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Climate Change Agriculture 

Agriculture would also aggravate climate change 
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Global Warming Potential (GWP) 
of rice production in Italy 

(Blengini and Busto, 2009) 
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If we can find the more “low-carbon” cultivation,  
we could mitigate greenhouse gas emission efficiently. 
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A practice of  
Climate Smart Agriculture  

is needed 



Climate Smart Agriculture (CSA) 

• Sustainably increasing 
agricultural productivity and 
incomes 
 

• Adapting and building 
resilience to climate change 
 

• Reducing and/or removing 
greenhouse gases emissions, 
where possible 

Adaptation 

Mitigation 

(FAO, 2013) 
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Strategies of Adaptation and Mitigation 

• Adaptation 
– Appropriate cultivation period 
– Water managements 
– Heat resistant cultivars 

• Mitigation 
– Appropriate cultivation period  
– Fertilization managements 
– Choose the appropriate site for cultivation 



Temperature in Taiwan 
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Rice can be planted in almost whole 
year 

What is the best cultivation  
period with mitigation in Taiwan? 
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Taiwan 
• Rice can be 

growth in almost 
all the plain  
 

• Divided into 3 
main rice districts 
– Northern 
– Central-Southern 
– Eastern 

Northern district 
(Subtropical) 

Central-Southern district 
(Tropical) 

Eastern district 
(Mountain around 
Tropical) 

23.5oN 

Which district have more potential  
to achieve “mitigation” in Taiwan? 
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Materials and Methods 
• We conducted 2 parts in this research 

– Comparison among different cultivation periods (17 
periods in 2 years were included) 

– Comparison among 3 main districts     
(Northern, Central-Southern, Eastern) 

 and 4 cultivation practices             
(Conventional, Organic, Integrated, Natural) 

• Items of analysis 
– Grain yield 
– Global warming potential per hectare 
– Global warming potential per kg polished rice 
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How to analyze greenhouse gas emissions 

• DNDC model 
– Denitrification-Decomposition model 

• A biogeochemical model 
• Data input 

– Climate: temperature, precipitation, radiation 
– Soil: texture, pH, bulk density, soil organic carbon 
– Management: planting period, fertilization, irrigation 

• Data output 
– Field emission of CO2, CH4, N2O (per hectare) 

• Certification of using DNDC in Taiwan 



Instruments of GHGs 
measurement 

CO2 CH4 N2O 

Chamber O O O 

EC O O X 

Eddy Covariance  
Chamber method Gas analyzer 

Open system CH4 analyzer 

(Chen et al., 2013) 



Methane emission from paddy measured 
by Eddy Covariance Method 

三維音波風速計 

CH4 analyzer 
LAI-7700, LI-COR  

3D sonic 
anemometer 

TARI 

(Chen et al., 2013) 



Comparison on simulated by DNDC 
model and measured CH4 flux from 

paddy in Taiwan 
 

(Chen et al., 2013) 



Comparison among different 
dates of transplanting 
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Brief Summary 

• There would be larger amount of 
greenhouse gas emission if we postpone 
the date of transplanting more. 
 

• Best date of transplanting is about it of 
the conventional 1st cropping season 
(transplanting at February or March). 
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Comparison among different districts and practices 
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Cultivation practices 

Cultivation  
practices 

Mineral 
fertilizer 

Organic 
fertilizer 

Conventional 100 % 0 % 
Organic 0 % 100 % 

Integrated 50 % 50 % 
Natural 0 % 0 % 



GWP per hectare 
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Temperature of 3 districts 
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GWP per hectare 
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GWP per kg polished rice 
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Brief Summary – Northern 
(Subtropical) 

• Low temp. and 
low GWP 

• Water 
management  
– Performing 

intermittent 
irrigation to 
reduce CH4 
emissions 
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Brief Summary – Central-Southern 
(Tropical) 

• High temp. and 
high GWP 

• Rationale 
fertilization 
– Reducing amount 

• Water management 
– Immediately 

flooding after 
fertilization 

– Preventing N2O 
emissions 
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Brief Summary – Eastern 
(Mountain around Tropical) 

• High GWP of Org. 
– More CH4 

• Long growth period 

• Water management  

– Performing intermittent 
irrigation to reduce CH4 
emissions 

• Low yield and low 
GWP of Nat. 
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Conclusion 

 
• Climate Smart Agriculture should 

consider both adaptation and mitigation 
 

• We could change transplanting time, 
cultivation location or practice to 
improve the yield and GWP 
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Conclusion 

• To reduce GWP, in Taiwan, 
– Transplanting time should be as possible 

as early ; 
– Northern district is better ; 
– Integrated farming might be a direction 



THANK YOU 
We Need Your Advices 
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CH4 emission of every sector in Taiwan 

Waste  
Sector  
65.7% 

Agricultural 
Sector 
 33.7% 

Other Sectors 
0.6 % 

Livestock  
Gastrointestinal 

Fermentation 
31% 

Animal Waste 
Treatment 

28% 

Agricultural 
Waste Burning 

1% 
Paddy Rice 

40% 
(Executive Yuan of Taiwan, 2012) 
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N2O emission of every sector in Taiwan 

Agricultural 
Sector 
 91% 

Waste Sector 
5% 

Industrial 
Sector 

5% 

Field Soil 
99% 

Others 
1% 

(Executive Yuan of Taiwan, 2012) 
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Contributions of DNDC 

• Rapid and precise 
 

• Field emissions of GHG 
– For assessment of GWP in one field 

 
• Daily emission 

– finding hotspots and making strategies 
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Data needed of DNDC 
• Climate 

– From Central Weather Bureau 
• Soil 

– Collections of soil samples before planting 
– Measurements of soil physical and 

chemical traits 
• Management 

– All managements (tillage, transplanting, 
fertilization, irrigation, harvest) should be 
recorded 

 

Traceable system is needed 
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C1 
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W1 air 

Time 1 
Eddy 1 

C2 

C2 

W2 air 

Time 2 
Eddy 2 

Wind 

Eddy Covariance, EC 
CH4 flux  
sensor 

http://en.wikipedia.org/wiki/Eddy_covariance
http://en.wikipedia.org/wiki/Eddy_covariance
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Eddy Covariance, EC 
CH flux  
sensor 

Fc : eddy flux 
c’ : gas concentration  
w’ : wind speed 

stull, 1988 
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Correlation between GWP and 
date of transplanting 

R2 = 0.6535
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Taiwan Agriculture and Food 
Traceability System 
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Traceable system 

Traceable Agricultural Product 

Certification 
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Record sheet 

Date Management Contents of 
management 

Fertilization 

Tillage 

Transplanting 
Type of fertilizer 

amount 


	An application of DNDC to assess greenhouse gas emissions from different rice cultivation systems in Taiwan 
	Climate change
	Climate would affect agriculture
	Damages of agriculture
	幻灯片编号 5
	Agriculture would also aggravate climate change
	Greenhouse gas emissions from agriculture
	Global Warming Potential (GWP) of rice production in Italy
	幻灯片编号 9
	Climate Smart Agriculture (CSA)
	Strategies of Adaptation and Mitigation
	Temperature in Taiwan
	Taiwan
	Materials and Methods
	How to analyze greenhouse gas emissions
	Instruments of GHGs measurement
	Methane emission from paddy measured by Eddy Covariance Method
	Comparison on simulated by DNDC model and measured CH4 flux from paddy in Taiwan
	Comparison among different dates of transplanting
	幻灯片编号 20
	Correlation between GWP and date of transplanting
	Brief Summary
	Comparison among different districts and practices
	Cultivation practices
	GWP per hectare
	Temperature of 3 districts
	GWP per hectare
	GWP per kg polished rice
	Brief Summary – Northern (Subtropical)
	Brief Summary – Central-Southern�(Tropical)
	Brief Summary – Eastern�(Mountain around Tropical)
	Conclusion
	Conclusion
	幻灯片编号 34
	CH4 emission of every sector in Taiwan
	N2O emission of every sector in Taiwan
	Contributions of DNDC
	Data needed of DNDC
	Eddy Covariance, EC
	Eddy Covariance, EC
	Correlation between GWP and date of transplanting
	Taiwan Agriculture and Food Traceability System
	Traceable system
	Record sheet

