
Quantifying GHG emission from paddy field in 
China under climate change: Based on the 

coupling of DNDC,DSSAT and AEZ models

Zhan Tian, Yilong Niu, Laixiang Sun, Changsheng 
Li, Günther Fischer, Honglin Zhong

MARCO Symposium 
27, August, 2015
Tsukuba, Japan

Email: tianz@climate.sh.cn



Outline

Background & Introduction

Methodology & Results

Conclusions & Discussions



Background & Introduction

Nitrogenous 
Fertilizer

Trade Off Food Security

Paddy
Agricultural GHG

emission

Climate Change 

78.82%

13.25%

5.59% 2.34%

CO2

CH4

N2O Fluoride

Source: The People’s Republic of 
China Second National 
Communication on Climate change



Question:

• How to mitigate GHG emission without decreasing rice yield?

• How to upgrade site-level results to the regional level?

Solution:

Background & Introduction

• Reduce the application of fertilizer to optimum/balance level.

• Coupling the biogeochemistry model and the agro-ecological 
model.



• Communicate with DSSAT model and AEZ model

• An agro-ecological productivity model.

• To simulate the crop productivity and potential yield at regional, 
national and global scale.

Denitrification and Decomposition(DNDC) model

• A biogeochemistry process-based model.

• To simulate the dynamics of denitrification-decomposition 
process in agroecosystem at farm level.

Background & Introduction

Zhan TIAN, Honglin ZHONG, Laxiang SUN, et al, Improving Performance of Agro-ecological 
Zone (AEZ) Modeling by Cross-scale Model Coupling: An Application to Japonica Rice Production 
in Northeast China[J].  Ecological Modeling, 2014, 290: 155-164.
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New Parameters Calculation



Cultivar Parameters Translation



Yield Validation Results



The updated DNDC with new cultivar parameters can simulate 
the rice growing progress accurately in all stations.

Yield Validation Results



Fertilizer Scenarios Result



Fertilizer Scenarios Result



The recorded nitrogenous fertilizer application is higher than 
crop growth requirement by a scale of 5% - 35%.
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Actual fertilizer use 
(kgN/ha)

Balanced 
fertilizer 

application 
ratio

GHG changing(kg/ha/year)

CH4 N2O

AHHF 335 85% 0.402(0.11%) ‐0.671(‐27.96%)

GDGZ 255.3 65% 1.058(0.49%) ‐0.913(‐22.65%)

HNXY 330.5 80% ‐2.580(‐0.75%) ‐0.055(‐29.85%)

JLYJ 273 65% 6.072(4.25%) ‐0.241(‐68.65%)

JSZJ 334.5 75% 3.130(0.89%) ‐0.486(‐44.82%)

JXNC 203.6 90% ‐0.882(‐0.58%) ‐0.148(‐12.42%)

LNTT 252.9 80% ‐0.234(‐0.12%) ‐2.587(‐76.66%)

SCCD 186 95% 1.355(0.58%) ‐0.059(‐9.76%)

SDLY 250 70% 11.410(3.15%) ‐0.430(‐32.53%)

Adopting the balanced application level will mitigate the N2O 
emission significantly, but lead to irregular and insignificant 
changes in CH4 emission.

GHG Emission Result



Upscaling Method

Cropping zones reclassification



Regional Preliminary Result



• The application of nitrogenous fertilizers is excessive in all 
nine case-study stations. 

• To reduce the application level of nitrogenous fertilizers to the 
balanced level will significantly reduce N2O emission without 
negative consequence on yield. 

• The approach of mitigating CH4 emission
• Employ effective irrigation method?
• Increase straw back ratio?
• No tillage farming?
• The regional result in the future under different scenarios
• The crop rotation in different areas

Conclusions & Discussions
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