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Integrated Hydro-Economic Modeling for Drought 
Management in Data-Scarce, Snow-Fed Agricultural 

Basins under Climate Change. 
Insights from the Orontes Basin, Lebanon



Motivation: Why Hydrology Alone is not enough for Drought Policy

PMP
Micro-

economy 
model



Conker, A & Hussein, H (2020)

Why integrate SWAT with PMP?
• Agricultural basins face increasing drought, climate 

variability, and water scarcity.
• This is critical in snow-fed and data-scarce basins, 

where water depends on climate, snowmelt, 
groundwater, and irrigation.

• Drought management is both a hydrological and 
economic challenge.

• SWAT shows how water resources respond to 
climate change and irrigation restrictions.

• However, SWAT cannot show how farmers adapt 
their decisions under water scarcity.

• Integrating SWAT with PMP allows us to evaluate 
both:
• Water-resource recovery
• Farmers’ economic viability
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How much irrigation can we reduce before farmers lose too 
much?

Can drought restrictions recover water resources while 
keeping farm income losses acceptable?

Research question



Snow- Calibrated SWAT Model Setup and Performance



Subbasin
29

HRUs
435

Area
2100 𝑘𝑚2

Calibration
1989 to 2004

Validation
2005 to 2013

Warm up
3 years

KGE                           0.82 
R-squared (R²)        0.72

Snow-Calibrated SWAT Model Setup and Performance



0

2000

4000

6000

8000

10000

12000

14000

Wheat Potato Onion Table
Grapes

Apples Cherries Olives

A
re

a 
(h

a)

Crops

Crops area
Irrigated
Rainfed

PMP Economic Model: Simulating Farmers’ Adaptive Decisions



A two- way feedback loop captures the reality of adaptation



Drought Management Plan: Trigger-Based Irrigation Restrictions



NASA NEX-GDDP-CMIP6 dataset
Bias-corrected by the Centro Euro-Mediterraneo sui Cambiamenti Climatici (CMCC) 

Climate forcing: SSP1-2.6 and SSP5-8.5 from NEX-GDDP-CMIP6



Streamflow Remains Stable, but Aquifer Storage Responds Strongly

Streamflow

Groundwater
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• Farmers do not reduce all 
crops equally.

• Low-margin crops such as 
wheat are reduced first, 
while high-value crops such 
as potatoes are protected.

• Therefore, income losses are 
smaller than proportional 
water reductions.

• If you cut a farmer’s water by 
20%, their income doesn’t drop 
by 20%.

Farmer response: Farmers Adaptation Makes Income Losses Non-Linear





Moderate Restrictions Provide the best  Hydro-Economic Trade-Off



Interpretation: The Moderate DMP Avoids the Economic Breaking Point 



The Best Drought Strategy Balance Aquifer Recovery and Farm Visibility



Limitations

•Uncertainty is not only parametric, but it is also 
structural.

•Alternative economic assumptions, constraints, and 
objective functions should also be tested.



Thank you for your 
attention

Haniyeh Salmani
Haniyeh.Salmani@imdea.org
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