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Problem Statement and Research Objective

⇒ Bio-physical Impacts of land use management 
are usually discontinuous outcomes of 
stochastic natural processes (erosion, leaching, 
etc.) under certain local conditions (weather, 
soil, topography, management, etc.).

⇒ Concept of Homogeneous Response Units (HRU) 
+ bio-physical process model EPIC

⇒ Tool providing spatially and temporally explicit 
bio-physical impact vectors:

Comparative Dynamic Impact Analysis
Consistent Linkage with Economic Land use 
Optimisation Models
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Data for bio-physical modelling in EU25
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HRU 
delineation

Slope Class:
1. 0-3%
2. 3-6%
3. 6-10%
4. 10-15%
5. …

Altitude:
1. < 300 m
2. 300-600 m
3. 600-1100 m
4. >1100 m

Texture:
1. Coarse
2. Medium
3. Medium-fine
4. Fine 
5. Very fine

Stoniness:
1. Low content
2. Medium content
3. High content

Soil Depth:
1. shallow
2. medium
3. deep



Ϊ
Ϊ
Ϊ
Ϊ
Ϊ

I  
N

  S
  E

  A
 

PTF (Hyprese, 
pH, BD ...)

Data Processing

EPIC INPUT DATABASE 
for soil and topographic 
parameters

EPIC

Rain, Snow, 
Chemicals

Subsurface 
FlowSurface 

Flow

Below Root 
Zone

Evaporation 
and 

Transpiration

EPIC Simulations

daily time steps

Weather,
Crop Rotation, and 
Crop Management

bio-physical Impacts

CORINE-PELCOM
NUTS2-level
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Scenario Analysis

I) Alternative Crop
Residue Systems:

1) conventional tillage
~5% of crop residues
after crop planting

2) reduced tillage
~15% of crop residues
after crop planting

3) minimum tillage
~40% of crop residues
after crop planting

II) Biomass Production
Systems:

4) miscanthus

5) poplar coppice

9555 HRUs

arable lands
Ø SOC 60 t/ha

in topsoil
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conv. => mini. tillSOC

increase SOC
0.18 t/ha/year

increase SOC
0.11 t/ha/year

conv. => redu. till
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conv. => redu. till conv. => mini. tillCrop Yield

DM Crop Yield
-0.13 t/ha, or

-3.6%

DM Crop Yield
-0.30 t/ha, or

-7.9%
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N2O-N emissions

IPCC default values for direct and indirect N2O-N 
emissions

We base it on 
nitrification (0.54%), and
de-nitrification (11%).
Khalil, Mary, and Renault (2004) in Soil Biology 
& Biochemistry.

=> 'direct' N2O-N emissions

'indirect' N2O-N emissions we use N in leaching 
(2.5%), run-off (2.5%), volatiliziation (1%)
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'indirect' N2O-N emissions'direct' N2O-N emissions

N2O-N
5.3 kg/ha/yr
511.9 Gg/yr

N2O-N
0.9 kg/ha/yr
91.7 Gg/yr
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conv. => mini. tillconv. => redu. till

net-effect N2O-N
-0.12 kg/ha/yr

-12.5 Gg/yr

net-effect N2O-N
-0.38 kg/ha/yr

-37.1 Gg/yr

'direct'
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conv. => redu. till conv. => mini. till'indirect'

net-effect N2O-N
-0.06 kg/ha/yr

-5.9 Gg/yr

net-effect N2O-N
-0.08 kg/ha/yr

-8.0 Gg/yr
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poplar coppicemiscanthus

Ø 6.7 DM t/ha/yr

Std: 1.5 t/ha/yr

Ø 11.6 DM t/ha/yr

Std: 4.0 t/ha/yr

biomass
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miscanthus poplar coppice

N2O-N
3.0 kg/ha/yr
293.9 Gg/yr

N2O-N
2.8 kg/ha/yr
275.2 Gg/yr

direct N2O
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miscanthus poplar coppiceindirect N2O

N2O-N
0.4 kg/ha/yr
36.1 Gg/yr

N2O-N
0.8 kg/ha/yr
77.1 Gg/yr



Ϊ
Ϊ
Ϊ
Ϊ
Ϊ

I  
N

  S
  E

  A
 

Conclusions
Tool -HRU concept and EPIC- addressing land use
and management specific bio-physical impacts
spatially and temporally explicit! 
a change in Crop Residue Systems

increases SOC by 0.1 and 0.2 t/ha/yr (c.p.) 
reduces direct N2O-N emissions at EU25 level 
by 2.4% and 7.2%
reduces indirect N2O-N emissions at EU25 level 
by 6.4% and 8.7%
but with +/- effects locally
reduces crop yield output by 4% and 8% (c.p.)

other side effects (increased pesticide use, 
fertilizer, etc.)
evaluate environmental impacts of biomass 
production systems
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