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INFRASTRUCTURE RESILIENCE AND PLANNING UPDATE

* Instructor: Dr. Kathleen D. White, U.S. Army Corps of Engineers

This short course provides an update to the tools available for resilient
infrastructure planning with a particular focus on tools available to DoD installation
planning practitioners at coastal installations.

Topics include an introduction sea level change tools, an exploration of the
statistical adjustment approaches to climate derived hydrology data, what those
adjustments and diagnostics are, and how to apply the methods available, the
background context on nonstationarity research, and an introduction to the
framework based on the shift in assumptions from hydrologic stationarity to
nonstationarity and outlines the major steps of the framework.

The course will provide participants with an understanding of the tools currently
available and their use.
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INFRASTRUCTURE RESILIENCE AND PLANNING UPDATE

* Instructor Short Bio:

Dr. Kate White leads the US Army Corps of Engineers (USACE) Climate Preparedness
and Resilience Community of Practice within the USACE Headquarters, Engineering and
Construction Directorate.

Dr. White holds B.S. and M.S. degrees in Civil Engineering and a Ph.D. in Civil and
Environmental Engineering.

A registered professional engineer with over 31 years at the USACE, she develops policy,

technical guidance, methods, and tools for climate preparedness and resilience, with an

ﬁmphgsis on water resources management issues involving extreme events and natural
azards.

She received a 2013 GreenGov Presidential Award as Climate Champion and was
selected as the USACE 2014 Engineer of the Year.
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Specific Course Objectives

1. Learn where to find authoritative information on changing climate
pertinent to infrastructure resilience.

2. Become familiar with changing sea level and several on-line resources to
visualize observed and projected sea level change.

3. Understand basic concepts of stationary and nonstationary hydrologic
conditions.

4. Gain an introduction to the basics of climate preparedness and
resilience for military infrastructure.
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Sources of Authoritative Climate Information

* The U.S. Global Change Research Program (GCRP) developed and produced
the Fourth U.S. National Climate Assessment (NCA4), vols | and |l
* 1989 GCRP began as Presidential Initiative

* 1990 Created by Congress in U.S. Global Change Research Act “to assist the nation and
the world to understand, assess, predict, and respond to human-induced and natural
processes of global change”

* Work is directed and overseen by Principals representing the 13 GCRP member agencies
as the White House Office of Science and Technology Policy Subcommittee on Global
Change Research (OSTP / SGCR)
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National Climate Assessment

* The National Climate Assessment is required by the Global Change
Research Act, section 106:

* “Not less frequently than every 4 years [USGCRP] shall prepare and submit to
the President and Congress an assessment which:

* Integrates, evaluates, and interprets the findings of [USGCRP] and discusses
the scientific uncertainties associated with such findings

* Analyzes the effects of global change on the natural environment, agriculture,
energy production and use, land and water resources, transportation, human
health and welfare, human social systems, and biological diversity

* Analyzes current trends in global change, both human- induced and natural,
and projects major trends for the subsequent 25 to 100 years.”
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NCA4, vol | - Climate Science Special Report

 Released 3 Nov 2017

* Key advances:
* Detection and attribution
* Extreme events (tropical cyclones, tornadoes,
atmospheric rivers)
* Downscaled information (including sea level rise)
* Potential surprises
* Climate model weighting

* Also summarized in “Our Changing Climate,” Chapter Il in
NCA4, vol Il

"\ U.S. Global Change
Research Program

CLIMATE SCIENCE

SPECIAL REPORT |

Fourth National Climate Assessmen t | Volume |

available at: science2017.globalchange.gov
SERDP+ESTCP
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NCAA4, vol Il - Impacts, Risks, and Adaptation in the United States

Released 23 Nov 2018 e

Fourth National
Climate Assessment

Is policy relevant, but not policy prescriptive
* Places strong emphasis on regional information

* Assesses range of potential impacts, helping
decision makers better identify risks to avoid or
reduce

* Uses case studies to provide additional context and Vel
opportunities to showcase community success
stories

Impacts, Risks, and Adaptation in the United States

available at: nca2018.globalchange.gov
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NCA4 Regions and Likelihood
Terminology

Northwest ., | | qu,t;‘em
‘ Groat‘\Plalns

[
|

i{ e
= |
Southwest
Hawai'i
and
Pacific Islands

Southern
Great Plains

Caribbean

Figure 1. Map of the ten regions of the United States used throughout the Climate Science Special Report. Regions
are similar to that used in the Third National Climate Assessment except that 1) the Great Plains are split into the North-
ern Great Plains and Southern Great Plains, and 2) the Caribbean islands have been split from the Southeast region.
(Figure source: adapted from Melillo et al. 20142).

Confidence Level

Strong evidence (established
theory, multiple sources, consistent
results, well documented and
accepted methods, etc.), high

Consensus

Moderate evidence (several sourc-
es, some consistency, methods
vary and/or documentation limited,
efc.), medium consensus

Suggestive evidence (a few sourc-
es, limited consistency, models
incomplete, methods emerging,

etc.), competing schools of thought

Low

Inconclusive evidence (limited
sources, extrapolations, inconsis-
tent findings, poor documentation
and/or methods not tested, etc.),
disagreement or lack of opinions

among experts

Likelihood

Virtually Certain

99%-100%

Extremely Likely

95%-100%
Very Likely

90%-100%

66%-100%

About as Likely as Not

33%-66%

Unlikely

0%-33%

0%-10%

Extremely Unlikely

0%-5%

Exceptionally Unlikely

0%-1%

Figure 2. Confidence levels and likelihood statements used in the report. (Figure source: adapted from USGCRP 2016°
and IPCC 2013"; likelihoods use the broader range from the IPCC assessment). As an example, regarding “likely,” a
66%-100% probability can be interpreted as a likelihood of greater than 2 out of 3 chances for the statement to be
certain or true. Not all likelihoods are used in the report.




Action

The Alaska Native Tribal Health Consortium's
Center for Climate and Health is using novel
adaptation strategies 1o reduce climate-related
risks including difficulty in harvesting local foods

Alaska | Impact

The physical and mental
— | health of rural Alaskans is
-~ increasingly challenged by
unpredictable weather and
i other environmental changes.

NCAA4 vol Il Regional Assessments

) and more hazardous travel conditions.
- ] u n >
emphasize regional risks and actions s Midwest
Impact Action Impact Action
Flash droughts and The National Drought Increasing heavy lowa Stale developed
extreme heat illustrate  Mitigation Center is rains are leading  a program for using Northeast
sustainability challenges helping ranchers plan to more soi prairie strips in farm :
. : X . mpac
Northwest for ranching operations, to redpoe droughl and erosion and fields to lteduce soil
. . with emergent impacts  heat risks to their nutrientloss on  and nutrient loss while :Y:getr[é:g:;%gtion
[ ) N < A4 t m I d t t Impact on rural prosperity and  operations. Midwestemn increasing biodiversity. ‘
I S n O S I a n u a e O Wildfire increases and mental health. cropland. :‘f:;s:duc;m;ij
y

associated smoke are

NCA3 from 2014

* New climate-related impacts in each
region since NCA3 (2014), and new

affecting human health,
water resources, timber
production, fish and
wildlife, and recreation

Action

Federal forests have

developed adaptation
strategies for climate

change that include

storms, drought,

heat waves, and

flooding.

Action

Cities and states

throughout the region

are assessing their

vulnerability to climate
| change and making

investments to

1 methods to address increase infrastructure
response actions to address related ecrssg i ot
risks and costs Southwest

Impact Action
. . g n u Drought in the Colorado  Seven U.S. state i i
 Greater visibility to emerging topics: | e | wemensaus o Do ootk
! - | " Southern Great Plains -ncreasmgfrom in Louisiana is pooling
« Effects of climate ch US since 2000 inroesog - goveromerts mobllzed . extremerina. hazad reducton
eC S O C Ima e C ange On - - fe‘:;‘:;ji;\z"“s a"g zxg‘a?gbe?; lake above a ::Fr’:gne ?r(::‘(,;:)vemot‘s :Zr‘:asa's?nagdg)zzsrisk
: : - H H ' Harvey's landfall  Commission to
international interests, including e o oo v
coast in 2017 was created to support the
N ] one qf the eoonomi{; reoorve. ry
trade, national security, and cosos v rarebango
. . . history. affected Texas
humanitarian assistance commmiten

 Air quality and climate change
« Complex, interconnected human

and natural systems

®

Hawai‘i and U.S.-Affiliated Pacific Islands

Impact

The 2015 coral bleaching
event resulted in an
average mortality of 50%
of the coral cover in
westem Hawaii alone

Action

A state working group
generated management
options to promote
recovery and reduce
threats to coral reefs.

U.S. Caribbean

Impact

Damages from the 2017
hurricanes have been
compounded by the slow
recovery of energy,
communications, and
transportation systems,
impacting all sccial and
economic sectors.

Action

The U.S. Virgin Islands
Governor's Office led a
workshop aimed at gathering
lessons from the initial
hurricane response and
establishing a framework for
recovery and resilience.
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NOAA State Climate Summaries, 2017

> N OAA State C I i m ate S u m m a ri eS ‘@ 3 NOAA National Centers for Environmental Information | State Climate Summaries m

" "
[l These state s roduced to meet a demand for state-level information in the wake of the Third U.S. National Climate Assessment, released
pS - S a ‘ ’S u I I l l I I a rI ‘ !S - l I CI CS - O rq in2014. The assessment topics directly related to NOAA’s mission, specifically historical climate variations and trends, future climate
model projections of climate conditions during the 21st century, and past and future conditions of sea level and coastal flooding. Additional background

information and links are given below.

» Select state

» Select key messages, narrative (same as text
in key messages), and downloads (web graphics and I

supplemental graphics) * [ =1L .

AK

NE 1A PA [cT

(5 0o w || o [DE]

- co s o W/ ya [MA
] m

~ T ™ NG [NH
NM AR sC [NJ]

ms | AL\ GA [RI]

™ LA (v

HI
FL
NOAANAHONAL CENTERS
FORENVIRONMENTAL INFORMATION
Western Pacific Islands Puerto Rico & U.S. Virgin Islands

STATECLIMATE SUMMARIES

GEORGIA
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https://statesummaries.ncics.org/

EPA Report on Climate Change Indicators, 2016

» EPA Report on Climate Change Indicators in the US, 2016
https://www.epa.gov/sites/production/files/2016-

08/documents/climate indicators 2016.pdf BemlaoL o =Ll ——
. . [L] | Bookmarks il %
» Applicable sections are P E B
. - [P Acknowledgment ~ CLIMATE CHANGE
«  Weather and Climate 2 — INDICATORS
fich) R Understanding |3 IN THE UNITED STATES 20‘]6
¢ O ceans P S::::;:‘::Zefizsyes SEPA e FOURTH EDITION
* Snow and Ice -7 oo " ¥
* Ecosystems o
 To a lesser extent, Health e -
[P Atmospheric .*
and Safety e '
« Some interesting background e i
information and potentially ey A
localized data that could provide vt - !

useful background
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https://www.epa.gov/sites/production/files/2016-08/documents/climate_indicators_2016.pdf

Changing Sea Level
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Sea Level Change

Global Drivers
Thermal Expansion

Land Ice Melt-Discharge

Global Sea-Level Change
What causes sea level to change?

Land Water Storage
Changes in runo
and storage of
surface and ground
water affect
sea levels

Thermal Expansion
As water warms,
it expands

Land-Based
Ice Melting
As glaciers,

Greenland and
Antarctica Ice
Sheets melt, they
add mass

Hall et al., 2016 Regional Sea Level Scenarios for Coastal Risk Management, DoD Strategic Environmental Research and Development Program

Regional to Local Drivers
Vertical land movement

Seasonal cycles

Ocean — atmospheric variability
Ocean circulation

Storm surge - tsunami

Wind waves

Tides

SERDP+ESTCP
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Climate Change Commitment: We are already

committed to centuries of changing sea level

Magnitude of response Time taken to reach

{— b =\

Sea-level rise due to ice melting:

CO, emissions peak ,»* o several millennia I
0 to 100 years - »”~ |
SLI R 7 Sea-level rise due to thermal
/\ - expansion: I
centuries to millennia

N ol L

Temperature stabilization:
a few centuries

J/ mitigation

CO, stabilization:
100 to 300 years

CO, emissions
| SERDP +« ESTCP

Today 100 years 1,000 years MPU IUM
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NOAA Technical Report NOS CO-OPS 073

Sea Level Rise and Nuisance Flood Frequency

Changes around the United States

FIGURE 10. Year When Nuisance Floods Become
Extensive

, ! ! Boston, MA
Silver Spring. Maryland 2030~ —2045 Woods Hole, MA

» Chronic flooding is increasing and will continue to increase
« USACE approach is “When, not if” ® it

Quonset Polint, RI

New London, CT
NOAQA sionsi ocsanic ana atmosphsric minitration i New Haven, CT

* Scenario approach allows us to prepare for plausible e L endgepot. C1
. . H 13 : ” . ‘w 3 ¢ Eﬂ;ﬁagﬁ}:i.yw
future timing without “guessing” how sea level varies ]

New York City, NY*

. . H i Bergen Point, NY
Encroaching Tides 3 g Sandy Hook, NJ

- The scenarios help us to avoid over-investment today for el - Comoir )
far future needs or under-investment now that results in ‘ ‘
high response recovery costs later

Lewes, DE
Ocean City, MD
Cambridge, MD
Tolchester Beach, MD
Baltimore, MD
Annapolls, MD
Washington, DC
Wachapreague, VA
Kiptopeke, VA
Lewlsetta, VA
Windmlll Point, VA
Norfolk, VA*
Duck, NC
‘ i Wilmington, NC
4 p— 3 E Wrightsville Beach, NC
. Myrtle Beach, SC*
Charleston, SC
Savannah, GA*
Fernandina Beach, FL
: : Jacksonville, FL*
2 i i Vaca Key, FL
i Key West, FL

! ! St. Petersburg, FL
1 ! ! Clearwater Beach, FL

i Apalachicola, FL
Panama City, FL

i Lawma, Amerada Pass, LA
—_ : E
i i Sabine Pass, TX
m 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

® Year

Estimated Relative Sea Level Change Projections - Gauge: 8638610, Sewells Point, VA

—— USACE High
—— USACE Int
—— USACE Low

RSLC in feet (NAVD88)
w

2010 -
2020 A
2030 A
2040 A
2050 A
2060 A
2070 A
= 2080 -




Regional and Local Sea Level Change Variation

= M | J!‘Ij" J( 3 CANADA

UNITED
) STATES

.‘I

.ﬂr[./

L . i m"'ﬁﬁ Tr a2 ?F

| "’"If‘«

Pacific ’_' Tr’ v
Ocean TL« [1’ 239

Leaflet | Esri, HERE. Garmin, FAO, NOAA, EPA. AAFC, NRCan

The map above illustrates relative sea level frends , with arrows representing the direction and magnitude of change. Click on an arrow
to access additional information about that station.

Relative Sea Level Trends
mm/yr (feet/century) SERDP ¢+ ESTCP
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Changing Sea Levels Affect Total Water Surface Elevations Over the Ground

Wind

\ I > \ !

\ ! direction \

: : / ,' Wave breaking

| Wave breaking \ ! Zone 2

Zone 1

Key
Mxrr - non tidal residual MSL mean sea level DSWL dynamic still water level
1,  astronomical tide SWL still water level R wave runup SERDP + ESTCP

n wave setup S swash TWL total water level SYM PU SI U M
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Computing water surface elevations over the ground in coastal areas:

Datums, Datums, Datums

« Datum Compliance is required for projects, especially coastal projects — many
are noncompliant

« Why? People can die when datums are incorrect or conversions are wrong - ref.

Katrina

 ER 1110-2-8160 Engineering Average Differences in 19-Year MSL Between Epochs
and Design: Policies for Using 32 Long Term Stations
Referencing Project o0 1983.01
Evaluation Grades to £ NAVDSS |
Nationwide Vertical Datums € o] %078

. EM 1110-2-6056, Standards | Jowon
and Procedures for g o1 | 0.034m
Referencing Project o EE MSL, MSL1929, NGVD 1929
Evaluation Grades to W oo 0.060m
NationWide Vertical DatumS 0 ittt

1924 1929 1934 1939 1944 1949 1954 1959 1964 1969 1974 1979 1984 1989]|1994

Time (years)
Midpoint of Current Tidal Datum




Changing Sea Level Affects Existing

Infrastructure

1969

1962 elevation
A

17 feet

1969 mean sea level (msl)

2015 elevation

A

2015

3

+0.5 feet

2065 elevation

14.25-16 feet

2065 (msl)

2065

1

2.25 feet
High sea ‘
level

0.5 feet

el (83-01) (Feet)

oving Mean Sea Level with USACE SLC Scenarios for Key West, FL

Zoom All 50y 40y 30y 20y 10y

Mean Sea Lev
s

Source: GAO representation of U.S. Army Corps of Engineers data. | GAO-15-660

tooltips, press the print screen (prt sc)) button.

rder to capture

Scenarios:
High
Intermediate
Low

2013, ER 1100-2-8162 (EC
1165-2-211/212) —use 3
scenarios

2014, ETL 1100-2-1, adaptation
to changing sea levels, uses
tiered approach with level of
effort commensurate with
scale of decision and
consequences

2019, EP 1100-2-1 continuing
guidance for ETL 1100-2-1,
which expired June 2019

SERDP+ ESTCP
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Project Impact Example: Sea Level Impact on Rivers

« Raising the downstream boundary increases river stage for the same discharge

« EM 1110-2-1416, section 6-8.f. Tidal conditions. “When the river profile computation begins
at the outlet of a stream influenced by tidal fluctuations, the maximum predicted high tide,
including wind-wave set up, is taken as the starting elevation at a station usually located at
the mouth of the stream.”

- ER 1100-2-8162: “As used in this ER, locations with oceanic astronomical tidal influence,
as well as connected waterways with base-level controlled by sea level. In the latter
waterways, influence by wind driven tides may exceed astronomical tidal influence. Coastal
areas include marine, estuarine, and riverine waters and affected lands.”

Elevated Flowline

Stage

Original Flowline _
Sea Level Rise
SERDP+ESTCP

- sYMPOSIUM
E 201
Downstream #SerdpEstcp2019

® Upstream




About Business WithUs  Missions Locations Careers Media Library Contact

@ US Army Corps of Engineers Headquarters

Sea level change tools

Public Tools Developed by USACE — Sea-Level Change

Beginning with coastal fortifications for national defense in the late 1700s, coastal engineers inside and outside the US Army

Corps of Engineers (USACE) collected measurements of mean sea level, tides, surge, and other coastal water levels. In the

1960s, concerns about the effects of changing sea levels on coastal erosion spurred USACE to undertake the 1971 National

Shoreline Study, which raised awareness inside the USACE about the potential threats changing sea level posed to missions and

operations. A National Research Council (NRC) committee report in 1987 addressed the engineering implications of global sea

level rise, concluding that “the most appropriate present engineering strategy is not to adopt one particular sea level rise

) S e a I eve I C h a n g e Ca I C u I ato r - 2 O 1 3 scenario, but instead to be aware of the probability of increasing sea level and to keep all response options open” (NRC 1987, p.

4). This concept has formed the basis of USACE policy and technical guidance, beginning with a 1986 USACE guidance letter

otection

" local relative
3 Sea-Level Change Curve Calculator

- JS Arr‘n.)? Corps of Engineers

« Sea level change tracker - 2018

Sea-Level Change Curve Calculator (Version 2017.55)
[ a S O S e a e Ve ‘ a l I e -— Home This version employs the same computations as previous versions, yielding the same projections along with some additional functionality, the 2014 NO.
Latsstnews  SeVeral additional gauges. Previous versions include Version 2015.46 and its manual (pdf, 1.4MB); 2014.88 and its manual (pdf, 4.5 MB); and the origir
iculat
Adaptation calcuator
Policy/Ptan EC 1165-2-212 (pdf, 845 KB) and its successor ER 1100-2-8162 (pdf, 317 KB) were developed with the assistance of coastal scientists from the NOAA
Service and the US Geological Survey. Their participation on the USACE team allows rapid infusion of science into engineering guidance. ETL 1100-2-

n
Camas**® Procedures to Evaluate Sea Level Change: Impacts, Responses, and Adaptation

Chango

Program EC 1165-2-212 (paf, 845 KB) and its successor ER 1100-2-8162 (pdf, 317 KB) use the historic rate of sea-level change as the rate for the "USACE Low
amate 1100-2-1 (pdf, 9.87 MB) , Procedures to Evaluate Sea Level Change: Impacts, Responses, and Adaptation.

Proparedness e rate for the "USACE Intermediate Curve" is computed from the modified NRC Curve | considering both the most recent IPCC projections and modi

Resmence  projections with the local rate of vertical land movement added

Pupiic Tools  The rate for the "USACE High Curve” is computed from the modified NRC Curve Il considering both the most recent IPCC projections and modified NF
Devsloped by yyith the local rate of vertical land movement added.

The three scenarios proposed by the NRC result in global eustatic sea-level rise values, by the year 2100, of 0.5 meters, 1.0 meters, and 1.5 meters. A

nt
:c;'x'.w equation o include the historic GMSL change rate of 1.7 mm/year and the start date of 1992 (which comesponds to the midpoint of the current National

— Epoch of 1983-2001), instead of 1986 (the start date used by the NRC), results in updated values for the coefficients (b) being equal to 2.71E-5 for moc
emasonal |, 7.00E-5 for modified NRC Curve II, and 1.13E-4 for modified NRC Curve Il

=3) (and and its successor ER 1100-2-8162), Equation 2 an
el Change: Impacts, Responses, and Adaptation

ATLAS OF

OBSERVED
SEA LEVEL
CHANGE

's Manual. The superseded calculator is available h

Welcome to the Sea Level Tracker!

@ west coast gauge is selected

The purpose of the Sea Level Tracker is twofold: IRR Part 490 projections for New York City and Long ls

1. Show actual sea level vs. the projected sea level change curves plainly and
2. Answer the question, “What rate of sea level change is cumrently being observed at the selected gauge?”

There are four main sections to the Sea Level Tracker:

1y (8518750) for New York City.
gauge in Maryland
Report 2016

1. Data Entry Panel: Here, the user selects the location and gauge to be analyzed, configuring the visualization
characteristics. This includes the gauge, measurement datum, sea level curve rates, various smoothing

in ER 1100-2-8162

Lway curves of historical data, trend lines, extreme water levels, and critical elevations for comparison.

0% 6 2. Location Map: The map shows the geographic location of the selected gauge. The Sea Level Tracker also
L3Eg allows the user to select the desired gauge for analysis from the map. Just click the location of interest,
03 marked with blue icons.

D0z 3. Visualization Tab: The generated visualization captures the historic hydrologic behavior for the user-selected
y - location, while taking into account historic trends in sea level rise. The final output is configured by the user's
e selections in the User Interface.

A\ 4. Data Table(s) Tab: For deeper inspection, the Sea Level Tracker allows the user to explore the raw data.

“The tool allows for variable selection above the table, while also letfing the user filter the selected variables to
ranges of interest.

Sea Level Tracker - Data Source(s):

Data used in calculations for Sea Level Change are pulled from the NOAA Center for Operational Ooeanmpruc Products and Sevices Application Programiming Inerface (CO-OPS AP). The CO-OPS Data
APl s a flexible retrieval mechanism for direct access to CO-OPS' products, such as water levels, predi ents, , and more. Users can refrieve output in multiple common
formats. The CO-OPS Metadata API can be used to retrieve information about CO-OPS' stations. A request can be made {o return information about a specific tafion, or information about muliple stations
can be retumed. The types of information accessible via the AP are listed in detail under Resource Types. Information on how to use to query data through the CO-OPS API can be found here.

Note: The fool does not predict future water levels. Rather, the tool offers smoothed analysis of historic sea level behavior and the measured trends at a user selected gauge.

SERDP+ ESTCP

To leam more about the tool, we strongly recommend reading the user guide. M P 0 S I U M

#SerdpEstcp2019

httos://www.usace.armv.mil/corpsclimate/Public Tools Dev bv USACE/sea level change/



Sea Level Tracker Example Output

Capability to show monthly values, other tidal statistics (e.g., MHHW, MLLW), extreme water
levels (annual through 1% AEP) and critical elevation thresholds to show when and if they are
exceed " wo |

E Term Definitions

n n n n n Station Map Data Visualization Data Table(s)

Sea Level Rise with USACE SLC Scenarios for Sewells Pomt, VA (8638610)

(2/5) Calculate moving averages: Active and compliar tid gauge
Zoom From Tul, 1927 To Mar, 2019

= Expont

[] Plot S-year mean sea level (MSL)
moving average

Select 19-year moving averages to plot:
MSL

Select monthly averages to plot:

# Visualize Selection

North American Vertical Datum of 1988 (83-01) (Feet)

A LowSLC:-0121 ft h
1.00 ¥ 19-Year MSL Moving Average: -0.073 ft

== SERDP+ ESTCP

USACE Sea Level Change Predictions for Sewells Point. VA (NOAA Tidal Gauge 886386 10) for wser selected datum: NAVDSS. | I 0 S I U M

Inmcﬁ-mc.‘.'\rg - Mar, 2019 (92 years, § moaths) ;erdpEStCP2019

l'imeframe contains 4 missing point L'scl st gap is O years, 2 months.
Rate of Sea Level Change: ) 0141 fiyr R egional 2




DOD DoD Group (CARSWG)

REGIONAL SEA LEVEL

o [- SCENARIOS FOR
Multi-agency team of rese_archer_s developed the I O T
report and an accompanying online database to ANAGING THE NCERTANTY OF FUTURE S

DEPARTMENT OF DEFENSE COASTAL SITES WORLDWIDE

provide regionalized sea level and extreme water
level scenarios for three future time horizons
(2035, 2065, and 2100) for 1,774 military sites

worldwide

* These scenarios are plausible and scientifically
credible future sea level and extreme water level

values.

esror & O @

SERDP+ ESTCP

https://www.serdp-estcp.org/News-and-Events/News-Announcements/Program-
News/DoD-Report-on-Regional-Sea-Level-Scenarios 25 SYM PUSIUM
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https://www.serdp-estcp.org/News-and-Events/News-Announcements/Program-News/DoD-Report-on-Regional-Sea-Level-Scenarios

DOD Regional Sea Level Scenarios Database

» Database is CAC-
accessible (url below) .

* Need to request access St ol R e T, e
ahead of time

* Site lookup by name or
map view

Regionalized Sea Level Change & Extreme Water Level Scenarios
Please log into the application or request an access to proceed

SLR Q' SITE LOOKUP 9 MAP VIEW @ SERVICES < APl CONTACT US © USER GUIDE

LEGEND @

Secure Log In
Common Access Card (CAC)

https://sealevelscenarios.serdp-estcp.org/

Contact Support

SERDP+ ESTCP
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https://sealevelscenarios.serdp-estcp.org/

DOD Scenarios Example: Alaska

SLR Q Il RVICES < ari CONTACT US © USER GUIDE
) LEGEND @
Map View NG Nome Armory OMS
—————— ¥ Air Force & Marines O wus RPSUId 6503 Installation ALASKA NATIONAL GUARD w

Slcealnaeioeiiiel el & ArmyGuard N2 AirForce Guard B nNavy Latitude 64496512 €  Longitude -165.397212 @  Elevation unavailable €
Reference Datum unavailable © Mean Sea Level is unavailable © Mean Higher High Water is unavailable ©

Map Hybrid Muted
Sea Level Change

&
@B uuug
E Regionalized Sea Level Change Scenarios

Adjustments relative to global mean sea level (referenced to 1992, the 1983-2001 tidal epoch)
User choices include selection of the appropriate time horizon, global sea level scenarios, and unit (meters or feet).

Global 2035 2065 2100 Hover over points for mere info

Scenario

Canada

ANITOH

N % Base Unit =+ Meters

ard
NG Nome Armory OMS

6503

e o o Site-Specific Adjustments o
02C55 [\g Global Global Total Site-Specific ?ﬁO::LSLF_{ *

Scenario SLR Vertical o Ocean © 3 Adjustments

t Ice Melt Effects Adjustments

Alaska National Guard Land Movement @ | Circulation

t Code A 0.0 0.0 0.0

020NG
0.0 0.0 0.0

m Medium (1.0) . 0.0 0.0 0.0
% gh (1.5 . 0.0 0.0
NoNie

0.0 0.0

Base Unit == Meters




Example: NG Nome Armory OMS

NG Nome Armory OMS

RPSUId 6503 Installation ALASKA NATIONAL GUARD w
Latitude 64496512 © Longitude -165.397212 © Elevation unavailable €
Reference Datum unavailable © Mean Sea Level is unavailable € Mean Higher High Water is unavailable ©
Sea Level Chany« Meters B Feet
Regionalized Sea Level Change Scenarios
Adjustments relative to global mean sea level (referenced to 1992, the 1983-2001 tidal epoch)
User choices include selection of the appropriate time horizon, global sea level scenarios, and unit (meters or feet).
Global Hover over points for more info
21 2035 | 2065 | 2100 " ‘
Scenario & Lowest
6.0 )
43 Highest
36
24
12
0.0
2035 2065 2
Base Unit =+ Feet 2035 2065 100
A 2035 Scenarios A 2065 Scenarios A 2100 Scenarios
i o Site-Specific Adjustments o i
Global Global Total Site-Specific ‘;;fb;' SLF:ﬁ"
Scenario SLR Vertical o Ocean © T o Adjustments Ad'e- tpec tc
Land Movement © Circulation B LDETRS
03 0 0 0 0
0.7 0 0 03 & -03
Medium (3.3 13 0 0 03 & -03 1.0
N (4.9 20 0 03 03 & 0.0 2.0
26 0 03 0 0.3

Base Unit == Feet

SERDP+ ESTCP
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Ocean Acidification, the “Other CO, Problem”

OCEAN ACIDIFICATION

NATURAL OA CONTRIBUTORS MAN-MADE OA CONTRIBUTORS IMPACTS OF OA

Natural contributors to ocean acidification The naturally-occurring process of ocean Natural and man-made contributors cause

include the burning of organic material, acidification is exacerbated by human activites an increase in the amount of CO; in the

such as forest fires, volcanic gas releases, such as burning fossil fuels, deforestation, ocean, which reduces the ocean’s pH level, £
and respiration by living organisms. cement production, and vehicle emissions. causing it to become more acidic. This |

increasing ocean acidity can negatively
impact ocean ecosystems and also cause
socio-economic impacts. Short-term
positive impacts due to increased amount
. of dissolved CO, include stimulated
Atmospheric 5 o duction of salt marsh plants, seagrass,
and mangrove trees.

Downwelling

Upwelling
(Does not occur in all
areas of the ocean.)

* Natural waters with low pH can become “aggressive” towards concrete

structures
 pH of about 6.5 is the threshold for damaging effects
SERDP +« ESTCP

* pH < 6.5, acidified water attacks and begins to dissolve the Portland
m cement which binds concrete SYMS!?dgét!!!M
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Extreme Precipitation

Extreme Precipitation Has Increased Across Much of the United States

5-yr Maximum Daily Precipitation 99th Percentile Precipitation

@ (1901-2016) & (1958-2016)

Number of 5-yr, 2 Day Events Number of 5-yr, 2 Day Events

§Q (1901-2016) (1958-2016)
\_'“‘ ",: ) ‘ ‘.
ald [

Change (%)

] N .

<0 0-9 10-19 20-29 30-39 40+

Figure ES.6: These maps show the percentage change in several metrics of extreme precipitation by NCA4 region,
including (upper left) the maximum daily precipitation in consecutive 5-year periods; (upper right) the amount of precipi-
tation falling in daily events that exceed the 99th percentile of all non-zero precipitation days (top 1% of all daily precipi-
tation events); (lower left) the number of 2-day events with a precipitation total exceeding the largest 2-day amount that
is expected to occur, on average, only once every 5 years, as calculated over 1901-2016; and (lower right) the number

of 2-day events with a precipitation total exceeding the largest 2-day amount that is expected to occur, on average, only SERDP+ ESTCP
once every 5 years, as calculated over 1958-2016. The number in each black circle is the percent change over the

m entire period, either 1901-2016 or 1958-2016. Note that Alaska and Hawai'i are not included in the 1901-2016 maps SYM PUSI U M
owing to a lack of observations in the earlier part of the 20th century. (Figure source: CICS-NC / NOAA NCEI). Based
on figure 7.4 in Chapter 7. #SerdpEstcp2019




Projected Change (mm) in Soil Moisture, End of Century, Higher Emissions
Winter

Change (mm)
== = ) 7 R

Figure 8.1: Projected end of the 21st century weighted CMIP5 multimodel average percent changes in near surface
seasonal soil moisture (mrsos) under the higher scenario (RCP8.5). Stippling indicates that changes are assessed to
be large compared to natural variations. Hashing indicates that changes are assessed to be small compared to natural
variations. Blank regions (if any) are where projections are assessed to be inconclusive (Appendix B). (Figure source:
NOAA NCEI and CICS-NC).

wn

Table 8.1. A list of U.S. droughts for which attribution statements have been made. In the last column, “+” indi-
cates that an attributable human-induced increase in frequency and/or magnitude was found, “-” indicates that
an attributable human-induced decrease in frequency and/or magnitude was found, “0” indicates no attributable
human contribution was identified. As in Tables 6.2 and 7.1, several of the events were originally examined in the
Bulletin of the American Meteorological Society’s (BAMS) State of the Climate Reports and reexamined by Angélil
et al.®® In these cases, both attribution statements are listed with the original authors first. (Source: M. Wehner)

m Event Year and Duration Region or State Attribution Statement

Rupp et al. 2012%°

/ Angélil et al. MAMJJA 2011 Texas Meteorological ++
2017%
e 2012 Texas Meteorological +
2013 =
Rupp et al. 2013*
/ Angélil et al. MAMJJA 2012 CO, NE,KS, OK, 1A, Meteorological 0/0
e MO, AR & IL
2017
Rupp et al. 2013
/ Angélil et al. MAM 2012 (5 (5, T [ Meteorological 0/0
S MO, AR & IL
2017
Rupp et al. 2013*
/ Angélil et al. JJA 2012 CO"\T g 2;’ g ll(ll. 1A, Meteorological 0/+
2017 !
Hoerling et al. Great Plains/Mid- .
20147 MJJA 2012 i Meteorological 0
Swain et al. 2014*
/ Angélil et al. ANN 2013 California Meteorological ++
2017*
Wang and
Schubert 2014* o 4
/ Angélil et al. JS2013 California Meteorological 0/+
2017
Knutson et al.
2014%* / Angélil et ANN 2013 California Meteorological 0/+
al. 2017*
Knutson et al. :
2014 / Angélil et MAM 2013 e S°;’eth;:' e o/+
al. 2017+ &
Diffentagh ek al 2012-2014 California Agricultural +
2015%
Siinsid 2012-2014 California Agricultural +
2015
Cheng et al. 2016* 2011-2015 California Agricultural -
Mote et al. 2016% 2015 Washington, Ore-  Hydrological (snow i

gon, California water equivalent)

SERDP+ ESTCP
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Compound events: Droughts and Floods

The Precipitation Generation Process is currently running and began at 2015/05/27 21:30.

Texas: Current 7-Day Percent of Normal Precipitation
Valid at 5/27/2015 1200 UTC - Created 5/27/15 22:30 UTC

= I

eFampa 80 kla homa City

> Fasag Heavy
’;&g Sk, ol 8 precipitation May-
. 7 June 2015 Within
Multiyear Drought

sLufkin

eUvalde

Utilizing > 50% Flood Control Storage: 37 projects
Utilizing > 100% Flood Control Storage: 11 projects

sgrownsville

sMonterey

Topo Pcpn Amount Counties [ Rivers States Highway/City W rFC Boundary

1. Timeframe » 2.Product » 3. Location » 4. Units

@ Current Data Q) States © English

() Archive: Month/Year ~ NWS RFC/Regions ©) Metric

() Archive: Daily ~) NWS WFOs

May 27, 2015 - Today ~ Observed Texas A~ Missing
= Normal Utah Dat
May 27, 2015 - Last 14 Days = Departure from Normal Vermont - ata
May 27, 2015 - Last 30 Days Virginia S .
May 27, 2015 - Last €0 Days S Washington S

SERDP+ ESTCP
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Sunday 26 May 2019: successive events

All Locations

» Swi . .
| Vancouyer Switch Basemap Click on the map or select one of the data vi
) below:

) ' @% K Reset View
= fer 3 9 65?9 United States
DS s x 2 (¢ X Sedb’ <
O RRL <

NWS Weather Forecast Offices
NWS River Forecast Centers
Water Resources Regions

O Probability and forecasts available
< Observations only available
[ Forecasts available

9056 total gauges
Show all locations in flood (378)

55 Gauges: Major Flooding

116 Gauges: Moderate Flooding
207 Gauges: Minor Flooding

267 Gauges: Near Flood Stage
5213 Gauges: No Flooding

2571 Flood Category Not Defined
35 At or Below Low Water Threshold
509 Gauges: Observations Are Not
Current

@v ZRS : i
v rlé USGS f.""mmi’ OR liami cr. B 83 Gauges: Out of Service

N2 science for a changing world Esri, HERE, Garmin, FAO, NOAé,VUSGS, EPA AT Show all locations

ORCORE0OONE

Last map update:
05/26/2019 at 09:46:13 am EDT
Alaska Hawaii Puerto Rico 05/26/2019 at 13:46:13 UTC

SERDP+ ESTCP
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Correlated events we are facing

« Successive precipitation events

* Floods and droughts

* Aridity or wildfire and precipitation causing sedimentation
* Precipitation and sea level rise

« Snowmelt and precipitation

* Precipitation and storm surge

. Others

Decreased arctic sea ice and thawing permafrost increasing coastal erosion

 Increasing ocean acidification that alters metal mobilization and also impacts
habitat

- Temperature or salinity impacts that encourage invasive species in a wetland
marsh that previously provided some wave attenuation...
SERDP+ ESTCP
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Key factor in water decision-making: stationary or not?

--- The Stationarity Assumption ------------------------ - o——o————o— - .
The assumption that natural systems fluctuate within an unchanging envelope of variability — that any variable (e.g., annual streamflow or annual
flood peak) has a time-invariant (or 1-year—periodic) probability density function (pdf).

In other words, that hydrologic processes are relatively unchanging in time.

The Traditional Approach
The assumption of stationarity has been a cornerstone of hydrologic engineering design because hydrologic engineers do not plan only for
the past or the present, but for the future (i.e., overthe design life of the structure or project).

Longer Data Record = Better Sample = Better Flow-Frequency curve

+ If one assumes stationarity, one can conditionally assume that historic trends will reflect future patterns and expectations, as detected
hydrologic processes are unchanging in time. Herein, better historical data and analysis leads to stronger conclusions on the future.

« This approach to analysis relies solely on the statistical properties of the observed record.

« This assumption has been taken in standard federal guidelines for flood flow frequency (e.g., Bulletin 17B and Bulletin 17C)

Historic Data Driven

Now, what happens if the data collected in the past no longer resembles what lies ahead?
Stationarity is Dead (Milly et al., 2008): since climate change must by its nature change flow frequencies, we can no longer credibly assume that

flow frequencies are unchanging as the climate changes.
» This seminal paper and subsequent research have gone on to show that the stationary assumption, while accurate at times, is not universally

applicable and must be integrated with caution in future planning and predictive trend analysis.

e - . ® o® ..
e
o ® . .0 e @ . °
.
JHistoric Data® Future JHistoric Data

® Projections
es0* s s

Nonstationarity

Detection
More Traditional

Approach

RDP + ESTCP
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Nonstationarities Detected using Maximum Annual Flow
1

Detecting “Strong”
Nonstationarities

942

Annual Peak Streamflow in CFS

i
N \rM; A
- ETL 1100-2-3 o |

1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
Water Year

* consensus T Ag ree me nt betwee n m u Itl ple Heatmap - Graphical Representation of Statistical Results
statistical methods that detect the same type Comer-Vo eGP -

of nonstationarity 1942

Energy Divisive Method

- Robust — Agreement between multiple —
statistical methods that detect different types Bore
of nonstationarity Lombar os

- Magnitude — The size of the change in the o Lot oot
Strea mf-l OW b.efo re and after the detected 1890 1900 1910 1.92'0 19.30 . 1940 1950 1960 1970 1980 19%0 2000 2010 2020
n O n Statl O n a rlty . I . oo Legend -T v:':asnt::sllcal Si nlﬁ;noto('lhhan e being Detected .

* Next step: monotonic trend analysis | -

Mean and Variance Between All Nonstationarities Detected
» Then: attribution —__Q -
o T h en: p rOj e Ct ?ggénlent Standard Deviation .

0K

Segment Variance 500M
. . . (CFS Squared)
m https:{/www.usace.army.mil/corpsclimate/Public Tools Dev by U oM
SACE/Cllmate_lmpacted Hydr0|0gy/ 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
®



https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/Climate-Impacted_Hydrology/

Example:

Regional nonstationarity detection for unimpaired
stream gauges

Dataset

« This is shown in the plot below, where blue gauges did not have a nonstationarity with consensus and the orange did
« The resulting data set held a variety of features, but the analysis here focused on presence of nonstationarity, and latitude / longitude

- Next, we wanted to know if any of the nonstationarities represented an unusual condition.

8 °
L ®
a
o L ®e 0o ©
4 °
o a
e
e
e
o
)
b4 [e)
o
P

E St-ream data was pulled from USGS (the Gages Il data) and reduced to just those streams which are defined to be unimpaired.

e For each stream in the data set, annual instantaneous peak flow was used as a measure of stream behavior

e Stream were flagged as having a nonstationarity if two or more statistical methods detected a change in the same year at that gauge
|

1

1

1

Objective

[ o.: :.. 7 :{.'.
o i R P [~

L4 e ¢ ..:. -

e % ; / :o:o tg.}.\

Gauge Type
[ Regulated
[+ Unimpaired

ChangePoint Detected
B No
B Yes

Orange dots represent where
two or more statistical meth-
ods detected a change in the
same year at the gauge.

Blue dots represent locations
where one or fewer statistical
methods detected a change in
the same year.

While identifying nonstationarities at
specific gauges is of critical
importance in the analysis of that
gauge, it is also of importance to
understand global trends and
relationships in nonstationarities
across multiple gauges.

* Here, particular attention was
paid to the relationship between
geographic location of the gauge
and the tendency of that gauge
to have a nonstationarity.

While many different predictors
were considered, using a variety
of models and techniques, the
small sample size limited the
significance of predictive
conclusions using
non-geographic features.

Tool for single streamgage analysis:
https://www.usace.army.mil/corpsclimate/Public Tools Dev by USACE/Climate-Impacted Hydrology/

®

SERDP+ ESTCP

SYMPOSIUM 5

#SerdpEstcp2019 8


https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/Climate-Impacted_Hydrology/

Trends: Climate Hydrology Assessment Tool (CHAT)

* Platte River near Ashland
» Statistically significant slight upward
tre n d i n a n n u a | p ea kS Annual Maximum | Projected Annual Max Monthly | Mean Projected Annual Max M Huc-4 Reference Map

i i ) ch HUC-4 : : — y 5 ~
* Increasing trend in future, also L B oot o seccsomnese TSN L O
. . . oo Search for Gage within HUC-4 by Name ) TR R e e N\ 7
statistically significant : R
- .8\
‘\:\\xﬁd.fﬁ ‘—\\.\_ rd 9 \
3) Include Only Years (if Desired) f —
1757 2016 Hx W - 108
- a D ; x{_
.

Corps of Engineers

mavss o [N Annual Peak Instantaneous Streamflow, PLATTE RIVER NEAR ASHLAND, NEBR. Selected

(Hover Over Trend Line For Significance (p) Value)
imum | Projected Annual Max Monthly | Mean Projected Annual Max M... | Huc-4 Reference Map Climate Hydrology Assessment Tool v.1.0 Analysis: 5/14/2019 7:19 AM
Trends in Mean of 93 Climate-Changed Hydrology Models of HUC 1020-Platte 1) Choose a HUC-4
(Hover Over Trend Line For Significance (p) Value) 1020.Pltte v o
Projected Routed Ranoff ot biased comected. Not for se in quaniative assessments 2) Select Year
Dividing “Earlier
d "Later" Periods
-~ [2000 °
d Date Period
A Y S o 1 M Eaver °
& ﬁ M e
Annual Max. Monthly Flow = 16.109"Year of Water Year + -25570.7 ge Displayed = *
R-Squared: 0.350805 nge of 3 k=
P-value: < 0.0001 1 Data
S——— 3 -
1950 2099
d o ) e o ° e
El 4 © e rekors
- P - e ° . N . - '_._._.,. . . ® ey
. NV et
° o ®e
° L Value = 60.1008"Water Year + -74603.5 °
o ® o @ R-Squared: 0.0060211 P °
° ® P-value: 0.588354 o °®
3 i i i i S M 0 S I U M
REtPs://www.usace.armdfil/corpsclimate/Public Tools Dev by USACE/Climate ' I
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https://www.usace.army.mil/corpsclimate/Public_Tools_Dev_by_USACE/Climate-Impacted_Hydrology/

ECB 2018-14 Risks

* Projected benefits or reductions in
risk due to climate should also be
briefly discussed

« Table B-1 provides examples that
might be included in a decision

document or climate appendix for the

measures and features of a given
resilience measure alternative

40

Table B-1. Example table identifying climate risks.

Feature

and duration

project benefits

. . . . . Qualitative
\Ie:z . Trigger Hazard Harm Likelihood
Increased Future flood volumes may | Flood waters may remain
recivitation from be larger than present on the levee for longer _
Levee }) P low: durations, and more Likely
nig‘elrn; ;::r;rl_s Large flood volumes may | frequently. potentially
occur more frequently damaging levee
Fune Goughts 1235 | Wates vty an
Drousht Decrggse@ present quahry.may be decreased,
cesilience precipitation or impacting water supply Likely
measure increased severity of Future droughts might storage or water quality -
drought - E within and downstream of
occur at increasing eservoir
frequency
Weir at Increased Future flood volumes may | Weir may be overtopped
upstream precipitation from be larger than present more ﬁequent}y than at )
end of flood larger, slower- present. resulting in more Likely
bypass movix; storms Large flood volumes may | frequent flows in the
channel £ occur more frequently floodway
] o Water may no longer
Off-channel | Decreased winter %g::lgr stream flows year inundate restoration
wetland precipitation and feature during all or part Hisohlv Likelv
- - - S ighly Likely
restoration higher winter Reduced freshet volume of year. resulting in loss
feature temperatures of habitat and reducing




Installation Climate Resilience
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Decision making for Climate preparedness and resilience

Nelz] o)t ‘ Prepare, anticipate, pre-
transtorm 3 plan, stockpile....

Absorb, resist,
withstand, fail safely....

SERDP+ ESTCP
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Moving from theory to practice

In theory, theory and practice are the same.
In practice, they are not.

- Attributed to Albert Einstein

Or maybe it was Yogi Berra

SERDP+ ESTCP

43 SYMPOSIUM

#SerdpEstcp2019



Decision-Makers’ Perspective —

Actionable science, not necessarily latest or most complex science

“All models are wrong; some are useful.” George EP Box

« Decision-makers especially need to consider surprises or cases where a weak signal could result
in large consequence — these are situations where models provide only part of needed
information

« Decision-makers begin with the requirements for acceptable performance and reliability of their
asset/project/system and then
- |D the impacts or combinations of impacts that increase vulnerability and decrease
performance and reliability
» Assess likelihood of occurrence

« Use this knowledge to plan and implement measures to prepare, absorb, recover wisely, and
adapt or transform to reduce future occurrences

« The information supporting the assessment does not necessarily have to be complex but it does
have to be actionable

SERDP+ ESTCP
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What information matters to decision-makers?

Depends on investment horizon, decision-scale, and risk tolerance

Special consideration for spatial and temporal scales — tradeoff
between precision and accuracy

Short term horizon:

o New or existing asset/project, or both?
o Is asset vulnerable now? Does schedule rely on uninterrupted work?
o Under what conditions does the asset/project perform?

Mid-term:

o Do observed and/or projected changes increase vulnerability?
o Are the consequences more severe?

o Are fiscal exposure and legal liability increasing?

Long-term:

o What adaptation pathway or transformation is necessary?
o What is the lead time necessary to adapt/transform?

45

®

Identify
performance
requirements

Performance
assessment

Likelihood of
plausible
future
conditions

Adaptation

eCritical thresholds
and triggers that
impact performance

e Assess performance
under plausible future
conditions

¢ ID consequences of
nonperformance

¢ Qualitative/quantitative

® Range of timing of
critical variables

e Monitoring strategy

e Suite of alternatives
e Lead time to take action

e Economic,
environmental, social,
engineering analyses



Indicator

value

(e.g.,
MSL + .5% AEP)

* Can be adjusted based on monitoring closer to decision point

SLC and Thresholds

Initial Decision
point based on

Monitor and
Record values
of indicator

Date of
review

range of
conditions™ \

A

Threshold value of indicator
when intervention is needed

\ Projected future
- ranges of indicator

Lead time for planning, desigpye
and construction

>

SY
i
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Determine Adaptation Pathways At the Start

(Adaptation # Adaptive management)

Action A Time horizon 100 years
e — Pathway Costs Benefits Co-benefits
Current 10 0
SItuatlon 2 o +4++++ 0 0
Action D 4 (00 0 0
Changing conditions > 5 O 0 0
+— ﬁ'/\/? i - 6 o o +HH+ 0
0 1 7 1
Time low-end scenario 0 0 83\/ 0 00 70 Tt 0
' = : : : > s OO0 + +
Time high-end scenario 10 70 80 9$ears 100 9 o ++ *
o Transfer station to new policy action
' Adaptation Tipping Point of a  policy action (Terminal)

o= Policy action effective

SERDP+ ESTCP
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Key Takeaways from 2018

* Phased approach consistent with NAVFAC CC Planning Handbook
gives structure to level of effort of analysis

 Start with the systems of systems that include the social,
environmental, and economic requirements and constraints to
decision-making

« Understand the range of conditions under which performance is

acceptable now and in the future to help focus on conditions
causing vulnerabilities

- We can’t engineer our way out of every situation: transformation
may become necessary

SERDP+ ESTCP
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1. Authoritative information on changing climate pertinent to infrastructure resilience is presented
in the Fourth National Climate Assessment (Volumes 1 and 2) and agency climate
preparedness and resilience sites, including the NOAA state climate summaries.

2. Several agency web sites serve as resources for understanding and visualizing observed and
projected sea level change, including the NOAA Sea Level Trends and Sea Level Rise Viewer
and the USACE Sea Level Change Calculator and Sea Level Tracker.

3. Hydrologic nonstationarity caused by changing land use and land cover, river regulation, or
climate can be detected using several statistical tests which detect abrupt or smooth changes in
a hydrologic time series.

4. Climate preparedness and resilience for military infrastructure improvesreliability of missions
and operations and reduces response and recovery costs.

SERDP+ ESTCP
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Preview: Vulnerability Change Over Time

National Standard

Scenario: | Wet v | Business Line: | Flood Risk Reduction v | Division: | (All) v | District: | (All) ¥

Vulnerability Score Change Over Time (Wet)
2050 2085

OpenStreetMap contributors t

WOWA stands for “Weighted Ordered Percent Change in Vulnerability Score from 2050 to 2085 Left Click HUCs to Highli¢

Weighted Average,” which reflects the Hucs in Corresponc Percent Change in Vulnerability Score from 2050 to 2085 Left Click HUCs to Highlight Associated
p g HUCs in Corresponding Maps
aggregation approach used to get the WOWA Score po! g p
final score for each HUC. After 39.80
normalization and standardization of ’ ' WOWA Score
indicator data, the data are weighted with
‘importance weights” determined by the | A . ) 39.80 D o285
Corps (the first "W" in "WOWA"). Then, o= Y ¥ % Change in WOWA Score g
for each HUC-epoch-scenario, all AR i ’Q r -6.61% ] B ]
indicators in a business line are ranked 3 "' - e I po d‘
according to their weighted score, and a Sk 8 ¢ - o -
second set of weights, which we call . ‘.\" Dataset: 2/2016 — data update for select: * ‘ f ’ , 0 Change in WOWA Score
“"OWA weights,” are applied, based on - o, 0,
the specified ORness level. This yields a " J “ Climate Data Source: CMIP-5 (2014) A \ 6.61% — 23.45%

single aggregate score for each HUC-
epoch-scenario called the WOWA score.

> < 4 '
Flood Risk Reduction . 4 s\"i_": A .’ l =

4P

WOWA contributions/Indicator Integrated . “«
contributions are calculated after the Analysis Type Threshold : ’\ Natacet 2/201A — Asta 1ndate far eelertsd indiratars
aggregation to give a sense of which .
indicators dominate the WOWA score at EACH 20% J ‘ Basin:
each HUC = y = ‘*;,_ ' Basin: Monongahela
- - ) . =N HUC4: 0502
< _Undo & Revert (. Refresh G} Pause /' Edit 0@ share [}] Dc ) k Scenario: Wet onal
. . . dard
% Difference in WOWA Score: 6.20% ings?
(Left Click HUCs to Highlight Associated HUCs in Corresponding Maps) L.
© OpenStreetMap contributors
SERDP+ ESTCP
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Short Course:

INFRASTRUCTURE RESILIENCE
AND PLANNING UPDATE

Kathleen D. White, PhD, PE
Lead, Climate Preparedness and Resilience
U.S. Army Corps of Engineers

Headquarters, Engineering & Construction
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