environmental,
Energy, and Economic Performance
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Executive Order 13514

Defined Work for the Federal Inter-Agency Climate Change Adaptation Task Force

DRAFT

NATIONAL ACTION PLAN:

PRIORITIES FOR MANAGING
FRESHWATER RESOURCES
IN A CHANGING CLIMATE

INTERAGENCY CLIMATE CHANGE ADAPTATION TASK FORCE

June 2, 2011

NATIONAL ACTION PLAN:
PRIORITIES FOR MANAGING FRESHWATER RESOURCES IN A CHANGING CLIMATE

RECOMMENDATIONS

. Establish a Planning Process to Adapt Water Resources Management to a Changing
Climate: This National Action Plan is an initial step to respond to the challenges to
freshwater resources posed by a changing climate. The recommendations and
actions in this Plan, however, will need to be evaluated and updated regularly over
time. In addition, a more formal organizational framework is needed to link Federal
agencies with State, tribal and local governments and with other interested parties.

Improve Water Resources and Climate Change Information for Decision-Making:
Current decision-making tools and policies for water resources management rely on
historical water data to estimate future variations in water availability and quality. In
a changing climate, however, water data used in decision-making tools needs to be
complete and current. In addition, new insights from predictive models need to be
applied to key decisions.

. Strengthen Assessment of Vulnerability of Water Resources to Climate Change:
Climate change impacts—including extreme weather events, sea level rise, shifting
precipitation and runoff patterns, among others—are expected to significantly affect
operations of water resources facilities. To effectively reduce climate change risks,
water resource managers need improved tools to assess the climate change
vulnerabilities in their systems that are tailored to the specific type of facility and
moaost critical management decision.

Expand Water Use Efficiency: Climate change will further challenge water resources
that are already under stress because of growing populations, contamination, and
demands to meet diverse human and ecosystem needs. Making more efficient use
of water can extend the availability of current supplies, reduce competition among
sectors, save energy, and reduce the cost of water system operations.

Support Integrated Water Resources Management: Management of the risks
from a changing climate should not oceur in isolation and needs to be integrated
with efforts to address other freshwater resources management challenges. As
models and methods for integrated water resources management are developed
across the country, challenges posed by a changing climate need to be incorporated.

Support Training and Outreach to Build Response Capability: Today, the workforce
that manages water resources programs at all levels of government and in the
private sector needs information and tools to recognize the implications of a
changing climate or to make complex climate change adaptation decisions related to
freshwater resources,

ht

ftehouse.gov/adminsitration/eop/ceg/sustainability
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Sea Level is Changing

Observed sea-level trends (NOAA), Coastal Vulnerability Index (USGS), USACE Projects, and Port
Tonnage on map of Population Density (Census)
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Actionable Science for Sea-Level Vulnerabilities
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Drought doesn’t protect us from floods ......

Intensity:

[] DO Abnormally Dry

[ ] D1 Drought - Moderate
[ D2 Drought - Severs
I D3 Drought - Extreme
W D4 Drought - Exceptional

The Drought Monitor focuses on broad-scale condifions,
Local condifions may vary. See accompanying text summary

for forecast statemeants.

http: lidrou ght.unl.ed w/dm Author: Matthew Rosencrans, NOAANWS/NCEP/CPC

U.S. Drought Monitor  *"%.:%2"

Drought Impact Types:

r~ Delineates dominant impacts

A = Agricultural {crops, pastures,
grasslands)

H = Hydrological (water)

Released Thursday, July 21, 20

BUILDING STRONGg



CLIMATE CHANGE

Stationarity Is Dead:
Whither Water Management?

F.C. D. Milly* Julio Betancourt.? Malin Falkenmark.? Robert M. Hirsch,* Zbigniew W.

¥ Dennis P. L

throughout the developed world have

been designed and operated under the
assumption of stationarity. Stationarity—the
idea that natural systems fluctuate within an
unchanging envelope of vanability—is a
foundational concept that permeates training
and practice in water-resource engineering. It
implies that any variable (e.g., annual stream-
flow or annual flood peak) has a time-invari-
ant (or 1-year-periodic) probability density
function (pdf), whose properties can be esti-
mated from the instrument record. Under sta-
tionarity, pdf estimation errors are acknowl-
edged, but have been assumed to be reducible
by additional observations, more efficient
estimators, or regional or palechydrologic
data. The pdfs, in trn, are used to evaluate
and manage risks to water supplies, water-
works, and floodplains; annual global invest-
ment in water infrastructure exceeds
U.8.8500 billion ().

The sttionarity assumption has long
been compromised by human disturbances
i river basins. Flood risk, water supply, and
water quality are affected by water infra-
structure, channel modifications, drainage
works, and land-cover and land-use change.
Two other (sometimes indistinguishable)
challenges to stationarity have been exter-
nally forced, natural climate changes and
low-frequency, internal variability (e.g., the
Atlantic multidecadal oscillation) enh d
by the slow dynamics of the oceans and ice
sheets (2, 7). Planners have tools to adjust
their analyses for known human distur-
bances within river basins, and justifiably or
not, they generally have considered natural
change and variahility to be sufficiently
small to allow stationarity-based design

S ystems for management of water

*US. Geologial Survey (USGS), o National Oceanic and
Atmospheric Administration (NOAA) Geophysical Fluid
Dynamics Laboratory, Princaton, N) 0BS40, USA. *USGS,
Tucson, AZ B5745, USA. *Stodkholm Intemational Water
Institute, SE 11151 Stockholm, Sweden. *USGS, Reston,
VA 20192, USA. "Research Centre for Agriculture and
Forest Environment, Polish Academy of Sciences, Poznan,
Poland, and Potsdam Institute for Climate Impact
Research, Potsdam, Germany. “University of Washington,
Seattl, WA 9B195, USA. "NDAA Geophysical Fuid
Dynamics Laboratory, Princeton, N D540, USA.

*Author for correspondence. Emait cmilly@usgs gav.

www.sciencemag.org  SCIENCE VOL 319

*Ronald J. Stouffer’

An uncertain future challenges water planners.

In view of the magnitude and ubiguity of
the hydroclimatic change apparently now
under way, however, we assert that stationarity
is dead and should nolonger serve asa central,
default assumption in water-resource risk
assessment and planning, Finding a suitable
successor is crucial for uman adaptation to
changing climate.

How did stationarity die? Stationarity is
dead because substantial anthropogenic
change of Earth’s climate is altering the
means and extremes of prec] 1on, evapo-
transpiration, and rates of discharge of rivers
(4, 5) (see figure, above). Warming aug-
ments atmospheric humidity and water
transport. This increases precipitation, and
possibly flood risk, where prevailing atmo-
spheric water-vapor fluxes converge (6).
Rising sea level induces gradually height-
ened risk of contamination of coastal fresh-
water supplies. Glacial meltwater tem porar-
ily enhances water availability, but glacier
and snow-pack losses diminish natural sea-
sonal and interannual storage (7).

Anthropogenic climate warming appears
to be driving a poleward expansion of the
subtropical dry zone (8), thereby reducing
runoff in some regions. Together, circulatory
and thermodynamic responses largely
explain the picture of regional gainers and
losers of sustainable freshwater availability

Published by AAAS

LICY

Climate change undermines a basic assumption
that historically has facilitated management of
water supplies, demands, and risks.

that has emerged from climate models (see
figure, p. 574).

Why now? That anthropogenic climate
change affects the water cycle (9) and water
supply ( /() is nota new finding. Nevertheless,
sensible objections to discarding stationarity
have been raised. For a time, hy droclimate had
not demonstrably exited the envelope of natu-
ral vanability and’or the effective range of
optimally operated infrastructure (17, 12)
Accounting for the substantial uncertainties
of climatic parameters estimated from short
records (1 3) effectively hedged against small
climate changes. Additionally, climate projec-
tions were not considered credible (12, 14).

Recent developments have led us to the
opinion that the time has come to move
beyond the wait-and-see approach. Pro-
Jections of runoff changes are bolstered by the
recently demonstrated retrodictive skill of cli-
mate models. The global pattern of observed
anmual streamflow trends is unlikely to have
arisen from unforced variability andis consis-
tent with modeled response to climate forcing
(15). Palechydrologic studies suggest that
small changes in mean climate might produce
large changes in extremes (/6), although
attempts to detect a recent change in global
flood frequency have been equivocal (17,
18). Projected changes in runoff during the
multidecade lifetime of major water infra-
structure projects begun now are large
enough to push hydroclimate beyond the
range of historical behaviors (19). Some
regions have little infrastructure to buffer the
impacts of change.

Stationarity cannot be revived. Even with
aggressive mitigation, continued warming is
very likely, given the residence time of
armospheric CO, and the thermal inertia of
the Earth system (4, 20).

A successor. We need to find ways to
identify nonstationary probabilistic models
of relevant environmental variables and to
use those models to optimize water systems.
The challenge is daunting. Patterns of
change are complex; uncertainties are large;
and the knowledge base changes rapidly.

Under the rational planning framework
advanced by the Harvard Water Program
(24, 22), the assumption of stationarity was

1 FEBRUARY 2006

Rum |

573

"Climate change
undermines a basic
assumption that
historically has
facilitated management
of water supplies,
demands, and risks".

Stationarity assumes that the
statistical properties of
hydrologic variables in future
time periods will be similar to
past time periods

®
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Agency Climate Change Adaptation Process

» CEQ issued instructions for
Implementing climate change
adaptation in accord w/EO
13514 — included requirements
to:

o ldentify a senior official

responsible for carrying out
adaptation actions

e Establish an agency climate
change adaptation policy

o« Complete a high-level analysis
of agency vulnerability to climate
change

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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USACE Adaptation Plan and Report

= Contains policy statement

= Answers the guiding
guestions posed by the
White House Council on
Environmental Quality in its
Implementing Instructions

= Provides information on
USACE progress,
programmatic efforts, and

adaptation planning
priorities e
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USACE Climate Change Adaptation Policy
June 2011

"It is the policy of USACE to integrate climate change
adaptation planning and actions into our Agency’s
missions, operations, programs, and projects".

"... using the best available — and actionable —
climate science and climate change
information..."

"... It shall be considered at every step in
the project life cycle for all USACE
projects, both existing and planned, ... to
reduce vulnerabilities and enhance the
resilience of our water-resource

infrastructure”.
http://corpsclimate.us m
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Motivation: Guiding Questions

= Action: By 3 June 2011, submit to CEQ your agency
responses to the Guiding Questions in the CEQ
Implementing Instructions Support Document Appendix E

* Questions are designed to help
agencies:
e Begin assessing how climate change

will affect missions, programs, and
operations

o Undertake a high-level analysis of
vulnerability to climate change effects

o Draft high-level assessment due in
September 2011, final in March 2012

IMPLEMENTING CLIMATE CHANGE
ADAPTATION PLANNING DN ACCORDANCE WITH
EXECUTIVE

nnnnnnnnnnnnnn
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CEQ Question 1: Impacts and Adaptation

Q1: How is climate change likely to
affect the ability of your agency to
achieve its mission and strategic
goals?

How we responded.:

1. Identify missions and operations and how
they are impacted by climate change

2. Evaluate how to incorporate climate
change considerations into activities
related to the Nation's water resources

3. Provide a firm foundation for future
policies, methods, research, and
applications of climate data for water
resources management

2ZUSGS [, (=eee
a Bl | (cemas
of Engineerse »

science for a changing world

SIsnz=

Climate Change and Water Resources Management:
A Federal Perspective

Circular 1331

U.S. Department of the Interior
U.S. Geological Survey

http://pubs.usgs.gov/circ/1331 ]HiIH[
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Climate Change — lllustrative Impacts Aligned
with Potentially Affected CW Business Areas

Climate :
Impact Business Area
Change
Change in form of precipitation (snow vs. rain) N, F, E, H, W, EM
Changes in water temperatures — water quality, lake stratification E
Effects on crops and growing season — changing water demand H, W
Changes in ecosystem structure and function E
Changes in invasive species or pest distribution N,F E,H W
Changes in river ice regimes N, F E, H, EM
Increasing Changes to glacial processes N, F E
average air Changes to ocean ice regimes N, F, E
temperature
Changes to permafrost E
Changes in energy demand N, E,H W
Altered ocean circulation — changing tide & surge regimes N, F, E, EM
Increased frequency &/or location of extreme events — droughts, floods,
: ] N, F E, H, W, EM
tornados, heat waves, cold waves, ice storms, blizzards, dust storms
Changing persistence of large-scale atmospheric features N, F, E, H, W, EM
Changes in evapotranspiration, rainfall-runoff relationships N, E,H, W, EM
N=Navigation, F=Flood and Coastal Storm Damage Reduction, E=Environment, H=Hydropower, W=Water Supply, EM=Emergency Management
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Table 2: Priority Questions

Priority Questions Driving USACE
Approach

Business Area
Impacted

How These Questions Relate to Business Areas.

How do we respond to increasing
variability of precipitation with climate
change?

N, F, E, H W

Increasing variability impacts our capacity to:

¢ Provide navigation services

e Manage reservoirs as authorized to provide flood risk reduction,
and prepare, respond and recover from floods and coastal storms

o Effectively plan, design, and manage ecosystem restoration
project

¢ Provide reliable hydropower

e Manage reservoirs for authorized water supply

How to account for nonstationarity in
hydrologic analyses?

N, F, E,H W

Nonstationarity undermines a fundamental assumption of hydrologic
and coastal design, requiring new methods, processes, and
technologies supporting updated planning, design, and operations of
our projects and programs supporting navigation, flood and coastal
storm risk reduction, environment, hydropower, and water supply..

How to perform flood-related and other
hydrologic analyses?

N,F, E H W

Climate change and variability have revealed:

¢ The need to consider multiple plausible futures

¢ That there are many approaches to obtain climate information —
which approaches are suitable for which decision?

e Gaps in knowledge and lack of established methods of performing
hydrologic analyses required to adequately plan, design, and
operate our projects and programs supporting navigation, flood
and coastal storm risk reduction, environment, hydropower, and
water supply.

N=Navigation, F=Flood and Coastal Storm Damage Reduction, E=Environment, H=Hydropower, W=Water Supply, EM=Emergency Management

®
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Table 3: Collaboration

Agency

How Climate Change Management Challenges are Similar

Department of Commerce,
National Oceanic and Atmospheric
Administration

Similar needs to monitor and track changes to water resources impacted by
climate change
Provides water resources science support to USACE

Department of Commerce,
US Coast Guard

Similar impacts to navigation and disaster response

Department of Defense

Similar impacts to land and water resources management & national security

Department of Homeland Security,
Federal Emergency Management
Agency

Similar impacts to disaster preparedness, response, recovery and flood risk
reduction

Department of the Interior,
Bureau of Reclamation

Water resources management operation agency
Similar impacts to land and water resources management

Department of the Interior,
National Park Service

Similar impacts to land and water resources management

Department of the Interior,
US Geological Survey

Similar needs to monitor and track changes to water resources impacted by
climate change
Provides water resources science support to USACE

Department of Transportation,
Federal Highway Administration

Similar impacts to infrastructure

Environmental Protection Agency

Similar impacts to water quality

National Aeronautics and Space
Administration

Similar needs to monitor and track changes to water resources impacted by
climate change
Provides water resources science support to USACE

? WR
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Coralville, 1A Pilot Study:
Multipurpose reservoir
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Central Questions

- How do we allow for shoreline retreat to preserve critical
tidal and near-shore ecosystems?

« How will changing climate affect reservoir sedimentation?

« How do we incorporate climate change considerations into
reservoir operating policies that will be adaptable to
potential climate changes?

» What information is needed for monitoring and assessing
drought for water management decision making?

« How should this information be communicated to
stakeholders?

» At what point will back bay flooding decrease benefits to
the point that beach renourishment is unjustified in those

locations?

BUILDING STRONGg
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Example (Potential & Theoretical) Adaptation
Measures at Coralville

Modification of storage allocation within the reservoir
= Seasonal or permanent

Modification of reservoir release schedule
» May require downstream modifications to river corridor to allow for higher growing-
season releases

Expanded use of forecast tools in reservoir regulation
= Current regulation plans are rigid and were not designed to employ modern forecast
products

= Operation flexibility would enable the system to adapt to changing & unexpected
conditions

Integrating reservoir operations with systemic flood risk management
for the basin under climate change conditions entails
integration of structural & non-structural methods,

Federal & local flood risk management systems,

& risk communication

adapted from K. Landwehr & G. Karlovits, USACE
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Vulnerability Assessments & Coastal Change
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Not For Use In Project Le 2040-2060
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We are in the midst of analyzing
and interpreting the results of this
screening-level assessment, and
will be working with BL and MSCs
to refine the process over the next
year for use in the WIDT

Each business line has a
set of indicators related to
performance and
vulnerability. The top ten
percent most vulnerable
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Climate Change & Water Working Group

(CCAWWG )
The two chief US water management Hig
agencies - USACE & Bureau g
Reclamation,.|

ency
C h | ef Water W “,dm\os“ f'eq“ Addressing Climate Change in Long-Term Water

& N OAA Resources Planning and Management

User Needs for improving Tools and Information

Objectives:

» Provide a fir
policies, met
applications @
resources ma

" US Ammy Corps Jenusry 2011
o Eﬂg’-l. Approved for public releane; distritution is unkmited

JOint Report rele - Long-term user needs produced in 2010;

‘ : short-term analog report coming in Spring 2012
USGS Circular 1331, February 2009

http://corpsclimate.us ®
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Path Forward for Hydrology.....
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INTRODUCTION TO THE FEATURED COLLBCTION ON “NONSTATIONARITY,
ROLOGIC FREQUENCY ANALYSIS, AND WATER MANAGEMENT*

hagan M. Waskeen, duction 10 tha Featured Colection o

The festured lection is bawd

JOURNAL OF THE AMERICAN WATER RESOURCES ASSOCIATION

INTRODUCTION TO THE FEATURED COLLECTION ON “NONSTATIONARITY,
HYDROLOGIC ENCY ANALYSIS, AND WATER MANAGEMENT'

2. Rolf Ot asd Reagon M, Waskors

Broad
Guidance

¥ ot
Watogin B 011 o
Tenitenr
o e
[y
vrie
1 B Coe STt
2 Apghaislny Cr
Ay —
+ b
T,
O s
S
R N‘ER 9}
conuass 3 i b D (3L CAPS)
AT BLocK
Emmmm Doeow
L P N ——
oal
oz
e
maTETor T iy e
U3 oy Cope
Tetm onr
e -
wipobon)
o nATE (AL caes
15 B cars
1 Dasi. Conp st
2 Avghcabsliy Cre o ihe letizr apphies.

3. Duswibution Sty

4 Relmenees

e

Maia Pasagrach itk
1) Second subar

0 Third suberdietion,

.\...m.;m.,,.,...ER’ )
cODLE 64 2ONDER (ALL CAPS)

SIGNATURE BLOCK
N EE (DweaCh

Figae D Saand

enst o sechaiel Lt witheos s

D4

Refined
Guidance

oM 35151
30 Jun 99

DEPARTMENT OF THE ARMY EMXX X1
U'S. Amy Corps of Engineers
CEXRX Washingree, TC 203141000

Maus,

o XL

‘Seres Tile losuial Cay
MANUAL (ALL CAPS)

1. B Cite porpose of sl

2. Amiicabalee. Cie orsarszat

Dumbeston Simemem. Cre drsribuion hsason

P \
A

BLOCK
CE Claef of S0t

Figwe D 50, Sanupie fomun of  sew wsanual with
T S R p—

D-

OM 25151
303w %9

EMXX]

Washuagion, D 203141000

Daie
Gigh fush
b e

Series Tile (lasial Cap)

MANUAL (ALL CAFS)

1. P Cie pupose of manal

2. Agplicabilty. Cie organzations which the sl

3. Ditribution Staiespent. Cite distributicn

sooMant
comomine Fie

Appendenis) gl sk
See Taie f Conent) USLCE Cap o s




Programmatic Efforts

( b p
Progress since &) (S
2006 with plans IPET/HPDC Lgssons Responses to Global Change
: Imp:_een?g;ﬁation Climate Change Sustainability
for action (FY06 - 12) (FY10 - 14) (FY11 - 20)
o AN AN vy

Nationwide Datum Standard M * Update Drought )
. Conti

Sea-Level Change Guidance () e tid

USGS Circular 1331 T —— * Comprehensive
Evaluation w.r.t.

Nonstationarity Workshop f— Sea-Level

: . ch
Sea-Level Adaptation Guidance < ——— i s e
Portfolio of Approaches Workshop < SR
* Integrate

Long Term User Needs f— Adaptation &

. L Mitigation.......
Climate Change Vulnerability Pilots _ Mgl
Future Guidance and Policies —)
Big S Sustainability Actions  —— e .
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Accomplishments

= Nationwide datum and subsidence standard
(2006 — present)

» Sea-level change guidance (2007 — present)
= \Water resources management (2007 — present)
= Adaptation Pilots (2009 — present)

* Nationwide screening level vulnerability
assessment (2010 — present)

* Integrating adaptation and mitigation

(2009 — present)
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Summary

» USACE progress to date is significant

e Products include a foundational report, Climate change
and water resources management: A federal perspective,
workshops directed at priority issues of climate change
adaptation for water resources managers, guidance
development, and a report on user needs for long-term

water resources planning.

» USACE has coordinated and collaborated
extensively to address the climate challenges facing

us

* Our vulnerability assessment is on track (ahead of

schedule)

®
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QUESTIONS?

www.hec.usace.army.mil
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