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Background

• Macropores provide rapid shortcuts in structured 
soils through which pesticides may rapidly reach 
drains or deeper soil layers

• For EU registration macropore flow is explicitly 
taken into consideration 

• surface water: six FOCUS Drainage scenarios

• Groundwater: one FOCUS leaching scenario 
(Châteaudun)

• The only regulatory model currently used for 
macropore flow is FOCUS-MACRO 
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Macropore flow in GeoPELMO-DE

• Macropore flow was implemented in GeoPELMO-DE 
for spatially distributed leaching modelling in Germany

• The predicted groundwater concentrations were:

• Considerably higher than without macropore flow 

• Considerably higher than the FOCUS-Hamburg 
scenario which is Tier-1 for German assessment

• Limited experience on how macropore flow in Pelmo 
compares to MACRO

• FOCUS-MACRO used as benchmark due to its validation 
status and its regulatory acceptance
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Macropore flow in PELMO and MACRO

PELMO and MACRO represent preferential flow using fundamentally different concepts.



5
5

Drainage in PELMO and MACRO

Drainage is generated and routed differently in both models
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Modelling exercise to compare the concepts of PELMO 
and MACRO

https://zenodo.org/records/20693360

https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fzenodo.org%2Frecords%2F20693360&data=05%7C02%7Cbernhard.jene%40basf.com%7C88d1ee33caf5456ad66208dedc48fd51%7Cecaa386bc8df4ce0ad01740cbdb5ba55%7C0%7C0%7C639190403214986548%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=QbiSwY5ogDD6kskHjfhfujcdC%2B7ADY8icYv1e%2FWVTBw%3D&reserved=0
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• 6 regulatory scenarios (FOCUS GW/SW and Northern Zone) 

• 9 dummy compounds

• 54 simulations per model over 26-year

• Evaluation of magnitude and dynamics: 

• Hydrology (drainflow, percolation, water balance)

• Pesticide transport (leaching, drainage losses, PECgw)

Modelling exercise to compare the concepts of 
GeoPELMO-DE and FOCUS-MACRO

DT50 / Kfoc 10 L kg⁻¹ 100 L kg⁻¹ 1000 L kg⁻¹

10 d T1 T4 T7

50 d T2 T5 T8

200 d T3 T6 T9

Scenario Period

Châteaudun 1901–1926

D2 (Brimstone) 1969–1994

D3 (Vredepeel) 1969–1994

Krusenberg 1955–1980

Langvad 1968–1993

Näsbygård 1970–1995
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Näsbygard (loamy) - Water balance
- no trend
- moderate deviations
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FOCUSsw-D2 (clayey) - Water balance
- clear trend
- MACRO: higher drainflow
- PELMO: higher percolation
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FOCUSsw-D3 (sandy) - Water balance
- clear trend
- MACRO: higher drain-
flow and percolation
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Solute transport: PECgw - no clear trend
- high differences
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Solute transport: Drainage flux

D2 and compound T2 (Kfoc = 10 L kg-1, DT50 = 50 d). 

- Different trends -
high differences

D3 and compound T2 (Kfoc = 10 L kg-1, DT50 = 50 d). 
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Example: Similar temporal behaviour

Time series for Scenario D2, substance T2 (Kf,oc = 10 L kg-1 , DT50 = 50 d ) in year 1983 

Water flux at 1 m [mm/d]

Substance flux at 1 m [g/ha/d]
Water flux at 1 m [mm/d]
Substance flux at 1 m [g/ha/d]

Water flux at 1 m [mm/d]
Substance flux at 1 m [g/ha/d]
Water flux at 1 m [mm/d]
Substance flux at 1 m [g/ha/d]
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Example: Strongly different temporal behaviour

Time series for Scenario D3, substance T2 (Kfoc = 10 L kg-1 , DT50 = 50 d) in year 1979 

Water flux at 1 m [mm/d]
Substance flux at 1 m [g/ha/d]
Water flux at 1 m [mm/d]
Substance flux at 1 m [g/ha/d]

Water flux at 1 m [mm/d]
Substance flux at 1 m [g/ha/d]
Water flux at 1 m [mm/d]
Substance flux at 1 m [g/ha/d]
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Summary

• GeoPELMO-DE and FOCUS-MACRO rely on 
fundamentally different macropore concepts. 

• Similar results are obtained in a few scenarios

• Large deviations occur in most scenarios, 
particularly for drainage-driven transport. 

• Differences affect hydrology, solute transport 
and flow dynamics
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Conclusion

• Despite several calibration work (PLAP, lysimeters, 
MACRO) no fully independent validation of the 
PELMO macropore concept is available

• Large differences between GeoPELMO-DE and 
FOCUS-MACRO occur for water fluxes and 
pesticide transport

• Further testing and experience is required before 
regulatory application of GeoPELMO-DE with 
macropores

• Open access to the GeoPELMO model important 
for transparency and independent evaluation
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Outlook

• FARM results did not identify macropore flow as 
a dominant predictor of groundwater 
concentrations. 

• The role of macropore flow in groundwater 
assessment requires further discussion. 

• Improved and transparent macropore 
parameterisation remains a key challenge (e.g. 
for use in SDLM)
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Thank you very much 
for your attention
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