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ECOSYSTEM SERVICES RESEARCH PROGRAM

What is an ecosystem service?

» Ecosystem services are the benefits and goods that
people receive from the environment.!

» The things or characteristics of nature directly valued by
humans.” 2

» Goods: water, food, timber
» Services: flood protection, pollination
» Benefits: health, well being (cultural, spiritual), economics

IMillennium Ecosystem Assessment 2005.
2Kroeger and Casey 2007
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Ecological
Endpoints



Ecological Endpoints

*Biophysical measure, indicators (IBI, habitat suitability
rankings, tissue burdens, DO, nitrate, phosphorus, etc)
that are...

sEasy for non-scientist to interpret

Directly or tangibly used by users, enjoyers, caretakers,
decision makers...

eHouseholds

X 0
*Recreators (s
eRanchers
*Farmers L. ) ©
/ SN~ ~

*Planners and politicians ~ “[~y
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VALUES: Economic, constructed preferences, Community-based,
Attitudes/judgments, Bio-ecological, Energy based

Use values

Nonuse values:

Species preservation,

Consumptive use:
Timber harvesting,
water supply (irrigation,
drinking),
medicinal resources

Habitat preservation
Biodiversity
Cultural heritage

Non consumptive

Direct: Indirect:
Recreation UVB protection (shading)

Transportation Habitat support
Aesthetics Flood control

birdwatching Pol!ution contrpl
Erosion prevention
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Ecosystem Services Approach

= To promote good decision making, policy
makers require information about how and
how much ecosystems contribute to
soclety’s well-being.

= An understanding of the services and
valuation (non-monetary and monetary) of
an ecosystem which can be integrated into

management, policy, and planning relevant
to that ecosystem
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Health and Human Service Climate Regulation:
Provisioning Soil Stabilization Carbon Storage

Clean Water
Provisioning

Food, Fiber,
& Forage
Provisioning

Cultural
Service

Provisioning Recreation

" Provisioning

Flood Energy Habitat
Regulation Provisioning Provisioning
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Santa Cruz and
San Pedro Watersheds
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THE BURNING QUESTION?
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Determine how to identify,
characterize, guantify and map the
ecosystem services &

Linkages among service endpoints
and human health and well-being.
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» What are the consequences of land use change caused by:
 Drought
 Urban expansion / contraction
» Agricultural/range intensification / reduction
« Mineral/resource extraction
« Alternative energy production
* Water resource development
= on Arid and Semi-Arid landscapes
= How are the natural and novel ecosystems affected and what impact might occur to
the services derived from them

* Riparia —clean water, habitat provisioning, cultural (recreation, spiritual,
aesthetic), carbon sequestration

« Shrub and grasslands — clean water, habitat provisioning, recreation,
carbon sequestration, livestock forage

« Forest —clean water, habitat provisioning, cultural (recreation, spiritual,
aesthetic), carbon sequestration, fuel, fiber, air purification

« Urban — habitat provisioning, cultural, human services,
« Agriculture/livestock —food provisioning
= And what are the impacts on human health and well-being
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Climate change

Less rain & snowfall -

Out of season m— Exposed
events shoreline
sediments

More intense storms
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Clean water for human
consumption

Whater for irrigation

Water for reservoirs

Whater flow through run-of-
river power stations

Water flow across
landscape & water import
across landscape

Market value of water
availability

Market value of
crop/agriculture production

Market value of energy
production

Market value of energy
preduction

Crop f agriculture
production

Crop and Agriculture
Production

Market value of crop /
agricultural production

Environmental quality,
natural capital, amenities,
fees, and tourism/frecreation

Environmental quality and
natural capital stock

Total consumer sumplus of
all visitors

Terrestrial carbon storage
and sequestration

Terrestrial carbon storage
and sequestration

Social benefits of avoided
carbon emissions

Habitat to native fauna
{wildlife, fish, and birds)

Species Richness

Market value of
ecotourism, hunting, and
fishing. Non market value

Cultural f aesthetic
attributes of the landscape

Cultural / aesthetic
attributes of the landscape

Non market value

(modified from Tallis & Polasky 2009)
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Tools

* |ntegrated Valuation of Ecosystem
Services and Tradeoffs Tool - INVEST
(Natural Capital Project)

» Ecosystem Portfolio Model — EPM



natural

capital

BN PROJECT

— What places provide the most ecosystem services?

— How would a proposed dam or logging project affect
different ecosystem services and biodiversity?

— What landscape pattern would optimize ecosystem
services now and under likely scenarios?

— Who should pay whom under a proposed PES
program, and how to scale it up?
4 R
ANSWERS:

landscape-scale, multi-service assessments ' Nature €7
L /rvancy/




natural
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melop science and _oI|
ecosystem services

— Apply tools in important p L

— Support poI|C|es to maintain /’pﬁy for services

— Change the way ecosystems af‘e VIeWed
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Scenarios (mapped)

Management Climate Population

1 Maps
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Balance sheets

l Maps
Tradeoff curves

Valuation Models —
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Source for input
data

(Kepner et al 2003)

San Pedro Land Cover
1997 -

LEGEND:

] San Pedro Boundary
Land Cover 1957
W Forent

I Oawoodang
B Mesquis Woodand

Sample input land cover
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Tallis et al 2008

Database of
estimated amount of
carbon pools in
each LULC derived
from the literature.

= | s T T
s Ras=
. r=a—
:""":"' i.._
e
[ e [ | TP
. . Carbon storage & sequestration model
8 s s TRt <+ 4 aggregates the carbon in each for an estimate
bt el "% of total carbon in each grid cell (Nelson et al

2009).
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Land Cover (2000-2020)

Steinitz et al. 2003. Alternative Futures for Changing
Landscapes, The Upper San Pedro River Basin.
Island Press. o . B

.
2000 Constrained Planned
Legend
I Forest [ resquite woomana [ Desen scrun [ Aorcusure [ water P A
B o [ | Grassancs | BT U Bamen e —— T 0
W. Kepner, ESD
Mg of Elemental Carbon r
P High - 3aa00 '— o
l L]

e

| |
L]

i To estimate
carbon
sequestration
over time, the
model will be
applied to current
landscape and
future scenarios
and the difference
in storage will be
calculated.

Table I Scevarios of Ratiie urhanssation of the Upper San Padne River Thsis
in the yesr 2020

Progection: MAL 1983, UITM

Sample output

CONSTHAINEDY s lowes population | 75,500 inbabilest | Ban prescnlly Sofocast for M020
Deselopment i cosoemiraed in mesily exismg developed aess (12 %% wrhan)
Ramsrvon & Il rigat ol sgrculhes within B iver hass

PLANS

Acsstirtacs popalation iscresss as forocanl for 2020 93,000 inksbilanti). Developrment
i i Mty eximting developed afeas fLe. BN urhes s | 5% siburhan ). Reneves
erigaled sgrcsley witkin g |-mils bailer sone of e reer

OPEN T —rA—

mhaty

-------
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WHAT'S NEXT:

Refine scenarios through stakeholder input
Explore literature and expert input for input data

Generated biophysical, economic and cultural
outputs as available in or complimentary to INVEST.

Explore using INVEST output in decision support
framework such as Ecosystem Portfolio Model
(currently being developed in an adjacent watershed,
the Santa Cruz, by US EPA, USGS and other
partners).

Compare with other ESRP community based studies.
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This work builds from several prior and on-going efforts. The
INVEST Modeling and Mapping tool is the product of the Natural
Capital Project, a joint venture among The Woods Institute for
the Environment at Stanford University, The Nature
Conservancy, and World Wildlife Fund.

The geospatial data contained within the San Pedro Data
Browser have been acquired from a number of sources
iIncluding the Arizona State Land Department (Arizona Land
Resources Information System), Instituto del Medio Ambiente y
el Dasarrollo Sustainable del Estabado de Sonora (IMDES),
U.S. Department of the Interior (e.g., U.S. Bureau of Land
Management and U.S. Geological Survey), U.S. Environmental
Protection Agency, and others. The Alternative Futures were
developed by Kepner et al (2004) and C. Steinitz et al (2005).
We thank these researchers and agencies who readily made
data and research available to us.
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AGAVES InVEST contributors

= US Environmental Protection Agency

= The Nature Conservancy LSDA

= Upper San Pedro Partnership & - 2ZUSGS

= US Department of Interior slence o oo

= US Bureau of Land Management T
o B

= US Fish and Wildlife Service
» US Geological Survey
= USDA Agricultural Research Service

= University of Arizona ,Hw‘gﬁannwn
= University of New Mexico gy iy

San

Pedro
Riparian
National
=== Conservation
Area

=

—————
——

.
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The Ecosystem Portfolio Model

* |[ncorporating ecosystem values into land use
planning decision support in South Florida

= Multi-criteria evaluation (ecological,
economic, quality-of-life
= End user driven (Tribes, Stakeholders, Land

use planners — US and Mexico, Land Trusts,
Federal Managers, Water Managers)

= US Mexico Border Environmental Health
Initiative Dataset




Santa Cruz Watershed Ecosystem Portfolio Model

Location Map
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L=gend
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How the EPM works ...

2. Evaluated against multiple
criteria
*lbase Land Price Model

of o "a%,iza" Ecological
ufcomEs I‘*‘?l'.:l,r;,‘iuf'alua- Model

Fragmentation
Water quality

3. Value maps combine user-elicited Restoration 1.

value judgments and criteria scores Quality-of-Life

Indicators

Land Price Map

Ecological Value Map

Affardability,
Risks, Open
Space, ...




& Discharge, 2 Urbanland use E Threatened and @ Deprivation

Taq Evapotranspirati : change o Endangered % Index,

< on, Runoff, £ (Spontaneous T Species, Rare = Preferences,

< Water Yield, = growth, New and Unique = Public Values for

£ Sediment Yield, Spreading Center Habitat, 3 Change, Property
Precipitation, Growth, Edge Biodiversity, Values, and
Steady and Growth, and Fragmentation Property Tax
Nonsteady Flow Road-Infleunced and Patterns, Revenues

Ecological

Restoration

Results of models are |
converted to potential
Criterion

User-elicited value judgments and criteria scores are combined to generate

Ecosystem Service Value Maps

Regulation of
river flows
and
groundwater
levels

Fulfillment of -
Maintenance

and
regeneration
of habitat

Provision of
shade and
shelter

Prevention
of soil
erosion

Maintenance
of healthy
waterways

people's
Cultural and

Spiritual

needs
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Water Provisioning

Ground Wate% Surface Water

=

Tools
Estimate and manipulate

Climate change model

Groundwater Availability Models
Interaction Models

Surface water Models

——
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Ecological
Value Model

Terrestrial \Vertebrate Species Richness

Criterion

Unique

Blodwer5|ty Potential

s Criterion

LR L

i
i

’ Cell-wise Aggregate
“Ecological Value”

Attribute-based
Rankingmodel

Water Quality Buffer Potential Criterion

Fragmentation & Patterns Criterion

_ USFWS«Mm‘n-

h° Plan model
. H.'

Threatened &
Endangered
Species Criterion

¢ -||:,.—-

AttributerBaseds

YRENKING MedE]

¢

Restoratcn Potential

Criterion
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OTHER MODELS / TOOLS THAT WILL
FEED THE SCWEPM

= Analytical Tools Interface for Landscape
Assessments ATIILA

= S| EUTH Urban Growth Model
= GAP Habitat Models




Santa Cruz Watershed Ecosystem Portfolio Model
Web Interface

| ¥ Santa Cruz Watershed Ecosystem Portfolio Model - Mozilla Firefox

File Edit “iew History Bookmarks Tools  Help

6 r C X ’.‘@, o ﬁ - @ [ L] httpi/f130.11,33 25/santacruz] oy -

|W » Wikipedia (English) p|

i___l Local Websites |__-| Server Websites ® GRASS |j CperLayers WP ¥UT | (3 MapServer Mapfile |j My GMap D Yiew My Map i: =l |j EGIS % Find Person % EGSC % BEHI

] |:’| Santa Cruz Watershed Ecosystem Pa...l =5 |
% A8 ! I - \ USGS Home
(== g = & 'y : Contact USGS

\

A

science for a changing world &k . e s por Search UsSGS

Santa Cruz Watershed Ecosystem Portfolio Model (Prototype)
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Map 170 Info Results

¥ General Data
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International Boundary
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SWESP Tribal Pilot

Tohono O’'odham Nation San Xavier District

How are the effects of less precipitation
and increased temperatures on
agriculture and livestock?

What will the economic impact on the
community?

What will the affect be on human health
(increased poverty, reduction in health
care infrastructure)?

e CE—— g
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SWESP Tribal Pilot

' Tohono O’odham Nation San Xavier District

How are the effects of less precipitation
and increased temperatures on riparian
ecosystems (natural and novel)?

What will the affect be cultural and
spiritual values?
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Santa Cruz Watershed Ecosystem Portfolio
Model contributors

EPA: Nita Tallent-Halsell, Matt Weber, Don Ebert, Michael Jackson, Caroline
Erickson

USGS: Laura Norman, Bill Labiosa, David Strong, James Callegary,Jean
Parcher, Mark Bultman, Cynthia Wallace, Kathryn Thomas, Miguel Villareal,
Jherime Kellermann

Sonoran Institute: Amy McCoy, Joe Marlow

University of Arizona: Katie Hirschboeck

Arizona Department of Environmental Quality: Hans Huth, Craig Tinney
National Park Service: Jeremy Moss

The San Xavier District of the Tohono O’Odham Nation (Austin Nunez, Scott
Rogers)

EPA Region IX (Robert Hall, Jared Vollmer, Sam Ziegler)
Friends of the SCR (Ben Lomeli and Sherry Sass
Arizona State University (Francisco Lara-Valencia)

The Nature Conservancy (Brooke Gebow and JB Miller)

The University of Arizona’s U.S.-Mexico Binational Center for Environmental
Sciences and Toxicology (Jay Gandolfi, Jim Field, Raina Maier, Joaquin Ruiz,
Eric Betterton, Bill Sprigg, John Chesley, Robert Lantz and Paloma Beamer)

Angela Donelson



Comments
Questions

Interest


mailto:tallent-halsell.nita@epa.gov

Volume/timing SWAT, AGWA, Water quantity — groundwater / | Water supply Benefits
MODFLOW, surface water Municioal
GFLOW, etc P
% impervious Agricultural
surfaces
Industrial
Per capita use Producer Profits
Household costs
Municipal utility costs
Food, Fiber, Fuel Production
Recharge Recreation (fishing, boating, etc.)
Aguatic and Resilience, Restoration, Existence Values
terrestrial species Biodiversity
diversity, Native
species richness,
Functional Type,
T & E species
Drinking water SWAT Human quality of life
quality indicators
(TDN, Chla, TP,
DO, TSS, total
fecal coliform, E.
coli, etc.)
SWAT, other Base flow maintenance Flood Damage Avoided

Value of property protected



Soil organic matter, water
filtration, nutrients,
LIDAR

STATSGZ, SSURGO,

Vegetative cover, Species
richness, functional types

NDVI, NLCD,
LandFIRE, NASS,
Forest production
Model

Land quality indicators
(nutrient balance, yields,
land use diversity &
intensity),

Sustainable land
management, biodiversity

Livestock Productivity
(yields)

Economic outputs

Soil contaminants
(concentrations)

Microbial biomass, soil
enzymes

Sustainable land
management, biodiversity

Forest Products

Timber production
Economic outputs

Agriculture, biodiversity

Farm Productivity (yields)

Terrestrial Carbon
Models (InNVEST),

SWAT

Carbon sequestration
(plant biomass, Soil C)

Climate Regulation

C trading credits

Habitat suitability
Models (USFWS),
GAP

Biodiversity,

Existence Values, Rare
species
existence/persistence,
Ecosystem
resilience/persistence,Recrea
tion, (Hiking, Hunting,
Birding, etc.), Tourism
related jobs



AIR

Air quality
provisioning

Ozone, NOX,
SOx, Particulate
Matter2.5, VOCs

CMAQ-
NLCD/MODIS

Air quality

Visual Aesthetic Services

Visibility

AGI — air quality
index

Health Effects/ Economic Benefits

Premature mortality incidence

Value of lost life

Lost work days

Hospital admissions & associated costs (etc)
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