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Background:
North Atlantic Coast Comprehensive Study

FEMA H. Sandy Impact Data

‘ ‘ Green - Low Storm Impact
\:’ Yellow - Moderate Storm Impact
- Red - High Storm Impact

:’ Purple - Very High Storm Impact
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Status

» Ongoing Sandy Program

Implementation

28 Jan 2015 Final Report publically
released

29 ]Jan 2013 PL 113-2: ...the
Secretary shall conduct a
comprehensive study to address the

flood risks of vulnerable coastal

populations in areas that were affected

by Hurricane Sandy within the
boundaries of the North Atlantic

Division of the Corps...
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Background: North Atlantic Coast Comprehensive Study

www.nad.usace.army.mil

/CompStudy

» Formalized and consistent approach/framework
for more detailed, site specific coastal evaluations

» Integrates state-of-the-science techniques and
collaboration

» Equips and links a broad audience and all levels of
government with data, tools, and other

stakeholders to make INFORMED coastal risk
management decisions

NACCS is not:

» A decision document authorizing design and
construction

» A NEPA document evaluating impacts of any specific
solution

» A USACE-only application

®
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Background: Collaboration and Alignment

» Agency, Interagency, and Tribal Collaboration

USACE High Level Senior Governance Team/Enterprise Project
Delivery Team/Strong Project Management

Interagency correspondence/ technical working meetings/panel
discussions

Subject Matter Experts embedded in team

Federal Register notices and public website

Interagency Webinar Collaboration Series (2013-2014)
Roll Out Webinars for Regional Partners (2 & 9 Feb 2015)

» Alignment

President’s Climate Action Plan
Sandy Task Force “Hurricane Sandy Rebuilding Strategy”

OMB Legislative Review Memorandum with Federal Agencie
Sandy Regional Infrastructure Resilience Coordination ®
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Findings

» Shared responsibility, and shared tools, between all levels
of Government and partnerships

» Rethink approaches to adapting to risk

» Resilience and sustainability must consider a combination
and blend of measures

‘ Full Array of Coastal Storm Risk Management Measures

NONSTRUCTURAL MEASURES STRUCTURAL MEASURES
ELEVATED TllLl|l\3/|FNe SHORELINES
FLOOD WARNING BUILDING - VEGETATED FEATURES
& EVACUATION DRAINAGE - OYSTER & CORAL REEFS
_ RELOCATION acauisioy | MPROVEMENTS - MARITIME FORESTS BREAKWATERS
D e LEVEE/ | NNBF GROINS
EVACUATION FLOODWALL SHORELINE BEACH & DUNE

N - ‘STABILIZATION RESTORATION
SR \EVEL !_ .. \ (\
DT e L T T T T I T TT I T T T T T o e il s A E‘“,:, han Ta .-....-.....:m ..............................................................
e S - S

MARITIME ESTUARY
PROGRAMMATIC MEASURES FOREST  TIDAL BARRIER

MARSH ISLAND
NNBF NATURAL AND NATURE-BASED FEATURES
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Outcomes: Coastal Storm Risk Management Framework

Managing coastal storm risk is a
shared responsibility

The Framework is:
= A 9-step process

= Customizable for any coastal area
or watershed and other regions

= Repeatable at state and local
scales

Who /what is exposed to flood risk?
Where is the flood risk?

What are the appropriate strategies
and measures to reduce flood risk?

What is the relative cost of a
particular strategy compared to the
anticipated risk reduction?

What data are available to make risk
informed decisions?

What is the residual risk?

NACCS Coastal Storm Risk Management Framework

{Repeat initial five steps for each Tier 1, 2, and 3 Evaluations}

L

STEPS GOMPLETED AT A CONGEPTUAL LEVEL BY THE NAGCS

ADDITIONAL STEPS TO BE COMPLETED IN FUTURE
REPLIGATIONS OF THE FRAMEWORK AT REFINED SCALES

INITIATE ANALYSIS

Identify Stakeholders, Partners, and Authorities
Identify Constraints and Opportunities
Formalize Goals

Determine Spatial and Temporal Scale of Analysis

CHARACTERIZE GONDITIONS

Define Physical and Geomorphic Setting

Compile Flood Probability Data

Establish Baseline Conditions and Forecast Future Conditions

ANALYZE RISK AND VULNERABILITY

Map Inundation and Exposure
Assess Vulnerability and Resilience
Determine Areas of High Risk

IDENTIFY POSSIBLE SOLUTIONS

Assess Full Array of Measures
Consider Blended Solutions
Develop Performance Metrics
Establish Decision Criteria

EVALUATE AND GOMPARE SOLUTIONS

Develop Cost Estimates
Assess Benefits

SELECT PLAN

DEVELOP IMPLEMENTATION PLAN

Complete Pre-construction Engineering and Design
Consider Operation and Maintenance Issues
Establish Adaptation Thresholds

Develop Strategic Monitoring Plan

EXECUTE PLAN

MONITOR AND ADAPT

Measure Performance and Benefit Production
Assess Resilience
Adaptively Manage

=D
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Coastal Storm Risk Management Framework

Flood Exposure & Risk Assessment

» Coastal Flood Hazard

= SLOSH CAT1-4 Maximum of
Maximum

= FEMA DFIRM

= 10-percent-annual chance

» Exposure Indices
= Population density and

infrastructure (number of people
and infrastructure in communities
subject to flooding)

Socioeconomic groups
(populations that may have more
difficulty preparing and responding
to flooding)

Environmental & Cultural (critical
habitat, wetlands and other areas
that maintain resiliency during
flooding; key cultural resources
subject to flooding)

Composite

®

0 55 11 165 22 275
w Miles — Interstate Highway
This figure presents the results of the NACCS exposure analysis D NACCS Plannini g Reach
completed at the study area scale. The figure was generated in
February 2014 by USACE using the best available data at the ti
Military Installation
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Technical Product: Climate Change

Maryland Relative Sea Level Change Scenarios
8 :
Gauge: 8575512, Annapolis, MD
7 /
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Figure 6. Relative Sea Level Change for Annapolis, MD for USACE and NOAA Scenarios and the State of
Maryland.

» Evaluations for:
= Current (2018)
= 50-years (2068)
= 2100

(Intergovernmental Panel
on Climate Change)

» SLC evaluation:
USACE Engineer
Circular 1100-2-8162
(low, intermediate,

high scenarios) and
NOAA's highest
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Technical Product: Climate Change

Evaluated USACE and NOAA relative sea level change scenarios at 26 NOAA WL gage locations
across NAD/NACCS study area

NACCS Appendix A

NACCS Flood Exposure and Risk Assessment and comparisons of NACCS and state and local SLC
scenarios

NACCS Appendix D

GIS mapping of relative sea level change in 50 and 100 years with projected future development
densities

NACCS Planning Reach Map Book

Statistical analysis of historical and future extreme water levels with sea level change
ERDC TR-14-7

Climate change adaptation planning concepts

Procedures to Evaluate Sea Level Change: Impacts, Responses, and Adaptation (
USACE ETL 1100-2-1)

Non-stationarity - the future may be substantially different than the past
Uncertainty - climate change and sea level change

Consideration of a range of possible future scenarios

Precipitation patterns and effects farther inland may result in increasing risk

Adaptive management
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Technical Products: Array of Measures

» Structural
. Coastal Risk Reduction
S Storm Surge barrlers and Resilience: Using the

Full Array of Measures

* Levees, breakwaters, shoreline . ‘_
stabilization 2

= Natural and Nature-Based Features

US Army Corps of Engineers

(e.g., beaches and dunes, living shorelines, o e
wetlands, oyster reefs, SAV restoration)

» Non-Structural (e.g, floodproofing,
acquisition and relocation, flood warning, etc.)

» Programmatic (e.g, floodplain management, land use planning,
State/municipal policy, natural resources, surface water
management, education, flood insurance programs, etc.)

i )
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Technical Products: Management Strategies

Multiple products, planning tools, and models were developed to assist decision makers
as they Implement the Coastal Storm Risk Management Framework

tic Coast >

www.nad.usace.army.mil/CompStudy

Quick Clicks: North Atlantic Coast Comprehensive Study Report and Related Documents

NACCS Main Report Physical Depth Damage Summary

Appendix A Use of Natural and Nature-Based Features

Appendix B Conceptual Regional Sediment Budget for North Atlantic Division
Appendix C Planning Reach Mapbook

Appendix D (State appendices) Numerical Modeling Simulations

Study Synopsis. January 2015 Institutional and Other Barriers Report

NACCS Stakeholder Webinar | Audio file (. mp3 format) Environmental and Cultural Resources Conditions Report

Press Release Barrier Isiland Sea Level Rise Inundation Assessment Report

A full listing of NACCS files can be found in the left column below, under "Report and Products.™

Risk Management Strategies for Coastal Communities

ACQUISITION & RELOCATION
BUILDING RETROFIT

ENHANCED FLOOD WARNING
& EVACUATION PLANNING

LAND USE MANAGEMENT/ZONING
& FLOOD INSURANCE

DEPLOYABLE FLOODWALLS
FLOODWALLS

LEVEES

SEAWALLS

REVETMENTS

BULKHEADS

STORM SURGE BARRIERS
BEACH RESTORATION

BEACH RESTORATION
& BREAKWATERS

BEACH RESTORATION & GROINS
DRAINAGE IMPROVEMENTS

LIVING SHORELINES

OVERWASH FANS

REEFS

SUBMERGED AQUATIC VEGETATION
WETLANDS

UILDING STRONG,

NATURAL & NATURE-BASED
NON-STRUCTURAL STRUCTURAL FEATURES (NNBF)
~ §“~
-’r/ -

s
/\\Q (R

=

Can N

.
» |0600009 006000000 6 £00

»
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Technical Products: Sediment, GIS & Condition Reports

» Conceptual Regional Sediment Budget

» Coastal Geographic Information System

% - North Atlang
Geo-database W e ot
s ?:Z?wml ces and Habyt, 3
= All non-sensitive data layers used for the NACCS s,or:ff,%gfwm,ﬁ“
% ‘€ Northeast {75,

» Condition Reports

nnnnnnnnnn

ent Center

Executive Summa
Sediment Budget
Division

ry: Conceptual Regional
for USACE North Atlantic

Patterns and rates of sediment transport

Engineering activities such as dredging and placement, and
volumetric change for coastal and estuarine regions

Web-based and identifies opportunities for projects/strategic %

placements

Range from boundary files to inundation mapping

Species and habitat vulnerability
Coastal Resources Management Guide
State-by-State Appendices
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Technical Products

* Natural and Nature-Based Features (NNBF)

» Characterization

» Data Integration and Metrics for NNBFs

» Evaluation and Case Studies

» Policy Implications and Path Forward

= (et the entire report (480 pages):

« www.nad.usace.army/CompStudy and/or

« www.EngineeringWithNature.org

ERDC SR-15-1
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INNOVATIVE SOLUTIONS
for a safer, better world

Use of Natural and Nature-Based Features
(NNBF) for Coastal Resilience

Final Report

Todd S. Bridges, Paul W. Wagner, Kelly A. Burks-Copes,
Matthew E. Bates, Zachary A. Collier, Craig J. Fischenich,
Joe Z_ Gailani, Lauren D. Leuck, Candice D. Piercy,
Julie D. Rosati, Edmond J. Russo, Deborah J. Shafer,

ily A. Vuxton, and Ty

Approved for public relesse; distribution is unlimited
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Technical Products: Community Resilience

Capturing a Community’s

Sense of Vulnerability

PREPARE

» Community resilience is the capability to
anticipate risk, limit impact, and bounce back

rapidly through survival, adaptability, evolution,
and growth in the face of turbulent change

> Self-Assessment Steps:

1.
Vi

Define spatial and temporal boundaries

I:dtlcal Infrastructure and Facilities
—

EXPOSURE

Whatare the hazards?

{Wind speed at landfall (mph)
{Rain (total inches/24 hours)

{Tide at time of landfall
{Landfall location

RESIST
SENSITIVITY

system

{———{Power grid

I Water purification system

{——{Transportation evacuation routes

{——{City Hall or other local government buildings
r

erations center
| Evacuation shelter

\——{Hospitals
' Critical record storage

ransportation |

Identify benchmark and future storms

Identify critical infrastructure and facilities
and a recovery goal for each

Identify transportation issues RECOVER
Identify protective features

{Primary bridges passable L

!Roads cleared of storm debris L

<Roads intact (e.g., no washouts)
{Tunnels, roads in flood-prone areas operational

( Public transportation available

routes

7 ion/r
| including tourism population

{Operations to manage traffic b

ADAPT
ADAPTIVE CAPACITY

Calculate the overall community resilience
rating

Beaches and dune systems
Offshore reefs

Living Shorelines on bayshores protected by
| offshore breakwater system

—<—L__

Revetment protecting bayshore

15
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Technical Product: Modeling

> Regional Storm Suite Modeling

= Joint probability of Hurricane Sandy and historical coastal storm forcing parameters for the
east coast region from Maine to Virginia as a primary requirement for project performance
evaluation

= Focus on storm winds, waves and water levels for both tropical and extra-tropical storm
events

= Application of high-resolution numerical models in a tightly integrated modeling system
with user friendly interfaces

= Provides for a robust, standardized approach to establishing the risk of coastal
communities to future occurrences of storm events
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Technical Product: Economic Analyses

> Economics

= Measurement of direct physical effects of Hurricane
Sandy and their economic consequences to create
depth-damage functions to better estimate the effects of
coastal storms

= Assessment of loss of life from Sandy to modify Corps
flood impact model to estimate depth-fatality
relationships for coastal storms

= Development of depth-emergency cost and
infrastructure damage relationships and estimation

and description of emergency costs incurred

= Estimation of second and third order effects
(e.g., loss of labor, economic losses from of power/
fuel shortages, mental and physical health effects)

Table 40. Prototype 4A- Inundation Damage
e — Structure
% | Flood Min Most Max
Table 45 Py %0 ‘ Depth Likely
Structure 80 ! o |
100 -
Percent 2SS 1 [ -~ 0 0 0
b *3 5 05 6.5 10
Comp- =S 60 ! . |
. romised 1% o [ 3 175 9 125
23 Zg 0% 82 . 4 35 13 16
as 7 10% E;;’- 30 [ Es 1325 1775
i ;g 20% L it " 0 55 1375 185 |
§‘§ = 30% 10 = ? 0§ 675 1425 1925
a8 a 2 40% » 1 8 155 20
10 p N 50% | Al AR 2 3 | 2 875 175 25
0 ‘%@P 60% Flood Depth (ft) tive to FFE 3 9.5 19 24
RRRRRR F3 70% | 5 1025 215 25
5§853%3 % g = Mm e Most Likely Max \ s s o5
% of Building Footprin i 90% 2’%’;};5 Prototype 4A" Inundaton Damage — ; 0 125 735 365
o —Min Mot Likely Max 100%
Figure 69. Prototype 48: Erosion Damage
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Opportunities for Coastal Resilience Integration

» Mitigate future risk with improve pre-storm planning

» Identify acceptable flood risk at a community and state scale
» Prioritize critical infrastructure

» Rebuild with redundancy

» Develop creative incentives to promote use of resilience
measures

» Utilize a collaborative regional governance structure

» Develop Public-Private Partnerships for coastal risk
management

» Integrate natural-based features in coastal risk management
systems

»> Encourage design flexibility and adaptive manageme
. =
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Opportunities for Coastal Resilience Integration

9 Focus Areas:

Locations not having
partnered projects/
studies when Hurricane

Sandy occurred

NY

PA

New,York — New Jersey
Harbor and Tributaries

. ME

T
MA
cT
Connecticut
Coastline ”
Ny - s, 8
oL
Island
Coastline
l
o
N i Nassau
County Back
BaysTNY

1. Rhode Island Coastline

2. Connecticut Coastline

3. New York - New Jersey
Harbor and Tributaries

4. Nassau County Back Bays,
NY

5. New Jersey Back Bays

6. Delaware Inland Bays and
Delaware Bay Coast

¥ s 7. City of Baltimore, MD
v 8. Washington, D.C.
: 9. City of Norfolk, VA
W_ashlngton,
4
and Delaware Bay Coast
VA
| NACCS Focus Areas
f NACCS Study Area
City of
AR ool Vs " g 2 40 B0 80 100 m
NC 3 ®
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Opportunities for Coastal Resilience Integration

9 Focus Areas FY16 President’s Budget Request: NACCS Focus Areas New USACE—Sponsor
Design and
Integrated Start _
Strategies USACE-Sponsor Feasibility Studies and/or Comprehensive Plans; Construction

NACCS Products: Geospatial Database; Numerical Modeling of Extreme Water Levels;
Economic Depth-Damage Functions; Environmental and Cultural Resources Conditions
Report; Conceptual Regional Sediment Budget; Vulnerability, Resilience,
Natural and Nature-Based Features Assessment and Metric Development

Regional Partnerships & Collaboration

Housing and Urban Development (HUD)

Northeast Regional Ocean Council (NROC) Integraﬁon Of

Ongoing USACE Activities

*Vulnerability Assessments, Sandy Regional Infrastructure H
Resilience and Climate Change Resilience Coordination (SRIRC) St rateglc
Adaptation Planning
* . . Mid-Atlantic Regional Association CoaStaI
Technical Assistance to States .
Coastal Ocean Observing System

and installations; Public-Private

Partnership initiatives (MARACOOS)
*Limited & General Reevaluation Northeastern Regional Association of
Reports Coastal

Ocean Observing Systems (NERACOOS)
*Continuing Authorities Program

and Operation & Maintenance itation
activities Department of Interior — NFWF Grants .

)ig & Planned Risk
*Elood Control and Coastal Chesapeake Bay Resilience Co-Lead

EE A Pl Rebuild By Design and more... <tion
*National Hurricane Program

2013 2015 2020 2025




Opportunities for Coastal Resilience Integration
A Chesapeake Bay Example

National Actions

» Chesapeake Bay Agreement Climate Resilience Goal

" Prepare interagency and publically vetted strategies
» Forecast and report with bi-annual Action Plans

> DoD Resilience

= Assess coastal installations vulnerability and risk
= Apply suite of solutions to provide resilience to training mission through
buffers, preservation of shoreline, etc.

» Federal Agency Implementation of Federal Flood Risk Standard
= Assist USFWS, GSA, USGS and others
= Assess vulnerability and risk, apply flood standard to refuges, location

of government buildings, assist in data collection, etc.

il )
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Opportunities for Coastal Resilience Integration
A Chesapeake Bay Example

State Actions
» MD Silver Jackets Interagency Coastal Workshop (March 2015)

» Integrating Riverine Risk
= Chesapeake Bay Watershed - 2 River Basin Commissions
= Apply NACCS framework to Susquehanna River as a pilot FY16

Local Actions

» Establish Local Flood Proofing Teams
= Model on USACE National Nonstructural Flood Proofing Committee

= Utilize USACE Flood Plain Management Services and Planning Assistance
to States Programs

* http://www.usace.army.mil /Missions/
ﬁ CivilWorks/ProjectPlanning /nfpc.aspx .
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Summary

‘Hurricane Sandy brought to light the reality that coastal storms are
intensifying and that sea-level and climate change will only heighten
the vulnerability of coastal communities. Coastal storm risk
management is a shared responsibility, and we believe there
should be shared tools used by all decision makers to assess
risk and identify solutions. This report provides those tools.”

Brig. Gen. Kent D. Savre Commanding General
U.S. Army Corps of Engineers
North Atlantic Division




