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Introduction
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Simple representation of crop growth processes in SWAT+
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1. strsw: water stress
2. strstmp: temperature stress
3. strsa: aeration stress

• In-depth understanding of crop growth processes essential for sustainable agricultural management
• Importance of crop parameters for target biophysical process is not identical throughout the growing 

period.
• Crop biophysical processes (i.e., LAI, canopy height, root depth, etc.) also impact hydrological fluxes.
• Interaction between biophysical processes and hydrology can be simulated using SWAT/SWAT+.
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Research Gaps and Objective

3

1. Very few studies explore structure and process understanding of crop growth module
2. How parameter importance in different biophysical processes changes within crop growth 

periods is still unexplored.

Objective: Temporal sensitivity analysis of crop parameters 
involved in biophysical processes for better process 

understanding and model improvement 
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Study Area – Kielstau catchment in Northern Germany
Topography:
• Lowland region (27-78 m

a.s.l) with even topography
Climate (1991-2020):
• Temperature ~9.1°C
• Precipitation ~986 mm/a
Hydroclimatic conditions:
• Low water stress
• Low vapor pressure deficit
LULC:
• Agriculture ~65%
• Urban ~11%
• Grass & Range ~22%
• Forest ~3%
Major crops:
• Barley, Corn, Rapeseed, and

Wheat
(Wagner et al., 2022; DWD, 2026; Lei et al., 2019)



Network for Sustainable crop production under climate change: designing and testing 
regional climate adaptation measures through enhanced ecohydrological modelling

Food Sustain 
- SWAT Conference 2026, Thessaloniki, Greece

Crop Management using Decision Table (lum.dtl) 
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The decision table’s parameters remain constant throughout the simulation.
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Parameters-Biophysical Processes-Forcing in SWAT+
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Methodology 

Selection of parameter range based on 
previous studies

Saltelli et al., 2012; 
https://www.rdocumentation.org/packages
/sensitivity/versions/1.2/topics/fast

Image is generated by https://openai.com/index/chatgpt/ 
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Methodology 
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Parameter sampling

No. Biophysical 
variable

No. of 
parameters

No. of parameter 
combinations

1 Yield 21 2351

2 Biomass 19 1919

3 LAI 13 687
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Methodology 

Selection of parameter range based on 
previous studies

Saltelli et al., 2012; 
https://www.rdocumentation.org/packages
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Image is generated by https://openai.com/index/chatgpt/ 

Parameter sampling

Simulate biophysical processes for all sets of 
parameters
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Methodology 

Selection of parameter range based on 
previous studies
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https://www.rdocumentation.org/packages
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Parameter sampling

Simulate biophysical processes for all sets of 
parameters

Calculate the 1st order partial variance
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Methodology 

Selection of parameter range based on 
previous studies

Saltelli et al., 2012; 
https://www.rdocumentation.org/packages
/sensitivity/versions/1.2/topics/fast

Image is generated by https://openai.com/index/chatgpt/ 

Parameter sampling

Simulate biophysical processes for all sets of 
parameters

Calculate the 1st order partial variance

Understand the spatial and temporal patterns 
of parameter sensitivity at the HRU level  
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Temporal Sensitivity Index (SI) for corn-LAI parameters
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*σ is the daily standard deviation of LAI (sample size = 687).
*max-min is the daily maximum and minimum value among 687 simulations.
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Temporal Sensitivity Index (SI) for corn-LAI parameters
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2010 2010

*σ is the daily standard deviation of LAI (sample size = 687).
*max-min is the daily maximum and minimum value among 687 simulations.

• Sensitivity of lai_pot
continuously increases 
with variance until 
senescence starts.

• tmp_base also controls 
the harvest operation.
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Temporal Sensitivity Index (SI) for winter wheat-LAI parameters

*σ is the daily standard deviation of LAI (sample size = 687).
*max-min is the daily maximum and minimum value among 687 simulations.

• Constant sensitivity of frac_hu1 and tmp_base due to 
prolonged dormancy with low LAI.  
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Temporal Sensitivity Index (SI) for crop biomass parameters
S1: Initial growth
S2: Rapid growth
S3: Maturity - Harvest

corn

winter wheat

• Growth initiation to harvest mainly
controlled by tmp_base

• High SI of corn tmp_opt indicates
control by temperature stress.

• High soil moisture during S1 phase of
winter wheat causes high aeration
stress

• Sensitivity of tmp_opt increases with
biomass
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Temporal Sensitivity Index (SI) for crop yield parameters

• When harv_idx is sensitive:
1. Harvest operation is conducted on the same day in all simulations. Ex: 2011 (corn), 2012 (corn and winter wheat).

• When tmp_base is sensitive:
1. Harvest operation is conducted based on the fraction of heat units. Ex: All years except 2012 (corn).
2. Using the day of harvest value before maturity. Ex: 2012 (winter wheat).

• Stress parameters cause yield variation if harvest operation is conducted before maturity. Ex: 2012 (winter wheat).

corn winter wheat
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Conclusions
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1. Temporal parameter sensitivity analysis on crop variables provides novel knowledge on how
crop simulations are controlled in SWAT+ and emphasizes need for detailed model analyses

4. Differences in results of corn and wheat demonstrates need for crop-specific analysis

5. Proposed framework useful as decision-making tool for site-specific crop parameter selection
while improving process understanding of crop growth module in SWAT+.

2. High temporal variability of parameter sensitivity shows that different parameters are
controlling three growth phases

3. High temporal variability in parameter sensitivity between LAI, biomass and yield shows that
all crop variables need to be addressed separately

Thank you for your attention!!! If you have detailed questions:
bhabeshdasasur14@gmail.com
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