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and the Ministry of Water Resources are also funding 
research on methods of irrigation that will reduce 
emissions. There are also programs to develop micro-
organism technology to reduce methane emissions 
from rice paddies and enhance/refine the technolo-
gies for household-type biogas digesters. Additionally, 
agronomic technologies such as effective utilization 

of crop residues are 
being promoted. 
China also knows 
that there is a need to 
develop and extend 
key technologies that 
will produce envi-
ronmentally sound 
fertilizers that reduce 

nitrous oxide emissions from cropland. Finally, 
efforts are needed to develop and promote low- and 
no-tillage technologies that can be used to increase 
carbon storage in croplands. 

6.3  Practical Mitigation Actions

Increasing fertilizer use efficiency. In China, fer-
tilizer use efficiency is low: fertilizer use for wheat 
is 220 kg per ha in China, while the world average 
level is only 127 kg per ha (IFA et al., 2002). Usage 
for maize and paddy is also much higher than 
world average levels. Due to overuse, a large share 
of fertilizer cannot be absorbed by the crops that 
are in the ground. Much of the nutrients are lost 

to the environment. 
Researchers show 
that if farmers were 
to apply the site spe-
cific nutrient man-
agement technology, 
the use of fertilizer 
could be cut about 

20-30 percent (Peng et. al., 2006, Hu et. al., 2008; 
Huang et. al., 2009). Huang et al., (2009) show that 
farmers’ lack of knowledge on crop yield response 
is a major reason for their overuse of fertilizer in 
China. In addition, improving fertilizer efficiency 
has an abatement potential of 40 megatons of CO2e 
(McKinsey & Company, 2009). More importantly, 
it is possible that this could come at a low or even 
a negative cost. If the reduction in fertilizer did not 
reduce yields, then it would be a win-win situation. 

Considering the potential benefit of reducing ferti-
lizer use, the Ministry of Agriculture in 2005 began 
promoting site-specific fertilizer use technology 
through agricultural extension system aimed at cali-
brating fertilizer dosage according to soil character-
istics and type. If such technologies become more 
widespread, fertilizer efficiency could be improved 
by up to 5 percent without negatively impacting 
crop output.

Changing from traditional to conservation 
tillage. Conservation tillage (CT) has been high-
lighted in several studies as an important technique 
to create carbon sinks (Lal et al. 1999; ECCP, 2003; 
Barker et al. 2007). Despite the widespread adop-
tion of CT technology in other countries such as 
the US, Canada and Brazil, adoption in China is 
relatively low. Wang et al. (2009c) found that in the 
mid-2000s, the adoption rates of the full CT tech-
nology package, which includes both no/reduced 
tillage and residue retention together, was only 
around 1 percent. Although the adoption of partial 
CT technology (either no/reduced tillage or residue 
retention) in China is higher and rising steadily, it is 
not widespread enough to become a true technologi-
cal force. Since the early 2000s, the central govern-
ment has promoted the adoption of CT and estab-
lished demonstration pilot projects in more than 
10 provinces. According to Wang et al. (2009c), if 
the government decided the environmental benefits 
were great enough, they might consider offering 
a subsidy to those that adopt CT practices in the 
future. In addition, policies are needed that nudge 
farmers toward the technology, such as regulations 
that ban residue burning. If there are initiatives to 
extend CT technology, more farmers will likely 
adopt these methods.

Extending intermittent irrigation and adopt-
ing new seed varieties for paddy fields. Emissions 
from rice paddy fields are one of the major sources of 
methane gas emissions in China. Research has dem-
onstrated that irrigation methods used and the vari-
eties that are planted are the two key determining 
factors that influence the rate of methane emissions 
from paddy fields (Dong et al., 2008). Studies have 
found that compared with flood irrigation, adoption 
of intermittent irrigation can reduce methane emis-
sions between 30 and 46 percent (Wang et al., 1998; 

China also knows that 
there is a need to develop 
and extend key technologies 
that will produce environ-
mentally sound fertilizers 
that reduce nitrous oxide 
emissions from cropland.

Researchers show that 
if farmers were to apply 
the site specific nutrient 
management technology, 
the use of fertilizer could 
be cut about 20-30 percent
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Wang, 2001; Li et al., 1998). The Ministry of Water 
Resources and the Ministry of Agriculture have 
both supported the expansion of intermittent irriga-
tion over the past decade. In addition to irrigation 
methods, adoption of certain seed varieties can sub-
stantially reduce methane emissions (Huang, 2006). 
Other researchers have found that hybrid rice varie-
ties can reduce methane emissions 5 to 37 percent 
compared with conventional varieties. 
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7.	 Conclusion 

This report has reviewed and documented some 
of the likely impacts of climate change on China’s 
agricultural production, trade and farmer income. 
It also has sought to provide insights into the adap-
tation and mitigation policies that China is promot-
ing. In summary, there are a number of generaliza-
tions that can be drawn. 

Studies by natural scientists show that climate 
change will have a significant impact on agriculture, 
primarily through affecting crop yields. The extent 
of the changes in yields highly depends on the crop 
being considered and on assumptions related to the 
CO2 fertilization effect. Across all scenarios ana-
lyzed, irrigated crops are generally expected to fare 
better than rain-fed crops. When the CO2 fertiliza-
tion effect is considered, wheat yields increase the 
most. In scenarios that do not include CO2 fertiliza-
tion, rain-fed maize and rice would see the greatest 
declines, although yields for all crops would decrease. 
In addition to impacts on crop yields, China’s crop-
ping system will experience moderate changes due 
to climate change. Most studies predict that under 
climate change, both the planting and harvesting 
date of crops will shift because of warming tem-
peratures. As planting seasons will be lengthened, 
more area will come under cultivation (mostly in 
northern areas). In addition, land—especially in 
the Yangtze River Basin—will be cultivated with 
increasing intensity. While few studies are available 
in the livestock sector, the existing literature shows 
evidence of negative impacts of climate change on 
livestock production. 

Economic studies show that climate change will 
affect not only agricultural production, but also 
agricultural prices, trade and farmer income. The 
economic research further indicates that market 
response to the production shocks resulting from 
climate change will lessen the impacts on agricul-
tural production predicted by natural scientists. 
Agricultural production is projected to decrease 
in China if the effects of CO2 fertilization are 
not considered. When CO2 fertilization is taken 
into account, the decline in rice production is less 
severe, and wheat and maize production actually 
increases. Prices increase without CO2 fertilization 

in response to lower production levels, and con-
versely, price decrease when production increases 
due to CO2 fertilization.

China’s trade in grains will in turn be affected by 
changes in production and price levels. As prices 
increase and production decreases in the scenar-
ios without the CO2 fertilization effect, Chinese 
exports will decrease and imports will increase to 
help stabilize domestic availability. In response to 
the increased production and falling prices under 
the CO2 fertilization scenarios, exports will increase 
and imports will decrease. China’s self-sufficiency 
in the crops considered here will not change sig-
nificantly under any of the scenarios: China will 
remain a net exporter of rice and wheat (with the 
exception of wheat under scenario S1) and remain 
a net importer of maize. Analysis of the effects of 
climate change on rural incomes indicates that 
higher temperatures will decrease incomes but 
more precipitation will increase incomes. Rain-fed 
farmers are predicted to be more adversely affected 
than irrigated farmers, and impacts on income also 
vary widely by region and by season. 

China’s government will have to make a great effort 
in response to climate change. The government must 
promote policies and invest funds in adaptation. In 
addition, it must focus regulatory and legislative 
efforts, as well as investment activities, on mitiga-
tion. Much has already been done—both in terms 
of planning and implementation of responses. On 
adaptation, the government strategy is threefold. 
First it will seek to support the development of new 
technologies and identify additional measures to 
deal with future climate change. Second, the gov-
ernment needs to reform China’s extension system 
to improve the access to knowledge by local people. 
Third, the government needs to enhance institu-
tional awareness, capacity and cooperation.

Finally, we have shown that when given the right 
incentives, farmers do adapt, but changes imple-
mented by farmers cannot fully offset the negative 
impacts of climate change. Farmers choose crops 
carefully and appropriately, help with investments 
in irrigation when possible (and when needed), and 
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adopt water saving technologies and low till tech-
nologies when the incentives are right. Working 
with farmers by setting an enabling policy environ-
ment is the number one role of governments. The 
government should ensure that it fulfills this func-
tion in the areas of climate change adaptation and 
mitigation. 
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Tables and Figures

Table 1: Impacts of climate change on crop yields under various climate scenarios

Scenarios 
Rice Maize Wheat

Rain-fed Irrigated Rain-fed Irrigated Rain-fed Irrigated 

A2 With CO2 
fertilization

2020s 2.1 3.2 9.8 -0.6 15.4 13.3

2050s 3.4 6.2 18.4 -2.2 20.0 25.1

2080s 4.3 7.8 20.3 -2.8 23.6 40.3

No CO2 
fertilization

2020s -12.9 -8.9 -10.3 -5.3 -18.5 -5.6

2050s -13.6 -12.4 -22.8 -11.9 -20.4 -6.7

2080s -28.6 -16.8 -36.4 -14.4 -21.7 -8.9

B2 With CO2 
fertilization

2020s 0.2 -0.4 1.1 -0.1 4.5 11

2050s -0.9 -1.2 8.5 -1.3 6.6 14.2

2080s -2.5 -4.9 10.4 -2.2 12.7 25.5

No CO2 
fertilization

2020s -5.3 -1.1 -11.3 0.2 -10.2 -0.5

2050s -8.5  -4.3  -14.5  -0.4  -11.4  -2.2 

2080s -15.7 -12.4 -26.9 -3.8 -12.9 -8.4

Sources: Xiong, et al., 2008.

Note:  1)  A2: a very heterogeneous world with continuously increasing global population and regionally oriented economic growth that is more 
          fragmented and slower than in other storylines;

        2)  B2: a prosperous and fair world which, as a result of a general orientation towards sustainable development, features relatively low  
          GHG emissions.
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Table 2: The impacts of climate change under the A2 scenario on production and prices of three major 
crops in China under different scenarios (relative to 2030 reference scenario)

 

Without CO2 Fertilzation Effect Without CO2 Fertilzation Effect

Only climate change  
in China

Climate change  
in both China and the 

rest of the world

Only climate change  
in China

Climate change  
in both China and the 

rest of the world

S1 S2 S3 S4

Impacts on Production

In Thousand Tons

Rice -6158 -4889 -4889 -115

Wheat -4620 -3667 5436 5963

Maize -12669 -880 5135 5135

In Percentage (%)

Rice -5.6 -4.5 -0.1 -0.3

Wheat -5.0 -4.0 5.9 6.5

Maize -5.1 -3.6 2.1 2.7

Impacts on Prices (%)

Rice 14.4 17.6 -1.6 -2.0

Wheat 12.5 15.9 -11.7 -11.4

Maize 6.9 10.9 -3.6 -3.4

Sources: Wang, et al., 2009a.
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Table 3: The impact of climate change under the A2 scenario on exports, imports and self-sufficiency of 
three major grains in China under different scenarios (relative to 2030 reference scenario) (thousand tons)

 

Without Considering  
CO2 Fertilzation Effect

Considering  
CO2 Fertilzation Effect

Only climate  
change in China

Climate change  
in both China and the 

rest of the world

Only climate  
change in China

Climate change  
in both China and the 

rest of the world

S1 S2 S3 S4

Impacts on exports and imports

Exports

Rice -1949 -116 301 -127

Wheat -847 -111 826 1363

Maize -394 -174 227 339

Imports

Rice 185 59 -13 0

Wheat 959 101 -601 -794

Maize 9742 4811 -3725 -5298

Impacts on self-sufficiency (%)

Rice -2.0 0.0 0.3 -0.1

Wheat -2.0 -0.2 1.5 2.2

Maize -3.9 -2.0 1.6 2.2

Sources: Wang, et al., 2009a.

Note: in 2007, China exported 1.36 million tons of rice, 3.07 million tons of wheat, and 4.92 million tons of maize. In the same year, China also 
imported rice (0.49 million tons), wheat(101 thousand tons), and maize (35 thousand tons). 
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Table 4: Marginal impacts of climate change on crop net revenue

All Farms Irrigated Farms Rain-fed Farms

Temperature (USD/ha/C)

Spring -230** -49* -143**

Summer 76* 286 -15***

Fall -29 -458* -68*

Winter 173** 288** 130**

Annual -10* 68* -95**

Annual Elasticity -0.09* 0.62* -0.88**

Precipitation (USD/ha/mm/mo)

Spring -19** -22* -6

Summer -2 11* -5*

Fall -1* -21** -4*

Winter 36** 59* 38**

Annual 15* 27* 23*

Annual Elasticity 0.80* 1.48* 1.24*

Source: Wang et al., 2008.
* denotes significant at 10%, ** denotes significant at 5% level
Yuan converted to 2006 USD using exchange rate of 8 Yuan/USD. We wanted to allow easy comparison of marginal impacts with studies in other countries. 
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Table 5: Nitrous oxide (N2O) emissions from agricultural activities in China in 1994

Emission Sources Emission  
Volume 

(1000 tCO2e)

Percentage of Total  
N2O Emissions in 

Agricultural Sector (%)

Percentage of  
Total N2O Emission  

in China (%)

Fertilizer use 628 79.8 55.8

Pasture 110 14.0 12.9

Burning livestock 
waste

1 0.1 0.1

Management system  
of animal waste

44 5.6 5.2

Burning crop residues 4 0.5 0.5

Total 786 100 92.5

Source: Initial National Communication on Climate Change of the People’s Republic of China

Table 6: Methane (CH4) emissions from agricultural activities in China in 1994

Emission Sources Emission  
Volume 
(1000 t)

Percentage of Total  
CH4 Emissions in 

Agricultural Sector (%)

Percentage of  
Total CH4 Emission  

in China (%)

Ruminant animals 10182 59.2 29.7

Paddy field emissions 6147 35.8 17.9

Management system  
of animal waste

867 5.0 2.5

Total in agricultural 
sector

17196 100 50.2

Source: Initial National Communication on Climate Change of the People’s Republic of China
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Figure 1: Marginal Temperature Effect, Irrigated Farms	

Figure 2: Marginal Temperature Effect, Rain-fed Farms
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APPENDix Table 1: Agricultural production, trade, prices and self-sufficiency in China in 2006 and 
2030 under reference scenario

Rice Wheat Maize

2006 (Base Year)

Production (million tons) 127.9 105.1 147.8

Price (yuan/kg) 3.01 2.52 2.22

Export (million tons) 1.10 1.73 5.55

Import (million tons) 0.58 1.42 0.03

Self-sufficiency (%) 101 100 104

2030 (Reference Scenario)

Production (million tons) 109.5 92.1 246.8

Price (yuan/kg) 2.08 2.01 1.92

Export (million tons) 4.7 2.6 2.9

Import (million tons) 0.2 2.1 23.4

Self-sufficiency (%) 104 101 92

Data sources: Simulated by CAPSiM model by authors.
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APPENDix Table 2: Agricultural sector greenhouse gas emissions from agricultural sector in
selected countries (percentage of total emissions)

1995 2005

Australia 21.8 19.7

Brazil 58.5 58.4

China 21.8 15.4

European Union 10.5 10.0

India 25.7 21.6

New Zealand 54.1 48.1

United States 6.8 6.4

World 17.0 16.1

Source: CAIT v 7.0, World Resources Institute 2010.
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