
1

Investigating Ecosystem 
Services in the Arid Southwest

Nita Tallent-Halsell, Donald Ebert, Caroline 
Erickson, William Kepner, Ricardo Lopez, 

Yongping Yuan, Matt Weber
US Environmental Protection Agency
Office of Research and Development

2 November 2009



2

What is an ecosystem service?

Ecosystem services are the benefits and goods that 
people receive from the environment.1

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

1Millennium Ecosystem Assessment 2005. 
2Kroeger and Casey 2007
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Ecological Endpoints

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

•Easy for non-scientist to interpret

•Directly or tangibly used by users, enjoyers, caretakers, 
decision makers…

•Households

•Recreators

•Ranchers

•Farmers

•Planners and politicians
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Nonuse values:
Species preservation, 
Habitat preservation

Biodiversity
Cultural heritage

Consumptive use:
Timber harvesting, 

water supply (irrigation, 
drinking), 

medicinal resources

Direct:
Recreation

Transportation
Aesthetics

birdwatching

Indirect:
UVB protection (shading)

Habitat support
Flood control

Pollution control
Erosion prevention

Non consumptive

Use values

VALUES: Economic, constructed preferences, Community-based,  
Attitudes/judgments, Bio-ecological, Energy based
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Ecosystem Services Approach

To promote good decision making, policy 
makers require information about how and 
how much ecosystems contribute to 
society’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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Riparia Mojave Desert

Dry Land Agriculture Large River



Rangeland Exurban Residential

Rural community Cultural 



15

Santa Cruz and 
San Pedro Watersheds
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THE BURNING QUESTION?
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Determine how to identify, 
characterize, quantify 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 
events

More intense storms

Erodible Soils

& 

Exposed 
shoreline 
sediments

Increase 
exposure to 

contaminants

Increase 
respiratory 

disease
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(modified from Tallis & Polasky 2009)
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Tools

Integrated Valuation of Ecosystem 
Services and Tradeoffs Tool - InVEST
(Natural Capital Project)
Ecosystem Portfolio Model – EPM 
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Decision-maker questions
– 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?

ANSWERS:
landscape-scale, multi-service assessments



The Natural Capital Project

Make conservation economically attractive
– Develop science and policy tools to address 

ecosystem services

– Apply tools in important places

– Support policies to maintain / pay for services

– Change the way ecosystems are viewed

InVEST
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Scenarios (mapped)
Management  Climate  Population

Biophysical Models

Valuation Models

Maps 

Tradeoff curves 

Balance sheets

Maps

Tradeoff curves 

Balance sheets

InVEST
Stakeholders
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Sample input land cover

Source for input 
data 
(Kepner et al 2003)

Assessment of Goods and Valuation 
of Ecosystem Services (AGAVES)
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Database of 
estimated amount of 
carbon pools in 
each LULC derived 
from the literature.

Tallis et al  2008

Carbon storage & sequestration model 
aggregates the carbon in each for an estimate 
of total carbon in each grid cell (Nelson et al 
2009).
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Sample output

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.

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.
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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.

WHAT’S NEXT:
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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 
including 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
Upper San Pedro Partnership
US Department of Interior
US Bureau of Land Management
US Fish and Wildlife Service
US Geological Survey
USDA Agricultural Research Service
University of Arizona
University of New Mexico
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The Ecosystem Portfolio Model
Incorporating 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
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Precipitation

Water Use

Ground water Surface water

Water availability Surface-water Models

Interaction Models

Water use models

Climate change model

Tools
Estimate and manipulate

Water Provisioning

Groundwater Availability Models
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Rare & Unique 
Habitats Criterion
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Analytical Tools Interface for Landscape 
Assessments ATtILA
SLEUTH Urban Growth Model
GAP Habitat Models

OTHER MODELS / TOOLS THAT WILL 
FEED THE SCWEPM



Santa Cruz Watershed Ecosystem Portfolio Model 
Web Interface
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How are the effects of less precipitation 
and increased temperatures on soil 
moisture?

What will the affect be on airborne 
particulates including contaminants and 
allergens?

What will the affect be on human health 
(respiratory distress, asthma, etc)?

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)?
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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?



Goal: Research and 
Methods to be relevant 
and transferable to other 
Nations
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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
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Comments

Questions

Interest

tallent-halsell.nita@epa.gov

702-798-2567
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mailto:tallent-halsell.nita@epa.gov


Ecosystem Service Indicators / 
(measurement 
units)

Models Ecological Endpoints Service Endpoints

Volume/timing Water supply Benefits

Municipal

% impervious 
surfaces

Agricultural

Industrial

Per capita use Producer Profits

Household costs

Municipal utility costs

Food, Fiber, Fuel Production

Recharge Recreation (fishing, boating, etc.)

Aquatic and 
terrestrial species 
diversity, Native 
species richness, 
Functional Type,

T & E species

Resilience, Restoration, 
Biodiversity

Existence Values

Clean water 
provisioning

Drinking water 
quality indicators 
(TDN, Chla, TP, 
DO, TSS, total 
fecal coliform, E. 
coli, etc.)

SWAT Human quality of life

Flood Damage AvoidedFlood Risk Reduction SWAT, other Base flow maintenance

Value of property protected

Water quantity – groundwater / 
surface water

SWAT, AGWA, 
MODFLOW, 
GFLOW,  etc

Water provisioning

WATER



Ecosystem Service Indicators / 
(measurement units)

Models Ecological Endpoints Service Endpoints

Soil organic matter, water 
filtration, nutrients,  
LIDAR

STATSG2, SSURGO, Livestock Productivity 
(yields)

Vegetative cover, Species 
richness, functional types

NDVI, NLCD, 
LandFIRE, NASS, 
Forest production 
Model

Economic outputs

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

Soil contaminants 
(concentrations)

Forest Products

Microbial biomass, soil 
enzymes

Timber production 
Economic outputs

Agriculture, biodiversity Farm Productivity (yields)

Terrestrial Carbon 
Models (InVEST),

Climate Regulation 

SWAT 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

Carbon sequestration 
(plant biomass, Soil C)

Sustainable land 
management, biodiversity

Sustainable land 
management, biodiversity

Land quality provisioning

LAND & SOIL



Ecosystem Service Indicators / 
(measurement 
units)

Models Ecological 
Endpoints

Service Endpoints

Air quality Visual Aesthetic Services

Visibility

Health Effects/ Economic Benefits

Premature mortality incidence

Value of lost life

Lost work days

Hospital admissions & associated costs (etc)

AGI – air quality 
index

Air quality 
provisioning

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

CMAQ-
NLCD/MODIS

AIR
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