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Agriculture-water interactions in semi-arid regions

Water scarcity in semi-arid regions

* Limited and variable water availability

* Agricultural expansion and unsustainable practices
* Dependence of agriculture on irrigation

* Crop choice and rotation affect hydrology directly

Hydrological assessment using models
* Mostly streamflow, not capture internal water redistribution

* Multi-component assessment is needed
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Research gaps and objective

» Agricultural scenarios often lack direct linkage to local crop and irrigation
practices

* Farmer-informed willingness to adopt alternative strategies is rarely considered

 The combined effects of crop rotation and irrigation management on water
balance and crop yield remain insufficiently quantified

Evaluate how locally informed and exploratory crop-management and irrigation
scenarios affect hydrological components and crop yield in a semi-arid catchment
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Study area — Talwar catchment / Western Iran
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Field survey

* Farmer surveys informed local crop and irrigation practices

* Farmers reported adoption willingness and acceptable yield-loss thresholds

Landscape Field survey
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Model setup

SWAT+ rev. 61.0.01; QSWAT+ 3.9
30 x 30 m DEM, Soil map, land use map

Daily precipitation, Temperature max & min from weather stations

5 elevation bands
74 subbasins and 7119 HRUs

Hargreaves method for potential evapotranspiration
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Model calibration

* Available discharge 2016-2022
Sensitivity analysis: Sobol method
Calibration: 5000 runs using SWATplusR

Non-consecutive calibration approach used to include normal and dry conditions

Performance assessed using NSE, KGE, PBIAS, hydrographs

Calibration Sep 2017-Aug 2019; Sep 2021-Aug 2022

Validation Sep 2016-Aug 2017; Sep 2019-Aug 2021
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Selection of seven representative agricultural HRUs

e Agriculture: wheat (31%), alfalfa (3%), potato
/A Selected HRUs
(3%), cucumber (0.6%), rapeseed (0.4%),
il I S others (1%)
BaS Dominant slope class, same soil texture

Selection considered agricultural distribution
and field-survey locations

Area-weighted calculation

HRU

\:) Crop Slope (%) number Area (ha)
Wheat 0-3 (Lowland) 1585 16.42
Wheat 3-5 (Midland) 4970 537.57
Wheat 5-8 (Upland) 4326 482.73
Potato 3-5 2386 226.44
B Selected HRUs Rapeseed 3-5 6015 21.6
— e Cucumber 3-5 6589 50.87
Alfalfa 3-5 1678 4.14
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Crop management scenarios

Scenarios were based on field observations, literature, expert judgment, and local

conditions

Code Type Scenario information
C-Mono-rW Monoculture rainfed wheat monoculture

,§ C-WACR Mixed crops wheat, alfalfa, cucumber, rapeseed

©

c _ inf heat, alfalfa, fiel )

S C-rWAPeCR Mixed crops rainfed wheat, alfalfa, field pea

2 cucumber, rapeseed

8 C-Mono-Pot Monoculture potato monoculture
C-rWPotR Rotation rainfed wheat - potato - rapeseed
C-rWPot Rotation rainfed wheat - potato
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Irrigation management scenarios

Code Scenario information
S & I-HalfAmount irrigation amount reduced
a g I-LowFreq irrigation frequency reduced
= a I-Drip sprinkler irrigation replaced by drip irrigation
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Results — Model performance evaluation

Simulated and Observed Hydrographs with Precipitation
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Results — Flow duration curves

Flow Duration Curve - Calibration
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Actual Evapotranspiration
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, e Allirrigation scenarios reduced ET
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Soil water change

Soil Water Change (mm)
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* Similar temporal pattern across all

irrigation scenarios

e Positive SW_Change () in 2018 and 2022

* Negative SW_Change (¥) in 2019 and 2021
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Percolation
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Water vield
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Mean water-balance partitioning across scenarios
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e ET dominant
component

* C-Mono-Pot increased
PERCO & WYLD, while
ET lower than the
default

* C-Mono-Pot showed
the highest mean
SW_Change

e C-rWPotR showed the

largest decrease for
SW_Change

16



Crop vield

Yield differences were mainly driven by crop composition

Rainfed wheat scenarios consistently reduced productivity

Potato-based scenarios showed higher yields (ﬂ) >>> crop harvesting differences

Irrigation scenarios caused yield reductions I-Drip showed the smallest yield loss (<10%)ﬂ

Default
C-Mono-rW
C-WACR
C-rWAPeCR
C-Mono-Pot
C-rWPotR
C-rWPot
I-HalfAmount
I-LowFreq
I-Drip

Average 3.16 147 223 1.82 7.99ﬂ 7.93ﬂ 9.68ﬂ 285 2.73 2.98ﬂ
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Water balance components

* ET remained the dominant, but changed relatively less than PERCO & WYLD

« SW_Change showed a clear interannual pattern across scenarios, with

management mainly affecting the magnitude of soil water change

 Management effects were most visible through changes in PERCO & WYLD
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Crop vield

* Crop yield was mainly controlled by crop composition, not irrigation alone

* |-Drip maintained yield closest to the default and remained within the

farmer-accepted yield-loss range
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Limitations and future research needs

 ET & PERCO were not validated
* Limited meteorological data

* [rrigation water withdrawals data

/

v’ Field measurements of ET, soil moisture, irrigation withdrawals, crop yield

v’ Coupling with groundwater modeling

v’ Region-specific crop parameters for local varieties

o

SWAT Conference, Greece, Aliramaee et al., 2026

20




Conclusion

ET remained the dominant

PERCO & WYLD were most sensitive

Reduced irrigation lowered PERCO & WYLD, but caused yield losses

I-Drip provided the best compromise between reduced water losses and

acceptable crop yield

/

Locally informed and exploratory scenario analysis can help identify
management options that better balance water sustainability and
agricultural production.
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Thank you for your attention!

raliramaee@hydrology.uni-kiel.de
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