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Overview 

• Climate change in China’s arable land. 

• Did the change undermine food production? 

• Will the change matter in the future? 

• Does adaptation work? 

• Key messages. 

 



Climate change, why be so concerned? 



Why be so concerned? 
• Less than 10% arable land feeds 22% of the 

world population. 

• Agriculture is highly climate dependent. 

• Decreasing arable land and increasing 
population in next decades. 

• Climate change is an additional burden to  food 
production. 
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Trends of annual mean 
surface air temperature 

of China during 1951-
2001 
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The reality of the climate change in China 
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Trend of annual precipitation from 1956 to 2002 in China. 
Yellow and red color indicates decrease in annual 
precipitation.  

Trend of precipitation change over 
eastern China from 1951 to 2004. 
Negative (blue) indicates a 
decreasing trend. 

The reality of the climate change in China 
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Trends of days with heavy rain 

in summertime (April to 

September) during 1951-2000. 

(Zhai, et al., 2004) 

Blue color denotes increase, 

red color denotes decrease 

and cross denotes excess of 

the 95% significant level.  

Trends of days with strong rain 

in summertime (April to 

September) during 1951-2000. 

(Zhai, et al., 2004) 



Climate Change Scenarios 

Temperature to increase by 3~4℃ and 

rainfall to increase 10~12% by 2080s 
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Trend of climate change 



Climatic risks for the main food crops 

• The growing- season 
warming was 
significant for all crops, 
with 0.43, 0.58, 0.45 
and 0.45 ºC per 10 
years since 1980, 
respectively, for rice, 
wheat, maize and 
soybean. 

• Spatial differences are 
obvious for different 
crops. 



• Changes in other 
climatic variables are 
pronounced in some 
areas, implying 
specific risks for 
different crops and 
locations. E.g. 

– insufficient radiation for rice 
in east China  

– Increased extreme high 
temperature days (>35) 
during the flowering period 
for rice in Yangtze River 
Valley 

– Decrease DTR for maize, 
wheat, and rice, but with 
different spatial 
characteristics. 

Climatic risks for the main food crops 



Has the change affected food 
production in China? 



Empirical studies 

• Crop yields increase 
substantially due to the 
technological improvement 

• Impacts have been 
detected in other counties, 
significant relationships 
exist in only a few 
provinces 

Zhang et al., 2010 

Tao et al., 2008 



• Warming effect seems 
more benign than 
previously anticipated, 
the detrimental effects 
of warming were small 
compared to other 
developing counties 

(Lobell et al. 2008) 

Rice Wheat Maize Soybean 

Yield change (kg ha-1) 1510 1920 1850 537 

Growing season T 
change (ºC) 

0.98 1.52 0.95 1.05 

Growing season P 
change (mm) 

-19 7 -27 -10 

Climate-driven yield 
change (kg ha-1) 

124  
(8.2%) 

-103 
(-5.4%) 

-261 
(-14.1%) 

-24 
(-4.5%) 

(Xiong et al. 2013) 



• But warming damages 
were substantial in 
some areas, LP, central 
belt of NE, parts of RYB, 
although most of these 
areas are not critical 
food producing areas 

Damages in grain production damages caused by growing 

season warming 1981-2007 



(Xiong et al. 2012) 
 

Simulation studies 



The larger contribution 
of decreasing radiation 
(global dimming) 
reminds us of the 
importance of radiation, 
suggesting the increased 
risks on food production 
caused by air pollution in 
developing counties. 



T and FACE experiments demonstrate that 
some warming is likely promote the crop 
yields in China, particularly for wheat and 
rice, and so can elevated CO2.  
 
Crop responding to artificial warming experiments  
★ warming during different time (day vs. night) 
● With different crop cultivars  
▲ With different growth periods 

Experimental studies 



Observation and Meteorological analysis 

• Expansion of the food planting areas to 
the north is obvious  

• Harvest times actually increase in 
number 

 
Considering other adaptation measures (e.g. improved management), 
the impacts of past climate change on national food production is less 
than 4%, with detrimental effects in south, while gains in north 
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Will climate change undermine food 
production in the future?  



• Estimated yield effects vary 
between scenarios and time 
periods, while CO2 is critical for 
the direction. 

• Which warming degree will 
undermine food production in 
China? 

– A global warming of 2.5ºC will threat the food 
production in China (without considering CO2 effects),  

– but production will still increase even with a warming of 
4ºC (with CO2 effects). 

 
 

 

Piao et al. 2010 Nature 

Xiong et al. 2007 

Crop yields 



• Per capita supply decreases in 
short term, and increases in the 
long term. 

• On average, only the high 
population scenario (1.6 billion in 
2030) will push the food security 
to the threshold (300kg/capita, FSI 
0). 

• Climate change will slightly favor 
China’s food production, but food 
import would continually increase 
in the short term future.  

 

 

 

 

Food Security 

Food supply per capita (Xiong et al. 2007) 

Food Security Index (Ye et al. 2012) 



Change in total cereal production under different 

combinations of drivers (CC, CO2, WA, LA, ALL) 

(Xiong et al. Global Envion. Change) Changes in per capita cereal production under 

selected combinations of drivers 

• Integrated assessment demonstrates the combining drivers 
pose slight positive to substantial negative effects on food 
production. (CO2++, Climate change--, Water availability---, 
land use change -, change in crop plantation areas+) 

• Extreme events and diseases/pests will undermine the food 
production in some years and some areas. 

Food security combing other drivers 



Changes in irrigation areas  

– Water could be one big barrier for 
future food production 

– Decreased agricultural water 
availability will significantly reduce 
rice cultivation areas in the south 

     

Increasing water scarcity in the future 



Percentage change in spatial patterns of irrigated paddy rice due to 

changes in future agricultural water availability (Xiong et al. 2010 AEE) 

A integrated simulation combining climate, water and crop simulation 
revealed that rice area has to decrease substantially in the future in China, 
due to the decreasing agricultural water availability.    



Histograms of yield and their normal distribution 

curves for baseline, and A2 and B2 in 2080s 

• A warmer climate triggers larger weather variability 
• More frequent and severe climate disasters  
• New climate disasters in some areas 

 
  

Enhanced weather variability and climate disasters 

Changes in flooding and drought during 1971 to 

2007 

Freezing rain disaster in 2008 

Snow disaster and cold spell affecting 

vegetatable 

Freezing rain disaster in 2008 



 Pest/disease tend to increase 
under climate change 

             

Global  

Warmi

ng 

Chilo suppre-

ssalis 

Rice 

Number of pest infestations (Chilo 

sppre-ssalis) will increase under 

climate change (2℃), combing with 

the higher temperature increase the 

loss goes up to 8%~25%. 

病叶 病穗 病株 
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Does adaptation work? 



• Adaptation is the solution for food security, but how 
best to adapt? 

 



Large number of adaptation options 

Inserting 
irrigation 

before 
sowing 

Plastic film 
between 
sowing 
rows 

Technique
s for slope 
planting 

Low pressure irrigation tube 

Agro-forest 

Water cellar + film 

Plastic film to deal with drought 



According the types of techniques, we established an 
adaptation option database (currently around 100 specific 

measures were included).  

（planting structure adjustment） 

（biological technology） 

（agronomic technology） 

（engineering technology） 

（irrigation technology） 



Unwise adaptation increases the risks 

• Uncertain climate 
projections 

• Unclear mechanisms 

• Large cost and 
investment 

No tillage and residue use increase the occurrence of pests/diseases (Zhang et al. 2012) 



The adaptation framework 

3  Identify adaptation 
options 

1 Assess climate risks 

2  Integrate regional development 
and adaptation goals  

4  Prioritise options 

New knowledge/ 

research 

6  Monitoring and 
evaluation 

5  Implementation and 
demonstration 

 

Adaptation should be seen as an 

ongoing process  

 



Key messages 

• Warming effects might not be so detrimental as previously 
anticipated in China, a warming of 2 ºC  will not undermine the 
food production in China, other climatic factors may play a more 
important role, and should also be taken in account.  

• Drivers combining with climate change may push China’s food 
production to a new low, but a sustainable pathway is possible to 
keep current food demand and supply balance. 

• Risks driven by warming will definitely increase in the future, 
which has larger implications than just a change in mean climate. 
Dealing with increased risks will be the main concern of 
adaptation in the future. 

 

 

 



Key messages 

• Adaptation is needed urgently, particularly in the vulnerable 
regions and the poor communities, but how to do it wisely is 
unclear. 

• Effective and wise adaptation needs information of climate risks, 
crop responses, and the implementing characteristics or 
requirements of the specific measures.   

• Adaptation should be seen as ongoing process rather than a one 
time campaign.   

 

 

 



Some disseminations increased public 
awareness, particularly decreased the 
understanding gaps in the policy maker 
communities.  



Addressing the poverty issues in climate 

change. （xu et al. 2009） 
http://www.greenpeace.org/china/zh/press/reports/poverty-

report2009 
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Northern irrigation area Middle arid area Southern rainfed mountainous area

The adaptation barrier for adaptation 

in Ningxia’s farmer community 



 
Thank You 

 
Continue the Discussion at: 

www.AgRiskManagementForum.org/group/climate-
change-food-production-china  

Thank You 
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