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= Metric defined: a measure or suite of measures (index)
that can be used to detect change
... No clear measures of change in resilience
= We know natural infrastructure provides services to

ecosystems and communities
... But we do not have a handle on what these are

= Decision makers and engineers need to know what will
work



Key Definitions

= Resilience:

The ability to anticipate, prepare for, and adapt to changing conditions and
withstand, respond to, and recover rapidly from disruptions (Executive
Order 13653).

= Natural Infrastructure

Includes green infrastructure, natural and nature-based features, living
shorelines, etc. for the purpose of building resilience in ecosystems and
communities

= Performance Metric:

A qualitative or quantitative measurement or suite of measurements (index)
that can be used to detect and assess a change in DOI coastal resilience
objectives.

= Core Performance Metrics:

A subset of performance metrics that are applied to multiple projects and at
the full range of temporal and spatial scales to detect a change in resilience
In one or more coastal features.



DOI Overview

= Department of Interior (DOI) allocated
$340 million for projects that promote
Improvements in community and
ecological resilience

= Qver 160 projects

= Evaluate project success and establish
metrics that quantify change in resilience
resulting from project actions

= Goals: reduce impacts of coastal flood
hazards, strengthen ecosystems, better
understand storm impacts and advance
resilience tools
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DOI Ecological Metrics

= Metrics Expert Group (MEG)
convened July 2014

= Report at:
https://www.doi.qov/sites/doi.qov/files/
migrated/news/upload/Hurricane-
Sandy-project-metrics-report.pdf

= Goals: Recommend metrics for DOI
resilience assessment; determine data
and information gaps; and recommena
core metrics

Process:

Organized metrics
around 6 coastal
features

Identify core
metrics (Abiotic,
Biotic, Structural)

Peer review

Benefits: project

comparisons and

regional resilience
L assessments



https://www.doi.gov/sites/doi.gov/files/migrated/news/upload/Hurricane-Sandy-project-metrics-report.pdf

Table 1. Recommended ecological core performance metrics by coastal feature for Department of the Interior Resilience projects
funded through the Disaster Relief Recovery Act of 2013.

Matural and Artificial
Coastal Features

Primary Objectives and Ecosystem Services

Recommended Core Performance Metrics

Beach System: Beach,
Barrier Island, and
Dunes

(for back bay areas, see
Estuaries and Ponds)

Beaches and Dunes:

1) Restore or improve beach hakbitat to enhance
resilience of fish, wildlife, and plants, and their habitats
(e.g., spawning, migration stopovers, critical habitats)
2) Restorefimprove dune habitat to enhance resilience
of coastal infrastructure by reducing flooding extent
and attenuating wave energy

3) Improve/sustain beach/barrier island ecological
system and community resilience to storm surge events
4] Enhance understanding of natural system dynamics
including immediate storm responses, natural recovery
from disturbance events, and natural adaptation
capacities and tendencies.

5] Improve recreation/aesthetics

Breaches:

1) Manage breach occurrences to maximize ecosystem
function and reduce risks to built infrastructure,
human health, and human safety.

Beaches and Dunes:

Biotic

» Vegetation cover of dunes pre and post event

* Fish and wildlife population/ recruitment
overwintering/stopover weight/health relative to other mitigating
factors [e.g. other threats throughout range: site and species
specific)

Abiotic
s Post-storm volume of sand in the active shoreface
* Recovery rates of beach and dunes

Structural/Engineering
* Beach width, elevation, volume, shoreline position (post-event)
* Dune characterization (height, width, length, texture, substrate)

Breaches:

Biotic

» Fish and wildlife population, recruitment) overwintering,
ctopover weight/health changes relative to other mitigating
factors (e.g. other threats throughout its range: site and species
specific)

Abiotic

* Volumes of material in flood and ebb shoals

+ Water flow and current dynamics

* Water guality: temperature, salinity, pH, dissolved oxygen,
turbidity, nutrients, contaminants

* Water level changes, especially in back bays

Structural/Engineering
* manitoring of breach morphologic changes

w



DOI Soclo-Economic Metrics ‘\,

= QObjective: Develop socio-

economic metrics and Iterative Information Collection
assign to each project (classification, lit review, interview)

= Classify 167 projects 4 Resilience Output Categories
(project activity, project (and 16 resilience goals)
outcome)
" Link Project Activities to
= Develop framework to Outcomes and then Outcomes to
organize and assign Resilience Goals (e.g. causal

metrics chains)

= |dentify methodologies
and data for measures
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Project Categorization

) . s Project
= Record information from Activities Count Total
pI‘OposaIS and pI’OjeCt Community Resilience Planning 19
: : : Contaminant Assessment or
summaries (habitat, project Romeintis” 4
aCtiVitieS, monitoring, budget) Critical Infrastructure Assessment 3
or Protection
= Iterative approach: pull every | Merrna andiodeins 60
key WOI’d and rO” Up tO Ecological Resilience Planning 13
: Green Infrastructure Planning and
Ca‘tegorles Implementation (living shorelines) 33
- PrOJeCt aCtiVity em?rged as S;:ryr(l:)ifrastructure (dams, culverts, 26
critical characteristic to Habitat Restoration 19
inform metriC development Impact or Vulnerability Assessments o4
Public Access
5
Sand Resource Identification or 1
Assessment
Multiple 63




Metric Development — Example of

sources

Resilience Outcome: Change in number of households exposed to risk
of injury, casualty, or other health effects

1. Review of Reusing Dredged Material to Restore Salt Marshes and Protect
Projects Communities (NFWF) discusses the importance of restoration
projects to protect communities from flood risk

2. Interview with | Develop Breach Management Plans for Coastal National Seashores
project leads and | to Maximize Plans Ecological Benefits interviewee mentioned the

experts importance of the project in protecting communities from risk
3. Literature USACE 2015; Cutter 2010; NIST 2015; NOAA; and Norris 2007
Review mention the importance of change in risk to households as related to

ecological restoration projects and discuss the importance of
measurements of community vulnerability and environmental justice




Socio-Economic Impact Categories

Project Types: Resilience Categories

= Restoration = Human Health and Safety
Projects | = Physical Infrastructures

; g;r;::i]r?glty = Economic Resilience

= Community Competence
and Empowerment




Metric Development

= Causal Chain for Wetland Restoration

Project Actions Project Outcomes > Resilience Goals

Reduced
Reductionin exposureto
storm surge Pl storm surge (e.g.
height ‘ number of
people affected)

Decreasein
number of
injuries or
casualties

Increase in
Acres of coastal average

wetland restored 8 elevation within
floodplain

Biophysical indicators directly
relevant to socio-economic
resilience (need to be estimated)

Abt Associates | pg 13

Ecological Indicators
(measured by project




Metrics Methodology

= Main Methodological Components

1. Translating core ecological metrics into |
biophysical changes relevant to socio-economic
resilience

— Reduce exposure to flood hazard and damaging
iInundation; Enhanced environmental quality

2. Estimating affected populations or properties
and infrastructure components

3. Constructing socio-economic resilience metrics

— Metrics calculation options range from simple counts
to and narratives to complex environmental modeling

Abt Associates | pg 14



Metric Products

E xhihit 5. Metrics for Property and Infras tructure Protection

nuizance flondings

Biophysical and Ecological Outcomes

Reduced hazard of

[ E)

Pedudtion in number of reside tial,
cormerdal, cultural, and hentage
propeties at rigk to potentialby

damaging inundation

Redudtion ik iurmber of
propertie s expozed to food
event wath the project as
compared to vathout

Redudion i percentage of total

residential and comrmercial
property walue expected to be
daraged infloods with the
project as compa red to nithout
Property walue of residential
and commercial propeties
exposed to a flood event wath
anid withaut project

Reduction in food insurance
pretmiums or change in the
Cotrtrunity Rating Syatem
[CR.S) rating of the Mational
Flood Insurance Program
[MFIP) azthe result of project
Taxbaze increasze attributed to
residential and comrmercial
propertie s exposed to a flood
event vath and vathout projed
Fedudtion in expe cted
damages to properties from
flood s wath the project as
cotrpared to nithout

Resdience Goals

Redudtion in miles of roads,

=

=

highwnays, and rall ines at

tigk to poterdally dama ding

inundation
Hetrics®
Reduction in miles of
transportation
infrastructure exposed
to & flond event, leading
to a decreaze in

acce ssihilty, nth the
projed as compared to
nntho Lt

Reduction it number of
users potentially
affected due to expozed
tranzpotation
irfrastructure

Puiicled
repairfveplaceme it cozt
to transpottation
infrastructure e ozed
to aflood evert

Punided davs of closure
of tranzportation
infrastructure

Auide d lozzes from
closures or delays

Redudtion in nu
chtical zerice faf

Socio-Economic

Exhihit 12. Methodologies for Property and Infrastructure Protection and
Enhancement, mapped to resilience goals, project outcomes, and core metrics.

3. Metrics are numberedin order of increasing level of detail and potential diffic Uty in measuring relati

each inciicLial list.

b Critical service facilties include power, fusligasimerdy, water, and sewer LIt es, emergency seric

health senices, communication serices, food supply, Mational Guard bases, and transportation bug
Major starm and flood events are defined a5 FEMA's 0.2%, 1%, 2%, or 5%flood events .

[x}

d. Muisance flooding is defined as flood ewvents tha occur at least every year.

Res ¢ Goak  Project Outcones  Performance Metrics Possible Methodologies=
Reduced extent of [Redudion in number of e Lonr Lke changeszin a community's ranking or
Reduction i furmber damaging pro perte s exposed, parﬁcipa‘.cinr! if thp MFIFs CRS program az a
Reduction inl|of residertial |nu_nda1mn from reduct an in p_ercentage of prozey to indicate improved protection of
of critical serl |cormmmercial euliyrl, |ME2F Stomm and  |total reside rtial and irfrastructure .

0 g Y ‘Mood evertstand  |commercial propetyvalue e bedivm: Demonztrate the link betveen the
utility facilitie] |and herita ge : . ! 4 h -
expozad to o |properies at risk to reduced hazard of |exposed,increase in project actions and increased protection to

it o] ot ritially darnasin nuizance floodings | praperty value, increaze in infraztructure functionality by using one of the
event with dat ¥ ng taxhage attributed to method s de seribed for estimating biop hysical
as comnpared] |Iundation properties, reduction in change.
5 gzﬂgttinn o expeced damages . th_: Miodelthe effedts ofthe projed using a
: Reduction in mile = Fedudion in numb er of spatial overlay of the extent and depth of
ofusers or cof | roads, highneays, triles expoged, redudion in | inundation with propertyand infragrdure
potertially 3ty |2 o il lines at ik rarber of users affected, corponents with and without the project using
dl_"? to dlsru_p to potentially awnided damage cos, Hazuz-hH.
eritical serdcd | da maging awoided dave of dosure or
utitie s inurdation dizruption
3. ﬁ;ng:f:edof?ii Redudtion in nurmb er of
of critical ser] (Reduction of critcal gg:ﬁli%?s: dined
utilitie s SENICE famlrt!es il in nurnber of userjs ar
4. Punided loge] 1Sk to potertially custornets affected, awided
clozures or o !:Iam;g;jng lnzs of crtical zervice and
nUneaaon utilityfacilties, awided days
of cloaure or digruption
Inproved nater Mumber of residental, « Lowr: Spatial ovedaywath the estimated of
aned =0l quality, commmercial, cultural, and affected area and propeties
reduced zoil heritage properties o hedium: Demonztrate the link betmeen the
cantamination, henefiting, property walie of | project actions and increaszed protection to
restored heaches, |residential and commerdal infraztructure functionality by usng one of the
B dunes, improved  |properties, taxhase method & desoribed for e dimating hiophysical
enhan carment from ﬁs;i'u_andlshelrﬁsh a’rtrlhuted_tu readen_hal ahd | change. _
. .. |habitat; increased  |commercial properties o High: Actual changes in prope ty valies
itiproved ametities fish and shelish  |benefiting, increasze in resulting from e nronmental quality
ahundance and property walue of residential | improsements can be estimated based on an
diveraty, improved |and commercial prope ties ariginal hedonic valuation study.
vegetative cover,  |benefiting
and improve d
atnenities
a. hkethodology options: Green — lowlewel of effort; Blue — medium level of effart; Red — high level of effart
b. Mijor storm and flood everts are defined as FEMSS 0295198 29 or 3%6fo od events.
b o g o dafiad oo food o dbat cooi ot Lot G ns




Example: Human Health and Safety

Ecological Outcomes Socio-economic Metrics

Changes in floodplain area
Changes in the maximum

height of water from a
particular flood

Improved water quality

Reduced soil contamination

Increase in % native
vegetation

Improved water
management and fire
control

—

Reduction in # of
households exposed to
flood hazard

Reduction in # people
exposed to contaminated
water, soil, mosquito-
borne disease, and wildfire



Metrics - Human Health and Safety

Resilience Goals

. Reduction in number of people at risk for Reduction in number of people at risk for negative effects
Metrics for Human Health and ¥ . : . :
Safet injury, casualty, or other health effects from a | from contaminated water, soil, mosquito-borne disease, and
y particular flood event wildfire
Metrics?

Reduced extent of damaging 1. Number of households in the area

inundation from major storm potentially affected by a project

and flood events® 2. Reduction in number of households

exposed with the project as compared to
without
é Reduced hazard of nuisance 1. Number of households in the area potentially affected by
4 flooding® a project
= 2. Reduction in number of households exposed with the
% project as compared to without
= Improved water quality 1. Reduction in number of households exposed to water-
—g borne disease with the project as compared to without
i Improved water management 1. Reduction in number of households exposed to smoke
-,% and fire control and particulate matter with the project as compared to
- without
i Reduced soil contamination 1. Reduction in number of households exposed to a toxic
= pollutant with the project as compared to without
;% Increased % native vegetation 1.Increase in number of households benefiting from
reduced likelihood of West Nile Virus transmission

Improved fish and shellfish 1. Increase in number of households with improved access

habitat, increased fish and to seafood

shellfish abundance and

diversity

a. Metrics are numbered in order of increasing level of detail and potential difficulty in measuring
b. Major storm and flood events are defined as FEMA’s 0.2%, 1%, 2%, or 5% flood events.
b. Nuisance flooding is defined as flood events that occur at least every year or more.



Example — Human Health

USFWS Project: Increasing Water
Management Capability at Great
Dismal Swamp NWR to Enhance its
Resiliency for Wildlife and People

AL
Virginia |+ >y

North Carolina

A °
N 25 km
N

Project Action Project Outcome Resilience Goal m

Increase in

: Reduced number of Reduced medical
we:;eer g::t'n Rec(l)t;c;:i?d?it:gber individuals exposed to cost or reduced
particulate matter work days lost

Dismal Swamp




Methodologies — Human Health b

Simple counts and
narratives

Use existing literature to discuss
potential changes in human health based
on reduced exposure to smoke and
particulate matter

Basic quantitative and GIS
analysis

Assemble geospatial data of satellite images
of smoke plumes on areas historically
affected by wildfire smoke and overlay
plume boundaries with the U.S. decennial
census data.

Complex analysis

Determine the avoided incidence of adverse
human health effects associated with
reduced exposure to particulate matter in
the areas affected by smoke from wildfire
using EPA's BenMAP-CE




Effects on Vulnerable Populations —
Human Health

Project Name Total Number of Total Number of
Affected Households Affected Vulnerable
Households
Increasing Water Total number of affected  Total number of affected
Management Capability at households would be vulnerable households
Great Dismal Swamp provided by the spatial would be provided by the
NWR to Enhance its overlay using the smoke  spatial overlay using the
Resiliency for Wildlife and  plume and the U.S. smoke plume and the
People decennial census data American Community
Survey

-
Vulnerable Households are defined as low income households and those
with retirees, children below the age of five, and individuals with low English

\proficiency (Jepson and Colburn 2013)

J




Protection

Ul g e e Ll commercial, cultural, and henitage | hi

Infrastructure Protection

from magor storm and

fiood gvents”

properties exposed toflood

Reduced hazard of
nuisance floodmgs

Biophysical and Ecological Owtcomws

Reduction n number of

event with the projectas
compared to without
Reduction in percentage of told

. residential and commercid

property value expected tobe
damaged in floods with the
project a5 compansd o without
Property value of residential

. and commencial properiies

exposed to a fiood event with
and without project
Reduction in flood insurance

' premiums or change in the

Community Rafng System
{CR.5) rating of the Nafonal
Flood Insurance Program
{NFIF} as the resultof project

. Tax basencrease attributed to

residential and commencid
properties exposed toa flood
event with and without project
Reduction in expecied

. damages to properties from

floods with the project a5
compared to without

transportation
infrastructuns exposed
to a fhood event, keadng
to adecrease in
accessibility, with the
project s compared o
without.

Reduction in number of

. users potentially

affected due to expossd

transportation
infrastructure

. PAnpided

repair/replacement cost
to transportation
infrastructure exposed
to a flood event

. Awoided days of closure

of transportation
infrastructure

. Avoaded losses from

closures or dalays

of users of customas

. Avoided days of

. Avoided losses from

Reduction n number

potentially affeckd
due to disruption of
crtical senyvices or
utiliti=s
closure or disruption
of cotical servioss of
utiliti=s

closures or dalays

a. Metncs are numbered in orderof increasing level of detaill and potential diffcultyin measusng relatie to

each indnidual list.

b. Crtical service facilbies include power, fuzligas/energy, water, and sewer utilities, emergancy serices,
health services, communication serices, food supply, Mational Guard basss, and transportation hubs.

c. Majprstorm and flood everts are defined asFEMA's 0.29%, 1%, 2%, or 5% flood everts.

d. Nuiance flooding iz defined az flood events thatocour at leastevery year,



d.

Metrics for Property and Infrastructure
Protection

Improved water quality

. Number of residential, commercial, cultural, and heritage properties

Reduced soil contamination

Reduced beach erosion; increased
beach width; restored dunes

. Property value of residential and commercial properties benefiting from

Improved vegetation cover; increase
in vegetated area

. Tax base attributed to residential and commercial properties benefiting

. Increase in property value of residential and commercial properties

Improved fish and shellfish habitat,
increased fish and shellfish
abundance and diversity

Biophysical and Ecological
Outcomes

Improved natural amenities

Resilience Goals

Enhancement of property and infrastructure components from improved
natural amenities

Metrics?

benefiting from improvement
improvement
from improvement

benefiting from improvement (benefit transfer approach or original study)

Metrics are numbered in order of increasing level of detail and potential difficulty in measuring

Abt Associates | pg 22



Metrics - Economic Resilience

Exposure to Flood Hazard

Resilience Goals

Reduction in quantity of
Reduction in quantity of |  commercial fishing, Reduction inthe | Reduction in share of
tourism and recreational shellfishing, and share of agricultural local and regional
infrastructure at risk to | aquaculture infrastructure | land and output at | economic output at risk
flood hazard atrisk to flood hazard | risk to flood hazard to flood hazard

Metrics for
Economic
Resilience and
Reduction to
Exposure to
Inundation

Reduced extent |1.Reduction in number | 1. Reduction in number of | 1. Reduction in . Reduction in
of damaging of buildings boat launches, number of acres number of
P9 inundation from | (e.g., hotels and warehouses, fishing exposed to flood businesses affected
e major storm and | summer rentals), vessels, and hazard or by a flood event
§ flood events? recreational facilities, aquaculture leased increased salinity |2. Reduction of
% Reduced hazard| and amenities bottom exposed to 2. Avoided economic | percent of local
B of nuisance exposed to flood damagg or disruption losses (lost economic output
5 foodings hazard 2. Reduction of number of |  revenue) potentially exposed
©° 2.Reduction of number potentially jobs affected to damage or
] of visitors affected by flood event disruption
= 3.Avoided user days | 3. Avoided work days lost 3. Reduction of
% lost 4. Avoided replacement number of jobs
5 4.Avoided replacement | cost potentially affected
£ cost 5. Avoided economic by a flood event
3‘ 5. Avoided economic losses (lost revenue) 4. Avoided economic
- losses (lost revenue) losses (total value
and % of local
output)

a. Metrics are numbered in order of increasing level of detail and potential difficulty in measuring
b. Major storm and flood events are defined as FEMA’s 0.2%, 1%, 2%, or 5% flood events.
c. Nuisance flooding is defined as flood events that occur at least every year or more.



Metrics - Economic Resilience

Natural Amenities Enhancement

Resilience Goals

Metrics for Economic Enhancement of fishing, Enhancement of local
SEHIELEELGRENTEIRS  Enhancement of tourism | shellfishing, and aquaculture  |and regional@ economic
Amenities Enhancement and recreational business output

Improved . Number of recreational | 1. Area of aquaculture leased 1. Number of related
I fish/shellfish habitat; fishing/shellfishing sites |  bottom in project’s vicinity businesses affected
ERN increased fish and areas in project's | 2. Number of commercial 2. Percent of local
k=8 abundance and vicinity fishing/shellfishing permits economic output
=3l diversity; improved  |2. Number of holders affected by project affected
% =] water quality anglers/users visiting | 3. Increases in commercial
(S the affected sites; fishing/shellfishing revenues
S number of fishing 4. Avoided number of days of
3 permits shellfish bed of closures
= 3. Increase in (acres/days)
i:% fish/shellfish 5.Increases in commercial
abundance and harvest | species harvest b
or catch rates S A

a. Metrics are numbered in order of increasing level of detail and potential difficulty in measuring



Metrics - Community Competence

and Empowerment

Hetric s for Instiirtional and

Gomnwunity Resilience for Phnning,
Took , and Sciemnce Oubc omes

Irprowed community
cotmprehengive planning,
mapping, and zoning efforts

Irprowed communication plans,
induding emeryency
cofmmunication plans and
cormmmunication tools for
mitigatian, rizks, and hazardz

[rprosed hazard mitigation
planning, actions, ar capital
expenditures

Project Outcomes

[hcreazed
ingitutional capacity

1. ncrease in
patticipation or
ranking of MFIF's
GRS prograrm

2. Murnber of
stakeholderend
USEF groups
it ol i
development and
irp lerme ntation of
praject

3. Increaze in number
of commun ties wath
corp rehensive
plang, hazard
planning, and
& BT BN Y
COFFL hication
plang that mest
trin R of be st
practice gandards

4 Remponziveneszzto
stakeholdersénd
WS F groups
ifwnlwed in
development and
itnp lerertation e,
engagerment nith
stakeholders
through meetings,
responzesto
commehts,
ifcorpo ration in o
decizion making
process, ef.)

Resilien:e Goals

Enhanced knomle dige

. herease in number of
parn erzhips across
inztiut ong,
gove mments, and
cofmun ity groups

. herease in number of
regional partnership

. Creation of imp roved
hest practices for
planning and
tnitigation for other
teqiohs, projects,
ingtiut ons

. herease in number of
planning and
mitigation planz for the
transfer and
cornrunications of
hest practices

A, Lktake of best

pradices for planning
and ritigation by other
ary anizationg

. hcreazed regional
actions and lazting
planning coard ination
as the result of projec

7. hereased gpeed of

deliveryof zerices
and improwe ment of
quality of serdces
becauze of information
provided by project

0. Reduced costor

gavings to

T P R

[hcrea zed community

engagement for projects
other than re oration

. hcreaze in humber of
repeat wilunteers at
events

. hcreaze in number of
houzehalds padicipating
in public: planning
ZEEWORE OF project run
events

. hcreaze in number of
houzeholds making
chanies fo onn propety
le.q. peaple stonm
proofingfor fiting houses
to meet Federal

competence and

= Projects with Planning,

Tools, and Science
Outcomes

Increa zed qualtyand diversiby of
data acouistion , including
data zets, maps, and models

Increased gualty and diversity of
data anahgis, ncluding datazets,

map , and modelz

Increazed gqualty and diversity of
data deliveryfor datasets, maps,

and modelz [ie . portals,
wizualization, ete)

1. hcrease in
hutnber of
cotnrunities and
ather inaitution s
accessing project
prroducts o too s
Provizion of
technical
azddance fraining
to communities or
stakeholders az
patt of the project
Murnher of
stakehald erfend
WEEF graups
irinhed in
development and
irnplerne ntation of
project
4 Murmber of
communities

[ po ]

(]

. hereaze in number of

failored or gap-filling
plans, datawets, maps,
ar models far speciic
Ccotmiunitie s

. hereaze in number of

patrerzhips across
inztiutions,
govemments, and
community groups

. Creation of improwved

best practices for
ather proje s,
inztitutions

A, Creation of science or

[

tools that can he used
bry other organizations
and leveraged for
addtional research
goals

. horeaze in number of

1. herease in number of

how zeholds rmaking
changes to own property
[2.d. people stomm
procfingfor fting houzes
o me et FEMA EFE;
peaple faizing
elewationincre asing
frechoard of buildings)

. herease n number of

hou seholds aware of nsk
reduction tools like eary
mEming sydems,
evacuation routes, efc.




Metrics for Institrional and Commmnity
Re sikienc e for Biophysical or Ecological
Ourtcomes

Inproved fishizhe lfizh babitat;
incteased fish abundance and diversity;
improwed ngter quality

Inproved amentiezs—presence of
bz reation platforms, boardnalks,
etr: ; changes to amenity acee za bility

Inproved wegetation cower; inoreasze in
vegetated area

knproved avian and terresnal species
hahitat and hiodiver sty

Feduced beach eroson; increazed
beach width; restored dunes

knproved fishizhelfish habitat;
increased figh abundance and diversity;
irmproed neEter quality

Biophysical and Ecological Outcomes

| =]

(L}

. Mumber of educational,

Metrics - Community Competence
and Empowerment

Resdience Goals

hcreased community eng age ment

and nell-being resulting fom
testoration projects

autreach, and wolunteer ewerts
held boythe projed

. Mumber of stes with enhanced

actwies [.e. educational
programs, recreational
prodrarns, ete.)

. Mumber of researchers,

wolunteers, and shidents
engaged in project

Murmber of community group s
irvolved in project

koreaze in number and
percentage of schools wath
accessto natural resounces

b. horeaze in number and

percentage of local residents
spending tirme outd oors due to
project

Erhanced khowled ge

. Increaze in number of
partnerships acrosg instiutons,
govermments, and community
qroup s
2. Creation of improved beg
practice = for other projects,
ir itution s

3. Creation of zdence or toals that
cah he uzed by ather
arganizationz and leveraged for
additional research goals

4. Increaze in number of planning

and mitigation plans for the
tranzferand comemunication s of
hest practices Lktake of best
practice £ by other organizations

A. Lke of science ortoolz by other

arganizations or stakeho lders
and anahzed by uzer type
[prublic, decizion makers,

te seatchers, et

b. Reduced cost or savings to

it lementing newprojects

elzuwhere becauze of

it rmation provided by project

3. Metrics are numbered in order of increasing lewel of detdl and potential difficutty in measuring relative to

each indiviclual fist

Projects with
Biophysical
or Ecological
Outcomes

Abt Associates | pg 26



Metric Assignment

i
1 |Resilience Categories—»

T

3

perty and Infrastructure Protection and Enhancement

H

Economic Resilience

Resilience Goals—

P3) Reduction of critical
service facilities at risk to
potentially damaging
inundation

P4) Enhancement of
property and
infrastructure
components from
improved amenities

E1) Reduction in quantity
of tourism and
recreational
infrastructure at risk to
flood hazard

E?) Reduction in quantity
of commercial fishing,
shellfishing, and
aquaculture
infrastructure at risk to
flood hazard

E3) Reduction in 5h1
agriculture land atr
flood hazard

4 Project Outcomes-

12) Reduced extent of damaging
inundation from major storm and
flood events

1. Reduction in number of
critical service and utility
facilities exposed to a
flood event with the
project as compared to

1. Reduction in number of
buildings (e.g., hotels and
summer rentals),
recreational facilities, and
amenities exposed to

1. Reduction in number of
boat launches,
warehouses, fishing
vessels, and aguaculture
leased bottom exposed to

1. Reduction in numy
acres exposed to flg
hazard or increased
salinity

2. Avoided econom‘

3 I

13) Reduced haza

flooding

If a project includes: Pl metric categories
Community Resilience Planning | |

Contaminant Assessment or Remediation H2.15; H2.10 P4 14;P4.10

Critical Infrastructure Assessment or Protection §P2.12; P3.12; P2.13; P3.13

Data, Mapping, and Modeling

|

LH—EE? ' sl

Ecological Resilience Planning

Green Infrastructure Planning and Implementation (livirf H1.12; H2.13; H2.10; H2.8; H2.3

§P2.12; P3.12; P2.13; P3.13; P4.10; P4.11; P4.8; P4.5

Grey Infrastructure (dams, culverts, berms)

H1.12; H2.13; H2.3

P2.12; P3.12; P2.13; P3.13; P4.11

Habitat Restoration H1.12; H2.13; H2.10; H2.9; H2.8; H2.3 %PZ.IZ; P3.12; P2.13; P3.13; P4.10; P4.11; P4.8; P4.5
Impact or Vulnerability Assessments l
Public Access P45

Sand Resource Identification or Assessment

|




Metric Assignment

A

1 |Resilience Categories—»

T

perty and Infrastructure Protection and Enhancement

= i) | T )
Economic Resilience

Resilience Goals—

P3) Reduction of critical

P4) Enhancement of E1) Reduction in quantity |E2) Reduction in quantity |E3) Reduction in shg

service facilities at risk to |property and of tourism and of commercial fishing, agriculture land atr
TS TSR TS ET ST T ST =TS TS TS 7= = T=V-11TaT -1 W =T SYTST- 1T E—— TV N2
2
1 Project .
Hurmn Health & Safety [H) and Feduction ——
12) Redu Ftion in num
|nundat|I &Elﬁgﬁrﬂﬁgg [[:E]]E'm of peaple at rigk for ne gative effed s fram posed to fig
flood ev I:Jjﬂtaﬁiﬂa'tﬁd Ij'l_E‘tEr' [#2] rincreased
Project Outcome [#14) Reduced soil cortarination
L6
13) Reduf
flooding : Fedudion in the nurrber of households
M ) e xpozed to toxHe pollutants
apping, ana voaeling

Ecological Resilience Planning

Green Infrastructure Planning and Implementation (livif H1.12; H2.13; H2.10; H2.8; H2.3

\P2.12; P3.12; P2.13; P3.13; P4.10; P4.11; P4.8; P4.5

Grey Infrastructure (dams, culverts, berms)

|H1.12; H2.13; H2.3 1P2.12; P3.12; P2.13; P3.13; P4.11

A_Habitat Restoration

'H1.12; H2.13; H2.10; H2.9; H2.8; H2.3 P2.12; P3.12; P2.13; P3.13; P4.10; P4.11; P4.8; P4.5

Impact or Vulnerability Assessments

Public Access

P45

Sand Resource Identification or Assessment




Metric Assignment Testing

USFWS- 32 Resilience of the Tidal Marsh Bird Community to Hurricane Sandy and
Assessment of Restoration Effects

Resilience
Goal

Metrics? assigned through activity categories

Metrics? assigned through individual review

Increased institutional capacity

Increase in participation or ranking of NFIP’s CRS program
Increase in number of partnerships across institutions,
governments, and community groups

Increase in number of communities with comprehensive plans,
hazard planning, and emergency communication plans that
meet minimum or best practice standards, including for green
infrastructure

Increase in number of tailored or gap-filling plans, datasets,
maps, or models for specific communities

Increase in number of partnerships across
institutions, governments, and community groups

Increase in number of communities with
comprehensive plans, hazard planning, and
emergency communication plans that meet minimum
or best practice standards, including for green
infrastructure

Increase in number of tailored or gap-filling plans,
datasets, maps, or models for specific communities

Increased community
competence and engagement
for projects other than
restoration

Increase in number of repeat volunteers at events

Increase in number of households participating in public
planning sessions or project run events

Increase in number of households making changes to own
property (e.g. people storm proofing/or fitting houses to meet
FEMA BFE; people raising elevation/increasing freeboard of
buildings)

Increase in number of households aware of risk reduction
tools like early warning systems, evacuation routes, etc.

Increase in number of repeat volunteers at events




Products

Report

Metrics Matrix

User Guide

Literature Review

\y
A

FROJECT CATEGORIZATION

‘rojects ot merkl ndzn  mare B

2. Project Categorization

i ffort 0 demelop socio-ecoom i metrics hegarwith a oreentiag ke e of e 162 D01
Hiricane Smudy Consal Resdlizrey progemes mdprojects (e lieree projects), Tre gonl o fris
ictialrerienrons i ety witice] project characteristics ot couldbe tsed tn caegrize propcts.
Bt heizable i cotepprioe the orojects s citial 7 ectib lidhitga repmesmtive sibeer of
interiens to halp dems bp arel e

‘potertilmetrics. Wenbinately caegrrined e revimed
‘Tropesils accordirg to e lummhr]gv.pmuyumixs
ez, Commnriy Resilinge Mareirg, Hibimt)

Crey Infrastahire ),mixmmxml(umn (2. beach,
reardure,riraire).

Enpatinular, » projed S primy ativky qrihlyen agedes o
mdmmm(uﬂdbe \ndmd.smgnimmd'hx

o the

S0 CI0-ECONOMIC METRICS USER GUIDE

{Ths user gruide shomild be 1se dvrih the Weiric s W afriv anad is" Exxtel workbodk,
The wonbook inchades a “File”tah vrith definitions and descriptions of eachvorkdieet; o “Frgieat
Analysis”tb which | mhﬂes the 162 DOTHuri me Sedy resilionce projects reviewsd with
deseriptive Projece Acsivigies™ b whichTec ommen ds suites of metrics
for Troject An.lvmycmgnrms and s *“Aepios™tab which nchades a1l the metrics presented o o
i of Project (s one s and Resiliencs Goals

Prjectanth byrefers e
PrMarY agions of a pujed, &
desiribed 0 s gramtproposals.

Project outeome refs tothe
el mpact or intended impat of
& project an i location. Eraugnty
GHITESPONS th EchSyStem

“Projact Analyaia™tah indudes infom ationfor all
162 B0 | Hunicare § andy Res fierne projects:
Frojestidertfcation number

Recall that the metrics provess wasfirst infonmed
and orgmized by Fasilims Categories. b
‘particular four Resilisnce Categoris were

.

idevtified: Hrmvan Hea¥h and Safety; Property and. = Fursig oro@nization or aweney
Infrastructre Protection and Eebum emert; + Pmjetname .
Econmic Resilience; amd Commmty o CUEs i
Competenice and Evpovrenuert. The purpose of O R e L)
s +  Grntamodrt averedtothe projedt

orgaizivg by Resilience Category s  exsurs that

i : . ) *  Haitat wherethe prejest ouuurs
pachmeic & Tidedto 4 soci-e cononmic berefit  Reoced of sosic-ecorem ic messures i they
ndto provids & ranewo for wdsrstnding the P S
vabae of sach mewic nevibiating commity + Numberal Pioject Refivfies ssicped tothe
Tesilisnce. Ths firstthree Resiince Categeries e
(Fimnim He s and Safety; Property nd *+ Spesifs P roject Actinies azsigned to the
Infrastruc s Brofe ction 2 Bk emet; and (e
Econcmic Resilsnce ) sxc hefve b addrase projacts + tiry sefreporied measwements done by

the project

wih direct e cological or biophysical outcommes
The Conpmmity Competenne and Empovrerment
Resllimce Category provides metrics for proje cte
that cansists of planning, outreach, or Tesearchvwith
the prizaty cbjctive or mdkect effectsto advance
CCepm By competence andresilince (or ubimare
and final services that will advance conznmie
Campetence ndresilience). Euch metric is mapped
to the Eroject Cucomes and then gooups dumier
Resilimee Categoriss and Resilice Goals

“Matriz™ tsh inclires a marx of dlthe metrcs wih
the Reslance & cals as wolunns and the Project
Gutncm s as vous. The matxis soded with refereroe
lettzts ool num bersto belpidenty eash meb.
“Matriza fr Froject Actvifiea™tah inchides
veferetise codes for each stite of mebics assigned to
the Project Axfiuty brcken oit by the four Resiience:
Categories.

The metric design deveboped for this soudy is purposely flesdble i provides forthree 4pproaches 1
idextify metrics andme todolgies . These thres spproaches are based on huve ane vrll eter or begin
the metric ¢ onsideration process, and inc bade:

The Droject ACtiviny(s) assigned to eachTrofect

The Froject Dutcomes (4 Z., % project leadamay knoww or design a projecttoTesult in
pearticular o ome)

The p ecific Resilisnce Goal

.

i ool

e
v e

ias (o0,

=] T o E F ] H I J
5 v of li review to support Socio-E metric devel.
Author(s) 1] Title ~[¥e - [Source ~ |Docume - | Full Citation - |Key words { - [Annotation -~ |Key
This stated preference study was
used for developing soil
Preliminary stated- contamination value estimates.
preference reszarch on the Natiornal Center Alberini, A & Guignet, 0. (20700 Preliminary stated- |zai There were 2 couple of suney
impact of LUST sites on far preference iesearch anthe impact of LUST sites on | contamination; | groups, with the responze range
Alberini, &., & property values: focus group) Erwironmental | Gowernment| property values: facus group results (Mo, 201003). [ stated due to different assumptions Metric
Guignet, 0. results 200 |Ecanomics Repart Matianal Center far Envitanmental Econamics. preference about level of risk, and different | Methodalagy
Thiz study provides evidence of
reducing the risk of transmission of
thie \West Mile Virus resulting from
increased avian diversity in the
Ecological comelates of risk #llan, B.F. et al [2008). Ecological Conelates of Risk| methodology; | area. and the effect of the
and incidence of West Mile Jaurnal and Incidence of West Nile Virus in the United Wwhest Mile Vius; | diversity iz represented by the Metric
Allan, B.F. et al vitusin the United States 2008 | Decologia Publication |States. Decologia 158:633-708. avian diversity  |change in the per capita human | Methodalogy
This paper was referenced inthe
"property and infrastructure
Journal of Artell, ). (2014). Lats of Yalue? & spatial hedonic protection and enhancement”
Lots of Yalue? & spatial Erwironmental approach to water quality valuation, Journal of metric methadology. Information
hedonic approach ta water Planningand | Journal Erwironmental Planning and Management ST(6): property values; |from thiz source canbeusedto | Metric
Arrell, J. quality valuation 204 |Managemert  |Publization |862-852 miethodalagy estimate changes in property Methodalagy
Atlantic Coast "Data Collection and Reporting." ACCSP, The This source was usedin the
Cooperative Atlantic Coastal Cooperative Statistics Pragram "economic rezsilience” metrics
Atlantic Coast Statistios [ACCSPIs the Principal Source of Dependable and methodalagy dizcussion. Data
Cooperative Data Collection and Program’; Timely Marine Fisharu Statistics far Stlantic Cozst methodalogu: necessa o estimate the extert | Matric
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Next Steps ) ““’*g

= Path forward: merging and refining of ecological and
Socio-economic metrics, advance best practices,
prioritize/standard set of measures

= |ntegrate with other metric efforts

= Evaluation: Conduct evaluation of DOI resilience
portfolio

= Download report:
https://www.doi.gov/hurricanesandy/doi-news-socio-
economic-metrics-report-0

= Questions, email Susan_ Taylor@abtassoc.com
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