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Water-
retention 
challenge in 
Neustadt a.d. 
Aisch

• Low precipitation and limited 
groundwater recharge

• Increasing drought and heavy-
rainfall stress

• Historical drainage structures 
accelerate water export

→  Need for decentralized retention measures
Bayerisches Landesamt für Umwelt (2021)
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GrüneGräben+

• Small overflow weirs retain runoff in 
agricultural ditches.

• Expected effects:
- slower drainage
- enhanced infiltration and 

groundwater recharge
- increased soil-water availability
- reduced downstream runoff peaks
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Buchholzgraben plot-scale test site

4



Data basis
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Forcing and spatial data

• Weather forcing: local monitoring + nearby 
official stations

• Land use: drone imagery + field verification

• Soil: site-specific profile data

• Geometry: GPS/drone-based ditch survey 
and DSM (~10 cm)

Evaluation

• Ditch ponding water level

• Soil moisture

• Perched groundwater level

• Water-level–storage relationship

• Weir overflow



Model setup with SWATbuildR

• Flexible, script-based control of HRUs, 
routing objects, and connections.

• Direct integration of mapped ditch and 
channel networks.

• Ditch-weir implemented as a reservoir 
object within the SWAT+ routing 
network. Schürz et al. (2022)
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Model Setup
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Reservoir

14.83 ha



Reservoir Release Rules
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Empirical  water level-storage rating curve Implemented SWAT+ parameter

Parameter Value

Release Daily

areaps 60 m2

volps 50 m3

k 2.2 mm/h

evapco 0.6

shpco1 0

shpco2 0



Storage behavior
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Reservoir seepage
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• Seepage represents reinfiltration 
from temporary ditch storage

• Annual seepage ≈ 11 × max. ditch 
storage volume

Limitation
• SWAT+ treats reservoir seepage as 

system loss
• Therefore: no feedback to aquifer 

or soil water storage



Weir overflow
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Soil water storage
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Observation



Aquifer Response
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• Seasonal shallow-aquifer 
dynamics are reproduced.

• Wet-period filling is 
consistent with perched 
groundwater observations.

• Aquifer return flow is 
concentrated in wet periods.



Conclusion

• SWATbuildR enabled transparent implementation of the ditch–weir 
structure and routing connections.

• Dominant storage and release dynamics of the ditch–weir system 
could be reproduced.

• Independent evaluation using outflow, soil moisture, 
evapotranspiration, and water-balance diagnostics supported the 
overall model behaviour.

• Structural limitation: reservoir seepage is represented as a terminal 
loss, without feedback to soil-water or groundwater storage.
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Outlook

• Modify the SWAT+ source code: 
implement state-dependent 
exchange between the reservoir 
and subsurface.

• Transfer the approach to 
catchment scale with 
connected ditch networks and 
cascading weirs.
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Proposed Model Setup
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Flux HRU to Reservoir

Flux Reservoir to HRU

Flux Reservoir to Reservoir

HRU

Reservoir

Channel

Reservoir-to-HRU seepage flux

• Seepage is limited by the available soil-water storage capacity of adjacent 
HRUs.

• Seepage is routed only to designated ditch-buffer HRUs.

• The transferred water is added to the HRU soil-water storage

• Each reservoir represents the non-overlapping ponded reach controlled by an individual 
weir.

Flux Aquifer to Reservoir
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Thank you for your attention.
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SWATbuildR

• Standard GIS workflows provide a robust 
SWAT+ baseline setup.

• Small ditch/weir structures require explicit 
routing control.

• Connectivity is critical for evaluating green-
ditch retention effects.

• SWATbuildR enables reproducible, script-
based modification of model objects and 
connections. Streams Channel Ditches
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Input SWATbuildR 

• Spatial objects are provided as GIS vector 
layers: 
• Land objects: polygons with defined 

land-use type 
• Water objects: open water surfaces 

included as land-use polygons 
• Channel objects: line geometries with 

channel-type information 

• Raster inputs to derive object attributes: 
• Digital Elevation Model (DEM) for 

terrain properties and connectivity 
• Soil raster for assigning soil properties 

to land objects Schürz et al. (2022)
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Input SWATbuildR

Land & Channel objects

• Channel objects: surface and subsurface 
waterway network.

• Land objects: all landscape surfaces and 
potential NWRM locations.

• Standing water bodies: mapped as watr 
polygons.

• watr polygons → SWAT+ reservoir objects.
• Enables explicit representation of ditch-

related storage.

Schürz et al. (2022)

Reservoir 

Channel 
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Land object connections

Schürz et al. (2022)

• Spatial land and water objects are 
rasterized explicitly.

• Object boundaries are intersected with 
DEM-derived flow direction and flow 
accumulation.

• Routing links are generated where flow 
crosses from one object to another.

• Enables explicit connections such as:
field object → ditch/reservoir object → 
channel → outlet.
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Calibration
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Parameter Change Value 

cn2.hru relative 0.0575

cn3_swf.hru replace 0.2908

latq_co.hru replace 0.3471

epco.hru replace 0.1

esco.hru replace 0.6267

lat_ttime.hru replace 0.5

alpha.aqu replace 0.1063

flo_min.aqu replace 0.3837

chk.rte replace 6.8

k.sol relative 0.221

perco.hru replace 0.5

awc.sol relative 0.007

revap_co.aqu relative 0.0493

• Calibrated to satisfy all constraints



Model Fluxes
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BEA (2018)



Water balance
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Evapotranspiration Fluxes



Reservoir Release Rules
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Reservoir storage-area relationshipImplemented SWAT+ parameter

Parameter Value

Release Daily

areaps 60 m2

volps 50 m3

k 1.8 mm/h

evapco 0.6

shpco1 0

shpco2 0



Birkenfeld Catchment

• Catchment area ~ 275 km² 

• Elevation range: 291 bis 521 m ü. 
NN

• Mean annual precipitation. ~ 647 
mm

• Land use: 81% arable land, 16% 
forest, and 3% settlements

Birkenfeld Einzugsgebiet28



Existing Ditch Structure

• Legal basis: BayNatSchG, 
effective 1 August 2019 

• Prohibits arable and 
horticultural use along natural 
or near-natural watercourses.

• WWAs developed a statewide 
watercourse buffer/reference 
layer for Bavaria.

• Lkr. NEA was among the first 
districts to publish the dataset.

• 2,700 km assessed; 560 km 
classified as “green ditches”
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