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Why We’re Here

e The best available scientific
evidence indicates that increasing
atmospheric concentrations of
greenhouse gases are warming the
atmosphere and the oceans at an
accelerated rate — this is unequivocal
(IPCC 2013).

Images courtesy of NASA’s Climate Time Machine - This color-coded map

shows a progression of changing global surface temperatures from 1885

° AS th ey warm z oceans expan d an d to 2007. Dark blue indicates areas cooler than average. Dark red indicates
i I I areas warmer than average. (Credit: NASA/Goddard Scientific
glaciers melt, resulting in an overall e
increase in ocean Volume http://climate.nasa.gov/ClimateTimeMachine/climateTimeMachine.cfm))

) What Causes the Sea Level to Change?
o At the same time, many coastal

Changes in terrestrial Circulation and

shorelines are eroding and subsiding, waterstorage and PR 5
. . o - s noff results in
contributing to the overall rise in these | o seenage. ———
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e Unfortunately for many coastal r Y \{;l :

military installations, sea level is rising
at an unprecedented rate (IPCC 2013)
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The Problem

Natural hazards (specifically coastal storms) can
impair mission performance. ..
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The Problem

Sea level rise (SLR) acts as a THREAT MULTIPLIER,
generating more intense storms, and leading to an
INCREASE In both mission impairment and duration
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What Is Needed

» “Systems Thinking” focused on multi- | D
hazard risks under a range of potential ' ]
global change futures

{7

« Comprehensive, integrated, and
science-based approach

* VVulnerabilities identification

« Quantification of systems-scale
operational risks

« Consideration of driving global change
uncertainties

 Risk reduction for transforming and
sustaining a highly responsive military
Installation portfolio

ERDC
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Multi-layered Risk Management

e Employ a SMART strategy that drills down using portfolio investments to manage
regrets and make decisions based on return on investment with a focus on:

e RESILIENCY and SUSTAINABILITY

What? Goals and Objectives
Why? Intent and Purpose
§pecific Who? Stakeholders
Where? ﬁ\;&hﬂ?lf;ﬁlﬁéll)ocal, regional,
Which? Opportunities and constraints

How much is enough?

Measureable _
To what level of confidence?

Actionable Will the results be meaningful and useful?

Does the effort match the return on

Relevant investment?
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What should be done immediately?

Time-based What can we wait on?

How long before the threat becomes critical?
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Vulnerability & Risk Assessment 101: Basic Lexicon

 EXxposure -
— Describes the nature and magnitude of the 4
hazards that threaten the system (both its /
critical assets and its valued functions) |

e Sensitivity
— The potential of system to be
affected (either positively or
negatively) by the changes
caused by a hazard (aka fragility)

« Adaptive Capacity
— Describes a system’s ability to evolve, either naturally or through
engineered maintenance activities, in such a way as to preserve or
enhance the system’s valued functions
ERDC
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Vulnerability & Risk Assessment 101: Basic Lexicon
* Vulnerability

— The degree to which a system is susceptible to, and unable to cope with, the adverse effects of hazard
over a period of time (exposure + sensitivity + adaptive capacity)

 Risk
— The product of the probability of occurrence of some event (i.e., the frequency with which it occurs) and

the consequences of the event. Risk is an overarching concept that includes the components of
hazard, performance, exposure, vulnerability, and subsequent consequences.

* Resilience

— The ability of a system to respond to and recover from disasters by resisting or changing, in order to
reach and maintain an acceptable level of functioning and structure

Threats Hazards Nat Hazards (2012) 60:727-745 (from Shepard et al. 2012)
Identification
B 7 RISK
. | Consequences
— Threat'Hazard | | - Economic B T
- Likelihoods - Social 2 . - 2
[ | - Politicat EW.W.;. Y):MT;.,.,
— i 3 §
Vulnerability Assessment
fturdﬂm wm
nlab:m m:h:un; mm
. Risk Manasement
Decsion S
.Lm.ﬂmg Fig. 2 Components of the Overall Risk Index

(from Baker 2003)



Vulnerability & Risk Assessment 101: Basic Steps

1. Establish ateam
2. Setthe goals & objectives

3. Define the problem context
a) Study area
b)  Define an actionable scale (temporal & spatial)
c)  Mine for data
4. Define the threat (aka scenarios)
a) SLR scenarios
b) Coastal storm intervals
5. Characterize exposure

6. Decompose infrastructure network

a) Determine sensitivity (i.e., fragility)

b) Determine adaptive capacity

C) Focus on systems approach

(assets, capabilities, services, mission)

7. Characterize Vulnerability & Risk

1. Establish hueristics to determine sustainability

2.  Combination of exposure, sensitivity, adaptive capacity and consequences
8. Proactively manage adaptation

Establish triggers or response thresholds and monitor

1.
2. Consider life cycles & costs With the intent of managing regrets! ERDC
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Case Study #1.

Quantifying Coastal Storm and Sea
Level Rise Risks to Naval Station
Norfolk Burks-Copes et. al. 2014 (in review)

Problem Statement

Devise and demonstrate a rigorous yet
flexible systems-scale approach

Quantitatively evaluate natural hazard
risks to critical military assets (i.e.,
infrastructure) and mission capabilities

Address arange of SLR, tidal fluctuation,
and storm stage-frequencies

Technical Goals

v

vV V..V 2

Characterize impacts

Decompose mission & infrastructure
systems

Pinpoint vulnerabilities

Quantify performance sustainability risks
ldentify adaptive capacity tipping points
Communicate results to field

ERDC
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Technical Approach | s T ] -

This is a Demonstration Project —

¢ Select missions, capabilities, assets,
hazards, and forcings are modeled

¢ Coastal storm parameters are not g o
altered due to potential climate . o
change effects

Datums % e

¢ Horizontal datum = North American .
Datum of 1983 (NAD83) Wi ‘

¢ Vertical datum = North American
Vertical Datum of 1988 (NAVD 88) Y

Period of Analysis

. OTY MITSL Cre )

¢ Start Date = 2000 . Boon (2012) Ezer and Corlett (2012)
¢ End Date =2100 (100 yr period of
analysis) h SERDP RC Project Sea-Level Rise Scenarios
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Technical Approach

Coastal Hazard Asset Damage Performance
Return Period Function Function
Curves
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Coastl Hazard

Simulation Vulnerability Assessment Asset Decomposition

Modeling
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Visualization
| Visualizaton 8
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Project Team I'd rather be managing

Principal Investigators a large coastal hazard
— Dr. Kelly Burks-Copes risk-assessment

— Dr. Edmond Russo research project.
Geomorphologic Modeling v

— Dr. Andrew Morang
Environmental Modeling
— Dr. Craig Fischenich
— Mr. Kyle McKay
Groundwater Surveying
—  Dr. Janet Simms
—  Mr. Eric Smith
Hydrodynamic Modeling
— Dr. Jane Smith
—  Dr. Jay Ratcliff
— Dr. Honghai Li .
—  Dr. Lihwa Lin '
— Dr. Cary Talbot
—  Mr. Mike Follum e
—  Mr. Ryan Pickett Roa o
—  Mr. Kevin Winters o
Installation Modeling
— Dr. Michael Case
— Mr. Steve Pranger

Asset Damage Modeling ‘e o
—  Dr. Paul Mlakar Move the food.

—  Mr. Jose Rullan-Rodriguez hn Hall. SERDP PM
Database Development and Spatial Analyses e 2l

— Mr. Scott Bourne
— Mr. Austin Davis

Risk Assessment Modeling
—  Dr. Martin Schultz ERDC
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SLR Scenario (0, 0.5, 1, 1.5, 2m)

Tiered Risk Assessment Approach:

tep 1: Site Selection
egional Assessment

Geomorphic and Geologic

Assessment Step
S— Step 3: Installation Specific Assessment

Ecology and Land Use
Conversion Assessment

(Straight-line & SLAMM)

=

Asset Capability Network
Development —
MAXIMUM WIND, Infrastructure Network
Regional Surge and Waves SURGE, & WAVES (ArcGIS)
Assessment
(TC96 + ADCIRC + SWAN)

\‘VBathymetry and land cover changes

MAX IMUM WATER

e —
LR Scenario- and event-based LEVEL, WAVE
| ptime history of surge, waves & HEIGHT, CURRENT ASSET IDENTITY,
\_"/Wind SPEED, EROSION, CHARACTERISTICS
AND CONNECTIVITTY
Nearshore Waves , Current, ACCRETION, &
Water Levels, and Sediment SEDIMENT \
Transport Assessment TRANSPORT RATE \/ |
CMS : 8 .
( -) ' .| Structural Analysis : A Risk
Water level, waves, and | (ISS3D + HAZUS MR-4) T ssessment
morphology changes

Probability (Netica)

f'\ of the
damage states
given the loadings

Groundwater Assessment
(AdH)

‘.4

RISK
MISSION
14 | IMPAIRMENT

Groundwater table p0|t|on
WATER DEPTH AND

Surface Flood Routing DURATION

(GSSHA)



Installation Site Selection Process

Inventory
installations

Identify
missions

Prioritize
installations

Installation Screening Criteria (Yes or No):

1.

Is there a direct connection between the mission and combat, combat service, or
combat service support?

Would the study team be able to operationalize linkages among assets, capabilities,
and missions to assess risks quantitatively?

Do the installation’s capabilities & missions appear vulnerable to coastal hazards?
Does the site and its mission constitute a uniqgue and important military asset on the
mid-Atlantic coast?

Is it possible to acquire high fidelity data about the installation?

pr~"""0Obtain
Screen ; Select from : consent of
installations short list base

commander

sediment).

installation.

» Susceptibility to sea-level rise (e.g., elevation of assets).

* Presence of unique, significant, and scarce assets and capabilities.
» Potential for coastal shoreline change increasing hazard exposure.
» Potential for contaminant releases from installations.

* Presence of unique, significant, and scarce coastal habitats at the

Criteria for Prioritizing Installations (Quantitative metrics): Recommend
» Degree to which assets are exposed to coastal hazards (wind, water, to SERDP

ERDC
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Site Selected: Naval Station Norfolk
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AIbIOus thas e Lille Crask
=Nl Shaton Nordolk

= HorToln K i Sy d

@ oW Nave
“O-Lagloy Ax Fosos Base

Camp

soom Slaton

1 Peary

== 15 Coont Guard Trammg Carfer

Percent of land area

Langley Alr
P Force Base

Langiey
Resonrch Center L)

j Fort

Monroe 1.5 25
Noefolk
Naval Base > Elevation above sea level (meters)

s G Result: A high-level,
s . transparent vulnerability
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“ported” to other regions
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’ SLR Scenario' (0,} 0.5.1,1.5, 2m) Tlered Rlsk Asmment Approach:
P, /N Step 1: Site Selection
GESTOINE S Coolouis Step 2: Regional Assessment

Step 3: Installation Specific Assessment

“X }/ Shoreline characterkation

Ecology and Land Use
Conversion Assessment
(Straight-line & SLAMM)

Asset Capability Network
\‘ Bathymetry and landjCover changes Development —
e /112 X IMUM WIND. InfraStrUthife Network
Regional Surge and Waves SURGE. & WAVES (ArcGIS)
Assessment { |
{TCY86 + ADCIRC + SWAN?

MAX IMUM WATER
SfScenario-and event-based LEVEL. WAVE
time history of surge, waves & HEIGHT. CURRENT ASSET IDENTITY.

\/ wind SPEED, EROSION, i"&%"ééﬁﬁ'éf_ﬁ'vﬁw
Nearshore Waves , Current, ACCRETION. &
Water Levels, and Sediment SEDIMENT
Transport Assessment TRANSPORT RATE //"
CMS - — - 4 :
(Gt ) — . «. | structural Analysis , AL
Water level, waves, and (1SS3D + HAZUS MR-4) - Assessment
morphology changes s — Prol:azility (Netica)
= of the

damage states

Groundwater Assessment { :
given the loadings

V

WATER DEPTH AND
_ RISK OF
DURATION
Surfact(eglsoso:Al)?Olltmg MISSION
IMPAIRMENT

ERDC
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Regional Assessments

Geomorphological Assessment

Ecological Assessment

Coastal Storm Simulations

.

Modeled geomorphic evolution as sea levels rise
Inventory natural and engineered coastal features
Assess stability of features as sea levelsrise

Provided inputs on base conditions in the bay for
sediment transport modeling

Sea Level Affecting Marsh Model (SLAMM)
Biome Shifts
Open Water Surface Increases

Used Joint Probability Method with Optimal
Sampling (JPM-OS) for storm parameterization

o Nor'eastersincluded (3 total)
Parameters:
o C, (central pressure)
e R, (radius of maximum winds)
e Tracks/ heading

e V; (forward speed)

« Holland B (landfall decay)
e Wind Forcings using TC96 Model
o Envelope of maximum wind speed

e Inputs to circulation and wave models at both
region and nearshore scales

e Storm parameters not modified to reflect
climate change

Same wind fields used for modeling in all SLR
scenarios

SLAMM
~
b
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{/( Jamesgown Is \“*-"’ é ."
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‘”\jr\ \ Fort JQI‘ Yo, oy ‘.
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4 r ‘\ ? 0:) 1 o
; b } ol
L 3.‘"".'; b
i \ Newporty £¢ 3 Naval Station Norfolk
“KNews LY
/b(x, 2 %
e :
e L ( J - o -
® Field_Sites yp:, . .: V. Gt “"Q \ -
— \Wharfs_docks f;; A v e YN, ©
: QA 34~ Norfolk g o
= Banks_biuffs s 27 L% e X O
e Armoted o(\ ’,‘. ‘\**\\‘\‘ v -" 0&
*—o- Sand_beach & Qo“"“’ ©
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Wetland \‘.‘ .. .
\
Shoreline 1683 ‘Q .
bases A
L]
L ]
0 51 22 2 & \
== —— "™ Seomorphoiogy Sy A

¢ 1IN 18

* 131-9409

ord Imagery

Maximum wind speed in miles per hour for
Hurricane 449

ERDC
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1_SLAMM.ppsx
1_SLAMM.ppsx

Regional Storm Results

e« Regional surge/wave water levels were generated for each of the storms with Advanced
Circulation (ADCIRC) and Simulating Waves Nearshore (SWAN) models

e Models driven using wind fields, considering topo/bathy contours and friction coefficients
derived from land cover and interpolated onto the model mesh

e 100 ADCIRC, SWAN & TC96 Runs Made (17 hurricanes & 3 nor’easters x 5 SLR Scenarios)

Storm 449 Om SLR (max surge = 3.0 m) Storm 449 2m SLR (max surge = 5.8 m)
S SR LB e . T

e B o e e o o e e e e e~ 4yrREd Spesd imph)

— %0rph

T &~ &~ " 00xph AE S g = - il o
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Burks-Copes et. al. (2014) (in review)

ADCIRC + SWAN Results

Table 14. Final maximum storm forcings generated by the regional storm assessment for the demonstration project
based on the 449 (100-yr) and 293 (50-yr) return interval storms under the five SLR scenarios. NE refers to the
October 1982 Nor’easter.

Regional Surge and Waves Assessment
(ADCIRC, SWAN and TC96)
Maximum Surge

Maximum Wind Speed (mph

1 53.7 |53.7 537|537 (537 - | - | - | - | - | - [ - | - [ -] -
10 |76a (761|764 761|762 - [ - | = [ = | = | = | - | - | - | -
50 | 89.5|89.5[89.5|895|895| 1.6 | 25 | 32 | 38 | 43 | 1.0 [ 15| 1.7 [ 1.7 | 1.7
100 | 96.1 | 96.1|96.1|96.1]|96.1] 30 | 35 | 45 | 52 |58 | 15|18 | 19 | 20| 20
NE |67.3]|67.3|67.3]67.3]|67.3

'“Reglonal Storm Modeling Results .Regional Storm Modeling Results Figure 51. Final maximum
: storm forcing trends generated
6.0 N by the regional storm
e Coa;ul Storm E» 20 (oa;ul Storm assessment for the
g % eturn = eturn . .
£ st z R demonstration project based
§ 40 S 3 —100-y7 on the 449 (100-yr) and 293 (50-
» — $ p—— yr) return inter_val storms under
é z 1.0 the five prescribed SLR
0 ¢ scenarios.
a ; 0.5
00 05 10 1.5 20 ‘ 0o 0% 10 15 20 E C
SLR Scenario SLR Scenario ive solutions for a safer, better world




Installation-Level Storm Modeling

St Scenato (0021, 1.9, <) Tiered Risk Assessment Approach:
. Step 1: Site Selection
Cepniarenie 4 S rolae Step 2: Regional Assessment

Step 3: Installation Specific Assessment

Ecology and Land Use
Conversion Assessment
(Straight-line & SLAMM)

Asset Capability Network
\‘VBathymetry and land cover changes Devglopmtznt -
. MAXIMUM WIND. Infr'a‘st’ruc'tpfe Network
Reglon:: Surge an(: Waves SURGE. & WAVES (ArcGlS)
ssessmen
(TCS96 + ADCIRC + SWAN)

L MAX IMUM WATER
'SLR Scenario- and event-based LEVEL. WAVE
| timadsiatanof surge, waves & HEIGHT. CURRENT ASSET IDENTITY,

wind SPEED. EROSION. CHARACTERISTICS
N arshore Waves , Current, ACCRETION. & AND CONNECTIVITTY
‘ater Levels, and Sediment SEDIMENT
Transport Assessment TRANSPORT RATE W pE——
CMS — ‘ -
— 2 g > “. | Structural Analysis " Risk .
Water level, waves, and (1ISS3D + HAZUS MR-4) — ssessmen
morphology changes ) - Probability (Netica)
: _ JK of the
Groundwater Assessment damage states

given the loadings

\4
WATER DEPTH AND
DURATION RISK OF

Surface Flood Routing

(GSSHA) MISSION
/ IMPAIRMENT
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Nearshore Modeling —
Coastal Modeling System (CMS)

* Water surface elevation
* Nearshore waves
 Currents

« Sediment transport

* Morphology change for coastal and inlet
applications

Water bottom and surface erosion and
accretion areas in extreme storms

w

N
ol

N
1

.
o
\

#0mSLR
®2m SLR

[
!

Accretion in Navigation Channel (m)
o
o

o
1

100-yr 50-yr Nor'easter
Storm Return Intervals
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CMS Results Burks-Copes et. al. (2014) (in review)

Table 19. Final maximum storm forcings generated by the nearshore assessment for the
demonstration project based on the five storms. NE refers to the 1982 Nor’easter.

Near shore A ssessment
(CMS)

Surge + Tide Height Accretion in Channel Erosion in Channel

1 1211721263010 14(17]19(17)10]|13[15] 16|14
10 1712126313620 ]20[24]26([32)|20]19(23] 26|24
50 2212832371411 35]36(36]36]35[30]32[32]32] 32
100 [ 364145505440 36[35|36(37|35[34]33]35] 37
NE 23 [129(33[38]142)25|122]|22]|25(25]20]19]118]20] 20

Nearshore Modeling Results
6.0 Coastal Storm
Return
o Interval
E —100-y¥
) ) . ) -E, i ‘Nor'easter
Figure 71. Final maximum storm forcing trends 3 30 50-ye
generated by the nearshore assessment for the % io i
L - . et 3 Ad
demonstration project based on the five analyzed .
storms under the five prescribed SLR scenarios.
o 0.0 0.5 1.0 1.5 20
SLA Scenario
Nearshore Modeling Results Nearshore Modeling Results
4.0 Coastal Storm 4.5 Coastal Storm

Return

4.0
> — Interval
s

s Return |
) Interval

3.0 w— 1 00-yT —1 00-yr
- 30

pr— Nor'waster ‘Nor'easter

SO-yr

_ ’ > — 1 s— 0 -y T

1.% — w—1 0~y 24 ' —l 0y
/\ w— 1 ¥ 1.5 /\ —) T

1.0 1.0

0.0 a5 1.0 1.5 2.0 — 0.0 05 1.0 1.5 2.0

BUILDING STRONGg, StA scenario al s scenario
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Groundwater Modeling —
Advanced Hydraulic Model (AdH)

2.0 SLR .~ Water Table Location

« Characterizing

movements of: tiovation ()
 Isohaline boundary =2
and accompanying =

22

changes in water 21
table =

e Groundwater ﬂUX (. “ 2.0m SLR (flow only)

« Parameterization of
surface flood routing
model Depth to GW (m)

Green areais

2.0m SLR (flow only) standing water
on surface.

ERDC

BUILDING STRONGg, 24 Innovative solutions for a safer, better world




Average Boundary Conditions

Average Hydraulic Head at Boundary (m)
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GSSHA Results Burks-Copes et. al. (2014) (in review)

Table 44. Comparison of final maximum storm forcings generated by the two surface flood routing
assessments (without and with groundwater forcings) for the demonstration project based on thefive
storms. Values in red indicate increases in maximum flooding depths, while valuesin green indicate
decreases in maximum flooding depths. NE relates to the historical 1982 nor’easter.

Surface Flood Routing Assessment Surface Flood Routing Assessment
(GSSHA + w/o Groundwater (GSSHA + with Groundwater
I nfluences) I nfluences)
Maximum Water Depths (m Maximum Water Depths (m
1 2.4 2N 4.8 5.0 6.3 2.5 3.6 4.9 Shl 6.2

10 34 4.3 S 515 6.8 34 4.2 5.0 5.6 6.7
50 3.9 4.6 5:b 6.1 1.2 4.1 4.6 5.1 6.1 1.2
100 4.8 5.6 6.6 7.8 9.1 4.9 5.6 6.5 7.7 9.1
NE 4.2 4.4 5.6 6.5 7.8 4.6 4.7 s 6.5 Lt

Flood Modeling Results - Comparison

100

9.0
Coastal Storm
Return
Interval

80

7.0

Figure 165. Comparison of final 100-yr
maximum water depth forcing trends
generated by the two surface flood
routing assessments (groundwater

influences vs. original analysis) for

6.0 o= 100-yr w/GW
Nor'easter
Nor'ecaster w/GW

—50-yr

Maximum Water Depths {(m)
Q

the demonstration project based on 30 —0 Sy
o 10~
the five analyzed storms under the . m"' -
. . . - “yr
five prescribed SLR scenarios. o
s 1 ¢ W/ GW

w— - 1-yr
0.0

L] 0.0 0.5 1.0 15 2.0

BUILDING STRONGg, SLR Scenario




Infrastructure Vulnerability Assessment

ShitScenado (L 0.3 5.2, =) Tiered Risk Assessment Approach:
) Step 1: Site Selection
Cepmain Te aidl —wolodie Step 2: Regional Assessment

Step 3: Installation Specific Assessment

— | i

Ecology and Land Use
Conversion Assessment
(Straight-line & SLAMM)

Asset Capability Network
Development —
Infrastructure Network

\*VBathymetry and land cover changes
MAXIMUM WIND,

Regional Surge and Waves SURGE. & WAVES (ArcGIS)
Assessment
(TC96 + ADCIRC + SWAN) MAX I
'SLR Scenario- and event-based LEVEL| WAVE
" stime history of surge, waves & HEIGHY. CURRENT ASSET IDENTIT
\/ wind SPEEDVEROSION. CHARACTERISTJCS
ITTY
Nearshore Waves , Current, ACCRENION. &
Water Levels, and Sediment SEDIMENT
il TRANSP

Transport Assessment
(CMS)

. erlevel, waves, and

morphology changes

Structural Analysis
ISS3D + HAZUS MR-

== Assessment
Probability (Netica)
of the
damage states
given the loadings

\%

WATER DEPTH AND

S RISK OF
DURATION
SUﬁact(aglstaso}_?Al)?outlng MISSION
IMPAIRMENT
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Asset Network Diagramming
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Asset Connectivity
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Structural Assessment

1. Potential damage states were defined
State Description Functional?
None No damage. Yes

Minor Cracks in pylon. No visible damage to steam Yes

line.

Moderate  Pylon replacement required. No visible Yes

damage to steam line.

Severe Pylon concrete crushed. Steam line has No

visible cracks.

2.  Damage functions predicted the
response of the SUA to wind, waves,
surge, inundation, and sediment
loads.

3. Fragility curves estimated

the probability of each
damage state as a function
of the moment given the
wind, water, and sediment
loads acting on the asset.
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Risk Assessment

SLR Scenario (0, 0.5. 1. 1.5, 2m)

Geomorphic and Geologic
Assessment

Ecology and Land Use
Conversion Assessment
(Straight-line & SLAMM)

ne characterization

/Bathymetry and land cover changes

Regional Surge and Waves

MAXIMUM WIND.,
SURGE. & WAVES

Assessment
(TCS6 + ADCIRC + SWAN)

SLR -c'e"n'a'-"ad event-based
\/time history of surge, waves &

wind
Nearshore Waves , Current,
Water Levels, and Sediment

Transport Assessment
(CMS)

. erlevel, waves, and

morphology changes

Groundwater Assessment

Surface Flood Routing

Tiered Risk Assessment Approach:

Step 1: Site Selection
Step 2: Regional Assessment
Step 3: Installation Specific Assessment

Asset Capability Network
Development —
Infrastructure Network
(ArcGlS)
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LEVEL. WAVE
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ERDC
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Utilization of the ERDC Approach:

The model is used for inference about the infrastructure system and
management.

95,

Asset 3 Damage State
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Final Bayesian Network

Score Card:

217 Nodes (boxes)
2 Risk drivers
95 Asset damage
97 Function
23 Capability
3 Mission performance

437 Edges (lines)
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Final Risk Assessment Results

Service Interruption

P(Service interruption | SLR)

Pier 11: Capabilities
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Loss in Mission
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Tipping point => where changes in SLR

.- L]

resulted in significant increases in probabilities
of damage and mission impairment
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Adaptive Management and Regret Management

« Flood proof pumps and controls, transformers, generators, and electrical
connections.

Difference is the change in capability score relative to existing asset design.

e« Flood-proofing greatly increases capability score at Pier 11 when SLR =0.5

m.
e Effects diminish as sea-level rises.
Pier 11 Pier 12 Pier 14
1.0 1.0 1.0
— e C t k = Current

¥os - Current @03 arren v o8 f
ot \ Flood ¢ 9 ——Flood-proof § 9 \ — Flood-proo
2 06 OOCRIOT | 4 06 2 06
2 *\ 2 2
5 0.4 5 04 4 04
© (¢°] ©
3 3 &
8§ 0.2 8§ 0.2 & 0.2

0.0 . . . : 0.0 . : 0.0 . .

00 05 10 15 20 0.0 1. 2.0 00 05 10 15 20
Sea-level Rise (m) Sea-level Rise (m) Sea-level Rise (m)
Capability score is for
Provide Wastewater
. Burks-Copes et. al. (2014) (in review) ERDC
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Future Directions

Tier 1: Coarse Level Assessment

* Portable, Scalable Approach N
— Demo Project - NSN Master Planning, R e Experts
. 4 Facilitated workshops
Adaptive Management (Retrofits), Develop & apply a vulnerability

Contingency Planning Down Select

— Assist with Informing Policy and Planning

— Portfolio Risk Management Tier 2: Intensify Analysis of

— Navy’s Task Force Climate Change Vulnerable Sites

» Coarse asset fragility analysis

Worldwide Installation Vulnerability > e L

» Refine Exposure assessment

using analytical engineering models

Assessment » Down Select
* DependenCIGS Tier 3: Maximize Analysis
Outside the Fence Line e o

» Advanced infrastructure analysis
» Refine vulnerability assessment

— Stakeholders Forum(s)
— Hampton Roads Installations [
— VA Recurrent Flooding Study

= ERDC
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Wrap Up

* Vulnerability |
Assessments can be run \ /
on a shoestring or with a
plethora of time, money

& resources . . . . the key | s
again Is regret |
management [ R

* You are not alone!

ERDC
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Point of Contact

* Dr. Kelly A. Burks-Copes
SERDP RC-1701 Project Team Leader
Environmental Laboratory

US Army Engineer Research & Development
Center (ERDC)

3909 Halls Ferry Rd., Vicksburg, MS 39180
Office: 601-634-2290, Mobile: 601-618-5565
Email: Kelly.A.Burks-Copes@usace.army.mil

ERDC
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Providing Innovative Solutions
for a Safer, Better World

ERDC

http://www.erdc.usace.army.mil

ol ERDC
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