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Motivation



• Flashback: SWAT conference 2025 in Korea
o Land use and land cover (LULC) changes significantly impact 

water resources, flooding & water quality

o Dynamic LULC change in SWAT+

o Deforestation experiment 

o BUT: Problems during the melt period

➢What catchment/processes were we modeling? 

➢What was the remaining issue? 

➢What was the solution? 
→ Time-varying snow parameters
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Motivation 



• LULC change in Hubbard Brook 

o Deforestation experiment 
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Motivation 
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• “Land use scenario decision tables” used to include dynamic LULC 
change 

• Streamflow predictions improved
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• However, …
weak performance 
during snow melt period
when LULC changed 
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Motivation 

Time LULC KGE

01.03.1959 
- 01.05.1959 

Forested 0.72

01.03.1968 
- 01.05.1968 

Sparsely 
Vegetated

0.27

01.03.2007 
- 01.05.2007 

Forested 0.75



• Snow parameters highly dependent on LULC 

o van Meerveld and Seibert, 2024:
− High sublimation rates in canopy 

− Melt rates generally higher in open areas

• Snow parameters in SWAT do not depend 
on LULC

• Need for: 
→ time-varying snow parameters possible 
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Motivation 
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Technical implementation 
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Technical implementation 

• How are variable snow 
parameters implemented? 

o New action added 
„snow change“

o Called in the land-use 
scenario decision tables 



Application example: 
Dynamic LULC & snow



• LULC change in Hubbard Brook 

o Deforestation experiment 
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Application example: Dynamic LULC & snow

Start measurements
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Application example: Dynamic LULC & snow

• Two calibration phases

o Before clear-cut 

o After clear-cut

Start measurements
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Application example: Dynamic LULC & snow

• Add second snow-
parametrization 

• Decision table with

o LULC change 
&
Snow parameter 
change
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Application example: Dynamic LULC & snow

Time LULC KGE KGE with 
dyn. snow 

01.03.1959 
- 01.05.1959 

Forested 0.72 0.72

01.03.1968 
- 01.05.1968 

Sparsely 
Vegetated

0.27 0.61

01.03.2007 
- 01.05.2007 

Forested 0.75 0.71

• Discharge prediction during melt 
period improved significantly 
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Application example: Dynamic LULC & snow

• A bit more complicated over time…
…but still a clearly visible improvement!
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Application example: Dynamic LULC & snow

• Limitations:

o Tedious application

o For snow parameters: 
− Separate calibration needed for different 

states

− Also, calibration in different subbasins with 
different LULC possible 

o If not possible, assumptions needed



Outlook: 
Further Applications & 
Thoughts



• Temporal change in snowfall temperature 
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Outlook: Further Applications

Kienzle (2008), A new temperature based method to separate 
rain and snow (modified)



• Usually, only one snow class defined per model

• Calibration by subbasin 

o E.g.: snow cover

• No adaptations for land use →What can we do?
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Outlook: Thoughts



• Snow processes are highly dependent on 
LULC

• When assessing LULC changes in snow-
influenced catchments this should be 
considered

• Dynamic adaptation of snow parameters 
now possible

Thank you ☺
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Take home messages 



Background:
Snow processes in SWAT+ 
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Snow processes in SWAT+ 

• What processes are modelled? 

o Snow fall

Single temperature threshold 
(snofall_tmp)
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Snow processes in SWAT+ 

• What processes are modelled? 

o Snow melt

▪ bmlt​ melt factor for the day

» Calculated with snowmelt_min /_max and day of the year

▪ snocov​ fraction of the HRU area covered by snow

» Uses snowpack and depletion curve 

▪ Tsnow ​ snow pack temperature on a given day

» Dampened function of air temperature

▪ Tmx​ maximum air temperature on a given day

▪ Tmlt ​ base temperature above which snow melt is allowed
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Technical implementation 

• How is snow implemented?

o Specific snow parameterization by HRU in hru-data.hru

o Parametrization in snow.sno

For snow cover calculation
(Depletion curve)

For snow melt factor calculation

Snowpack temperature 



• Time-varying snow parameters:

o All modeled snow processes can be changed over time

• What can we model with that?

o Seasonal changes in snowfall temperature

o Land use change associated impacts on melt pattern
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Snow processes in SWAT+ 



• What processes aren‘t modeled? 

o Glaciers (SWAT+ GL)

o Snow redistribution 

o Mixed Precipitation (SWAT+ GL) 

o Rain on Snow Correction (SWAT+ GL) 

o … 

o Time-varying snow parameters
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Snow processes in SWAT+ 



• Temporal change in snowfall temperature 

27

Outlook: Further Applications

Kienzle (2008), A new temperature based method to separate 
rain and snow (modified)
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