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• How do we model complex linkages between decision-making, land 
use and management, and ecosystem services?

• Can modeling of socio-ecological systems contribute to payment for 
watershed services programs (PWS) design?

• How do we define optimality in PWS program design?

Research questions



XalapaCoatepec
~75,000 pop. ~500,000 pop.

Pico de Orizaba 5,600 m a.s.l.
Cofre de Perote 4,200 m a.s.l.

Veracruz



Study Site: Veracruz, Mexico
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Conceptual Framework
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Data Collection: Biophysical System



Data Collection: Socioeconomic Dimensions



A few results from fieldwork

• For the most part, older forests tend to be “better” in terms of ecosystem 
services metrics and pastures and crops tend to be “worse” (Berry et al.)

• But, there are some unexpected results for biodiversity and flows which 
will likely lead to tradeoffs between ecosystem services (Berry et al.)

• PWS participants tend to be older, environmentally inclined, and own 
more land area compared to non- participants. (Salcone & Jones)

• ~70% of participants would not change their land use if the PWS 
program did not exist (low additionality). (Cordoba & Selfa)



12

Scenarios: climate, federal and state policies, markets…
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“Toy” model

• Pixels = land use/land cover (LULC) type
• Independent variables (socioeconomic, biophysical)
• Dependent variables: ecosystem services metrics



Model parameterization (watershed 
pixels)
• Independent variables
• Socioeconomic

• Income
• Conservation awareness

• Biophysical
• Soil physical properties
• Slope
• Precipitation

• Dependent variables:  
• Participation in PWS: model
• LULC change: model
• Low flow: model, field data
• Annual yield: model, field data
• Biodiversity: field data
• Carbon storage: field data
• Watershed Sustainability Index = equal 

weighting of above



Old
A B C D E F G H I J

1 For_Pri For_Pri For_Pri For_Pri For_Pri For_Int For_Int For_Int For_Pri For_Pri
2 For_Pri For_Pri For_Pri For_You Ca_Ext Pa_Int Pa_Int Pa_Ext For_You For_Int
3 For_Pri For_Pri For_Pri For_You Ca_Ext For_Int Pa_Int Ca_Int For_Int For_Int
4 Pa_Ext Pa_Ext For_Pri Pa_Int For_You Pa_Int Pa_Int Ca_Int Ca_Int For_Int
5 For_Pri Pa_Ext Pa_Ext Pa_Int Ca_Ext Pa_Ext Pa_Ext Ca_Int Ca_Int For_You
6 For_Pri Pa_Ext For_Int For_You For_You For_You Pa_Ext Ca_Int Ca_Int For_You
7 For_Pri For_Int For_You For_You For_You Ca_Int Crop Crop Ca_Int Crop
8 For_Pri For_Int For_Pri For_You For_You Ca_Int Crop Crop Crop Crop
9 For_Pri For_Pri Ca_Ext Ca_Ext Ca_Ext Ca_Int Crop Crop Crop Crop

10 For_Pri For_Pri For_Pri For_Pri For_Pri Ca_Ext Crop Crop Crop Crop

New
A B C D E F G H I J

1 For_Pri For_Pri For_Pri For_Pri For_Pri For_Int For_Int For_Int For_Pri For_Pri
2 For_Pri For_Pri For_Pri For_You Ca_Ext Pa_Int Pa_Int Pa_Ext For_You For_Int
3 For_Pri For_Pri Pa_Int Pa_Int Ca_Ext Pa_Int Pa_Int Ca_Int For_Int For_Int
4 Pa_Ext Pa_Ext Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Ca_Int Ca_Int For_Int
5 For_Pri Pa_Ext Pa_Ext Pa_Int Ca_Ext Pa_Ext Pa_Ext Ca_Int Ca_Int Pa_Int
6 For_Pri Pa_Ext Pa_Int Pa_Int Pa_Int For_You Pa_Ext Ca_Int Ca_Int For_You
7 For_Pri For_Int For_You For_You For_You Ca_Int Crop Crop Ca_Int Crop
8 For_Pri For_Int For_Pri Pa_Int Pa_Int Ca_Int Crop Crop Crop Crop
9 For_Pri For_Pri Ca_Ext Ca_Ext Ca_Ext Ca_Int Crop Crop Crop Crop

10 For_Pri For_Pri For_Pri Pa_Int Pa_Int Ca_Ext Crop Crop Crop Crop

New
A B C D E F G H I J

1 Y Y Y Y Y Y Y Y Y Y
2 Y Y Y Y NE NE NE NE Y Y
3 Y Y N N NE N NE NE N N
4 NE NE N NE N NE NE NE NE N
5 Y NE NE NE NE NE NE NE NE N
6 Y NE N N N N NE NE NE N
7 Y Y N N N NE NE NE NE NE
8 Y Y N N N NE NE NE NE NE
9 Y Y NE NE NE NE NE NE NE NE

10 Y Y N N N NE NE NE NE NE

Worst Case
A B C D E F G H I J

1 Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int
2 Pa_Int Pa_Int Pa_Int Pa_Int Ca_Ext Pa_Int Pa_Int Pa_Ext Pa_Int Pa_Int
3 Pa_Int Pa_Int Pa_Int Pa_Int Ca_Ext Pa_Int Pa_Int Ca_Int Pa_Int Pa_Int
4 Pa_Ext Pa_Ext Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Ca_Int Ca_Int Pa_Int
5 Pa_Int Pa_Ext Pa_Ext Pa_Int Ca_Ext Pa_Ext Pa_Ext Ca_Int Ca_Int Pa_Int
6 Pa_Int Pa_Ext Pa_Int Pa_Int Pa_Int Pa_Int Pa_Ext Ca_Int Ca_Int Pa_Int
7 Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Ca_Int Crop Crop Ca_Int Crop
8 Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Ca_Int Crop Crop Crop Crop
9 Pa_Int Pa_Int Ca_Ext Ca_Ext Ca_Ext Ca_Int Crop Crop Crop Crop

10 Pa_Int Pa_Int Pa_Int Pa_Int Pa_Int Ca_Ext Crop Crop Crop Crop

PWS Program Design

participation

worst case simulation:
all Forests → Intensive Pasture

PWS program simulation:
Target: reduce deforestation
Payment = .0001 $/pixel
Some Forests → Intensive 
Pasture

Start from “initial” 
distribution of LULC 
(8 categories)



PHS Scenario: Vary PHS 
target/eligibility

• All Forests (LULC)
• Primary Forests Only (LULC)
• All Forests plus Coffee (LULC)
• High Hydro Recharge (Map based)
• High Deforestation Risk (Map based)

• Payment = 0.001 $/pixel
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Summary and Next Steps

• We’ve established a conceptual framework describing the 
complex interactions and feedbacks created by PWS within 
CNHS. 

• We’ve developed and tested a “toy” PWS-CNH model that will 
have the ability to simulate impacts of different PWS 
scenarios on ecosystem service benefits and trade-offs. 

• Gaps to fill:
(a) integration of qualitative with quantitative information on 

outcomes and decision-making; 
(b) scaling of household- and plot-level data to the watershed level; 
(c) development of a holistic watershed sustainability index that 

integrates biophysical and socioeconomic metrics; 
(d) improved ecosystem services models



Payments for Watershed Services
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“producers” of hydrologic 
services: upstream 
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