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« SWAT is widely used to evaluate hydrologic and environmental

iImpacts.

« 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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« 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.



TE S&M

UN ERSIT Y.

WHY HAWQS IS THE MISSING LINK BETWEEN m
SWAT AND FARM ECONOMICS

Hydrologic and Water Quality System (HAWQS)

A scalable SWAT-based platform for integrated environmental-economic analysis

1. TRADITIONAL SWAT ANALYSIS 2. HAWQS AS AN INTEGRATION PLATFORM 3. ECOHAWQS ECONOMIC FRAMEWORK
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HAWQS provides: EcoHAWQS answers:

SWAT answers: A scalable, standardized pathway that “What are the economic

Better Decisions for
Sustainable Agriculture

“What happens in the watershed?” delivers SWAT-derived environmental consequences for
ppe e 9 and Water Resources

outputs across watersheds. producers?”

HAWQS does not replace SWAT. HAWQS operationalizes SWAT with national data, cloud computing, and standardized outputs—
making it the essential bridge to economic and financial risk analysis.
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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

v' Simulate conservation practice impacts using SWAT

v' Assess crop yield, water budget, and water quality responses

v' Develop stochastic economic simulations based on FARMSIM concepts

v' Support integrated environmental-economic decision making

v' Expected Outputs

Expected Outputs: Environmental Metrics and Economic Metrics

Environmental Metrics Economic Metrics
Crop Yield Net Present Value (NPV), Internal Rate of Return
Water Budget Components (IRR), Benefit-Cost Ratio (BCR), Cash Flow, Financial

Water Quality Indicators Risk Indicators




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

Oregon State University

y College of Engineering
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« 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.

Traditional Approach Proposed Approach
Historical SWATYield Historical
Yield and Price Scenarios Price
\/
! Stochastic
[ Econom|c ] L Simulation
: ]
Analysis ( Financial Risk |
Note: The detailed SWAT-Economics Anaiy3|s
integration framewgrk ahd simulatio'n Decision
workflow are described in the following Support

J/

methodology slides. N




FARMSIM: Quantifying Farm Financial Risk

A stochastic economic simulation framework for evaluating profitability
and resilience under uncertainty

WHAT IS FARMSIM?

FARMSIM is a Monte Carlo-based
farm financial model that simulates
thousands of possible futures by
sampling from probability distributions
of key uncertain variables.

Captures uncertainty in yields,
prices, input costs, and financial
conditions.

Preserves historical correlations
(e.g., yield—price, inflation—costs,
interest rates).

Runs thousands of iterations to
generate distributions of financial
outcomes.

Measures both expected returns
and financial risk.

©OO06C

Instead of a single “average” profit,
FARMSIM provides probabilities of
many financial outcomes.

——

Climate & Environment
Change variability in

yields and water.

UNCERTAIN INPUTS

b B« @ E

Yields
Historical yield
distributions

Prices
Historical price
distributions

Input Costs
Variable & fixed
cost distributions

Financial Factors

HOW FARMSIM WORKS

)
O]
Monte Carlo Simulation

Generate thousands of
alternative futures by
randomly sampling from the
input distributions.
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(DISTRIBUTIONS)

Profitability

M ‘
lll. NPV, IRR, BCR

Cash Flow
Annual cash flows,
working capital

P @

Liquidity & Solvency
Debt coverage, equity,
liquidity ratios

Risk & Resilience
Probability of loss,
bankruptcy risk, downside

N
FINANCIAL OUTPUTS

@ |

risk (VaR, CVaR)

THOUSANDS OF POSSIBLE FUTURES

illl “""m"

Year 2 Outcome

B I Interestrates, inflation,
= taxes, efc.
e
-
Year 1 Outcome
N

DISTRIBUTION OF FINANCIAL OUTCOMES

Left Tail Risk
(e.g., 5% chance of
loss > $100,000)

Probability

FARMSIM Captures
Uncertainty

Model the range of
possible futures.

‘\/’
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Year n-1 Outcome

Expected
(Mean)
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Year n Outcome

Right Tail Upside
(e.g., 5% chance of
gain > $150,000)

/

Profits

Financial Outcomes
Generated
Distributions, not
single values.
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WHY USE FARMSIM?

Incorporates Climate &
Environmental Variability
Uses yield inputs from models
like SWAT to reflect future
conditions.

Evaluates Conservation
Practices & Adaptations

LA Quantifies financial outcomes
of alternative management
strategies.

Quantifies Financial Risk
Measures downside risk,
bankruptcy probability, and
resilience.

o@®e Supports Better Decisions

Provides information needed by
producers, lenders, and policy
makers for risk-informed
decisions.

FARMSIM turns uncertainty
into actionable financial
information.

Better Decisions
Choose strategies that
maximize returns and
manage risk.
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INPUT INTEGRATED STOCHASTIC FINANCIAL SIMULATION FRAMEWORK OUTPUT
/ 1. SWAT Environmental \ P . -
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ce (1. Trend Regression Analysis A Benefit-Cost Ratio II
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Li .
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Preliminary Economic Results

Comparison of Yield Change (%) between Base and Alternative Scenario
0.15
0.13

- =

o
-
=]

* Yield changes between the Base and £ ou
Alternative Scenario 1 were relatively -
small (<0.2% for all target crops). £
« Potato contributed the largest share of Target Crops.
the farm-level NPV increase (60.4%), "omlen =Allala potato
fo”owed by A|fa|fa (3200/0) and Onion - Contribution to Farm-level NPV Change (%) of each target crop

(7.6%).
 The Alternative Scenario(reduced tillage
scenario) increased farm-level

profitability primarily through cost
savings rather than yield improvements.

»n w IS a @
o o o o S
o = = o o

Contribution to Farm-level NPV Change (%)
o
[=]

60.4
32,0
. .

Target Crops

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.

b
=

= Onion = Alfalfa =Potato
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Preliminary Economic Results

Target Crops: Potato, Onion, Alfalfa
Scale: Economic assessment based on aggregated HRU areas for potato, onion,

e Results based on 500 and alfalfa in the Umatilla River Basin
StOChaStiC Si mu |ati0ns ] Net Present Value (NPV) of Net Returns
250.0M
« Alternative scenario ABAM
increased NPV from »00.0M 196.0M
* NPV increased by 2 150.0m
approximately 10.3% ;
relative to the baseline. > oom
4

* Preliminary results subject
to further review and 50.0M
refinement.

Note: Alternative Scenario(Reduced tillage scenario) 0.0M
d d till Fuel d h iabl Base Scenario Alternative Scenario:
represents reduced ti age. ruel an other variable Conservation Practice Scenario (Reduced Tillage)
costs were reduced, while seed, fertilizer, herbicide,
and harvesting costs were held constant. Note: B/C ratio and IRR are currently under review and are not reported in this presentation.
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ECOHAWQS: INTEGRATING ENVIRONMENTAL & ECONOMIC MODELS AT

A seamless framework linking HAWQS and FARMSIM for watershed-scale decision support

o ENVIRONMENTAL MODELING (HAWQS)
Watershed Simulation with SWAT

9 DATA & INFORMATION FLOW

Farm Financial Risk Simulation

\ - Standardized Environmental Outputs
‘ Weather (S \"‘ Spatially and temporally consistent outputs Prices (Crop, Inputs,
@ Livestock, etc.)

Soils

Land Use /
Land Cover

| SR ‘ from HAWQS feed directly into EcoOHAWQS.

Subbasin / HRU-level outputs E Input Costs AI !h
Monthly / Annual time steps »

Consistent units & formats

/H\ Farm Characteristics —
X (Acres, Assets, Debt, Labor) s
o Monte Carlo

Financial Parameters

TEXAS A&M

UNIVERSITY.

;
e ECONOMIC ANALYSIS (FARMSIM) )

Management
& (BMPs, Tillage,

o ¥ (0 EE «

Irrigation, etc.) . '—-A (Interest, Taxes, Insurance) Simulation
Topography 6 SWAT : Metadata & scenario tracking < Thousands of possible
(DEM, Slopes, \ Soil & Water I Qﬁ Uncertainty Distributions financial futures
Stream Network) | Assessment Tool ) Secure transfer via HAWQS platform ‘ ‘
’ o ‘ =0
Environmental Outputs (Spatial & Temporal) ‘ e o o o Economic & Financial Outputs

Linking Environmental to Economic Drivers

Rt Water Quality @
S s o L vewro .
ToamTow ‘?’ (N, P, Sediment) @ Crop Yields \ﬂ Conservation " I I
e et Practice Effects Profitability ( GaHog Liquidity &
':"' . Irrigation n ater Availlabilr - va' |RR, BCR Annual, Wo 'ng Solvenc
y Crop Yield _.l' ~ De?nan d @ Nutrient Losses 0 Irigation Demand Jg~- Climate Variability ( ) Capital) d
SV ) (Scenarios) <
. [ ) et
o Tk Sacion Nutrient Losses v u=
) . Conservation A ‘ms Management X 3
g.i Sediment Load ) ’ Bractice Effects at Subbasin / A et & Erision Practices Risk Metrics Financial Adoption &
HRU Scale AN (VaR, CVaR, Downside Distributions Decision Metrics

Risk, Prob. of Loss)

INTEGRATED DECISION SUPPORT

Linking watershed outcomes to farm financial risk for better decisions.

Evaluate Conservation Assess Climate Support Producers, Watershed Scale = Scalable & Repeatable
Practices Adaptation Strategies . . ® Lenders & Policymakers Q Impact Assessment ' Framework
Environmental & economic Resilience under future '.‘ Actionable insights for A‘ Target resources where - Across watersheds,
trade-offs scenarios informed decisions they matter most regions, and time

financial risk

HAWQS simulates » Standardized outputs » FARMSIM quantifies . @@9® Integrated insights enable
the environment L) flowto EcoHAWQS l.\ smarter decisions
13
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Challenges and Insights ) Coliegeof Engineering

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

14
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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
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« 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

16
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« 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

ca
e EX

culations
pand analyses to additional crops and study regions

e Su

pport future implementation within the ECO-HAWQS@Farm

platform
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