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Are Carrots, Corn and Cattle Really  
Provided by Nature?

If Not, How Can We Appropriately Identify the 
Goods and Services Derived from Agroecosystems?



What is the Problem?

We need to develop a science based environmental currency that 
can be consistently used for multiple purposes such as:

• Quantification of Ecosystem Services

• Mapping of Ecosystem Services

• Modeling of Alternative Futures (Restoration, Climate Change, 
Land-use changes, etc.)

• Policy Decisions (what if?  Trade-off analyses) 

• National Ecosystem Services Accounts

• Support Valuation (monetary and/or non-monetary)

…and Agroecosystems (i.e. cultivated lands) are important sources 
of ecosystem services



Final Ecosystem Services
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“components of nature, directly 

enjoyed, consumed, or used to yield 

human well-being” (Boyd & Banzhaf 2007)

Advantages of a Final Ecosystem Services Approach:

• Comprehensive
• Minimally duplicative (unlike the MA)
• Identifies potential beneficiaries (users)
• Facilitates metric selection
• Works at multiple spatial scales (with some minor adjustments)
• Broadly applicable



Final Ecosystem Services Approach
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“components of nature, directly 

enjoyed, consumed, or used to yield 

human well-being” (Boyd & Banzhaf 2007)

Environmental Class Beneficiary+  FEGS

Five Key Steps:

1. Clearly define the environmental boundaries
2. Identify categories of beneficiaries (users)
3. For any Beneficiary and Environmental Class, hypothesize POTENTIAL FEGS 
4. Identify and avoid “intermediate services” (generally processes and functions)
5. Establish boundaries (EcolPF:EconPF, corn and carrots, lithosphere, 

hydrosphere)



Gilliam County, Oregon



Environment

Total

Economic

Benefit

Generic

Production Function

Human

Well-Being



Ecological

Production

Functions

Environment

Total

Economic

Value
Economic

Production

Functions

Human

Well-Being

FEGS



Ecological

Production

Functions

FEGS
Processes/

Functions

Input of

Labor &

Capital

Environment
Human

Well-Being

FEGS

Beneficiary

Economic

Production

Functions

Intermediate
Goods and Services

Example : Agroecosystems



Identifying FEGS
• By using the FEGS approach, an infinite list of ecosystem services was 

pared down to ~500 FEGS
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• FEGS-CS is an operational framework that 
standardizes identification of ecosystem 
services at multiple spatial scales

• Published EPA Report
– Available at https://gispub.epa.gov/FEGS
– EPA/600/R-13/ORD-004914

• Interactive FEGS-CS website (developing…)
– Create and download custom checklists of 

potential FEGS
– Link with Atlas, mapping and models
– Provide comments to the authors
– Participate in forum discussions
– Web development currently in progress









Why?

Cabbage is Not a FEGS

13

• Beneficiaries (e.g., farmers) 
directly interact with soil.

• Soils are the ecological foundation 
for producing food and fiber.

• Soil “health” may be measured 
using several indicators (e.g., bulk 
density, reactive carbon, soil 
enzymes, earthworms, etc).

Soils are FEGS

• Crops have a large and 
quantifiable input of human 
labor and capital.

• Crops are already accounted for 
in national industrial accounts.

• Crops are not naturally occurring 
in the environment – they are a 
product of compound 
production.



Environmental Classes
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“components of nature, directly 

enjoyed, consumed, or used to yield 

human well-being” (Boyd & Banzhaf 2007)

Environmental Class
• 15 Environmental Sub-

Classes

• Facilitate classification 
of any area in the world

• Boundaries can be 
identified and mapped 
using satellite



Goal

Ecosystem 
Understanding –

Science

Accounting/
Models/Status 

FEGS could well function as the Environmental Currency of the
ecosystem component of sustainability.

Final Ecosystem Goods and Services
(Measurement, verification and future state)

Resilience
(Production functions - response 

of ecosystems to drivers and stressors)

Sustainability
(adequate performance

for human needs)
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Relationships among Nature and Economic Systems
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Thank You



FEGS-CS Classification Scheme
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Distinguishing 
FEGS from Non-

FEGS

• We used rigid 
boundaries for FEGS, 
and made our 
boundary decisions 
explicit in FEGS-CS


