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NICHOLAS INSTITUTE

Linking academic knowledge and decision makers
to solve environmental challenges

ECOSYSTEM SERVICES PROGRAM

Integrating Ecosystem Services into public and private
decision making through improving methods, incentives and

markets - carbon offsets, REDD, wetland and stream mitigation,
conservation banking, water quality trading, etc...

NATIONAL ECOSYSTEM SERVICES PARTNERSHIP (NESP)

Engages both public and private individuals and
organizations to enhance collaboration within the
ecosystem services community and to strengthen
coordination of policy, market implementation, and
research at the national level
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White House memorandum calling on == e
Federal agencies to incorporate ecosystem
services into Federal decision making
requests:

1. adescription of current agency practice
and work plans were submitted to the
Council on Environmental Quality (CEQ)

SUBJECT:

2. plans for implementation guidance to be
developed in collaboration with the
agencies
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How are Ecosystem Services useful?

Communicate about the benefits ecosystems provide to
people

Explicit consideration of trade-offs

More complete comparison of alternatives (such as
greener vs grayer infrastructure options)

|dentification of new partners (e.g. PWS)

Fuller consideration of important but often undervalued
benefits (non-use values, e.g., Klamath)

Streamline assessments (NEPA, comparison of
alternatives)

Prioritize conservation/restoration/mitigation to
increase ROI




FEDERAL RESOURCE MANAGEMENT AND ECOSYSTEM SERVICES GUIDEBOOK ter your search termis)

National Ecosystem Services Partnership

ABOUT THE PROJECT  WHY ECOSYSTEM SERVICES?  AGEMCY USE  ASSESSMENT FRAMEWORK — AGENCY EXAMPLES

PRESERV|NG OUR ent and Ec es Guidebook ser asa
NATURAL ag f ecosys i i :
RESOURCES

UNDERSTAND THE MOTIVATION EXPLORE AGENCY USE VIEW THE ASSESSMENT FRAMEWORK

National Oceanic and
Atmospheric
Administration

Integrating Ecosystem Services Into Federal Resource Introduction to Agency
Management Use

U.5. Army Corps of LU.5. Bureau of Land

Frequently Asked Questions Engineers Management

U.5. Fish and Wildlife

; U.5. Forest Service
Service

Is an Ecosystemn Services Approach Right for My Projeci?




Ecosystem Services Methods

BROWSE ASSESSMENT FRAMEWORK

@ SCO Overview and Best Practices b
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. . . Other Methods
Ecosystem services can be used in planning and

decision processes in many ways. The Decision Process W
. . . . Stakeholder Engagement A

They can be incorporated into existing tools and 929

methods — for example cost benefit analysis, risk Using Indicators Effectively v

assessment etc.. ) Scenario Analysis and Green

Accounting



Non-monetary Measures of Ecosystem Services

> Benefit Relevant Indicators (BRIs) — non-monetary measures of what is valued
>Values — monetary (S) or non-monetary (rank)

| Ecology e societal Benefit
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storage water flows
i ooy water
volume) to irrigation
outtakes)
Changein Changein
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water water crop
available accessible revenue
when needed by irrigators \ )
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Need to know Who that change affects How important that

what changes and how change is to them
(What is valued) (Its value)




NESP support of implementation

National Ecosystem Services Parinership

Best Practices for Integrating Ecosystem
Services into Federal Decision Making

Lytlia Olander, Robert 1 Johnston, Heather Tallis, Jimrry Kagan, Lynn Maguire,
Steve Folasky, Dean Urban, James Boyd, Lisa Weinger, and Margaret Palmer

Non-monetary measures of ES

National Ecosystem Services Partnership
lting Fopegile O

CONTENTS

* Ecological data and models for
biodiversity, water quality, water
guantity, coastal, and urban related
services

* Data and models for ecosystem
services that regulate and reduce
risks related to fire, flooding and
climate change

* Social and economic data and models
for wildlife, biodiversity, terrestrial
and freshwater recreation, water
supply, water quality, coastal and
marine, urban and climate related
services

* Current efforts and challenges with
data and modeling infrastructure

Data and models for quantifying ES

National Ecosystem Services Partnership

Policy Brief 1601
November 2016

vww.richolasinstitute. duke. edu/nesp

Proposal for Increasing Consistency When Incorporating Ecosystem Services
into Decision Making

Lydia Olander, Nichalas Institute for Enviranmental Policy Solutions, Duke University

Dean Urban, Nicholas smml for the Environment, Duke University

Rabert 1. Johnston, George Perkins Marsh Institute and Department of Economics, Clark University
George Van Houtwen, RTT Intermational

James Kagan, Oregon State University

Introduction

Afier decades of rescarch and crvices in decision making is being translated into palicy
guidance for practitioners.’ In October 2015, the US. i L f the President—the Ofh

and Budget, the Council on Environmental Quality. and the Office of Science and Technology Policy—released a mema
“Incorporating Ecosystem Services inta Federal Decision Making” directing federal agencics to develap wark plans and

implementation guidince by the end of 2016 But many practical about how
most effectively be used in decision making, The q explore in this brief is haw Lo achi istency in the use
of ccasystem services, primarily in terms of which ecasystem.
1 how they are quantified
Aninitial idea for ightbetorequireall | “Ecosystemservices are the benef
decision makers to consider a common y {
each with a pre-defined metric, Although this strategy might contributions to the production of food and

seem logical, it may not provide relevant or useful information for | timber; life-support processes, such as water
decision makers because even fidly constrained categories -
of these services—say those for maintaining air and water quality, | fulfiling benefits, such as places to recreate
manegng ke quinty, nd edicing ek o e stors, s orta be inspired by nature’s diversiy. There
d break up e services disservices, such a5
hat e defined by wharis afected and how they ar afected. For

diseases and pollen-induced
example, a water quality management issue results in a change allergies.”
in water quality for downstream stakeholders—which can alter . . .
services such as municipal water supplies, ung,nmn ﬁsku.ng ‘Source: Federol Resource Manogement and
swimming, and so on, Each
+ See, for example, Department of Enviranment, Facd & Rursl Aies, Gukdance, sion Makers on Liing an &
i 1014 United Nations
Services, Madhu Verma, Michael D. Wiood, and Dhaval Negandhi, United

_Manusl_toe_the_Regulating_Services pdf;
Servims Parnerlp, Foceral Rraceres wwmmzrm,wm Services Gusddebood, Ind v [Durham, NC: NESP, Oube Universi, 2016},
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121
1 of October 7, ms, Incorporating Eeomystem Services Inta Federal Decision
Making, pet.

Consistency in ES measures




What do we mean by ES conceptual model?

Ecosystem structure

Ecosystem service Social benefit

& function

. Benefi |
Action o ene |t_s relevant Benefits Assessment
Ecological indicators indicators

(value/preference)

(eco+soc data)

We suggest the use of conceptual models built with causal chains connecting an
action or intervention through the resulting changes in the biophysical or social
systems to outcomes that matter to people.

Ecosystem
function/properties

Human
well-baing

Ecosystem
/ goods/services
] Ecosystam
goods/services

Ecosystem
function/properties

Interventions

Human
well-being

Ecosystem
function/properies




Generalized ESCM

Salt marsh restoration for NOAA

Particles

Nutrients

Chemical
Contaminants

Adlut! large
fish

Juvenile Fish

Dredging

Cost Savings

Health Impacts

Cost of increased hospital
visits/ treatment

Species Persistence

Existence value (based on
WTP surveys)

Habitat Persistence

Existence value {(based on
WTP surveys)

Commercial Fishing

Value of fish caught

Aesthetics

Property values

Culture and Heritage

Recreation

Recreational Value (travel
costs or contingent valuation)

Carbon Storage

Social Cost of Carbon andlor
value of Carbon Credits
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Shoreline protection

Cost of potential damage
andlor cost of lost business

- Research and Education




While models will vary with context,
intervention and geography, they can have

significant overlap and similarity allowing
integrated use and comparison of alternatives.




Different interventions in the same systems —

Mitigation Credits

Green vs gray coastal protection options
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What can an ES conceptual model based toolkit include?

1. A generalized model for each common
management action at NERRS sites (marsh
restoration, dredging, levee removal, etc...)

2. General evidence library associated with the
model (predictive models, systematic reviews,
etc...) and evidence gap map.

3. A common set of associated socio-ecological
indicators (BRIs)

4. Foundation for quantitative predictive model




. . Evidence Template
Adding Evidence

ID#: Node 1 — Node 2
ID #'s correspond to arrow labels in the conceptual model diagram

Description of Relationship

Describe the relationship between the starting and ending node. When possible
include a specific statement of a change and the direction and magnitude of the
change.

Summary of Evidence
Discuss how the relationship between the nodes works and what supporting
evidence exists for that relationship.

Strength of Evidence
Use an evidence matrix to assess the strength of evidence that supports the

relationship

Other Factors
List and discuss other factors that influence the relationship between the nodes.

Sources




Evidence
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Adding measures of ecosystem services?

> Benefit Relevant Indicators (BRIs) — non-monetary measures of what is valued
>Values — monetary (S) or non-monetary (rank)

| Ecology

Water
Water uanti :
. q. . Marginal
quantity available for
Water AR luati crop value
Wetland area (average late irrigation valuation, | S
—> storage > —> =  attributable
(acres) season water (late season T
{volume) to irrigation
storage water flows ey
volume) to irrigation B
outtakes)
Changein Changein
acre feet of acre feet of Changein
water water crop
available accessible revenue
when needed by irrigators

Need to know Who that change affects How important that

what changes and how change is to them
(What is valued) (Its value)




Service/ Social Benefit

Potential Indicator(s)
($ = monetary measure)

Dredging

Health Impacts

Species Persistence

Commercial Fishing

Aesthetics

Culture and Heritage

Recreation

Carbon Storage

Shoreline protection

Research and Education

Avoided costs of navigational waterways dredging (S)

Reduction in number of households exposed to water borne disease with the project in place
Changes in supply/ availability of fresh water due to water quality impacts
Increase in number of households with improved access to seafood

WTP for certain species
Books, art, or literature related to a specific charismatic species

Area of aquaculture leased bottom in the project’s vicinity

Number of commercial fishing/ shellfishing permit holders affected by project
Increases in commercial fishing/ shellfishing revenues (S)

Avoided number of days of shellfish bed closures (acres/ days)

Changes in property values associated with increased aesthetics (S)
Number of photos tagged at a certain site

Number of cultural or heritage properties benefitting from the project
Reduction in number of cultural or heritage properties exposed to flood events with the project in place

Number of recreational fishing/ shellfishing sites and areas in the project’s vicinity
Number of recreational users living within distance of using the site

Increased tourism revenues (S)

Number of visitors due to improved avian and terrestrial species habitat and biodiversity

Carbon sequestration rate by habitat
Social Cost of Carbon (S)

Number of households potentially affected (in terms of flood events) by a project

Property value of residential and commercial properties exposed to flood events with and without project ($)

Reduction in flood insurance premiums or change in the Community Rating System (CRS) rating of the NFIP as a result of
the project (S)

Increase in number of communities and other institutions accessing project products or tools

Use of science or tools by other organizations or stakeholders

Number of researchers, volunteers, and students engaged at the site or with the project

Increase in number of schools with access to natural resources



Predictive model exploration

GALLINAS CREEK
AND MCINNIS
MARSH

SAN FRANCISCO
BAY CALIFORNIA

“Tidal wetland portion of the
restoration is focused on
Mclnnis Marsh, a 180-acre
area of diked historic
wetlands located at the
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confluence of the North and Figure 1-2: Mclnnis Marsh Site Location Map
South forks of Gallinas Creek
within Mclnnis Park. The
restoration project includes
work in Mclnnis Marsh, as
well as in adjacent reaches of
both Gallinas and Miller
Creeks, which lay to the south
and north respectively.”

Kamman, R., et al. 2016. Mclinnis
Marsh Restoration Project: Feasibility
Study and Alternative Analysis

Gallinas Creek Mclnnis Marsh




Predictive Scenario model

This work was done with
Mark Borsuk and Congjie Shi__—""
g 5
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Model as it appears in Analytica — Nested submodels

Levee

removal

Connecting
Gallinas Creek
and/or Miller
Creek

Connecting
Golf Course
and Marsh

Sediment/

I

Land Use
Change
Sea Level e e R e
Rise Local F—— =hoosline
Effect | : ; . e Protection
Land Use
i
Tiabiat > References >
s

Connecting
Golf Course §
and Marsh

Connecting

Gallinas Creek |

and/or Miller
Creek

Salt Marsh
Harvest
Mouse

population

change




Levee

removal

Connecting

Gallinas Creek

and/or Miller
Creek

Connecting
Golf Course
and Marsh

-~ G

L
Total Cost for Dredging ($/year)

Land Use
Change

Sea Level
Rise Local
Effect

Type
Habitat
Type

Soil Type

Ecosystem Service Endpoints

70K

60K

50K

40K

30K

20K

10K

No Action Breachto Gallinas  Breaches to Gallinas  Breaches to Miller
Creek Creek and Miller Creek
Creek

Connecting Gallinas Creek and/or Miller Creek

Levee removal
W No removal M Partial Removal [l Full Removal

) References >




Conceptual model foundation for ES

assessments and prioritization

To get stakeholders and experts on the same page
To provide an intuitive entry point for those new to ecosystem services

To capture effects of interventions in a transparent and systematic
way

To make sure no critical outcomes/impacts are missing
To reduce time and expertise needed

To reduce duplication of effort

To identify critical research gaps and areas of uncertainty
To identify a subset of socio-economic metrics

To provide consistency

To provide a credible foundation for qualitative assessment,
guantitative assessments or monetary or non-monetary valuation
where such methods are desired.



Report Series: Assessment of Ecosystem Service Value and Program Delivery
Options: Estabiishment of o Scalable Model for Understanding Landowner
Engagement oppartunities.

MAPPING ECOSYSTEM
SERVICES FOR THE GULF
COASTAL PLAINS & OZARKS
LANDSCAPE CONSERVATION
COOPERATIVE

A method for targeting opportunities

Series Description

This repart is ane in 2 series developed in 2 collaberation betwaen Mississippi State University
and Duke University to identify opportunities o engage private landowners in the GCPOLCC in
conservation and restoration activities by focusing on ecosystem service outcomes that are
impartant to them. There are three main pieces of interrelated work: 1) a survey of landowners
1o identify what services are important to them and how willing they are to participate in
conservation er restoration activities; 2} coarse resolution maps of the provision and where
passible demand for ecosystem services in the region; and 3] a social network analysis to
understand how best 10 engage private landowners across the region. The work focused on
three primary habitats of the GCPOLCE; bottomland hardwoods, open pine stands, and
grasslands.

Lydia Olander, Sara Mason, Katie Locklier, Dean Urban, and Christy |hlo
and Christopher Galik

Nicholas Institute for Enviranmental Policy Solutions, Duke Univarsity

Conservation,

Land area in

Gulf Coastal Plains & Ozarks

Landscape Conservation Cooperative

Ecosystem service
data assessment and

mapping

| crop |

Preservation or
Management

crop production

and area in
grassland, forest, or
wetland [pollinator

1) Le

Likelihcod of polinator
wbTAton based on
pollinator habitat in
range of orops that

need pollination

Honey producing

Crop value

| production |

Poifinator ipecied Crop production far 1
population levels in ] crops in need of PonlnatEd
pollinator species IANE. CSEACE OF (104 PSWIESOR W Mg crop value

that need pallination of these pollinators

population levels

Pollinators
captured far
commercial use

Value paid for
pollinators

Honey collected
j Specles populstion within flying distance

Honey
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value

within range of o . .
honey collection sites of protect s::::“th




Services we were able to map...

Service

Food Provision
Timber Production
Pollination

Forest C Sequestration

Water Filtration (proxy for water quality
improvement)

Infiltration Capacity (proxy for flood mitigation
potential)

Biodiversity

Recreational Birding

Recreational Hunting

Description Data Source Scale
Crop sales per acre of cropland USDA Cropland Data Layer (CDL) County
Merchantable timber extractions FIA County
Areas that support pollinators within range of crops that need them National Land Cover Dataset (NLCD); CDL HUC 12
Carbon stored in existing forests USDA FS Forest Inventory Analysis (FIA) database County
Potential additional carbon storage on private lands FIA County
Length of natural habitat in the hydrological flow path between non-point sources NLCD; DEM HUC 12
of pollution and waterways

Length of natural habitat in the flow path between impervious surfaces and NLCD; DEM HUC 12
waterways

Vertebrate species richness EPA EnviroAtlas (GAP project data) HUC 12
Rare species richness EnviroAtlas (nature serve data) HUC 12
T/E species’ critical habitats USFWS n/a
Important Bird Areas Bird Life International/ National Audubon Society n/a
Ebird user areas eBird (Cornell lab of ornithology) HUC 12
Waterfowl harvests USFWS Harvest Branch County

Crop values

Timber Extractions

Pollination Rare Species

Timber Removals Fram Private Land

All Aquatic Imperiled/ Threatened Species

#0f Species
H

Potential C Storage




Conservation vs.
Restoration

For most services we highlighted the areas most important for conservation and

restoration . .
oﬁ)mators: Pollinators:

Conservation Restoration

4
e | g L\y/
Areas with: Areas with:
-large area of pollinator benefitted crops -large area of pollinator benefitted crops
-large probability of pollinator visitation -small probability of pollinator visitation



Combining data layers to answer management questions

Example: i "
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Finding "i;- g ) | Sy
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Natural Capital Accounts (NCA) feed into comprehensive
wealth accounting -- Beyond GDP

Total Wealth

]

Produced | Intangible

Capital i =T E]

i
:

Lirks e Agricult Protected Bl S0¢ial, Human

m i I E E :

1

____________ - -

World Bank 2015

Natural capital accounting is the process of calculating the total stocks and flows of
natural resources and services in a given ecosystem or region.

This process can subsequently inform government, corporate and consumer decision making
regarding the use or consumption of natural resources and land, and sustainable behavior.



https://www.google.com/imgres?imgurl=http://www.worldbank.org/content/dam/Worldbank/Highlights%2520%26%2520Features/environment/Forest%2520numbers-natural%2520capital%2520accounting-1000x673.png&imgrefurl=http://www.worldbank.org/en/topic/environment/brief/environmental-economics-natural-capital-accounting&h=562&w=1000&tbnid=V-TAP02hOI3j9M:&tbnh=160&tbnw=285&usg=__95E30n50qsLWqLPiqhfYDLbBCCY=&vet=1&docid=CVZrVSPxmRfZ5M&sa=X&ved=0ahUKEwiuw4OH4InXAhXDOiYKHQmoB3MQ9QEILDAA

Natural Capital Accounts for ecosystem
services for Southeast Climate Science Center
in partnership with USGS led effort

Analyses are:
$ * Scalable to entire US

» Updateable (current focus on 2001
* Transparent, replicable by USGS
University :/'/ Duke , \%
of Tennessee University *
North Carolma

— 2006 —2011)
State Unlversaty

. Pollination
Auburn Univeésity l(_)f South
iversi arolina . .

CHhERR Water filtration

Biodiversity
Coastal protection
University
® of Florida Forest carbon

Outdoor recreation

Air quality

‘ DEPARTMENT of the INTERIOR
SE CLIMATE SCIENCE CENTER

Duke® B

NICHOLAS INSTITUTE ‘




How is all of this relevant to AP NEP?

1. For core activities (repeated across the region/NEPs)
develop a set of ESCMs to help reduce duplication of
effort, simplify application of ecosystem services, select
a core set of socio-economic indicators that complement
ecological indicators (to allow roll up), increase
consistency and credibility of application, and identify
research gaps. (Useful for implementing National
Disaster Recovery Framework?)

2. Useregional mapping of ecosystem services to inform
prioritization of conservation, restoration, and
management actions, and to track trends over time.

To contact me:;




Same intervention in different systems | Nutrent credits
(habitats)

Aesthetics

Species Existence

Wood products
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