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North Atlantic Coast Comprehensive Study (NACCS)

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

What are the appropriate strategies and
measures to reduce flood risk and how do
they align with each other and other

/

Notth Atlantic Coast

B Comprenensive Study:¢— =
ResilientAdaptationio » =
= What is the relative cost of a particular Increﬁ’sinﬁ Hlsl( - '
measure compared to the anticipated risk MAINREPORT
reduction? Draft Report

June 2014

= What data are available to make a RISK
INFORMED decision?

What data gaps exist/can be closed
through the NACCS?

Final report is undergoing internal agency
reviews now, and will be released in y A
January 2015 by b
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Multiple Lines of Defense

Natural features are created and evolve over time through the actions of Coastal Risk Reduction
physical, biological, geologic, and chemical processes operating in nature. and Resilience: Using the
Natural coastal features take a variety of forms, including reefs (e.g., coral and
oyster), barrier islands, dunes, beaches, wetlands, and maritime forests. The
relationships and interactions among the natural and built features comprising
the coastal system are important variables determining coastal vulnerability,
reliability, risk, and resilience.

Full Array of Measures

US Army Corps of Engineers

Civil Works Directorate

Nature-based features are those that may mimic characteristics of

natural features but are created by human design, engineering, and
construction to provide specific services such as coastal risk reduction.

The built components of the system include nature-based and other
structures that support a range of objectives, including erosion control and e
storm risk reduction (e.g., seawalls, levees), as well as infrastructure providing
economic and social functions (e.g., navigation channels, ports, harbors,
residential housing).

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

Improved coastal Employing three primary strategies—protect, accommodate, and retreat—coastal
storm risk communities should consider a system of comprehensive, resilient, and sustainable
management coastal storm risk management measures. The system should include a combination of
measures are needed measures (structural, NNBF, and nonstructural measures) to form resilient, redundant,

robust, and adaptable strategies and measures that are tailored to enhance life safety,
local site conditions, and societal values.
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Figure lI-1. Combinations of measures may be used to improve redundancy and resilience
associated with coastal flood risk management.



US Army Corps

of Engineersg,
Engineer Research and
Development Center

Use of Natural and Nature-based
Features (NNBF) for the NACCS

ERDC/EL TR-14-XX

Use of Natural and Nature-based Features for
Coastal Resilience

Draft Final Report

Todd S. Bridges, Paul W. Wagner, Kelly A. Burks-Copes,

Matthew E. Bates, Zachary Collier, Craig J. Fischenich,

Joe Z. Gailani, Lauren D. Leuck, Julie D. Rosati, Edmond J. Russo,
Deborah J. Shafer, Burton C. Suedel, Emily A. Vuxton, and

Ty V. Wamsley

November 2014

(Task 1: Characterize Natural and Nature-Based Feature(NNBF) R
Contribution to Resilience and Risk Reduction

Task 1A: Define resilience with respect to NNBFs
Task 1B: Identify characteristics of natural systems
\ Task 1C: Identify categories of NNBF that contribute to resilience )
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Task 2: Data Integration and Metrics for NNBFs

Task 2A: Data integration
Task 2B: Develop performance metrics for NNBF Bridges et al. 2014 (in press)

Task 2C: Develop vulnerability metrics ,

e

\

Task 3: Evaluation Framework for NNBF

Task 3A: Develop evaluation framework
Task 3B: Apply the NNBF evaluation framework
Task 3C: Demonstrate of ecosystem goods & services assessment

—n .

Goal: Assist the USACE Baltimore District in obtaining scientifically defensible justification to incorporate Natural and

\_
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NACCS Natural and Nature-Based Features:
Multi-Disciplinary Team

Project Leaders:
Paul Wagner (IWR)

Todd Bridges (EL)

Task Leaders:

Kelly Burks-Copes (EL)

Craig Fischenich (EL)
Edmond Russo (EL)
Deborah Shafer (EL)
Ty Wamsley (CHL)

®

Study Team Members:

Scott Bourne (EL)
Pam Bailey (EL)
Kate Brodie (EL)

* Zach Collier (EL)

Sarah Miller (EL)
Patrick O’Brien (EL)
Candice Piercy (EL)
Bruce Pruitt (EL)
Burton Suedel (EL)
Lauren Dunkin (CHL)

* Ashley Frey (CHL)
* Mark Gravens (CHL)

Linda Lillycrop (CHL)
Jeff Melby (CHL)

* Andy Morang (CHL)

Cheryl Pollock (CHL)
Jane Smith (CHL)

* Jennifer Wozencraft (CHL)

Emily Vuxton (IWR)

Jae Chung (IWR)

Michael Deegan (IWR)
Michelle Haynes (IWR)
Lauren Leuck (IWR)

David Raff (IWR)

Lisa Wainger (U. Maryland)
Sam Sifleet (U. Maryland)

Dune Protection on the Rockaway Peninsula

WIth Dune (Beach 56th Street)
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Before Sandy

Without Dune (Beach 94th Street)
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Natural and Nature-Based Infrastructure at a Glance

GENERAL COASTAL RISK REDUCTION PERFORMANCE FACTORS:

STORM INTENSITY, TRACK, AND FORWARD SPEED; SURROUNDING LOCAL BATHYMETRY AND

Dunes and
Beaches

Benefits/Processes

Breaking of offshore
waves

Attenuation of
wave energy

Slow inland
water transfer

Performance Factors

Berm height
and width

Beach slope

Sediment grain size

and supply

Dune height,
crest, and width

Presence of vegetation

Vegetated
Features

Benefits/Processes

Breaking of offshore
waves

Attenuation of
wave energy

Slow inland
water transfer

Increased infiltration

Performance Factors

Marsh, wetland,
or SAV elevation
and continuity

Vegetation type
and density

TOPOGRAPHY

Oyster and
Coral Reefs

Benefits/Processes

Breaking of offshore
waves

Attenuation of
wave energy

Slow inland
water transfer

Performance Factors

Marsh, wetland,
or SAV elevation
and continuity

Vegetation type
and density

Barrier Islands

Benefits/Processes

Wave attenuation
and/or dissipation

Sediment stabilization

Performance Factors

Marsh, wetland,
or SAV elevation
and continuity

Vegetation type
and density

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

Maritime
Forests/Shrub
Communities

Benefits/Processes

Wave attenuation
and/or dissipation

Shoreline erosion
stabilization

Soil retention

Performance Factors

Marsh, wetland,
or SAV elevation
and continuity

Vegetation type
and density

RISK SPECTRA — POTENTIAL DAMAGE

DRR Structural- 1

Policy & Mngm -1
Policy & Mngm -2

DRR Structural -2
NNBF

Hazard Intensity

Low Intermediate High
Frequency of service ~
delivery = ) 4 =]

[ - = 8

B e e

High freq 20% Legend Size = additional services
Color = cost
Wetlands Probabilit
y exceedance — T,
X% w4
Beach nourishment
Dunes
Intermediate
Floodwall Hhoh
oocwals | 110% developed
Low development areas
Levees
Storm Surge Barrier
isw 0.2%
Hazard Intensity
Low Intermediate High

Supporting material: for ex. references and descriptionin Page 106 — Appendix S - NNBF

Reguero et al. 2014 (in press)
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Plan Plans —>

Comparisons

K

Services

T ——

Bulkhead
(B1)
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Plan Plans —>

Comparisons

Services
S K

NS

Emergent
Herbaceous
Marsh

(Gl 1)

Bulkhead
(B1)
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Plan Plans —>

Comparisons

Services

S KKX
S

Submerged
Breakwater
(Nearshore
Berm/Oyster
Reef/Sill)
(G12)

Submerged Aquatic
Vegetation (Gl 3)
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Plan Plans =——>

. s1 V V V
Comparisons T T
O
I 3 v V4
>
% s4 v v
S5 V Q/ V
S6 V V Q/
Submerged
Breakwater
(Nearshore
Emergent Berm/QOyster
Herbaceous Reef/Sill)
Marsh (Gl 2)

(Gl1) ﬂ

— . #&;,.u;t;z.‘,;;vk;,;,;,,x:#,._;w A D
Bulkhead
(81) |
Submerged Aquatic
Vegetation (Gl 3)
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Natural and Nature-Based Features Evaluation and

ORGANIZATIONAL
ALIGNMENT

EVALUATION

IMPLEMENTATION

® —

Iterate as Needed

Implementation Framework

—

Identify and Organize Stakeholders, Partners
and Authorities

]

Define Physical and Geomorphic Setting

T

Assess Vulnerability and Resilience

-

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

4

Evaluate NNBF Alternatives

° T!er 1 Advance through
+ Tier2 Tiers as
e Tier3 Appropriate

4

Select NNBF Alternatives I

1

Design Implementation Plan:
Elaborate Operational antd Engineering Practices

Bridges et al. 2014 (in press)

| Implement NNBF Alternative I

> 4

Monitor for Performance and Assess Ecosystem
Goods and Services

BUILDING STRONGg,

Slide 11 of 3k




Spiral-Based Process

Increased Understanding of
Natural and Nature-based
Infrastructure

Reflexive Team Meetings "‘

/')4--:»

== Reflecton outcome
=P Learnand adapt

Increased Confidence
and Trust in
Colleagues, Partners, <=
and Community of
Practice

1
Start |

____1____

Collaboratively Monitor and
Adaptively Manage ¥

Adapted from
Burks-Copes 2014

®

Increased Understanding
Ecosystem Goods and Services
Concepts and Principles

Spirals
Problem Definition

O Identify Features

N2

Identify Ecosystem Goods and Services

Identify Performance Metrics

A

Increased Competence
== and Skill in Articulating
System Response

The development path of the model

Interactive team meetings
(workshops and web meetings)

’ The process of capacity building
and raising awareness

BUILDING STRONGg, Slide 12 of 30
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Goal of this effort. ...

 How do we measure coastal
resilience?

— Blended solutions (gray and green infrastructure)
will produce a full array of benefits

— We must identify and develop metrics to measure
their performance and success

— We can focus on the production of ecosystem
goods & services (EGS) to get there

— Ecosystem Production Functions offer a non-
monetized, scalable approach
— Trade-offs between monetizable and

non-monetizable benefits must be anticipated &
handled transparently

— How do we define the service area?
— How do we account for competing EGS?

— How do we determine Intermediate vs. Final
EGS?

BUILDING STRONGg, Slide 13 of 30




Key Definitions

Performance Metrics are specifie measures of production or indicators

of system response that can be used to consistently estimate and report the
anticipated consequences of an alternative plan with respect to a particular
planning and engineering objectives.

They articulate the exact information that will be collected, modeled, elicited from
experts, or otherwise developed and presented to decision makers to characterize
plan performance and engineering designs.

They must provide the ability to distinguish the relative degree of ecosystem
response (conveyed in terms of impacts or benefits) across alternatives and
designs, either qualitatively or quantitatively, in ways that make sense and will help
decision makers consistently and transparently compare alternatives and designs.

Good performance metrics are:
« Complete and concise
» Transparent and unambiguous
» Accurate
» Direct
* Understandable

» Operational
T )

BUILDING STRONGg Slide 14 of 30 Bridges et al. 2014 (in press)




Key Definitions

Ecosystem Goods and Services are tangible items or intangible

commodities generated by self-regulating or managed ecosystems whose
composition, structure, and function are comprised of natural, nature-based and/or
structural features that produce socially-valued benefits that can be utilized either
directly or indirectly to promote human well-being.

Key Take-home points:

1. EGS can be derived from either built or natural capital (or a combination of the two)

2. Their value is simply a way to depict their importance or desirability to the consumers.

3. The ability of ecosystems to provide goods and services is dependent on critical ecosystem
processes tied to structure and function either alone or in concert.

Bridges et al. 2014 (in press)
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NNBF List (30 Total)

Natural and Nature-based Features

SIS P R

Beach (sand, gravel, cobble)

Mudflat / sandflat

Bluff (any material, if sand assume eroding dune)
Dune / swale complex

Salt marsh (emergent herbaceous)

Shrub-scrub wetlands (brackish)

Flooded swamp forest (brackish)

Maritime grassland

Maritime shrubland

Natural and Nature-based Complexes

20.
21.

22.
23.
24.
25.

Reef, intertidal or submerged (also see breakwater)

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Maritime forest

Submerged aquatic vegetation (seagrass, other - fresh or saline)
Riparian buffer

Emergent herbaceous marsh / wetland (fresh)

Shrub-scrub wetlands (fresh)

Flooded swamp forest (fresh)

Pond

Terrestrial grassland

Terrestrial shrubland

Terrestrial forest

Breakwater, subaerial or emergent (nearshore berm, sill, reef, can contain oysters, rock, shells, mussels, SAV, emergent or

herbaceous vegetation)

Breakwater, submerged (nearshore berm, sill, artificial reef - if containing living organisms or plants, see reef)
Island (can include one or more of beach, dune, breakwater, bluff, marsh, maritime forest, other veg

Barrier island (can include one or more of beach, dune, breakwater, bluff, marsh, maritime forest, other veg)
Living shoreline (vegetation w/ sills, benches, breakwaters, etc.)

Built Features

26.
27.
28.
29.
30.

Levee

Storm surge barrier

Seawall / revetment / bulkhead
Groin

Breakwater

BUILDING STRONGg,

Slide 16 of 30 Bridges et al. 2014 (in press)
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Ecosystem

Service Provision

A A 1

Human Well-being

Benefits

Natural and Nature-based Features

a

Driving Forces Societal Response




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.)

10.

11.

12.
13.
14.
15.

16.

17.

18.
19.

20.
21.

EGS List (21 Total — Presented Alphabetically)

Increase or maintain land elevation, land-
building, sediment source reduction

Maintain background suspended sediment in
surface waters

Nutrient sequestration or conversion
Property value protection
Provision and storage of groundwater supply

Raw materials production (timber, fiber and
fuel, etc.)

Recreation - opportunities for tourism and
recreational activities

Reduce hazardous or toxic materials in water
or landscape

Reduce storm surge and related flooding

Reduce the peak flood height and lengthen
the time to peak flood

Reduce wave attack

Threatened and Endangered species
protection

Slide 18 of 30
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Services Table Approach

For a Given NNBF Feature or Complex

Influential Structures and Cumpunentzﬂ Processes and/or Functions B services B2 senefits B3 metrics
What are we looking at? . ] . ]
What components comprise the How does each component What service does each function  |What product(s) does the service  |How can that benefit be
foqture? unction? Mechanisms, Processes |provide? produce that is valued? measured?
Component 1 k? Function 1 — Service > Benefit 1 > Metric 1
AN
‘ /
ﬂ Function 2 Benefit 2 Metric 2
Component 2 — Function 3 —> Service 2 q Benefit 3 Metric 3
Benefit 4 k Metric 4
Metric 5

®

BUILDING STRONG, Slide 19 of 30 Bridges et al. 2014 (in press)




Beaches for example.....

Influential Structures

and Components

Characteristic Beach
Substrate

Substrate Type and
Spatial Distribution

Processes and/or
Functions

Natural Ecosystem
Components

Ecosystem Support for
Self-sustaining Wildlife
Populations

Ecosystem Roughness
(Break Waves, Reduce
Velocity)

Benefits

Metric Components*

Population Density,
Public Beaches,
Appropriate Width

Aesthetics Scenic Beauty,
: Tourism dollars
Recreation
Biodiversity > Self-Sustaining, Diverse
- Ecosystem Biota,
T&E Species Biological Heritage
protection

Erosion Protection
and Control

Decreased Erosion,
Decreased Open Water
Sediment Loading

Substrate Type, Beach
Slope, Topography

Substrate Type & Vertical

Accretion

Ecosystem Structure
(Flood Attenuation,
Diversion)

Reduce Wave Attack —__| Reduced Structural

Sediment Detention &
Deposition

Reduce Storm
Surge & Floodin

Maintain Background
Suspended Sediment

Damages

Reduced Flooding
Damages

Reduced Damages
From Polluted Water

*Metrics data, mathematical functions and data sources discussed in Appendix E of the White Paper.

Bridges et al. 2014 (in press)

Vegetative Cover,
Impervious Cover,
Dimensions and Featur

Boundaries, T&E Use

Vegetative Cover,
Dimensions and
Feature Boundaries

Dimensions and
Feature Boundaries,
Height and Width




Tiered Application Approach

e Level 1 — Qualitative 4

characterization of performance >

— 2013 Workshop Exercise .

* 48 instruments returned (76% Response Rate)

8 Academics (1 illegible)

13 Consultants
18 Federals
9 NGOs

®

N

Bridges et al. 2014 (in press)

BUILDING STRONGg,

8 5 1 0 4.8 49
10 0 0 0 4 30
10 5 5 9 7 7.2 102
10 10 8 5 7.8 115
5 5 5 10 10 7 115
k 7 7 3 4 7 5.6 SOJ
Relative

Metric Average  Stdev Max Min Mean Median n
Reduce storm surge and related flooding 81.2 25.9 100 0 7% 95 47
Reduce wave attack 80.0 26.8 100 0 7% 90 47
Erosion protection and control 78.6 24.7 100 15 7% 85 47
Reduce the peak flood height and lengthen the time to peak 75.9 29.3 100 0 7% 90 47
flood
Habitat for fish and wildlife provisioning 69.9 32.4 100 0 6% 90 47
Threatened and Endangered species protection 66.6 32.4 100 0 6% 80 47
Clean water provisioning 64.7 313 100 0 6% 75 47
Biological diversity 64.3 32.0 100 0 6% 70 47
Recreation 61.2 27.4 100 5 5% 60 47
Property value protection 56.8 33.3 100 0 5% 70 47
Reduce hazardous or toxic materials in water or landscape 55.9 32.3 100 0 5% 60 47
Nutrient sequestration or conversion 52.6 31.2 100 0 5% 60 47
Increase or maintain land elevation and land-building 52.2 32.6 100 0 5% 50 47
Education and scientific opportunities 49.1 31.3 100 0 4% 50 47
Commercial harvestable fish and wildlife production 48.7 32.8 100 0 4% 50 47
Aesthetics 47.6 28.8 100 0 4% 50 47
Provision and storage of groundwater supply 47.4 31.2 100 0 4% 50 47
Carbon sequestration 46.8 30.1 100 0 4% 50 47
Maintain background suspended sediment in surface waters 45.0 26.6 80 0 4% 50 47
Cultural heritage and identity 44.3 29.1 100 0 4% 50 47
Raw materials production 22.3 25.6 100 0 2% 10 47




Bridges et al. 2014 (in press)

Tiered Application Approach

* Level 1 — Qualitative

characterization of performance
— 2013 Workshop Exercise

* 48 instruments returned (76% Response Rate)

— 8 Academics (1 illegible)
— 13 Consultants
— 18 Federals

100%

 Reduce storm surge and related flooding

9 NGO "
3 S U Reduce wave attack
80% i Erosion protection and control
U Reduce the peak flood height and lengthen the time to peak flood
0% i Habitat for fish and wildlife provisioning
W Threatened and Endangered species protection
60%
i Clean water provisioning
50% W Biological diversity
H Recreation
40% W Property value protection
W Reduce hazardous or toxic materials in water or landscape
30%
H Nutrient sequestration or conversion
0% W Increase or maintain land elevation and land-building
B Education and scientific opportunities
10% # Commercial harvestable fish and wildlife production
H Aesthetics
0% -* ' ' 9
® . . W Provision and storage of groundwater supply
All Participants Academics Consultants Federal NGOs

BUILDING STRONGg, (n=48) (n=7 (n=13) (n=18) (1=9)



Bridges et al. 2014 (in press)

Define Requirements for Applications

* Sync with Task 3A & 3B
— Tiered Approach

— Level 1 — Qualitative
characterization of
performance

— Level 2 — Semi-quantitative
characterization of
performance

nls /ﬂ\\ *;": i
LR

)
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Structural Features

Bridges et al. 2014 (in press)

Improve understanding of ; Limit crosion losses ~ Protected {
pln cabills é . Illjg ; Protect properties {o propertics [Propertcs Rfsxg . Promotes ~ Prevents Prevents  Lncreases IrpEGes
vulnerability and risk o landward of landward of Is1tr1icarureOf energy n shorelme  overwashof .-t o biodiversity  habitat,
Benefits the coastal setting, structure from structure fromdiect ~_lecof  accretion Cé),ﬂSta% e of consem source of
finction of levees endutionlsses gt Serg Soefl  SRel refuge,
p
food, etc
— " T —I ] Habitat for
. ncreased or Clean water fish and
Education and Reduces the to s?n maintained provisioning wildlife
Ecosystem and scientific Reduced peak flood PEOReCRn land elevation, (sediment, .. _lfprovisioning
Socio-economic|| opportunitics | | StOM surge height and || Property valuc||and control Reduce wave land-building, i | L
Srvicen (for traning and related lengthens the || protection (w_atgr and attack sodanant: pathogen; diversity refugium,
. i ; . vind, any : '
and education) flooding time to peak “Sou;ccf;} Source salinity, other food
flood reduction pollutants) sources,
etc.)
Processes and
Functions
Influential
Structure and
Components

Feature




Natural and Nature-Based Features Bridges et al. 2014 (in press)

Benefits
e
Take-Home Messages:
—
. Red k S d [ .

| food height et | ls® 1. The system is complex - over 400 causal

system an
Socio-economic arguments are represented thus far, and we’re

S Reduced stomn e e o no where near done

surge or flooding ‘a}“? i c' :
protection attack mater

2. Some of the relationships are neither direct nor
linear — you can produce benefits several
Processes and different ways for the same service using
Functions H
different features

3. The approach will allow us to quantify

ecosystem response

Infhuential 4. We can also model the strength of the
Structure and q q . .
Components relationships if we so desire

5. It’s a process designed to support active

- learning and reflection © f
.

Feature




Tiered Application Approach

Level 1 — Qualitative
characterization of

performance

Level 2 — Semi-quantitative
characterization of

performance

Level 3 — Quantitative
characterization of
performance

Bridges et al. 2014 (in press)

Societal Values

Ecological . Economic

E m Ecological ;
COSV?EE Production co og.ca Demand Benefits
Condition Models End Points Functions

Ecosystem production functions are one
option to quantify the capacity of the blended
solutions to supply ecosystem goods and
services to humans based on ecosystem
condition

Lose-Lose Win-Lose Win-Win

Water Quality Water Quality Water Quality

Storm Attenuation Food Storm Attenuation I \ Food Storm Attenuation I \ Food

U

Fish
Habitat

Fish Erosion
Habitat Control

Fish Erosion
Habitat Control

Erosion
Control

Material Safely Aesthetics
Disposed

Material Safely Aesthetics Material Safely Aesthetics
Disposed Disposed

Recreation Recreation Recreation

Tools like tradeoff flowers can be utilized
extensively to transparently communicate
decisions involving ecosystem services to upper
management, their partners, their stakeholders,
and ultimately to the public

BUILDING STRONGg,

Slide 26 of 30



Bridges et al. 2014 (in press)

Define Requirements for Applications

* Sync with Task 3A & 3B

— Tiered Approach

— Level 1 — Qualitative
characterization of
performance

— Level 2 — Semi-quantitative
characterization of
performance

— Level 3 — Quantitative
characterization of
performance

®

Option 1: Value Transfer (S Value per acre)

Ecosystem Service Values Based on Peer-Reviewed Original Research in Temperate North America/Europe (2012 $/(ac*yr))

Open
Coastal Saltwater Grass/ Freshwater Fr';sh Riparian Urban Urban/
Shelf  Beach Estuary Wetland Forest Rang Cropland Wetland  Water  Buffer Greenspace Barren
Gas/Climate Regulation n/a 7 6 404
Disturbance Regulation 32794 1 106
Water Regulation 7162 7
Water Supply 745 59 11 1396 492 2310
Soil Formation n/a n/a 7 n/a
Nutrient Cycling n/a
Waste Treatment n/a 7322
Pollination n/a n/a 195 10 n/a
Biological Control n/a
Habitat/Refugia 438 271 1110 6
Aesthetic/Recreation 17851 364 31 156 1 18 1889 428 1647 2562
Cultural/Spiritual 29 216 5
Ecosystem Service Values Based on Peer-Reviewed Original Research, Grey Literature, and Meta-analysis Studies in Temperate North America/Europe (2012 $/(ac*yr))
Open
Coastal Saltwater Grass/ Freshwater ~ Fresh  Riparian Urban Urban/
Shelf Beach Estuary Wetland Forest Rangelands Cropland Wetland  Water  Buffer  Greenspace Barren
Gas/Climate Regulation n/a 65 4 161 404
Disturbance Regulation 32794 344 373 4397 106
Water Regulation 2 3590 7
Water Supply 626 59 196 1856 492 2310
Soil Formation n/a n/a 6 4 n/a
Nutrient Cycling 869 nfa 12814
Waste Treatment n/a 6508 53 53 1008
Pollination n/a n/a 195 16 10 n/a
Biological Control 24 n/a 47 2 14 14
Habitat/Refugia 378 242 1110 999 136
Aesthetic/Recreation 17851 351 31 147 1 18 1690 428 1647 2562
Cultural/Spiritual 42 29 18 216 1 1070 5

BUILDING STRONGg,

Slide 27 of 30
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Define Requirements for Applications

* Sync with Task 3A & 3B
— Tiered Approach Option 2: Ecosystem Production Functions

— Level 1 — Qualitative
characterization of
performance

— Level 2 — Semi-quantitative & P
characterization of
performance

— Level 3 — Quantitative
characterization of
performance

/72 individual performance metrics have been
developed and are ready for deployment!
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Point of Contact

* Dr. Kelly A. Burks-Copes

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
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Providing Innovative Solutions
for a Safer, Better World

ERDC

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

Bl ERDC
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