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Indicators for a sustainable agriculture –
Model linking to estimate N-Emissions from 
agricultural crop production systems
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quantitative estimation of the trace gas N2O
integration of N2O as an indicator in the agricultural 
consulting software REPRO (Hülsbergen, TU 
München)

Identification of new indicators assessing the 
sustainability of agricultural systems. 

Goals
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REPRO: Framework of mass and energy balance

Direct Energy

Pesticides

Machinery

Deposition

Fertiliser

Manure 

N2-Fixation

Seeds

People Power

Solar Energy

Animals

Forage, Straw Storage losses

Products

Stable losses

NH3 volatilisation

Animal waste

NH3 volatilisation

Denitrification

Leaching

Structure, Intensity, Mode Structure, Intensity, Mode

Forage and Nutrient BalanceMass and Energy Balance

Site Conditions

Humus and Nutrient Balance

Approach for the Model linking:

Division of the different
denitrification losses in 
N2O, NO und N2. 

Integration of N2O-emis-
sions in the assessment 
of sustainability criteria
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DENITRIFICATION-DECOMPOSITION – DNDC-Model
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Scheyern: Daily N2O-Emissions

DNDC Model  Measurement
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DNDC: Calibration of the different modules

1.Sensitivity Analysis 

• variation of all parameter at one time 
• parameter were varied in a range between 1/10 and 10 

times starting from the original value
• Monte Carlo Sampling
• n = 200
• testing of sensitivity

- multiple linear regression 
- selection of the significant parameters for further 

operations (ANOVA)

Methods
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2. Calibration

• variation of all sensitive parameters at one time 
• parameter were varied in a range between 1/10 and 10

times starting from the original value 
• Monte Carlo Sampling 
• n = 10.000 
• selection of the parameter sets: 

- different efficiency criteria 
- comparison of observed and calculated values (visually)

Methods

Efficiency criteria:
Factor of Agreement: d, between 0 and 1
Nash-Sutcliffe: E, between -∞ and 1
Factor of Determination: r², between 0 and 1
Root Mean Square Error:   RMSE, between 0 and ∞
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Siggen: Results Validation Soil Temperature
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Summary & Outlook 

• better fit of calculation of soil temperature during 
winter (frost-thawing-cycles)

• improved calculation of the soil moisture 

• good transferability of the calibrated soil climate 
module to other sites

• improved but still not satisfying results of the daily 
N2O-emissions     

• calibration of mineralisation and N-decomposition 
processes necessary          
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Thank you for your kind attention!

Many thanks to the model author Changsheng Li and to      
Henry Neufeldt, Claudia Kammann, Frank Schmädeke, Heiner 
Flessa, Stefan Glatzel, Hermann Jungkunst and Carola Lampe 
for providing me their data. 

This project is founded by the Deutsche Bundes-

Stiftung Umwelt (DBU).


