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Background
• Hurricane/Post-Tropical Cyclone Sandy
moved to the U.S. Atlantic Ocean coastline
22-29 October 2012
• Affected entire U.S. east coast: 26 States,
$65B in damages (10 states and D.C are in
the NACCS study area)
• Areas of extensive damage from coastal
flooding: New Jersey, New York, Connecticut
• 286 people killed (159 in the US)
• 500,000 affected by mandatory evacuations,
20,000 required temporary shelter
• 650,000 houses damaged or destroyed
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The Disaster Relief Appropriations Act of 2013
Public Law 113-2 enacted 29 January 2013
1. Near-Term Coastal Restoration ($656 M; 25/13)
2. Operations and Maintenance ($621 M; 85/37)
3. Authorized But Not Yet Constructed ($2.76 M; 18/0)
4. Storm Damage Risk Reduction Studies ($28 M; 18/0)
5. Continuing Authorities Program ($48 M; 9/0)
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North Atlantic Coast Comprehensive Study
• Collaborative development of a Risk
Reduction Framework for the 31,000
miles of coastline affected by
Hurricane Sandy
• Support Resilient Coastal
Communities and robust Sustainable
Coastal Landscape Systems,
considering future sea level rise and
climate change scenarios, to reduce
risk to vulnerable populations,
property, ecosystems, and
infrastructure
• $19M study submitted to Congress in

NACCS

January 2015
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Risk, Sustainability, Resilience and Vulnerability
• Risk:

– Potential for an adverse outcome assessed as a function of
threats, vulnerabilities, and consequences associated with an
incident, event, or occurrence
– Sensitivity of an indicator to an ecological disturbance
– (i) What can happen? (i.e., What can go wrong?) (ii) How likely is
it to happen? (iii) What are the consequences if it happens?

• Sustainability:

– US Executive Order 13514 (2009): efforts “to create and maintain
conditions, under which humans and nature can exist in
productive harmony, that permit fulfilling the social, economic,
and other requirements of present and future generations”
– The physical, chemical and biological limits set on natural capital
by its inherent structure and processes to deliver ecosystem
goods and services
BUILDING STRONG®
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Resilience – The ability of a system to resist,

recover and/or adapt to the stresses of adverse events
• Engineering: resist damage, or return to a
prior relatively stable state following a
disturbance.
• Ecological: resist damage, or self-organize
into a new configuration after disturbance.
• Community/Social: learn and adapt to
avoid loss in functionality; develop new
functions in response to disturbance.
• Focus on functional performance of engineered projects.
• Develops a quantified measure of resilience based on speed
and magnitude of restoring functionality or service following
a disturbance.
• Functionality/service can be restored via natural processes
and/or human maintenance.
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Vulnerability

Vulnerability: Degree to which a
system is susceptible to, and
unable to cope with, adverse
effects from a hazard; a function
of the character and magnitude
of a hazard to which a system is
exposed, its sensitivity, and its
adaptive capacity.

Situation
Time Period
System

Exposure

Sensitivity

Potential for
Impact

Vulnerability

Managed
Adaptation
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Adaptive
Capacity

Relative vulnerability of coastal
landscapes and how nature-based
features affect vulnerability
Vulnerability factors:
– Internal
– External
– Socioeconomic
– Biophysical
Metrics must consider EXPOSURE,
SENSITIVITY, and ADAPTIVE CAPACITY
of a system.
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Coastal Risk Reduction & Resilience Measures
Measure

Definition

Effect

Examples

Natural

Created through the action
of biochemical and physical
processes operating in
nature

Shoreline erosion control, wave
and surge attenuation, especially
in low-energy environments;
additional resilience benefits;
performance difficult to quantify

NatureBased

Products of planning,
engineering design, and
construction incorporating
natural processes that
contribute to coastal risk
reduction and resilience

Shoreline erosion control, wave
and surge attenuation, especially
in low-energy environments;
performance difficult to quantify

NonStructural

Products of public policy,
management and regulatory
practices; may include
pricing schemes, planning,
engineering design, and
construction

Modify or avoid the impacts of
the hazard (vs. modifying the
hazard); quantifiable
performance

Structure acquisitions or relocations, flood proofing
of structures, implementing flood warning systems,
flood preparedness planning,
land use regulations,
development restrictions
within the greatest flood
hazard areas, elevated
development, managed
retreat, evacuation, buyout and leaseback

Structural

Products of planning,
engineering design, and
construction

Shoreline erosion control, wave
and surge attenuation, reduced
flooding; quantifiable
performance

Levees, storm surge barrier
gates, seawalls, groins,
revetments, and
near-shore breakwaters

Barrier islands,
dunes, reefs,
wetlands, and
riparian corridors
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Evaluating Opportunities for Natural Systems
Key Factors, the 4 Ps

– Processes
• Physics, geology, biology…
• Foundation of “coastal engineering
Jujitsu”
– Programmatic context
• Planning, engineering,
constructing, operating, or
regulating
– Project scale
• Individual property owner to an
entire coastal system
– Performance
• Configuring the system
• Quantifying the benefits
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Systems: Coastal Risk Reduction and Resilience
“The USACE planning approach supports
an integrated approach to reducing
coastal risks and increasing human and
ecosystem community resilience
through a combination of natural,

nature-based, non-structural and
structural measures. This approach
considers the engineering attributes of
the component features and the
dependencies and interactions among
these features over both the short- and
long-term. It also considers the full

range of environmental and
social benefits produced by the
component features.”
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ORGANIZATIONAL
ALIGNMENT

Natural and Nature-Based Features Evaluation and
Implementation Framework
Identify and Organize Stakeholders, Partners
and Authorities

Define Physical and Geomorphic Setting

Iterate as Needed

EVALUATION

Assess Vulnerability and Resilience

•
•
•

Identify NNBF Opportunities
Formalize NNBF Objectives
Identify NNBF Alternatives
Define NNBF Performance Metrics

Evaluate NNBF Alternatives
• Tier 1
Advance through
• Tier 2
Tiers as
• Tier 3
Appropriate

IMPLEMENTATION

Select NNBF Alternatives
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Design Implementation Plan:
Elaborate Operational and Engineering Practices

Implement NNBF Alternative

Monitor for Performance and Assess Ecosystem
Goods and Services

Feedback

Slide
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Classification System
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21 Ecosystem Goods and Services Associated
with NNBF
1.

2.
3.
4.

5.
6.

7.
8.
9.

Aesthetics - appreciation of natural scenery
(other than through deliberate recreational
activities), Inspiration for culture, art and
design
Biological diversity (biodiversity)
Carbon sequestration
Clean water provisioning (sediment,
nutrients, pathogens, salinity, other
pollutants)
Commercial harvestable fish and wildlife
production
Cultural heritage and identity - sense of place
and belonging, spiritual and religious
inspiration
Education and scientific opportunities (for
training and education)
Erosion protection and control (water and
wind, any source)
Habitat for fish and wildlife provisioning
(nursery, refugium, food sources, etc.)
BUILDING STRONG®

10. Increase or maintain land elevation, landbuilding, sediment source reduction
11. Keeping unwanted sediments out of storm
waters
12. Nutrient sequestration or conversion
13. Property value protection
14. Provision and storage of groundwater supply
15. Raw materials production (timber, fiber and
fuel, etc.)
16. Recreation - opportunities for tourism and
recreational activities
17. Reduce hazardous or toxic materials in water
or landscape
18. Reduce storm surge and related flooding
19. Reduce the peak flood height and lengthen
the time to peak flood
20. Reduce wave attack
21. Threatened and Endangered species
protection
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3 Levels of Performance Metrics
• Level 1 – Qualitative
characterization of
performance
• Level 2 – Semi-quantitative
characterization of
performance
• Level 3 – Quantitative
characterization of
performance
72 individual performance
metrics identified for NNBF
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Decision Framework
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Performance Evaluation Case Studies
1.


2.

2.


2.




Proof of concept analysis
Quantify benefits of environmental restoration
projects using an ecosystem goods and services
(EGS) analysis framework
Hurricane Sandy case study
Use extreme event to improve understanding
of restoration effectiveness & benefits
Focused on two general types of services:
Flood damage Reduction
Wildlife Habitat (emphasis on T&E species)
3 Study Sites
Jamaica Bay
Cape May Meadows
Cape Charles South
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Moving Forward. . .
• Organize and expand science and
engineering related to natural
processes and features
– Reduce uncertainties regarding design and
performance of NNBF
– Understand dynamic performance of
NNBF
– How to effectively integrate NNBF with
other measures

• Integrating expertise across disciplines
and organizations
– Planning, designing, constructing,
operating, monitoring, and maintaining
integrated systems
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