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Coastal Communities:
Vital to U.S. and International Economies

v 45 percent of the U.S.
national gross domestic
product is contributed by
coastal communities.

v" 51 million jobs

v Coastal habitats help
reduce impacts of floods,
storms, and climate

change on coastal

communities by
absorbing water, wave
energy, and other
stressors.




Green/Gray Infrastructure:
Working with Mother
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Systems Approach to
Geomorphic Engineering (SAGE)
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Merging green and gray
solutions with wisdom
gained from good
science, coupled with
foresight and good
judgment.

A systems approach —
looking at an entire
coastal system, operating
as a whole, not just
single component in
Isolation




SAGE Vision
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Extensive use of effectively combined engineered ‘soft’ (or green) living
shoreline approaches and ‘hard’ (or gray) structures that provide
innovative solutions to support the adaptation of ecosystems and

transformation of coastlines contributing to robust/resilient coastal
ecosystems, communities and economies.

US Army Corps of Engineers
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Characteristics of a SAGE Approach

°Living shorelines
*Hybrid green and gray solutions
*Regional scales

*Landscape transformation with
ecosystem adaption

US Army Corps of Engineers
BUILDING STRONG,



Information Needs for SAGE Approaches

Under what circumstances
can the natural environment
provide coastal protection?

What affects an Sini
ecosystem’s ability to e
provide protection? '

Can we value the suite of
ecosystems services for
cost-benefit analyses?

What are the maintenance
costs?

US Army Corps of Engineers
BUILDING STRONG,



Introducing Green Infrastructure for
Coastal Resilience

* Learn fundamental green infrastructure
concepts and practices that can play a
critical role in making coastal communities
more resilient to natural hazards.

« Learn about a range of natural assets and
green infrastructure approaches that can
Improve coastal community resilience




Linking the Coastal and Marine

Ecological Classification Standard (CMECS)
to Ecosystem Services: An application

to the US Gulf of Mexico

Cristina Carollo, Rebecca J. Allee & David W. Yoskowitz

(1) Classify habitat types (ecological units) within the northern Gulf of
Mexico according to the CMECS structure;

(2) Identify ecosystem services those habitat types might provide; and

(3) Rank those services within each habitat type.




Table 2. Classification of ecosystem services (modified from Farber et al. 2008) provided by Gulf of Mexico ecologics! units as
determmed by worlshop participants.

Defimticm

Cozstal and marme examples

Regulating 'balance
SETVICES

Biclogics! mteractions
Climate balance

(325 balance
Hydrological balance

Nuiment balance

Pollutsnt attemmation

So1l and sediment
balznce

Water quslity

Harard moderation

Provisioning services
Aar supply
Food

Water qusntity

Medicinal resources

Ornamental resources

Baw materials

Cultural services
Aesthetic and existence
Becrsationsl
opportinitss
Science and education

Spintuzl end historic

Mamtensnce of essential ecological processes
and life support svstems for human
well-being

Species Interactions

Fegulation of local to globsl climste processes

Begulation of the chemicsl composition of the
atmosphere and the oceans

MMovement, storage, and flow of water through
the tiosphere

Maintenznce of major nutrients within
acceptable bounds

Bemoval or breakdown of non-matrient
compounds and materisls
Erosion control and sediment retention

Filtering of biotic and abiotic substances

Dampening of environmental fuctustion and
disturbance

Provisions of natoral resources and raw
materials

Production of oxyvgen

Provisioning of edible plants and animesls for
human consumprtion
Fetention znd storage of freshwater

Biologicz] snd chemical substances for use n
drugs and phermacenticals

Besources for fashion, hendicraft, jewelry,
decoration, worship, snd souvenirs

Matenials for burlding and manufecturing. Fuel
and energy. Soil and naturs] fertilizers

Enhsncing emotional, psychological, snd
cogmitive well-being
Sensory enjovment of the netural evvironment

Oppertunties for rest, refreshment. and
recreztion

Use of naturz] sreas for sclentfic and
educational enhancement

Spintual snd historic sites and informaton

Keystone species. Sterfish keeping = tidal pool
in balance

Influence of the ocean on tempersture and
precipitztion

Sequestration of atmosphenc cerbon dioxide in
the ocezn

Evzpotranspiration and modulation of the
dronght-flood cycle

Bivalves (oysters and mussels) reduce water
column nutrients; phytoplankton =nd
primary productvity; clesn water

Sequestration of heavy metzls in sediments

Sediment stabilization, creation of shell hash
znd sznd az shells brezk down

Marsh, mangrove, seagrass, and oyster reefs
removing sediment and excess muirients and
clanfying water

Protection from hurricsne storm surge by
barner islands end wetlands

Phytoplanlton producton of oxygen m the
ocean

Commercial and subsistence hervesting of
shellfizh =nd finfish

Coastal freshwater wetlends providing
drinling water. Desslination of seawster for
human consumption

Antibiotic molecules in deep ocesn sediments.
Toxins provided by coral reefs

Belt buckles and ormamentz] construction from
shells

Fozd base, chicken calemm supplement,
cosmetics from bivalves. Wave energy

Enjoymg = view of the ocean. Protecting
marne mammazls

Fishing, bird watching

Fesearch sbout ovsters and natura! reefs
provide metnics for restoration

Oryster muddens of Mative Americans, seafood

festrvals
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PHASE I: IDENTIFICATION

Step 1: Establish human well-being and biophysical needs

Task 1: Human and biophysical needs are identified.

Task 2: Ecosystem services addressing human needs are determined.

Task 3: A link between ecosystem services and human well-being is established.
Step 2: Define ecological and socioeconomic goals and objectives

Task 1: Basic ecosystem and socioeconomic information is gathered.

Task 2: Overall ecological and socio-economic goals of the conservation project are defined.

Task 3: Specific objectives to accomplish the overall goals of the project are set.
Step 3: Acquire baseline information

Step 4: Identify project alternatives

PHASE II: ANALYSIS
Step 5: Perform trade-off analyses
Task 1: Criteria used to compare project alternatives are identified.
Task 2: A suite of project alternatives is selected for possible implementation.
Step 6: Analyze the legal framework
Step 7: Choose project alternative to implement

PHASE IIl: IMPLEMENTATION AND EVALUATION
Step 8: Implement the selected project alternative
Step 9: Monitor and measure performance

Task 1: Establish monitoring plan.
Task 2: Measure project performance.
Step 10: Adjust
Step 11: Communicate project results




Selected Coastal Ecosystems and
Ecosystem Services:
Ecosystem Services Provided

Beaches Dunes Salt Marshes/Estuaries
Storm protection Storm protection Storm protection
Tourism and recreation Tourism and recreation Water purification
Erosion control Erosion control Fisheries maintenance

Water catchment Carbon sequestration

Wildlife maintenance Tourism and recreation

Carbon sequestration




New Planning & Operational Paradigm

 USACE projects are not isolated, but

rather exist at the interface of o 2
population centers and their supporting e
waterways

 The USACE planning approach
supports an integrated approach to
reducing flood risks and improving
coastal resilience

* Full array of measures: natural,
nature-based, non-structural and
structural.

And a full range of benefits

US Army Corps of Engineers
BUILDING STRONG,



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.

US Army Corps of Engineers
BUILDING STRONG,




Integrated Approach:

S1

Considers the full array of measures and
accounts for the full array of benefits

K

S3

S4

S5

S6

T

Bulkhead
(B1)




Integrated Approach:

S1

K

Considers the full array of measures and
accounts for the full array of benefits

S2

S3

S4

S5

NS

S6

Emergent

Herbaceous
Marsh
(Gl1)

Bulkhead
(B1)

US Army Corps of Engineers
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Integrated Approach:

s1 V4
Considers the full array of measures and v v
accounts for the full array of benefits Y
S3
sS4 v
S5 V
S6 G/
Submerged
Breakwater
(Nearshore
Berm/Oyster
Reef/Sill)
(Gl 2)

........

Submerged Aquatic
. Vegetation (Gl 3)

US Army Corps of Engineers
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Integrated Approach:

s1 V V
Considers the full array of measures and v v
accounts for the full array of benefits
S3 0/
S4
S5 V V
S6 V
Submerged
Breakwater
(Nearshore
Emergent Berm/Oyster
Herbaceous Reef/Sill)
Marsh (GI2)

(Gl 1) ﬂ

.........

Bulkhead
(B1)

Submerged Aquatic
. Vegetation (Gl 3)

US Army Corps of Engineers
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Food for Thought ....

How can we account for non-monetizable EGS?

What about using Ecosystem Production Functions?

How will we handle trade-offs between monetizable and non-monetizable benefits?

How can we capture EGS from a systems perspective?
How should we define service area?

How can we account for competing EGS?

How will we distinguish between Intermediate vs. Final EGS? ff

How can we address blended solutions? & &

If we agree that structural features can produce EGS,
then how do we tackle solutions that have EGS
generated by a blended solution?

US Army Corps of Engineers
BUILDING STRONG,



Ecosystem goods and services productior

Ecosystem

Structure &
Composition |
S A
T Processes
& Functions

Service Provision

Human Well-being

!

Goods and Services

Natural and Nature-based Features

|

.
Structural Features < Policy & Decision Making peommmmees Value Perceptions

Driving Forces

Societal Response

US Army Corps of Engineers
BUILDING STRONG,




Soup to Nuts Accounting

Monitoring and Adaptive Management

( BENEFITS \

Environment

[ ECOSYSTEM CONDITION \

Ecosystem
Structure

Natural - Function
Capital

Ecosystem '

| I

Process

CHARACTERIZATION VALUATION APPLICAT)E

Built & Natural capital are comprised of features on the landscape (e.g., wetlands, dunes, beaches, breakwaters, reefs, etc. )
that interact (i.e., through ecosystem processes such as nutrient cycling and carbon sequestration) performing functions (i.e.,
water purification, waste assimilation, wave attenuation formation, etc.) that generate services humans can either directly or
indirectly utilize (i.e., clean water, flood protection, erosion control, storm surge protection, recreation, etc.).

Based on
ecological
sustainability

Social
Based on equity
and cultural

perceptions

) AGoods

and —py

otal.
conomic Decision

Value :
e Making

Services

Economic

Based on
efficiency and

What USACE operations and management needs to do is characterize these services, determine their environmental, social,
and economic values, then perform tradeoffs to establish a total economic value (TEV) that can be used to measure

performance in decision-making. Monitoring will trigger adaptive management that revisits the characterization and valuation
processes over the life of the project.




Key Definitions

Performance Metrics are specific 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.
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Good performance metrics are:
» Complete and concise

« Transparent and unambiguous ?"\ 3
Accurate “_J
Direct \ B

Understandable
Operational

-

US Army Corps of Engineers
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Spiral Framework in Action

Understanding of
Ecosystem

Increased l

Reflexive Prototyping

=0

# Reflect on outcome
=> Learn and adapt

Increased Confidence
and Trustin
Colleagues, Partners,
and Community of
Practice

Increased Competence
and Skill in Articulating
Ecosystem Response

-—— - - .

@ The development path of the

conceptual model

Collaboratively Monitor and
Adaptively Manage )

Interactive team meetings

The process of capacity
Increased Understanding of building and raising
awareness

Intervention and Recovery

US Army Corps of Engineers Conceptsand Principles
BUILDING STRONG,




Feature List - NACCS Case Study

Natural and Nature-based Features

SRl BBl B

Beach (sand, gravel, cobble) 10. Maritime forest

Mudflat / sandflat 11. Submerged aquatic vegetation (seagrass, other - fresh or saline)
Bluff (any material, if sand assume eroding dune) 12. Riparian buffer

Dune / swale complex 13. Emergent herbaceous marsh / wetland (fresh)

Salt marsh (emergent herbaceous) 14. Shrub-scrub wetlands (fresh)

Shrub-scrub wetlands (brackish) 15. Flooded swamp forest (fresh)

Flooded swamp forest (brackish) 16. Pond

Maritime grassland 17. Terrestrial grassland

Maritime shrubland 18. Terrestrial shrubland

19. Terrestrial forest

Natural and Nature-based Complexes

20.
21.

22.
23.
24.
25.

Reef, intertidal or submerged (also see breakwater)

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

Slide 27 of 40



Ecosystem Goods & Services List @

- C e—
1. Aesthetics - appreciation of natural 10. Increase or maintain land elevation,
scenery (other than through deliberate ‘ land-building, sediment source
recreational activities), Inspiration for reduction
culture, art and design 11. Maintain background suspended
2. Biological diversity (biodiversity) sediment in surface waters
3. Carbon sequestration ' 12. Nutrient sequestration or conversion
4. Clean water provisioning (sediment, | 13, Property value protection
nutrients, pathogens, salinity, other 14. Provision and storage of groundwater
pollutants) supply
5. Commercial harvestable fish and 15. Raw materials production (timber, fiber
wildlife prOduction and fuel, etc_)
6. Cultural heritage and identity - sense || 16, Recreation - opportunities for tourism
of place and belonging, spiritual and and recreational activities
religious inspiration 17. Reduce hazardous or toxic materials in
7. Education and scientific opportunities water or landscape
(for training and education) 18. Reduce storm surge and related
8. Erosion protection and control (water flooding
and wind, any source) 19. Reduce the peak flood height and
provisioning (nursery, refugium, food 26. Reduce wave attack
sources, etc. )
“ ’ ) 21. Threatened and Endangered species

protection




Services Table Approach

For a Given NNBF Feature or Complex
Influential Structures and Eumpunentsn Processes and/or Functions ﬂ Services n Benefits

n Metrics

hat are we looking at? ] ] ] ]
hat components comprise the How does each component What service does each function  |What product{s) does the service |How can that benefit be
eature? unction? Mechanisms, Processes |provide? produce that is valued? measured?
Component 1 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

US Army Corps of Engineers
BUILDING STRONG,




Services Table Approach

NNBF FEATURE: Beach (sand, gravel, cobble)

Characteristic Geomorphologic Aesthetics - appreciation of

Intertidal diversity and natural natural scenery (other than
Substrate ecosystem through deliberate recreational
components activities), Inspiration for culture,
art and design
Substrate Type series of ecosystem  Biological diversity (biodiversity)
and Cross- elements that that

Sectional and
Longitudinal

support a variety of
native biota
Distribution
Characteristic

persistent native Cultural heritage and identity -

Intertidal ecosystem structure, sense of place and belonging,

Substrate function and dynamic spiritual and religious inspiration
processes

Substrate Type variety of ecosystem Education and scientific

and Cross- types with balanced  opportunities (for training and

Sectionaland processes education)

Longitudinal

Distribution

Substrate Type attenuation of Erosion protection and control

and Cross- erosive processes (water and wind, any source)

Sectional and

Longitudinal
Distribution

Scenic beauty, nature-
inspired design, art and
culture

self-sustaining diverse
ecosystem biota

culture and spirituality
tied to nature, religion
that supports nature

educated constituency,
environmental
stewardship

decreased erosion,
sediment transport to
open water

log(Feature Size) x population
density in Plan Reach

log(Feature Size) * Landfire veg
cover * ((25 - % imp cover in 100-
m radius)/15 [max = 1, min = 0])

log(Feature Size) x population
density in Plan Reach

log(Feature Size) x (population
density in Plan Reach + # schools
in 10 km radius)/2

Feature size x Landfire veg cover
x Prop Native x veg height/perc
slope

C-CAP, Census

C-CAP, Landfire, NLCD

C-CAP, Census

C-CAP, Census, Schools
layer

USGS Landfire, 10-m
NED




Tiered Application Approach

Level 1 — Qualitative éa

characterization of — R
performance s EENEN s . B

—2013 Workshop Exercise G s ke

* 48 instruments returned (76% Response
Rate)

Relative
_ 8 AcademICS Metric Average  Stdev Max Min Mean Median n
Reduce storm surge and related flooding 81.2 25.9 100 0 7% 95
— 13 Consultants Reduce wave attack 80.0 26.8 100 0 7% 90
Erosion protection and control 78.6 24.7 100 15 7% 85
— 18 Federals Reduce the peak flood height and lengthen the time to peak 75.9 29.3 100 0 7% 90
flood
- 9 N GOS Habitat for fish and wildlife provisioning 69.9 324 100 0 6% 90
Threatened and Endangered species protection 66.6 324 100 0 6% 80
Clean water provisioning 64.7 313 100 0 6% 75
Biological diversity 64.3 32.0 100 0 6% 70
Recreation 61.2 27.4 100 5 5% 60
Property value protection 56.8 33.3 100 0 5% 70
Reduce hazardous or toxic materials in water or landscape 55.9 32.3 100 0 5% 60
Nutrient sequestration or conversion 52.6 31.2 100 0 5% 60
Increase or maintain land elevation and land-building 52.2 32.6 100 0 5% 50
Education and scientific opportunities 49.1 31.3 100 0 4% 50
Commercial harvestable fish and wildlife production 48.7 32.8 100 0 4% 50
Aesthetics 47.6 28.8 100 0 4% 50
Provision and storage of groundwater supply 47.4 31.2 100 0 4% 50
Carbon sequestration 46.8 30.1 100 0 4% 50
Maintain background suspended sediment in surface waters 45.0 26.6 80 0 4% 50
Cultural heritage and identity 44.3 29.1 100 0 4% 50
k k‘ e .‘l Raw materials production 22.3 25.6 100 0 2% 10




Tiered Application Approach

Level 1 — Qualitative
characterization of

performance

—2013 Workshop Exercise

» 48 instruments returned (76% Response
Rate)

100%
- 8 Acad em | CS -  Reduce storm surge and related flooding
_ 13 COﬂSU|tantS U Reduce wave attack
80% i Erosion protection and control
. 1 8 Fe d e ral S U Reduce the peak flood height and lengthen the time to peak flood

9 N G OS 0% U Habitat for fish and wildlife provisioning

W Threatened and Endangered species protection

60% g
i Clean water provisioning
50% M 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
m B Aesthetics
0% ' iy
» . M Provision and storage of groundwater supply
All Participants Academics Consultants Federal NGOs
US Army Corps of Engineers (n=48) (n=7%) (n=13) (n=18) (n=9)

= 1IN ROO)NGs



Tiered Application Approach

Level 1 — Qualitative

characterization of performance
Level 2 — Semi-quantitative

characterization of
performance

a

10 8 5 1 0 4.8 49
10 10 0 0 0 4 30
10 5 5 9 7 7.2 102
6 10 10 8 5 7.8 115

5 5 5 10 10 7 115




Structural Features

Improve understanding of i Limit crosion losses ~ Protected {
P ot s Protect properties to Pronerties ropert R?‘,‘“‘?ed Promotes Prevents Prevents Increases  Improves
vulnerability and risk of prop Bndward wave ; iodiversity hab
; : landward of landward of varC Ol energy in  shoreline — overwashof o "0 oo e biodiversity  ha itat,
Bois | Urconalcivg  smowoton e it (BRC e Cema et T oo
finction of levees endutonlosses R sieturg B as oL PEURD refuge,
food, etc
— " T —I ] Habitat for
. ncreased or Clean water fish and
Education and Reduces the to 51?11 maintained provisioning wildlife
Ecosystem and ||  scientific Reduced peak flood A land elevation, (sediment, ... |lprovisioning]
Socio-economic || opportunities | | Storm swree height and || Property value o contr(‘;l Reduce wave land-building, moirients, | [PPSR 6 ery
S (for training anﬂcz) rc:ilglted lgngﬂ1c11s the protection (::';tgr :If]l‘ ! attack seiliment - diversity (| efugium,
and education) oeme time to peak - source salinity, other food
flood reduction pollutants) sources,
etc.)
Processes and
Functions
Influential
Structure and
Components

Feature




Natural and Nature-Based Features

‘ : Reduces peak Suspend
Reduced stomn i Reduce
surge or flooding okt attacle




Tiered Application Approach _

Level 1 — Qualitative — . \

characterization of performance [

. ) . Condition Pr,;i:c::: " End Points :'En::::s Benefit
Level 2 — Semi-quantitative
characterization of performance

Ecosystem production functions are one option to

. . guantify the capacity of the blended solutions to
LeVEI 3 - Quant|tat|ve supply ecosystem goods and services to humans
. . based on ecosystem condition
characterization of

pe rformance Lose-Lose Win-Lose Win-Win

Water Quality Water Quality Water Quality

Storm Attenuation Food Storm Attenuation Food Storm Attenuation I

|/ 44
.
-

N

Fish Erosion
Habitat Control

Fish Erosion
Habitat Control

Erosion
Control

Material Safely Aesthetics Material Safely Aesthetics Mategi

Disposed Disposed g eation

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

US Army Corps of Engineers
N ()N



Tiered Application Approach

Level 1 — Qualitative
characterization of
performance

Level 2 — Semi-
guantitative
characterization of
performance

Level 3 -
Quantitative
characterization of
performance

US Army Corps of Engineers

Gas/Climate Regulation
Disturbance Regulation
Water Regulation
Water Supply
Soil Formation
Nutrient Cycling
Waste Treatment
Pollination
Biological Control
Habitat/Refugia
Aesthetic/Recreation
Cultural/Spiritual

Gas/Climate Regulation
Disturbance Regulation
Water Regulation
Water Supply
Soil Formation
Nutrient Cycling
Waste Treatment
Pollination
Biological Control
Habitat/Refugia
Aesthetic/Recreation
Cultural/Spiritual

Coastal
Shelf

745
n/a

n/a

Coastal
Shelf

626
n/a
869

n/a
24

42

Beach
n/a
327%

n/a
n/a
n/a
n/a
n/a

17851
29

Beach
n/a
3279

n/a
n/a
n/a
n/a
n/a

17851
29

Saltwater Grass/
Estuary  Wetl Forest gel
72 6
1
59 11
7
7322
195
438 271 1110
364 31 156 1
216

Saltwater Grass/
Estuary  Wetl Forest |
65 4
344 373
2
59 196
6 4
12814
6508 53 53
195 16
47 2 14
378 242 1110
351 31 147 1
18 216 1

Cropland

10

18

Cropland

10
14
999
18

Freshwater
Wetland

7162
139

6
1889

Freshwater
Wetland

161
4397
3590
1856

1008

136
1690
1070

Option 1: Value Transfer ($ Value pe

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

Open
Fresh
Water

492
n/a

n/a

428

492
n/a

n/a

428

Riparian Urban Urban/
Buffer ~ Greenspace Barren
404
106
7
2310
1647 2562
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
Fresh
Water

Riparian Urban Urban/
Buffer  Greenspace Barren
404
106
7
2310
1647 2562
5



Tiered Application Approach

Level 1 — Qualitative

characterization of Option 2: Ecosystem Production Functions
performance ;

Level 2 — Semi-
guantitative
characterization of
performance

Level 3 — Quantitative
characterization of
performance

US Army Corps of Engineers
- 1IN RO)N((s _



We’re at the frontier. ..

What’s important to remember:

* What can the USACE, NOAA, and their
stakeholders consider to address flood damage
reductions and promote resiliency (structural vs.
nature-based vs. blended)?

 How effective will these solutions be?
« Are they cost effective?

What's important to recognize:

* Nature-based solutions and the goods and
services they could provide are at the frontiers
of science and engineering, and the answers to
these questions are uncertain.

« Stakeholder perceptions and values will play a
significant role in the use of both nature-based
solutions and the accounting of their benefits to
the society at large.

US Army Corps of Engineers
- 1IN ()



Points of Contact

Dr. Rebecca J. Allee

Senior Scientist
NOAA Gulf Coast Services Center
Stennis Space Center, MS
Office: 228-688-1701

Email: Becky.Allee@noaa.gov

Dr. Kelly A. Burks-Copes

Environmental Laboratory
US Army Engineer Research & Development Center
3909 Halls Ferry Rd., Vicksburg, MS 39180

Office: 601-634-2290, Mobile: 601-618-5565
Email: Kelly.A.Burks-Copes@usace.army.mil

US Army Corps of Enginee
BUILDING STRONG,



