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Background and Motivation

• SWAT is widely used to evaluate hydrologic and environmental 
impacts.

• Economic models are used to assess profitability and financial 
performance.

• These analyses are typically conducted separately.

• Producers need tools that simultaneously evaluate 
environmental and economic outcomes.
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Research Gap

• Although SWAT can simulate the environmental impacts of conservation 
practices, translating these outcomes into financially meaningful information 
for producers remains a major challenge.

• Current farm-level economic assessments often rely on historical yield 
averages and do not explicitly incorporate:
– Climate variability

– Future environmental conditions

– Conservation practice impacts

– SWAT-generated yield responses

• Develop a coupled SWAT–Economics framework that directly links SWAT-
simulated crop yields with farm-level financial risk analysis.

3



4



Objective
• Integrate SWAT-generated environmental outcomes and farm-scale 

economic analysis based on FARMSIM concepts to evaluate conservation 
practices under climate and management uncertainty.

• Study Goals

✓  Simulate conservation practice impacts using SWAT

✓ Assess crop yield, water budget, and water quality responses

✓ Develop stochastic economic simulations based on FARMSIM concepts

✓ Support integrated environmental-economic decision making

✓ Expected Outputs

• Expected Outputs: Environmental Metrics and Economic Metrics

Environmental Metrics Economic Metrics

Crop Yield
Water Budget Components

Water Quality Indicators

Net Present Value (NPV), Internal Rate of Return 
(IRR), Benefit-Cost Ratio (BCR), Cash Flow, Financial 

Risk Indicators
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Study Area
• Study Area: Umatilla River Basin, Oregon

– 2,518 mi² watershed

– Irrigation-dependent agriculture

– Groundwater decline concerns

– Water-rights-driven allocation system

– Agricultural Importance

– Target Crops: Potato, Onion, Alfalfa

• Why Umatilla?

– Existing calibrated SWAT model

– Climate-sensitive agricultural region

– Suitable testbed for conservation planning
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Framework Goal

• Couple SWAT-generated environmental outcomes with farm-
scale economic risk assessment

• Goal: Provide an integrated decision support system for 
evaluating:

– Conservation practices

– Climate adaptation strategies

– Farm profitability

– Financial risk

• Economic assessment is performed using FarmSim concepts 
and financial metrics.
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SWAT–Economic Integration
• Unlike traditional economic models that rely on historical average yields, the 

proposed framework uses SWAT-simulated crop yields that explicitly 
represent environmental variability and conservation practice effects.

• Economic assessment is performed using FARMSIM concepts and financial 
metrics.

Note: The detailed SWAT–Economics 
integration framework and simulation 
workflow are described in the following 
methodology slides.
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ECO-HAWQS Integrated Framework

Coupling SWAT-based            
environmental simulations 

with farm-scale economic risk 
assessment
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Preliminary Economic Results

• Yield changes between the Base and 
Alternative Scenario 1 were relatively 
small (<0.2% for all target crops).

• Potato contributed the largest share of 
the farm-level NPV increase (60.4%), 
followed by Alfalfa (32.0%) and Onion 
(7.6%).

• The Alternative Scenario(reduced tillage 
scenario) increased farm-level 
profitability primarily through cost 
savings rather than yield improvements.

Note: Alternative Scenario(Reduced tillage scenario) represents reduced 
tillage. Fuel and other variable costs were reduced, while seed, fertilizer, 
herbicide, and harvesting costs were held constant.
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Preliminary Economic Results

• Results based on 500 
stochastic simulations.

• Alternative scenario 
increased NPV from 
$196.0M to $216.1M.

• NPV increased by 
approximately 10.3% 
relative to the baseline.

• Preliminary results subject 
to further review and 
refinement.

Note: B/C ratio and IRR are currently under review and are not reported in this presentation.

↑ 10.3% increase

Target Crops: Potato, Onion, Alfalfa
Scale: Economic assessment based on aggregated HRU areas for potato, onion, 
and alfalfa in the Umatilla River Basin

Note: Alternative Scenario(Reduced tillage scenario) 
represents reduced tillage. Fuel and other variable 
costs were reduced, while seed, fertilizer, herbicide, 
and harvesting costs were held constant.
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Challenges and Insights

• Disciplinary “mental frameworks” and language

• Economic data collection

– Multiple data sources and assumptions

• SWAT–Economics linkage

– HRU outputs → farm-level inputs

• Scale mismatch

– Watershed-scale SWAT outputs vs farm-scale economics

• Acreage assumptions strongly affect economic outcomes

• SWAT outputs improve representation of environmental 
variability

• Environmental-economic integration requires interdisciplinary 
collaboration
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Discussion
• Environmental and Economic Integration

– SWAT-generated environmental outputs can be incorporated into farm-scale 
economic assessments.

– Conservation practices can be evaluated using both environmental and economic 
metrics.

• Representation of Uncertainty

– SWAT-derived yield scenarios capture environmental variability.

– Stochastic simulations represent uncertainty in both crop yields and market 
prices.

• Limitations and Ongoing Validation

– Economic results are sensitive to acreage assumptions and input parameters.

– IRR and BCR calculations are currently under review.

– Additional validation is needed before large-scale application.

15



Conclusions

• Developed a coupled SWAT–Economics framework for farm-
scale assessment

• Integrated SWAT-generated environmental outputs with 
stochastic economic simulations

• Demonstrated the potential to evaluate conservation practices 
using environmental and economic metrics

• Preliminary results indicate positive economic impacts under 
alternative conservation scenarios
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Future Work

• Evaluate additional conservation practice scenarios (reduced 
tillage, cover crops, deficit irrigation, crop rotation)

• Incorporate additional environmental indicators into economic 
decision support

• Improve economic parameterization and validate IRR/BCR 
calculations

• Expand analyses to additional crops and study regions

• Support future implementation within the ECO-HAWQS@Farm 
platform
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