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USACE CLIMATE CHANGE ADAPTATION POLICY, AND CLIMATE
ADAPTATION PLAN AND REPORT (2014)

/\ USACE

s

SEMONES
US Army Corps. AND RESILIENGE
of Engineers. STEERING COMMITTEE

USACE JUNE 2014 (DRAFT)

Climate Change Adaptation Plan

Aa the Nabon's kwpost and cldest marager o
msources, the US Army Corps of Enginears | U:x l ) hes
leng boen sucoossiully adapting its pofoes, programs,
projects, planning, and oparations to impacts from mportant
drivars of global changa and verabity

i s tha poloy of USACE to niograto cimato changa
propadnoes and rasisnca planning and actons n ol
achvition for tho pposa of anhancing the reslionce of
our bt end ratral watar rasourcs nirastructuro and tha
r military support mission, and 1o rduce
tha potontial vuinarabiitios of thet nfmstructure and o
masions to the afiacts of cimata chango and variabity.
USACE shall continuo undorialang s cimato changa
prependnoss and rsionca planning, n consuttation with
nicred and axtornal exparts and with cur districts, dvisions.
and Contors, and shall imploment tha rasus of that planning
using tha bost svadebic - and actonabls - cimats soanco
and cirmato chenge nformation. USACE shal slso contiuo
s affiorts with othor agencios 10 dovalop $ho scenca and
angnearng rascarch on ciimanta changa miomabion mo tha
acsonablo basis for adapiing to cimato change impacts.
Furthernoea, USACE shall contirus %o considar potartal
dimato change mpacts whan undartaking long-torm
plinning, zating pocrtics, and making docisions aflacting its
maourTes, programa, polces, and opemtions.

Thaso actiora, wiich USNI = now conducting and

has cutiined for tha futurs, ca—pc;hb with tha
guiding prnciplas and 'rvrmrn\ of tha Councll on Clenaio
Proparadnass and Raslionce and s prodacossor, tha
Fadaral Interngancy Clrnatio Chango Adeptation Task
Foroa; with Exaoutave Ordor 13853 and ita Dacambar

19, 2013 instnuctionn Propaning Faderal Agancy Climata
Change Adapitation Plans In Accordanco with Excoutve
Ordar 13653; and with Exacutve Ordor 13514 and tha
Implamentng Instnactions for Fodaral Agancy Clmata
Change Adaptation issuod on March 4, 201

USACE undomstands and & acting to mtegrato cimato
adaptation fmanaging the unevoideblo impacts) with
miigaton (mvording the unmanagaablo mpacts]. USACE
moogninos the very sigrdicant dismncas batwoon cimaa
adaptaron and clmate change misgation © tems
ol physical complaxty, fiscal and matornd resources, lovel
al inowlodga end tachnical madinoss, and tempoeal and
geographic scak. Thaso difarnces meoen that very diforort
krowlodge, shkdis, and abiition aro neodad to undansand, plan
and mplement cimats properadnoss and msilkonce polices
and mosmures as compard o the onos lor mplamanting
mitigation massurcs. § i tha polioy of USACE thet mitigation
and adaptation mvestmonts and responsas to cimato
change shal ba considamd togothor 1o avord stuations
whem noar-tarm mitigation measuros might be mplementod
that would bo ovarcome by lenger-torm climato mpacts
raquinng adapiation, o whor o short-tom mitigaton acton
would prochuda a longer-tarm adaptation action.

Werk to undarstand and adapt 1o the impacts of dimato
and global chango = wel underway ot USACE, and o
poboy enuncaitod hora is closcly aignod with the USACE
Camgpaign Plan and the USACE Cia Woeks Strategio Plan.
USACE has saveral infagratod programs diroctod at parts of
dimato cf-argc adaptation; n addtion, many coordratod
damants Fom othor programs support the dovalopmant of
sppmaches o undorstand and manstrasm cimato change

edepiasion. Marstoaming cimata chenge adeptation
maans that t will bo cormidonod o avary stop n tho progct

o oycl for all USACE peogcts, both axmting and plannod,

through a logical, mtionsd, kgally ussfeblo procoss that
dovaops practioal, nationally consistont, and cost-afioctive
adepiation moamras, both struchural and nonstructural

to raducs vulnorabiltios ard anhance the malionca of our
watar-resourca nimstructuo.

The magnitude and complaxity of clmato changa mpacts
faoing watar eacurco managers n tha US has spursad
USACE to aenbark on closar, mor fruiti roragancy
coocporation for doveloping mothods supporting dirmato
changs adaptation. Closs colaboration, both nasonally
and intamationally, i the most cliacive wary to davelop
the moasurs to dontidly and roduce tho USACE miesion
vunambiisos 1o potontal futurs cimata changes. USACE
has damcr-'nmc its commitrmeet to ongaga and kad
such collsboration $eough efforts nchuding the “Buldng
Strong Colabomtive Raletionships for a Sustninabla Wator
Rosouroas Future Insiatna” and tha fodaral inaragonoy
Climata Crango and Watar Working Group (CCAWWEL

¥ & the policy of USACE the thesa and othar productva
colabomtive afiorts around cimato and global change
adaptation shall contimsa

This policy estubizhos the Amstant Sacrotary of o

Aemy for Cvi Works as tha Agonoy officil rsporsitio for
anzurng mplomentation of ol aspects of this policy. This
policy doas not alter or afioct any coost duty or wuthonty
and meognizes that USACE has eatablished the LISACE
Comenittee on Climato Properadnoss and Fesiicnos to
oversoe and coordinate agonoy-wide cimeto chengo
adaptation plerning and rmplamentation. Tha Comemittoo is
chamd by the USACE Chial, Enginoaning and Coratruction,
a 5 squinrly to tha Aszistant Sacrotary of the Army
for Cail Works.

This policy statoment raffrms and suparsados the
commement made by USACE in its June 3, 2011 Climate
Change Adaptation Policy Satornont. Thes polioy shal ba
affioctvo boginning Juna 27, 2014, for ol USACE mizsons,

afions, prograns and projocts and shall remain in ofiact
unti 1 is amondod, suparsadod, or rewskod.

Signed,

Jb-E!bn Darcy

satant Socrotary of tho for Cail Works

Mr. James C. Daon, PE, SES, Char of the USACE
Camata Change Adaptstion Siscring Commitiso, Januasy 19, 2012

‘Adaptation

Mr. James C. Dalton, PE, SES, Chair of the USACE
Climate Change Adaptation Steering Committee, January 19, 2012

http://corpsclimate.us
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USACE CLIMATE CHANGE ADAPTATION POLICY, AND CLIMATE
ADAPTATION PLAN AND REPORT (2014)

“ 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.”




USACE FEASIBILITY PLANNING PROCESS

#lldenﬁfy
problems & “Formulation and evaluation of alternative

plans should be based on the most likely
o conditions expected to exist in the future

with and without the plan.”
#3 Formulate Principles and Guidance - Water Resources Council

alternatives
#4 evaluate

aniriathens Climate Preparedness
L and Resilience
#5 Compars assessments should
e be focused on steps 2,
3, and 4

#6 select

recommender plan _
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POLICY ON INCORPOR
ATING CLIMATE CHANGE (
2016)

Guidance f

or Inco :

Impacts t rporating Cli

0 Inland Hydrology n v (\:/\r/lsnkge -
rks

- )

e

Requires consideratio ' = ENGINEERING AND
n of climate change in s Army Corps CONSTRUCTION BULLETIN

all curre
nt and fut
u re StUd |e No. 2016-23 Jssuing Office: CECW-CE Lssued: 16 ep 16 Expires: 16 SeP 18
s to reduc =
e

vulnerabiliti

|

our WaterII:IeeS and enhance the resilie
sources Infrastructure nee ol

SUBJECT: Guidance for Incorporating Climate Change® Impacts 10 Inland Hydrology 12 Civil

Works Studies. Designs, and Projects
C ATEGORY: Guidance
1. References: Required and related references ar® ptovided in Attachment A

4 Construction Bulletio (ECB) 2014-10. Subject: Guidance for
fvil Works Studies, Desigos:

a. Engineering 3o
Incorporating Climate Change Impacts t© Inland Hydrology 1 Civ
7 May 2014

* Onlya -
qualitative :
analySIS r . and Projects,
equired

b. Engineer Regulation (ER) 1110-2-8159, Life Cycle Design and Performance, 31 October
1997.

o Considerati
_ ration of
Cllmate bOth paSt (Obse ¢. En| eetManua\ M 1110~2-1M7.ﬂoodkunoﬁ'1\ml is, 31 Auw st 1994
trends as rved) chan ) gio &M ys g
(projected) chan well as potential future ges in A .
ges to relevant hydrologic i = ”wm.:‘?d““m@w%%wﬁ:m&
inputs : - onte

ose. This Engineeniog and C onstruction Bulletin (ECB) reissues and uppdates the policy
8

n ECB 2014-10 (veference 1a), Guidance for Incorporating Climate Change Impacts 10 Inland
is E

extended decision tme e.

dance for incorporating climate change information 10 hydrologic analyses in accor 1

the USACE overarching climate chang® adaptation policy This policy r&d < consideration of
~qlperabilities an

o Can info
rm the iSi
deCISlon prOCeSS cli:nmchmgeinﬂlcunmtandfnmmsmdiesvwxeduce\ dmh;ncnhe

« Does not
prevent the
uantitati perform
quantitative analysis in the futi?ge of a

3, Objective The objective of this ECB s t© enhance USACE climate ptepaxedness and
resilience bY incorporating relevant information about climate change impacts mn hydxologic
analyses for new and existing USACE projects- The required quahlat'we analysis includes any
completed projects where Federal funds ar® peing used 0 rehabilitate 3 project- 1t does not apply
to short-term water management decisions Changes otber than climate that affect wland

11 continue to be evaluated in th manner described it current USACE guidance

3 in the
(e.g.. Chaptef 18, Evaluating Change in EM 1110-2-1417, Flood-R\moff Analysis)

4. Background- Up to this time, USACE projects. programs, missions, and operations have
gencumy proven 10 e robust i the face of patural climate variability OVer their operating life
spans Recent scientific evidence hows, however. that in some geognphic Jocations and for
some impacts rel ACE operations. climate change 1% shifting the climatological

evant 0 uUs




THE ECB 2016-25 ANALYSIS FRAMEWORK

Start Here

o

Relevant Current

Phase I

Climate and Climate

Change

Literature Review:
Relevant Current Climate
and Climate Change

o

Investigate Trends in
Annual Maximum Flow
Gage Data

: Projected

Phase 11
Changes to Watershed

Hydrology and Assessment

of Vulnerability to Climate

Change

.

Investigate Projected
Trends in Annual
Maximum Flow in
Project’s HUC-4

National Climate Assessment
and associated Technical
Inputs; USACE HUC 2
Climate Change Summaries;
other peer-reviewed sources

USACE Climate Hydrology
Assessment Tool and USACE
Nonstationarity Detection
Tool

Watershed
S =
Watershed and USACE Watershed
HUC-4 Level <] Vulnerability Assessment
Vulnerability Assessment Tool

¥

Write up report, incorporate into risk register as appropriate,
and identify special concerns for future analysis

Discussed in
this
presentation



REGIONAL CLIMATE CHANGE AND HYDROLOGY 9
LITERATURE SYNTHESES

« USACE had developed 21 regional climate syntheses at the scale of 2-digit USGS

Hydrologic Unit Codes (HUC)
« Summarizes observed and projected climate and hydrological patterns cited in reputable

peer-reviewed literature
e Summary of USACE business line vulnerabilities

N legend USACHE Divisions n“"' 4
D dogt X Gremt Lsbes g OFso Rover Dovepon Po e Cnoen Ongnumn
Mwisges Wiy Saveoe B s Aot Dagm USACE Divisons
[NV D S R South Pacc Divason " . N _
OO e Southmasion Shien - — —

http://www.corpsclimate.us/rccciareport.cfm




REGIONAL CLIMATE CHANGE AND HYDROLOGY =
LITERATURE SYNTHESES

OBSERVED PROJECTED

Literature Literature
Consensus Consensus
PRIMARY VARIABLE Trend (n) Trend (n)
(14) TREND SCALE
Tem De ratu e ‘ ﬁ= LargeIncrease <l =Small Increase  wmm= No Change “;‘u'ariahle
u= Large Decrease 4 = Small Decrease ®= No Literature
- LITERATURE CONSENSUS SCALE
Te m pe ratu e ‘ 7\ = Ml literature report similar trend £3)=Low consensus
M I N ”\4 U M S m: Majority report similar trends @: No peer-reviewed literature available for review
(N = number of relevant literature studies reviewed
Temperature . 3
MAXIMUMS
‘ Precipitation ‘
TR
. Precipitation ‘ mn ‘ mlo}
, 3 & - S
LY EXTREMES
AN
Y Hydrology/ ‘ (10) 4.. (15)
=/ Streamflow ‘




USACE PUBLIC TOOLS

Nonstationarity Detection Tool
Climate Hydrology Assessment Tool
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s USACE PUBLIC TOOLS

US.ARMY |

HEADQUARTERS

(" search HO USACE o}

A ABOUT BUSINESS WITHUS MISSIONS LOCATIONS CAREERS MEDIA LIBRARY CONTACT

HOME > CORPECUMATE = PUBLIC TOOLS DEV BY USACE

Fublic Tools Developed by USACE Home

Water 3wallability and quality are cntical 1o national secunty, now and i the fulune. As part of IS water reseurces mandgement
missions and operations, the L.5. Ammy Gorps of Engineers (USACE) has been working together with ather federal agencies,
academic oxperts, nongovemmental erganizations, and the prvale scohor to franslale climate scence inte actionable scicnoe
fr derssion-making Adaptation PolicyiPlan

Climate News

As part of these etforts, USACE s developing & suite of web accessible tools to support repestasle analyteal results for
climate preparedness and resibence plannmg and engneering design. The sea level change caloulator is available here. The Climate Preparedness and
cakoulatar is in the process of being revised to add functionality. and will be posted in the next several months. We have also Resilisncea

deveslopend bavo hoals suppting impacls arabysis ami design fon dimale-angacled hydiology, available here

Mure: boails will b ackded ms frey becomes aseailable Your comments and Ssedback e welrome Public Tools Dﬂ\"ﬂlmﬂd h'!f

USACE

Climate-Impacted Hydrology

Sea-level Change Curve
Calculator

Responses to Climate Change
Program

International Activities

www.usace.army.mil/corpsclimate/Public_Tools_Dev_by USACE.aspx




USACE PUBLIC TOOLS

guidance for hydrology used in climate change impact assessments and adaptation planning and design.

Nonstationarity Detection Tool

Stationarity, or the assumption that the statistical characteristics of hydrologic ime series data are constant through time,
enables the use of well-accepted statistical methods in water resources planning and design in which future conditions rely
primarily on the observed record. However, recent scientific evidence shows that—in some places, and for some impacts
relevant to the operations of the U.S. Army Corps of Engineers (USACE)—climate change and human modifications of the
watersheds are undermining this fundamental assumption, resulting in nonstationanty

T ables the user to apply a seres of statistical tests to assess the stationanty of annual instantaneous
peak slteaow data series at any United States Geological Survey (USGS) streamflow gage site with more than 30 years of
annual instantaneous peak streamflow records through Water Year 2014. The tool aids practitioners in identifying continuous
periods of statistically homogenous (stationary) annual instantaneous peak streamflow datasets that can be adopted for
further hydrologic analysis. The tool also allows users to conduct monotonic trend analyses on the identified subsets of
stationary flow records. The tool facilitates access to USGS annual instantaneous peak streamflow records; does not require
the user to have either specialized software or a background in advanced statistical analysis; provides consistent, repeatable
analytical results that support peer review processes; and allows for consistent updates over time. USAGE technical guidance
on the detection of nonstationarities in annual maximum flows is contained in Engineer Technical Letter 1100-2-3.

The User Manual includes a discussion of the technical concepts incorporated into the Nonstationarity Detection Tool, a
description of the user interface, an explanation of how to apply the user interface to execute hydrologic analysis, and a series
of examples highlighting how the tool is applied. This user guide does not cover all possible situations one may encounter
using the tool. The first step in conducting nonstationarity detection is to carry out data preparation and exploratory data
analysis, which are described in detail in Section 3. The Nonstationarity Detection Tool is not a substitute for professional
engineering judgment. For more information about the tool, you can read the fact sheet. You can also watch a video (mp4,
54 1 MB) that explains how to use the tool.

Climate Hydrology Assessment Tool

In releasing Engineering and Construction Bulletin 2014-10, Guidance for Incorporating Climate Change Impacts to Inland
Hydrology in Civil Works Studies, Designs, and Projects, USACE took the first step toward developing policy and guidance
around projected changes to climate hydrology and how these changes might affect water resources project planning, design,
construction, operation and maintenance

ECB 2016-25, released on 16 Sept 2016, supersedes and updates ECB 2014-10. The qualitative analysis required by this
ECB includes consideration of both past (observed) changes as well as potential future (projected) changes to relevant
hydrologic inputs as part of a first-order statistical analysis of the potential impacts to particular hydrologic elements of the
study. This analysis can be very useful in considering future without project conditions (FWOP) and the potential direction of
climate change. Examples of this type of analysis is provided in Appendix C.

The Climate Hydrology Assessment Tool allows users to easily access both existing and projected climate data to develop
repeatable analytical results using consistent information: reducing potential error and increasing the development of
information so that it can be used earlier in the decision-making process, ideally in the development of risk registers. This tool
steps user through the process of developing information and supplies graphics suitable for use in a report including: trend
detection in observed annual maximum daily flow, trend detection in observed annual maximum 3-day flow, climate-modeled
annual maximum monthly flow range, and trend detection in annual maximum monthly flow models.

Responses to Climate Change
Program

International Activities
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NSD Production Environment

- Nonstationarity Detection Tool (NSD) - PROD

» Cos of Engineers

User Guide  Nonstationarity Detection Tool Help

Welcome to the Nonstationarity Detection Tool

This Nonstationarity Detection Tool was developed in conjunction with USACE Engineering Technical Letter (ETL) 1100-2-3, Guidance for Detection of Nonstationarities in Annual Maximum Discharges, to detect nonstationarities in maximum annual
flow time series. Per this ETL 1100-2-3, engineers will be required 1o assess the stationarity of all streamfiow records analyzed in support of hydrologic analysis carried out for USACE planning and engineering decision-making purposes.

The Nonstationanty Detection Tool enables the user to apply a series of statistical tests to assess the stationarity of annual peak streamflow data series at any United States Geological Survey (USGS) annual instantaneous peak streamflow gage
site with more than 30 years of flow record through Water Year 2014. The tool is intended to aid practitioners in identifying continuous periods of statistically homogenous (stationary) annual peak streamflow datasets that can be adopted for further
hydrologic analysis.

The web tool detects nonstationarties in the histoncal record to help the user segment the record into flow datasets whose statistical properties can be considerad stationary. The tool also allows users to conduct monotonic trend analysis on the
resulting subsaets of stationary flow records identified. The web tool facilitates direct access to annual maximum streamflow datasets, does not require the user to have specialized software or a background in advanced statistical analysis, provides
consistent, repeatable analytical results that support peer review processes, and allows for consistent updates over time.

This tunclionally 1S containead within three dillerent sheats

Nonstationanty Detector - The Nonstationanity Detector sheet uses a dozen different statistical methods to detect the presence of both abrupt and smooth nonstationarities in the penod of record.
Trand Analysis - The Trend Analysis sheet displays the results from four different statistical methods for trend analysis.

Method Explorer - Within the Meathod Explorer sheel, a user can select any of the twelve nonslationarity detechon mathods o view indepandently of the other statislical tesls

If you have any questions or comments, please let us know by contacting: (g corsupportigusace. amy.mil

BUILDING STRONGs




NSD Production Environment

Corps of Engineers
Nonstationarity Detection Tool Help

We are currently experiencing issues with the Trend Analysis tab. AH other tabs In the tool are fully functional. Please contact [; ciimatechange@usace.army.mil with any questions.

Nonstationarity Detector  Trend Analysis Meth@ Explorer

Nonstationarities Detected using Maximum Annual Flow/Height -
30K | (#) Instantaneaus Peak Streamfiow
Stage

w .

&

5

: 20K |

2 ND

&

‘_.:_' Select a site

- 5054000 - RED RIVER OF THE NORTHA,

o

3 10K |

3

E

<

2 : \ ! Saraaivity Paraimmines
1860 1880 1900 1520 1940 1960 1980 2000 2020 (Savzanty paramefers are gescnbed in the manual
Water Year Engineenng fuspment is required I non-cefaut paramerers
are saleciad)
This gage has a drainage area of 5,600 square miles Langer Valusa wil Reault in Fawar Neastadonanises Deticled
WARNING. The peviod of reeovd sefecled has nissing dafa pomls. There are potential issues with the ciangepouns defecled. e Mno:: ?'2': kil
Ll ult. 20)
20
The USGS streamflow gage sites avatable for assessment within this application Inclixe locations where there are discontinuilies in USGS peak fow O <>
dala coliection throughout the period of record and gages with shoft records. Engineering judgment should be exercised when carnying out analysis
where there are significant data gaps.
CPM Methods Sensitivty

In general, a minimum of 30 years of continuous Streamfiow measurements must be avatahle before this application should be usad to detect (Dedault: 1.000)
nanstationarities in Niow records 1,000

Haatman - (Granhiral Ranracantatinn nf Statictical Raciilte O <>

NONSTATIONARITY DETECTION TOOL

Nonstationarity Detection Tool (NSD) - PROD
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NONSTATIONARITY DETECTION TOOL

Nonstationarity Detector | Trend Analysis = Method Explorer

Nonstationarities Detected using Maximum Annual Flow/Height

w
o 1500
E
=
2
E
3
8 1000
Wi
-
£
°
o
k]
3
& 500
<

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Water Year

This gage has a drainage arca of 28.50 syuare miks.

The USGS streamfiow gage sites avallable for assessment within this application Include iocations wheare there are ascontinuities in USGS peak fiow
dala coliection throughout the period of record and gages with short records. Engineering judgment should be exercised when carying out analysis
where there are signdficant data gaps

In general, a minimum of 30 years of continuous streamflow measurements must be available before this applicabon should be used to detect
nonstationantes In fiow records

l Heatmap - Graphical Representation of Statistical Results
Crames-Von-Mises (CPM) |
Kelmogerov-Smirmov (CPM) I
LePaga (CPM) '
Energy Divisiva Mathod
Lombiard Wikcoxon I
Pettit ' |
Mann-Whitnay (CPM)
Bayesian
Lombard Mood
Moud {CPM)

Parameter Selection
(*) Instantaneous Peak Streamfiow
Stage

Site Selection
Select a state
1L -

Select a site
5539900 - WEST BRANCH DU PAGERIV. »

Timeframe Selection
1950

2085
s’ { )
(—

Sensitivity Parnmaeters
(Senshinty paramaiers avs dastnbad a1 the manus),
Erginsenng juagmeant 15 requirad ¥ nca-0afaunt paramerers
R SN
Lasger Valkes will Resull o Fewer Nonstatonanbes Detecled

CPM Methods Bumn-in Period
(Dafauk 20)
20

CPM Methods Sensitivty
(Default 1,000)

Bayesian Sensitivty
(Defauk 0.5)

05

Energy Divisive Method Sensitivty
(Dafauk 0 5)

05
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NONSTATIONARITY DETECTION TOOL

CPM Methods Sensitivty

In general, a minimum of 30 years of continuous streamflow measurements must be available before this application should be used to detect (Default: 1,000)
nonstationarities in flow records. 1,000
. . L <>
Heatmap - Graphical Representation of Statistical Results ?
Cramer-Von-Mises (CPM) |
Kolmogorov-Smimov (CPM) | Bayesian Sensitivty
(Default: 0.5)
LePage (CPM) | 05
Energy Divisive Method o) <>
Lombard Wilcoxon |
Pettitt | Energy Divisive Method Sensitivty
Mann-Whitney (CPM) (Default: 0.5)
0.5
Bayesian
O <2
Lombard Mood
Mood (CPM)
Smooth Lombard Wilcoxon Larger WValues will Result in

More Nonstationarities Detected

Lombard Smooth Methods Sensitivity

Smooth Lombard Mood

1960 1965 1970 1975 1980 1985 1930 1995 2000 2005 2010 2015 (Default: 0.05)
0.05
Legend - Type of Statistically Significant Change being Detected
o] <|[>»
. Distribution . Variance
. Mean Smooth i .
% Pettitt Sensitivity
Mean and Variance Between All Nonstationarities Detected T (Default: 0.05)
800 0 <[>
Segment Mean 400
(CFS) 200
400

Please acknowledge the US Army Corps of Engineers for

Segment Standard Deviation 00 producing this nonstationarity detection tool as part of their

(CFS) progress in climate preparedness and resilience and making
2{)02 it freely available.
Segment Variance
(CFS Squared) 100K
0K

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

< Undo | Revert (A Refresh () Pause of Share [}) Download [, Full Screen



NONSTATIONARITY TESTS

How can | interpret all those results?

— Look for consensus among tests e.g. multiple tests find changes in mean

— Look for robustness across detected changes e.g. changes in mean and variance —
multifaceted change

— Assess magnitude of change — changes can be statistically significant but of no practical
significance

18



Trend in Maximum Annual Flow at
WEST BRANCH DU PAGE RIVER NEAR WEST CHICAGO, IL

1800

1600

1400

1200

1000

a00

Annual Peak Streamflow in CFS

600

400

200

1960 1965 1970 1975 1920 1985 1950 1995 2000 2005 2010
Water Year

Monotonic Trend Analysis

Is there a statistically significant trend?
Yes, using the Mann-Kendall Test at the .05 level of significance.
Yes, using the Spearman Rank Order Test at the .05 level of significance.

What type of trend was detected?
Using parametric statistical methods, a positive trend was detected.
Using robust parametric statistical methods (Sen's Slope), a positive trend was detected.

2Mms

NONSTATIONARITY DETECTION TOOL

Timeframe Selection
1860 to 2085

Please acknowledge the US Army Corps of Engi-
neers for producing this nonstationarity detection
tool as part of their progress in climate prepared-
ness and resilience and making it freely available.
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Menstationarity Detector | Trend Analysis | Method Explorer

Monstationarities Detected using Cramer-Von-Mises (CFM) at
WEST BRANCH DU PAGE RIVER NEAR WEST CHICAGO, IL
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Mean and Variance between Nonstationarities
Detected with Cramer-Von-Misas (CPM)
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NONSTATIONARITY DETECTION TOOL

Method Selection
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USACE PUBLIC TOOLS

guidance for hydrology used in climate change impact assessments and adaptation planning and design.

Nonstationarity Detection Tool

Stationarity, or the assumption that the statistical characteristics of hydrologic ime series data are constant through time,
enables the use of well-accepted statistical methods in water resources planning and design in which future conditions rely
primarily on the observed record. However, recent scientific evidence shows that—in some places, and for some impacts
relevant to the operations of the U.S. Army Corps of Engineers (USACE)—climate change and human modifications of the
watersheds are undermining this fundamental assumption, resulting in nonstationanty

The Detection Tool enables the user to apply a series of statistical tests to assess the stationarity of annual instantaneous
peak streamflow data series at any United States Geological Survey (USGS) streamflow gage site with more than 30 years of
annual instantaneous peak streamflow records through Water Year 2014. The tool aids practitioners in identifying continuous
periods of statistically homogenous (stationary) annual instantaneous peak streamflow datasets that can be adopted for
further hydrologic analysis. The tool also allows users to conduct monotonic trend analyses on the identified subsets of
stationary flow records. The tool facilitates access to USGS annual instantaneous peak streamflow records; does not require
the user to have either specialized software or a background in advanced statistical analysis; provides consistent, repeatable
analytical results that support peer review processes; and allows for consistent updates over time. USAGE technical guidance
on the detection of nonstationarities in annual maximum flows is contained in Engineer Technical Letter 1100-2-3.

The User Manual includes a discussion of the technical concepts incorporated into the Nonstationarity Detection Tool, a
description of the user interface, an explanation of how to apply the user interface to execute hydrologic analysis, and a series
of examples highlighting how the tool is applied. This user guide does not cover all possible situations one may encounter
using the tool. The first step in conducting nonstationarity detection is to carry out data preparation and exploratory data
analysis, which are described in detail in Section 3. The Nonstationarity Detection Tool is not a substitute for professional
engineering judgment. For more information about the tool, you can read the fact sheet. You can also watch a video (mp4,
54 1 MB) that explains how to use the tool.

Climate Hydrology Assessment Tool

In releasing Engineering and Construction Bulletin 2014-10, Guidance for Incorporating Climate Change Impacts to Inland
Hydrology in Civil Works Studies, Designs, and Projects, USACE took the first step toward developing policy and guidance
around projected changes to climate hydrology and how these changes might affect water resources project planning, design,
construction, operation and maintenance

ECB 2016-25, released on 16 Sept 2016, supersedes and updates ECB 2014-10. The qualitative analysis required by this
ECB includes consideration of both past (observed) changes as well as potential future (projected) changes to relevant
hydrologic inputs as part of a first-order statistical analysis of the potential impacts to particular hydrologic elements of the
study. This analysis can be very useful in considering future without project conditions (FWOP) and the potential direction of
climate oy b of analysis is provided in Appendix C.

THg Climate Hydrology Assessment Tool gllows users to easily access both existing and projected climate data to develop
repeasaggoalvtical resulis usipgee®lstent information: reducing potential error and increasing the development of
information so that it can be used earlier in the decision-making process, ideally in the development of risk registers. This tool
steps user through the process of developing information and supplies graphics suitable for use in a report including: trend
detection in observed annual maximum daily flow, trend detection in observed annual maximum 3-day flow, climate-modeled
annual maximum monthly flow range, and trend detection in annual maximum monthly flow models.

Responses to Climate Change
Program

International Activities
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CLIMATE HYDROLOGY ASSESSMENT TOOL

Climate Hydrology Assessment Tool - PROD

In releasing - Enamesning and Construction Bulleln 2016-25_ Guidance for Incorporaling Climate Changs Impacts (o lniand Hydrolagy i Civil Works Studies, Desions_and Proects, USACE ook the first step loward developing policy and guidance

around projected changes to climate hydrology and how these changes might affect water resources project planning, design, construction, operation and maintenance.

The qualitative analysis required by this ECB includas consideration of both past (observed) changes as well as potential future (projected) changes to relevant hydrologic inputs. A first-order statistical analysis of the potential impacts to paricular
hydrologic elements of the study can be included as supplemental input fo this qualitative assaessment, bul 1s not required

However, this analysis can be very useful in considerning future without project conditions (FWOP) and the potential direction of climate change.

The technigues required to obtain the data for the statistical analysis can be cumbersome and the multiple steps required could introduce errors that might adversely impact the results and the interpretations and decisions made based on these
resulls

Bacause tha intent of ECB 2016-25 is to provide information about future conditions useful to decision-makers, we decided o develop a wab-accessible tool to allow USACE staff to eastly access both existing and projected chimate. This allows
distnels across the counlry o develop repeatable analyhical resulls using consistent mformation In doing so, we reduce polential error ankd speed the developmen! of mlormaltion so thal It can be used earlier in the decision-making process, ideally in
the development of nsk registers

This tool steps user through the procass of developing information shown in the figures of Appendix C, and supplies graphics suitable for use in a report

« Trend detection in observed annual peek instantaneous streamflow. Here the user selects the desired HUC-4 walershed and oblains data for the desired USGS gauge using the pick list or the map. Hovenng over a spot on the map provides
information on the gage and a link to open the gage data in a separate window. The graphics reproduce Figure C-1 and include a trend line. Hovering over the trend line provides the equation for the line and also an indication of significance

+ Climate-modeied projected annual maximum monthly flow range. This tab provides a graphic of the projected climate-changed hydrology for the seiected HUC-4 watarshad that reproduces Figure C-3. The range of the 93 projections of annual
maxenum monthly flow 1s shown in yellow, just as it is in Figure C-3. The mean of the 83 projections of annual maximurn monthly flow s shown in blue

= Trend detection in annual maxamum monthly flow models. This tab provides a graphic including the statistical analysis of the mean of the projected annual maximum monthly streamflow projections for the selected HUC-4 watershed, reproducing
Figure C-4. Hovering over the trend line providas the equation for the line and also an indication of significance.
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Home

Annual Maximum | Projected Annual Max Monthly = Mean Projected Annual Max M...

1) Choose a HUC-4

Analysis Tool Help

2) Click Map Location or Name to Select Strez
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Huc-4 Reference Map

CLIMATE HYDROLOGY ASSESSMENT TOOL

Analysis: None

p) Value)
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to display trend chart
Pause

& Edit
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CLIMATE HYDROLOGY ASSESSMENT TOOL

Annual Maximum | Projected Annual Max Monthly = Mean Projected Annual Max M... | Huc-4 Reference Map
1) Choose a HUC-4 ek | fg
0712-Upper llinais 2) Click Map Location or Name to Select Stream Gage /& + %?
Search for Gage within HUC-4 by Name Site Number —
5532000 ADDISON CREEK AT BELLWOOD, IL

| | 554710
5551675
5551700
5528500
5536235
a D 3536890

3936235

3) Include Only Years (If Desired)
1757 2016
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Go to USGS Gage Details

ET"I 2000 3\01
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- - —
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CHICAGO SANITARY AND SHIP CANAL NR LEMONT, IL

v 2000408
DEER. CREEK HEAR CHICAGO HEIGHTS, IL |

Annual Peak Instantaneous Streamflow, None Selected
(Hover Over Trend Line For Significance (p) Value)

Climate Hydrology Assessment Tool v.1.0

Analysis: None

- -=-NO GAGE SELECTED OR DATA UNAVAILABLE - - -
Select new gage from list or map above
to display trend chart
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linear regression it drawn; a
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ln‘;'h,ﬂmnual Peak Instantaneous Streamflow, NB CHICAGO RIVER AT ALBANY AVENUE AT CHICAGO, IL
Selected

(Hover Over Trend Line For Significance (p) Value)
Climate Hydrology Assessment Tool v.1.0 Analysis: 382018 1:05 PM
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9
4K
®
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Annual Peak Instantaneous Streamflow, NB CHICAGO RIVER AT ALBANY AVENUE AT CHICAGO, IL

Selected
(Hover Over Trend Line For Significance (p) Value)
Climate Hydrology Assessment Tool v.1.0
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CLIMATE HYDROLOGY ASSESSMENT TOOL

Annual Peak Instantaneous Streamflow, NB CHICAGO RIVER AT ALBANY AVENUE AT CHICAGO, IL
Selected

(Hover Over Trend Line For Significance (p) Value)
Climate Hydrology Assessment Tool v.1.0

Analysis: 382018 1:05 PM
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CLIMATE HYDROLOGY ASSESSMENT TOOL

Annual Maximum | Projected Annual Max Monthly = Mean Projected Annual Max M... = Huc-4 Reference Map
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CLIMATE HYDROLOGY ASSESSMENT TOOL

I:} Annual Maximum | Projected Annual Max Monthly | Mean Projected Annual Max M... | Huc-4 Reference Map

Trends in Mean of 93 Climate-Changed Hydrology Models of HUC 0712-Upper Illinois 1) Choose a HUC-4
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APPLICATION OF ISWS PRECIPITATION DATA TO
ECONOMIC ANALYSIS OF PROJECTS IN FEASIBILITY
STUDIES
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BASIS FOR USING PROJECTED DATA

« Consensus on increased peak precipitation and peak flow rates in future
o ISWS precipitation frequency analysis provides data to apply to hydrology modeling

« USACE feasibility studies use a 50-year period of analysis to determine economic
benefits associated with evaluated projects

o Flood frequency analysis based on precipitation frequency curves relying on observed
data (Bulletin 70, period of record: 1901-1983)

o Flood frequency does not account for observed or anticipated trends towards
Increasing precipitation in the future

« Not qualitatively including future precipitation trend projection in our project evaluation
could impact plan selection, resiliency/reliability of recommended projects, and the level of
residual risks following construction.

« The Chicago District proposes that this risk be managed by quantitatively by incorporating
precipitation projections in the future conditions.
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PROPOSED METHODOLOGY
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WHICH SCENARIO??
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ADDRESSING UNCERTAINTY

“REVEALING” UNCERTAINTIES

STt | %

Combined Uncertainty

&
KEEP - Better Understanding,
CALM Quantification and Definition of

IT'S

'COMING  Uncertainty

methods

2085

of
10 those HUCH.

* Acknowledge Uncertainty Associated with Climate Model
Output for Future

* Interpreting Global Climate Model Output

* Hydrologic Model Uncertainty

34



QUESTIONS?



