
Improving SWAT+ Representation of CropʋHydrologic
Processesunder Elevated:ºɜfor Reliable Hydrological
Projections

ÝǌŔǔŔƛǡŹƛŭɮŅȇɻɮ
àƦǩŴƦƐƐĪŴɮAĪȀĪǌǉĪƛĪŴ

AŹǔņŹǉƐŹƛŔɺɮnƛǔǡŹǡǩǡŔɮʦɮAŔǉĪǌǡƙŔƛǡɻɮ
IƛȟǌƦƛƙŔƛǡĪƐɮIƛŭŹƛŔŔǌŹƛŭɺɮ­ŹƛŹƛŭɺɮĪƛōɮIƛŔǌŭȇ
nƛǔǡŹǡǩǡŔɮƦŬɮIƛȟǌƦƛƙŔƛǡĪƐɮIƛŭŹƛŔŔǌŹƛŭ
AŔǉĪǌǡƙŔƛǡɮƦŬɮiȇōǌƦƐƦŭȇɺɮ­ŔǡŔƦǌƦƐƦŭȇɮĪƛōɮ

ēĪǡŔǌɮ­ĪƛĪŭŔƙŔƛǡ

SWAT Conference2026ʋHydrology: G2
19 June 2026

Rouhollah Davarpanah1ɺɮ­ŹƍƦƘĪƊɮÝŹƛŹŔȁǔƍŹ2, Kelly R. Thorp3, Katrin Bieger4
1 & 2 - Department of Hydrology, Meteorology and Water Management, Institute of Environmental 
Engineering, Warsaw University of Life Sciences, Warsaw, Poland
3 - US Department of Agriculture (USDA), Agricultural Research Service (ARS), Grassland Soil and 
Water Research, Temple, TX 76502, USA
4 - Department of Ecoscience, Aarhus University, Aarhus C, 8000, Denmark



1

2

3

Introduction Results

ȫ

Methodology

2/ 18

Outline

Conclusions and 
Future 

Perspectives



Schematic representation of the effects of e[CO2] on crop growth and hydrologic processes
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¯ĪȟŭĪǡŹƛŭɮ:ƦƙǉƐŔȆŹǡȇɻɮ ǔǔŔǔǔŹƛŭɮŔ:ºɜɮIȖŔņǡǔɮƦƛɮŭǌƦʊiȇōǌƦƐƦŭŹņĪƐɮèȇǔǡŔƙǔ
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Current hydrological, land surface, and crop growth models often exhibit substantial limitations in
representing the effects of e[CO2], which contributes to modeling uncertainty (Swannet al., 2016).
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Motivation and Study Contributions
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UNEnvironmentProgramme(UNEP)

Theworld is on track to warm by between 2°Cand 3°C

ôŴŔȁƦǌƐōŹǔƦƛǡǌĪņƍǡƦȁĪǌƙŅȇŅŔǡȁŔŔƛȩÁ:ĪƛōȪÁ:

climate modelsshow the 1.5°Cgoal is dead
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Review and Model Development Methodology:
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Systematic Literature Review Methodology:

àŔǔŔĪǌņŴɮ
nōŔƛǡŹțņĪǡŹƦƛɮ
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Experimental: Tier 1: n=39, Tier 2: n=57
Modeling: Tier 1: n=73, Tier 2: n=47
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SWAT+ Model Development Methodology for Improved eCOɜɮèŹƙǩƐĪǡŹƦƛ
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èņŔƛĪǌŹƦɮèŔǡǡŹƛŭɮŬƦǌɮ­ƦōŔƐɮAŔȀŔƐƦǉƙŔƛǡɮĒŔǌŹțņĪǡŹƦƛ
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Key Insights from Literature Review
Evidence maps of response variables in experimental (a; Tier 1: n=39, Tier 2: n=57) and modelling (b; Tier 1: 
ƛ˫ȮȪɺɮôŹŔǌɮȩɻɮƛ˫ȫȮʒɮǔǡǩōŹŔǔɮƦƛɮņǌƦǉɮĪƛōɮŴȇōǌƦƐƦŭŹņĪƐɮǌŔǔǉƦƛǔŔǔɮǡƦɮŔʕ:ºɜʖɹɮ
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VExperimental evidence is dominated by C3 crops, particularly wheat.

VYield, biomass, WUE, and stomatal conductance are the most frequently reported responses.

VEvidence is substantially richer for crop than hydrological processes.



Key Insights from Literature Review
IȟōŔƛņŔɮƙĪǉǔɮƦŬɮǌŔǔǉƦƛǔŔɮȀĪǌŹĪŅƐŔǔɮŹƛɮŔȆǉŔǌŹƙŔƛǡĪƐɮʑĪɼɮôŹŔǌɮȨɻɮƛ˫ȪȰɺɮôŹŔǌɮȩɻɮƛ˫ȬȮʒɮĪƛōɮƙƦōŔƐƐŹƛŭɮʑŅɼɮôŹŔǌɮȨɻɮ
ƛȮ˫ȪɺɮôŹŔǌɮȩɻɮƛ˫ȫȮʒɮǔǡǩōŹŔǔɮƦƛɮņǌƦǉɮĪƛōɮŴȇōǌƦƐƦŭŹņĪƐɮǌŔǔǉƦƛǔŔǔɮǡƦɮŔʕ:ºɜʖɹɮ
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VCrop Models: Heavily skewed toward Yield/Biomass, lacking broader hydrology.

VCoupled Models: Most balanced; effectively capture both Yield and Runoff.

VEarth Models (LSMs): Dominate macro-scale fluxes (ET & Streamflow).

VMajor Gap: Water Quality and Soil Moisture are broadly neglected across all paradigms.



Key Insights from Literature Review
Comparisonof C3 and C4 crop responsestoŔʕ:ºɜʖacrosssix physiological and hydrological parameters (ExpStudies).
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VęŹŔƐōɮʦɮ9ŹƦƙĪǔǔɻɮèŹŭƛŹțņĪƛǡɮŹƛņǌŔĪǔŔɮŹƛɮ:Ȫɼɮ

ƙŹƛŹƙĪƐɮǌŔǔǉƦƛǔŔɮŹƛɮ:ȫɹ

VèǡƦƙĪǡĪƐɮ:ƦƛōǩņǡĪƛņŔɻɮèǡǌƦƛŭɮǌŔōǩņǡŹƦƛɮĪņǌƦǔǔɮ

ŅƦǡŴɮņǌƦǉɮǡȇǉŔǔɹ

VôǌĪƛǔǉŹǌĪǡŹƦƛɻɮ:ƦƛǔŹǔǡŔƛǡɮōŔņǌŔĪǔŔɮŬƦǌɮĪƐƐɮņǌƦǉǔɹ

VēĪǡŔǌɮûǔŔɮIȗņŹŔƛņȇɻɮèǩŅǔǡĪƛǡŹĪƐɮŹƙǉǌƦȀŔƙŔƛǡɺɮ

ǉĪǌǡŹņǩƐĪǌƐȇɮŹƛɮ:Ȫɹ


