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Abstract

Purpose — This paper aims to investigate the impacts of climate change on the People’s Republic of
China’s (PRC) grain output using rural household survey data. The paper highlights the regional
differences of impacts by estimating output elasticities (with respect to climate change) for different
grain crops and different regions.

Design/methodology/approach — The paper uses production function to investigate the responses
of grain output to climate variables as well as other traditional input variables. The use of production
function approach allows us to do away with the competitive land market assumption as required in
the Ricardian approach. The paper will use interaction terms of climate variables and regional
dummies to capture the regional differences of climate change impact on grain crops.

Findings — The results indicate that the overall negative climate impacts on the PRC’s grain output range
from —0.31 to —2.69 percent in 2030 and from — 1.93 to — 3.07 percent in 2050, under different emission
scenarios. The impacts, however, differ substantially for different grain crops and different regions.
Originality/value — This paper addresses the limitations of existing literature by highlighting
regional differences and crop varieties using the most recent nationwide rural household survey data.
The results indicate pronounced regional differences and crop differences in the impacts of climate
changes on PRC’s grain output.
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Paper type Research paper

The authors would like to thank Jing Cui and Yongwei Cui for their assistance in data processing
and the Research Center for the Rural Economy (RCRE) at the PRC’s Ministry of Agriculture for
providing the rural household survey data. Helpful comments from participants in various group
discussions organized by ADB are also fully appreciated. This paper is part of the research work
funded by ADB (Project Number: 43068).



I. Introduction
Due to the growing attention elicited by the impacts of climate change on agriculture, an
increasing number of studies have attempted to investigate these impacts. A number of
studies suggest that temperature will increase by 1.5°C-5.0°C within the twenty-one
century (Darwin ef al., 1995). China National Climate Center (CNCC) (2009) projects that
People’s Republic of China’s (PRC) temperature will rise by less than 2.5°C by the end of
twenty-one century. Various studies generally concluded that global warming will alter
the regional patterns of production and productivity (Darwin et al., 1995; Rosenzweig
and Parry, 1994). In the PRC, discussions focus on the impacts of climate change on
agriculture, in general, and on the country’s grain production, in particular. Despite the
growing interests in the impacts of climate changes on PRC’s grain production, different
studies have produced different findings and conclusions, due to different models and
data used. Some studies indicate that global warming will decrease the country’s grain
production, while others argue that the impacts are positive. For example, Wang et al.
(2009) find that global warming is harmful to rainfed farms but beneficial to irrigated
farms. The magnitudes of the impacts also differ across studies. As another example,
Harasawa et al. (2003) report that climate change will decrease the PRC's rice production
by 0.25 percent, wheat by 3.97 percent, and other grains by 1.39 percent. Tsigas et al.
(1997) suggest that climate change will lead to a 3 percent increase in the country’s crop
production with CO, fertilization and a decrease by 17 percent if without CO,
fertilization. Kane ef al. (1992) report that climate changes will result in a reduction in the
PRC’s crop production by 10-20 percent. Zhai et al. (2009) find that China’s rice output
will fall by 0.5 percent, wheat will increase by 4.2 percent, and other grains will fall by
0.5 percent[1].

Previous studies are limited in terms of methodology or data, which may have
contributed to the wide range of results:

+ most of these studies do not disaggregate the PRC into regions and ignore the
substantial regional differences;

« most of these studies do not disaggregate the PRC’s crop sector into different
crops and ignore the significant differences among crops;

+ some studies such as Wang et al. (2009), while addressing the regional and crop
differences, use the Ricardian model that involves restrictive assumptions such
as perfectly competitive land market[2]; and

* the agricultural production and social-economic data required for impact studies
are difficult to obtain — only a few studies (Liu et al, 2004; Wang et al., 2009)
were able to obtain a large national dataset but dated about ten years back.

While ignoring regional and crop differences prevents us from understanding the real
impacts of climate change on PRC’s grain production, using models with unrealistic
underlying assumptions and dated dataset would mislead us from translating research
findings into effective policies.

In this paper, we aim to address the above limitations by highlighting regional
differences and crop varieties using the most recent nationwide rural household survey
data available for the years 2003, 2005, and 2008, which contains over 9,000 households
information. We focus on four major grain crops — wheat, rice, corn, and soybean.
They account for 93 percent of the PRC’s grain output (National Bureau of Statistics
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of China (NBSC), 2010). Regressions were conducted to yield marginal impacts of
climate change on different grain crops in different regions. In contrast to the current
literature using Ricardian approach that involves perfect competitive land market
assumption (which is obviously not the case in rural PRC), we stick to the traditional
production function approach in investigating the impacts of climate change. Such
approach does not depend on the assumption of perfect competitive land market.

Our results indicate pronounced regional differences and crop differences in the
estimated impacts of climate changes. The overall impact on PRC’s grain output is
negative ranging from — 0.31 to — 2.69 percent in 2030 and from — 1.93 to — 3.07 percent
in 2050 under different emission scenarios. Rice output is predicted to decrease by
15.62-24.26 percent in 2030 and 25.95-45.09 percent in 2050, whereas corn output will
increase by 18.59-24.27 percent in 2030 and 32.77-49.58 percent in 2050. Climate change
will impact soybean output positively with increases ranging from 0.48 to 5.53 percent in
2030 and from 3.96 to 6.48 percent in 2050. The impacts on wheat output are relatively
small.

With respect to regional impacts, climate change in North PRC is expected to
increase the country’s grain output by 2.85-4.80 percent in 2030 and 5.30-8.49 percent in
2050, while for Central PRC, the increase is estimated to be 3.53-4.97 percent in 2030
and 8.91-13.43 percent in 2050. The impacts for South and Northwest PRC are very
small though positive. However, the PRC’s grain output is predicted to decrease in 2030
by 4.10-8.58 percent resulting from climate change in East PRC, by 2.29-4.05 percent
from Southwest PRC, and by 2.58-2.66 percent from Northeast PRC.

The rest of the paper is structured as follows. Section II reviews the literature and
Section III describes the methodologies and variables used to capture the impacts of
climate changes on PRC’s grain output. In Section IV, we describe the data and in
Section V we present the empirical results. Further discussions using results from the
econometric regression are provided in Section VI. Section VII summarizes the
conclusions and policy implications.

II. Literature review

There is a growing literature on the impacts of the climate change on the agriculture
sector (Parry et al., 2004; Cline, 2007). Since the end of the last century, the focus of the
research has increasingly focused on the developing countries (Mendelsohn and Dinar,
1999). In recent years, studies focusing on the agricultural impacts of the climate change
in the PRC are emerging (Fischer et al, 2001, 2002; Fischer et al., 2005; Parry et al., 2004;
Cline, 2007; Zhai et al., 2009; Wang et al, 2009). However, despite these efforts,
uncertainties and even controversies remain regarding analytical approaches and
results related to the impacts of climate changes on the PRC agriculture.

Broadly speaking, there are four basic approaches that are commonly used in
assessing the agricultural impacts of climate change: crop simulation models,
agroeconomic zone (AEZ) models, Ricardian models, and general equilibrium models.
Zhai et al. (2009) and ADB (2010) provide a discussion on the advantages and
disadvantages of these models. Crop simulation models draw on controlled experiments
where crops are grown in field or laboratory settings that simulate different climates and
levels of CO, in order to estimate yield responses of a specific crop variety to certain
climates and other variables. The estimates of these models do not include the effects of
farmer adaptation to changing climate conditions. Consequently, their results tend to



overstate the damages of climate change to agricultural production (Mendelsohn and
Dinar, 1999). These studies typically focus on only a few types of grain crops such asrice,
maize, and wheat. General findings of crop simulation models suggest that crop yields
will decrease with the increases in temperature and declines in rainfall.

One recent example of crop simulation modeling studies for the PRC is Tao et al
(2008), who assessed how rice production and water use would change with increasing
global mean temperature (GMT) under various emission scenarios and projected
regional climate changes. Their results show that a change in GMT will result in a wide
range of climate changes across regions. Another recent study to apply the crop
simulation model is Wu et al. (2006), who attempted to quantify the production potential
of winter wheat in the North China Plain by taking into account climate change. The
study demonstrated that low rainfall is a constraint for winter wheat in the northern part
of the plain, while low radiation and high temperature restrict the crop growth in
southern part.

The second approach, AEZ analysis, assign particular crops to certain
agroecological zones, and then estimate yields for the different zones. Unlike crop
simulation models, AEZ analysis incorporates land management decisions and
captures the changes in agroclimatic resources (Darwin ef al., 1995; Fischer et al., 2005).
AEZ analysis categorizes existing lands by agroecological zones, which differ in the
length of growing period and climate. The length of the growing period is defined
based on temperature, precipitation, soil characteristics, and topography. The changes
of the distribution of the crop zones along with climate change are tracked in AEZ
models. Cline (2007) observed that AEZ studies tend to attribute excessive benefits to
the warming of cold high-latitude regions, thereby overstating global gains from
climate changes.

Albersen et al. (2000, 2002) assessed agricultural production in the PRC using the
AEZ model. Albersen et al. (2000) argued that agricultural production in the northern
PRC is constrained by water supply and improving water supply would increase yields
to their potential levels. Similarly, Albersen et al. (2002) claimed that irrigated land
tends to be more productive than rain-fed farms. Furthermore, their results revealed
the scarcity of irrigated land, labor, and other inputs. The outputs of major crops such
as rice, wheat, and maize are generally similar across regions and difference is only due
to geographical conditions where the specific crop is best suited.

The Ricardian cross-sectional approach explores the relationship between
agricultural capacity (measured by land value) and climate variables (usually
temperature and precipitation) on the basis of statistical estimates from farm survey or
country-level data. This approach automatically incorporates efficient climate change
adaptations by farmers. Both crop simulation and agroecological zone models do not
take into account economic considerations and human capital limitations, which are
important factors for a farmer’s decision (Mendelsohn and Dinar, 1999). The Ricardian
approach has an advantage over the other two approaches in that it can incorporate
farmers’ adaptations in response to climate change (Mendelsohn and Dinar, 1999). The
Ricardian approach assumes that each farmer has profit maximization characteristics
subject to exogenous conditions to their farms (Wang et al., 2009). The major criticisms
of the Ricardian approach are that it does not account for price changes and that it fails
to fully control for the impact of other variables that affect farm incomes (Mendelsohn
and Dinar, 1999; Cline, 1996).
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Although the Ricardian approach is widely used to assess agricultural impacts of
climate change, the number of such studies for the PRC is limited. To the best of our
knowledge, the first Ricardian analysis for the PRC was carried out by Liu ef al. (2004),
who provided regionally detailed estimates of impacts of climate change on agriculture
in the PRC. The authors concluded that increases in both temperature and precipitation
would have a positive impact on agriculture in the PRC, with variations across regions
and seasons. One possible reason that the Ricardian approach is not widely used in the
PRC context is that the approach relies on a restrictive assumption of competitive land
market, which is clearly not true in today’s PRC (see Zhang, 2010 for a discussion).

The last approach is general equilibrium models. Unlike the previous three
approaches that only study the agricultural sector alone (i.e. “partial equilibrium
models”), the general equilibrium models incorporate the interactions between different
sectors. The argument is that the climate change may affect the agricultural sector
either directly or indirectly through interactions between different sectors (Zhai et al.,
2009). Oftentimes the general equilibrium models are used in conjunction with the
partial equilibrium models, while the latter examines the direct impacts and the former
provides a framework to track interactions among sectors through trades, price
changes, input factor substitution and other factors.

As far as the analytical results are concerned, there are a wide range of impact
estimates of climate change on PRC’s agriculture. Many of these estimates are different
and some are of opposite signs, partly attributable to different models and datasets
used in the studies. Four out of five AEZ models, for example, predict increases in
cereal-production potential in the range of 5-23 percent (Fischer ef al, 2005). This is
consistent with Cline (2007) who observed that AEZ studies tend to attribute excessive
benefits to the warming of cold high-latitude regions, thereby overstating the impacts.
Studies using Ricardian approaches seem to produce more modest results for the PRC.
However, even studies using the same approaches do not produce consistent results.
For example, both using the Ricardian approaches, while Liu et @l (2004) found that
warming would have a positive impact on agricultural production, Wang et al. (2009)
show the opposite. Their results suggest that a 1°C increase in temperature would
reduce farm revenues per hectare by US$10. We suspect this has to do with the data
used. Liu ef al. (2004) used 1985-1991 data for 1,275 counties, while Wang et al. (2009)
used the household level data from the Household Income and Expenditure Survey in
2001. Despite the differences in the approach and data used and the results obtained, all
studies agree that the impacts of climate vary across crops, locations and seasons.

In this paper, we use production function to investigate the responses of grain
output to climate variables as well as other traditional input variables. The use of
production function approach allows us to do away with the competitive land market
assumption as required in the Ricardian approach. Our results suggest that the
impacts of climate changes significantly differ among regions and crops. These in turn
imply substantial changes in inter-regional trade flows, which we will analyze using
CGE model in another paper.

III. Methodology

We will use interaction terms of climate variables and regional dummies to capture the
regional differences of climate change impact on grain crops. For this purpose, we group
the PRC’s provinces into seven regions, namely Northeast (including Heilonjiang,



Jilin, and Liaoning), North (including Beijing, Tianjin, Hebei, Shandong, Inner
Mongolia), East (including Jiangsu, Shanghai, and Zhejiang), South (including Fujian,
Guangdong, and Hainan), Central (including Shanxi, Henan, Anhui, Hubei, Hunan, and
Jiangxi), Northwest (including Shannxi, Ningxia, Gansu, Qinghai, and Xinjiang), and
Southwest (including Sichuan, Chongqing, Guangxi, Yunnan, Guizhou, and Tibet).

In our production function model, the dependent variable is rural household output
(rice, wheat corn and soybean). Climate variables include seasonal mean temperature,
annual accumulated precipitation, and annual accumulated sunshine hours. We also
introduced squared climate variables into the model to capture possible nonlinear
impacts of climate variables. Other independent variables include sown area, labor,
fixed production assets, water resources, other inputs, as well as household head
characteristics, community characteristics, regional dummies, interaction terms of
climate variables and regional dummies[3]:

Output =f(Climate variabels, Climate variabels squared Sown area,Labor,
Fixed assets, Water resourse, Other inputs, Household head Characteristics,
Household characteristics, Community characteristics,

Regional dummies Interaction terms of climate variabels and regional dummies)

The essential difference between our model and the Ricardian model of Wang et al
(2009) lies in that we use rural household crop output as the dependent variable while
Wang ef al. (2008) use crop net revenue per hectare as the dependent variable.
In addition, our model differs from Wang et @l (2009) in that:

+ we include one more climate indicator- sunshine accumulated hours, which is
missing in Wang et al. (2009) and most existing literature;

+ our model includes interaction terms of climate variables and regional dummies
to catch the regional differences; and

+ the use of crop output instead crop net revenue as dependent variable allows us
to examine the impacts of climate changes on different crops.

The empirical model takes a similar linear form as in Wang et al. (2009).

IV. Data
Rural household survey data for the years 2003, 2005, and 2008 are used. These
surveys were conducted by the Research Center for the Rural Economy (RCRE) at the
PRC’s Ministry of Agriculture. These surveys include information on rural village and
rural household. The village questionnaire includes information on location, terrains,
economy indicators, and other village variables. The rural household survey covers
information on family members, land, fixed assets, crop production (inputs and
outputs), livestock production, consumption, income and expenditure, and housing et al.
our dataset cover over 9,000 rural households from each survey year. The number of
observations used in the wheat model is 6,707, rice model 7,418, corn 10,264, and
soybean 4,995.

Climate variables, which are obtained from the National Metrological Information
Center, include seasonal mean temperature, annual accumulated precipitation, and
annual accumulated sunshine days. We match the climate data to rural households.
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Table 1.
Descriptive statistics of
variables (mean)

The descriptive statistics are reported in Table .

V. Regression results and elasticities associated with climate variables
The regression results of the impacts of climate change on grain crops production are
provided in Table II. They suggest that all the three climate variables — temperature,

rainfall, and sunshine — have significant impacts on wheat, rice, corn, and
Wheat Rice Corn Soybean
Grain output (kg) 1,301437 2054410 1992502  417.301
Spring temperature (°C) 14.367 16.828 13.639 14.678
Spring precipitation (mm) 49.258 107.256 49.485 73.212
Spring sunshine (days) 196.330  146.456 196.706  176.896
Summer temperature (°C) 24.389 26.274 24.336 25.033
Summer precipitation (mm) 144359 173315 139.885  163.529
Summer sunshine (days) 180.672 173917 185.483 174915
Fall temperature (°C) 14.021 17.919 13.259 14.952
Fall precipitation (mm) 86.372 90.593 66.275 86.719
Fall sunshine (days) 152457  144.821 163.073  154.518
Winter temperature (°C) 0.081 4,643 —1.951 0.350
Winter precipitation (mm) 14.810 38.331 13.211 23.192
Winter sunshine (days) 137.318 107.098 142.824 132.107
Sown area (u) 4121 4.947 4.577 3.324
Fertilizer (CNY) 364.551 445.818 334.894 89.577
Plastic film (CNY) 0.870 28198 11.064 0.467
Pesticide (CNY) 24.463 139.650 28.420 23.370
Irrigation (CNY) 66.679 77.034 62.331 3.185
Animal power (CNY) 17.854 41.359 36.159 19.162
Machinery (CNY) 207980  155.713 63.993 21.407
Labor (days) 51.947 93.120 59.454  114.600
Fixed productive assets (CNY) 6,346.782 4,746.642 7773242 6,279.467
Gender of household head (male — 1, female — 0) 0.860 0.834 0.845 0.838
Age of household head (years) 46.277 44.906 45217 44932
Education level of household head (years) 5.741 5.527 5.663 5.480
Agricultural training of household head
(ves — 1, no — 0) 0.078 0.082 0.092 0.072
Village cadre (yes — 1, no — 0) 0.054 0.041 0.047 0.042
Terrain (plain — 1, otherwise — 0) 0.608 0.248 0.464 0.311
Terrain (hill — 1, otherwise — 0) 0.219 0.448 0.230 0.327
Region type (planting area — 1, otherwise — 0) 0.982 0.895 0.903 0.872
Region type (forestry area — 1, otherwise — 0) 0.013 0.073 0.091 0.092
Suburb (yes — 1, no — 0) 0.165 0.128 0.126 0.123
Economy rank within county (highest — 5,.. .,
lowest — 1) 2.793 2.873 2.903 2916
Share of paddy field in total (%) 0.154 0.654 0.154 0.276
Share of irrigated field in dry field (%) 0.398 0.059 0.308 0.088
Number of observations 6,707 7418 10,264 4,995

Notes: °C — degrees Celsius; kg — kilogram, mm — millimeter, u — 1/15 hectare
Source: Results calculated using rural household survey data (2003, 2005, 2008) collected by the
RCRE at the PRC's Ministry of Agriculture and climate data from the National Metrological

Information Center
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soybean output. Moreover, the climate variables squared are also significant in
regressions which, in turn, indicate that climate change impacts grain output
nonlinearly.

The significance of interaction terms of climate variables and regional dummies
indicates that climate change impacts crops output differently in different regions. The
impacts of climate change on grain output also differ among different crops. Clearly,
models assuming the PRC as a single region (as in GT AP model) or using total grain as
a single commodity (as in some econometric models) may have produced biased
estimates, yielding incorrect impact assessment and misleading policy
recommendations.

The significance of irrigation variables indicates that improving water irrigation
system could increase the output of wheat, rice, and soybean. More specifically, one
CNY increase in irrigation could increase wheat output by 0.643 kg, rice 2.926 kg, and
soybean 1.286 kg. The output elasticities associated with wheat, rice, and soybean are
0.03, 0.09, and 0.01, respectively, measured at the mean value of variables.

The elasticities of climate change with respect to grain outputs by crops, regions, and
seasons can also be obtained. Since the climate variables enter into production functions
nonlinearly, their elasticities are evaluated at the regional mean values of relevant
variables. The regional elasticities can be added up using regional output shares in
national grain output as weights, giving rise to the weighted elasticity for each crop at
the national level. The higher the weighted elasticity is, the larger the impacts of climate
change on national output. The regional shares are calculated with data from the NBSC
(2010). The elasticities associated with climate change for the different grain crops
across different regions during different seasons are reported in Table III

(A) Elasticities associated with climate variables in wheat production
Temperature. The elasticity of wheat output with respect to temperature changes is — 0.76
at the national level, and ranges from — 7.20 to 2.15 across different regions.

Climate warming in East and Southwest PRC is calculated to have larger negative
impacts on the country’s wheat production, with associated elasticities of —7.20 in
East PRC and —6.93 in Southwest PRC. These two regions produce approximately
9 and 6 percent of the country’s wheat, respectively. The weighted elasticities for these
two regions are — 0.66 and — 0.43, respectively, indicating that the negative impacts of
climate warming on the PRC’s overall wheat production come from these two regions.

With a small elasticity of —0.02, climate warming in Northwest PRC will also have
negative impacts on wheat production. This region produces 10 percent of the PRC’s
wheat, so climate warming impacts in this region will have almost no effect on the
country’s overall wheat production.

Wheat production in Northeast, North, South, and Central PRC will benefit from
climate warming. Northeast and South PRC are the two regions that will benefit
largely from climate warming, with elasticities of 2.01 and 2.15, respectively. These
two regions, however, only produce around 1 percent of the country’s wheat, hence the
weighted national elasticities for these two regions are very small. As such, the impacts
of climate warming on wheat production in these two regions will not affect PRC’s
overall wheat production.

Collectively producing 74 percent of the PRC’s wheat, North PRC and Central PRC
are the country’s major wheat producing regions. The weighted elasticities associated
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with these two regions are 0.25 and 0.08, respectively. These two regions will help
reduce the overall negative impacts of climate warming on the PRC's wheat
production.

Precipitation. As expected, increase in precipitation will benefit the PRC’s wheat
production. The national elasticity of wheat output with respect to precipitation is 0.66,
which means that a 1 percent increase in precipitation will increase the country’s wheat
production by 0.66 percent.

South PRC and North PRC are the two regions that will benefit the most from increases
in precipitation. The regional elasticities associated with these two regions are 4.92 and
1.85, respectively. South PRC only produces less than 0.5 percent of the country’s wheat,
so precipitation changes occurring in this region will have almost no impact on the PRC’s
overall wheat production. North PRC, on the other hand, produces 31 percent of the
country’s wheat, and its weighted elasticity reached 0.58. This means that North PRC
accounts for 90 percent of precipitation impacts on the country’s overall wheat production.

Wheat production in Central PRC will also benefit from increases in precipitation.
Its regional elasticity is 0.38. This region produces 43 percent of the PRC’s wheat, so
the weighted national elasticity is 0.16. Central PRC is, thus, ranked second, after North
PRC, among the regions that will contribute to wheat production increase due to
precipitation increases.

Northeast and Southwest PRC will also benefit from increases in precipitation.
However, wheat production in East China and Northwest China will decrease once
precipitation increases. Yet, the impacts of precipitation changes in these four regions
will only have very small impacts on the PRC’s overall wheat production.

Sunshine hours. Increases in duration of sunshine will have negative impacts on the
country’s wheat production. The elasticity of wheat output with respect to duration of
sunshine is — 0.38, which means that a 1 percent increase of duration of sunshine will
result in 0.38 percent decrease in wheat production.

Given a 1 percent increase of sunshine hours, regional wheat output will decrease by
5.02 percent in East PRC, 2.04 percent in Northwest PRC, and 1.1 percent in Southwest
PRC. But regional wheat output in Northeast, North, South, and Central PRC will
increase, with regional elasticities of 6.01, 0.07, 0.32, and 0.66, respectively.

The negative impacts of an increase in the duration of sunshine on the PRC’s overall
wheat production predominantly originate from East and Northwest PRC, while the
positive impacts mainly come from Central PRC.

(B) Elasticities associated with climate variables in rice production
Temperature. Temperature changes will have much larger impacts on the PRC’s rice
production than on wheat production. The elasticity of rice output with respect to
temperature changes reaches —2.61, or three times that of wheat.

Rice production in East PRC is relatively sensitive to temperature changes, with
elasticity reaching — 16.95. This region produces only 13 percent of the country’s rice,
yet its weighted elasticity still reaches — 2.26. This region accounts for a dominant share
of the negative impacts of temperature changes on the PRC’s overall rice production.

Northeast and Southwest PRC rank second and third, respectively, in their contribution
to reduction in the country’s rice production as a result of rising temperature. Their
regional elasticities are —4.07 and — 0.87, respectively, and their associated weighted
elasticities are —0.53 and —0.19, respectively.

Impacts of
climate change
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Nonetheless, not all regions are adversely affected by temperature changes, as rice
production in North, South, Central, and Northwest PRC will benefit from climate
warming.

Precipitation. Generally, increases in precipitation will negatively affect the PRC’s
rice production, with calculated elasticity of — 1.72. Most of the negative impacts come
from East and Northeast PRC. North and Southwest PRC will also suffer from
increases in precipitation, but the impacts are relatively small.

Rice production in South, Central, and Northwest PRC will increase with rising
precipitation, but their overall impacts on the country’s rice production are somewhat
insignificant.

Sunshine hours. Increases in the duration of sunshine will help increase the PRC’s
rice production. The elasticity of rice output with respect to the duration of sunshine is
0.59, which means that a 1 percent increase of sunshine duration will increase the
country’s rice output by 0.59 percent.

Northeast PRC will see the largest percentage increase in rice production when the
duration of sunshine increases. The regional elasticity is 6.47, and its weighted
elasticity is 0.84. Rice output in Northwest PRC will also increase when the duration of
sunshine increases, with regional elasticity of 4.49. But this region’s transmitted
impacts to the PRC’s overall rice production are small. South and Southwest PRC will
also benefit from rising duration of sunshine, while North, East, and Central PRC will
suffer; but their combined impacts are small.

(O) Elasticities associated with climate variables in corn production

Temperature. Corn production in the PRC will generally benefit from climate warming.
The elasticity of corn output with respect to temperature changes is 3.14, indicating
that a 1 percent change in temperature will result in a 3.14 percent increase in the
country’s corn output.

Central PRC, producing 18 percent of the country’s corn, will benefit the most from
rising temperature. The elasticity associated with this region is 18.96, and its weighted
elasticity is 3.49.

Corn production in North PRC, the major corn producing region accounting for
30 percent of the PRC’s corn output, will also increase when temperature rises. The
regional elasticity is 1.84, and its weighted elasticity is 0.55. Northwest PRC (producing
8 percent of the PRC’s corn) also has a weighted elasticity of 0.53.

The impacts of climate warming on corn production in Northeast PRC (producing
29 percent of the PRC’s corn) are quite small, with a regional elasticity of 0.04 and
weighted elasticity of 0.01.

Conversely, corn output in East, South, and Southwest PRC will decline substantially
when temperature rises. Elasticities of corn output with respect to temperature for these
three regions are — 8.57, —32.45, and — 9.28, respectively. Both East and South PRC,
however, produce only 1 percent of the country’s corn, and their impacts on the country’s
overall corn output are small. Southwest PRC, though, produces 12 percent of the PRC’s
corn, and its weighted elasticity is estimated at — 1.16.

Precipitation. Increases in precipitation will generally favor the PRC’s corn
production, with a calculated elasticity of 1. Regions that will benefit from increases in
precipitation include Northeast, North, South, and Southwest PRC. Among these four
regions, North PRC has the largest weighted elasticity at 1.64.



Rising temperatures will have negative impacts on corn production in East,
Central, and Northwest PRC. The regional elasticities associated with these regions
range from — 1.76 to — 45.82, but their weighted elasticities range from — 0.32 to — 0.63.

Sunshine hours. Increases in duration of sunshine will generally decrease the PRC’s
corn production. The elasticity of corn output with respect to the duration of sunshine
is —0.60. Corn production in only two regions, East and Northwest PRC, will benefit
from rising duration of sunshine, but their weighted elasticities are only 0.15 and 0.12,
respectively. Corn production of the other five regions will suffer from rising duration
of sunshine. The weighted elasticities associated with these five regions are also
relatively small and range from — 0.01 to 0.45.

(D) Elasticities associated with climate variables in soybean production
Temperature. Soybean production in the PRC will be negatively affected by climate
warming. The elasticity of soybean output with respect to temperature is — 0.79.

Soybean production in East and Southwest PRC, respectively, accounting for 7 and
12 percent of the PRC’s soybean production, is relatively sensitive to climate warming,
with elasticities of —18.52 and — 8.07, respectively. These two regions have relatively
large negative impacts on the country’s overall soybean output, and their weighted
elasticities are — 1.21 and — 1.33, respectively. Northwest PRC will have relatively small
negative impacts on the PRC’s overall soybean output, with a weighted elasticity — 0.01.

Soybean production in the PRC’s two major soybean producing regions, Northeast
and Central PRC (producing 33 and 21 percent of the country’s soybean output,
respectively) will benefit from climate warming. Regional elasticities associated with
Northeast and Central PRC are 0.99 and 5.47, respectively, and their corresponding
weighted elasticities are 0.33 and 1.54, respectively.

Soybean production in North and South PRC will also benefit from rising
temperature. The weighted elasticities associated with these two regions are 0.14,
which means that climate warming in these regions will have small impacts on the
country’s overall soybean output.

Precipitation. The PRC’s soybean production will generally benefit from increases in
precipitation, with an elasticity of 0.70.

Northeast PRC will have a relatively larger impact on the PRC’s overall soybean output
when precipitation increases. The weighted elasticity associated with Northeast PRC is
1.17. North and Northwest PRC will also benefit from increases in precipitation, and the
weighted elasticities associated with these two regions are 0.50 and 0.21, respectively.

Regions that will suffer from increases in precipitation include East, South, Central,
and Southwest PRC. Soybean production in East PRC is relatively sensitive to
precipitation changes with an elasticity of —12.82, and this region also has a relatively
large negative impact on the PRC’s overall soybean output when precipitation rises.
The other three regions have relatively small negative impacts on the country’s
soybean output if precipitation increases, and the associated weighted elasticities
are —0.09 for South PRC, —0.21 for Central PRC, and —0.04 for Southwest PRC.

Sunshine hours. Increases in duration of sunshine will generally reduce the PRC's
soybean output. The elasticity of soybean output to duration of sunshine is —0.37.
Soybean production in only two regions, Central and Northwest PRC, will benefit from
increases in sunshine hours. Their impacts on the country’s soybean output, however,
are small. All the other five regions will see declines in soybean output when duration
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of sunshine increases. Northeast PRC will have relatively larger negative impacts on
the PRC’s overall soybean output when duration of sunshine increases. The elasticity
associated with Northwest PRC is —0.50, and — 0.22 for North PRC, —0.02 for East
PRC, —0.01 for South PRC, and — 0.02 for Southwest PRC.

VI. Simulation results

Using the estimated elasticities, data on sunshine from Ding et al (2006), and
temperature and precipitation data from the CNCC (2009), we can simulate the impacts
of climate change on PRC’s grain output under three scenarios, namely A2, B1, and
A1B emission scenarios[4]. The simulation is based on a model provided by CNCC and
results for both 2030 and 2050 are reported in Table IV.

Whereas rice output will decrease by 15.62-24.26 percent in 2030 and
25.95-45.09 percent in 2050, corn output, on the other hand, will increase by
18.59-24.27 percent in 2030 and 32.77-49.58 percent in 2050. Climate change also yield
positive impacts on soybean output, ranging from 0.48 to 5.53 percent in 2030 and
from 3.96 to 6.48 percent in 2050. The impacts on wheat output, however, are relatively
small.

Climate change in North PRC will lead to an increase in the PRC’s grain output by
2.85-4.80 percent in 2030 and 5.30-8.49 percent in 2050. Likewise, climate change in
Central PRC will increase the country’s grain output by 3.53-4.97 percent in 2030 and
8.91-13.43 percent in 2050. The PRC’s grain output in 2030 is projected to decrease by
4.10-8.58 percent as a result of climate change in East PRC, by 2.29-4.05 percent in
Southwest PRC, and 2.58-2.66 percent in Northeast PRC. Moreover, the impacts of climate
change in South and Northwest PRC will have small positive impacts on the country’s
grain output.

In the following analysis, we will focus on the simulation results of climate change
under A2 scenario.

(A) Predicted impact in 2030

The PRC’s grain output will decrease by 0.31, 0.32, and 2.69 percent under A2, B1, and
A1B emission scenarios, respectively. The simulation results indicate that the impacts
of climate change substantially vary among regions and crops. Climate impacts on the
PRC’s grain output under A2 and B1 scenarios are similar. The following explanations
are based on the simulations results under A2 scenario.

Under A2 emission scenario, grain production in North, South, Central, and
Northwest PRC will generally benefit from climate change. Climate change in Central
and North PRC will increase the country’s grain output by 5.06 and 4.8 percent,
respectively. The PRC’s grain output will also increase as a result of climate change
in Northwest and South PRC by 0.89 and 0.26 percent, respectively. However, the
country’s grain output will fall by 6.43 percent from climate change in East PRC,
2.58 percent from Northwest PRC, and 2.30 percent from Southwest PRC.

Under A2 emission scenario, the PRC’s output of wheat will increase by 0.55 percent.
Climate change in East and Southwest PRC, however, will lead to reductions in the
PRC’s wheat production by 1.95 and 1.59 percent, respectively. But climate change in
North PRC is projected to increase the country’s wheat output by 3.71 percent.
The impacts of climate change in the other three regions have small positive impacts
on the country’s wheat production, ranging from 0.003 to 0.23 percent.



2030 2050

Wheat Rice  Corn Soybean Sum Wheat Rice Corn  Soybean  Sum
Climate scenario for A2 emissions
Northeast
PRC 003 —915 207 1051 —258 004 —16.89 4.09 1955 —4.68
North PRC 371 1.02  10.70 330 480 651 159 19.21 5.99 8.49
East PRC —-195 —1172 —255 —756 —643 —491 —2651 —530 —17.00 —1451
South PRC  0.00 053  0.10 009 026 001 1.08 0.19 0.20 0.52
Central
PRC 0.10 081 14.27 3.53 5.06 0.25 164  30.34 7.64 10.74
Northwest
PRC 0.23 017 238 022 089 048 0.25 315 0.49 1.23
Southwest
PRC -159 —-132 —-366 —490 —-230 —338 —-272 —-78 —1039 —487
PRC 055 —1965 2331 517 —031 —101 —4155 4383 648 —3.09
Climate scenario for B1 emissions
Northeast
PRC 003 —877 153 927 —266 —003 —1271 2.88 1351 —3.66
North PRC  2.05 062 641 205 28 377 1.08 1204 3.89 5.30
East PRC —-104 —757 —162 —494 —-410 —310 —1822 —344 —-1174 —-985
South PRC  0.00 042 —0.09 020 016  0.00 083 —0.17 0.38 0.31
Central
PRC —-0.09 0.70 14.66 379 511 —0.26 136 2549 6.35 891
Northwest
PRC 0.33 007 163 002 062 066 0.10 2.68 0.06 1.04
Southwest
PRC —-159 —-109 —-392 —486 —229 —-274 -199 —-671 —849 —397
PRC —-031 —1562 1859 553 —032 —169 —2955 3277 396 —193
Climate scenario for A1B emissions
Northeast
PRC 003 —-915 207 10.51 —258 005 —1741 411 2009 —4.86
North PRC 371 1.02  10.70 330 480 6.61 164 1945 6.05 861
East PRC —327 —1573 —281 —10.00 —858 —578 —29.19 —547 —1862 —1594
South PRC  0.00 043 017 002 024 001 0.99 0.26 0.13 0.50
Central
PRC 0.20 086 1877 497 660 042 173 3821 10.16 13.43
Northwest
PRC 0.23 017 238 0.22 0.89 0.47 0.26 3.32 0.49 1.29
Southwest
PRC -290 —-18 —-701 —853 —4.05 —430 -—-310 —1020 -1293 —6.10
PRC —198 —2426 24.27 048 —269 —253 —4509 49.68 537 =307

Note: The base year is 2005
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Table IV.
Simulation results of

climate change impacts
on the PRC’s grain output

The PRC’s rice output will, on average, fall by 19.65 percent. Climate change in
East PRC and Northeast PRC will decrease the country’s rice output by 11.72 and
9.15 percent, respectively. Climate change in Southwest PRC will also result in a
1.32 percent decrease in the PRC’s rice output. Again, climate change in North, South,
Central, and Northwest PRC will increase the country’s rice output by 1.02, 0.53, 0.81,
and 0.17 percent, respectively.
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The PRC will see an increase of 23.31 percent in corn production under A2 emission
scenario. The most significant increase is from Central (14.27 percent) and
North PRC (10.70 percent). Climate change in East and Southwest PRC will lead to a
decrease in the PRC’s corn output by 2.55 and 3.66 percent, respectively.

The country’s soybean output will increase by 5.17 percent under A2 emission
scenario. Climate change in Northeast PRC will increase the PRC’s soybean output by
10.51 percent, in North PRC by 3.30 percent, and in Central PRC by 3.53 percent.
Climate change in East and Southwest PRC will, however, decrease the PRC’s soybean
output by 7.56 and 4.90 percent, respectively.

Under A1B emission scenario, the negative impacts of climate change on the PRC’'s
grain output are larger than those under the other two scenarios. The output of wheat
and rice will decrease by 1.98 and 24.26 percent, respectively, while the output of corn
and soybean will increase by 24.27 and 0.48 percent, respectively.

(B) Predicted impacts in 2050

The PRC’s grain output will fall by 3.09 percent under A2 emission scenario. Under A2
emission scenario, climate change in East, Northeast, and Southwest PRC will decrease
the country’s grain output by 14.51, 4.68, and 4.87 percent, respectively. Climate
changes in Central and North PRC will, respectively, result in 10.74 and 8.49 percent
increase in the PRC’s grain output.

The country’s rice output will fall by 41.55 percent. A decline of 26.52 and
16.89 percent will be due to climate change in East PRC and Northeast PRC, respectively.
Wheat output will also decrease by 1.01 percent. Climate change in East and South PRC
will decrease the PRC’s wheat output by 4.91 and 3.38 percent, respectively, while
climate change in North PRC will increase wheat output by 6.51 percent.

Climate change will positively impact on both corn and soybean output. Corn output
will increase by 43.83 percent, and the most significant increases will be from Central
and North PRC. Northeast and Northwest PRC will likewise contribute to the PRC's
corn output increase. However, climate change in East and Southwest PRC will
decrease the country’s corn output by 5.30 and 7.85 percent, respectively. Furthermore,
the PRC’s soybean output will increase by 6.48 percent. Soybean production in
Northeast, Central, and North PRC will benefit from climate change, resulting in
increases in the country’s soybean output by 19.55, 7.64, and 5.99 percent, respectively.
Climate change in East and Southwest PRC will decrease the PRC’s soybean output by
17.00 and 10.39 percent, respectively.

Climate change will decrease the PRC’s grain output by 1.93 percent under Bl
emission scenario and by 3.07 percent under A1B emission scenario.

VII. Concluding remarks

In this paper, we investigate the impacts of climate change on the PRC’s grain output
using rural household survey data. We highlight the regional differences of climate
change impacts on different grain crops. Econometrical models were estimated to obtain
elasticities (with respect to climate change) associated with different grain crops across
different regions. Our results indicate that the overall negative climate change impacts
on the PRC’s grain output range from — 0.31 to — 2.69 percent in 2030 and from — 1.93
to — 3.07 percent in 2050 under different emission scenarios. However, climate change
has substantially varying impacts on different grain crops in different regions.



Rice output will decrease by 15.62-24.26 percent in 2030 and 25.95-45.09 percent
in 2050. Corn output will increase by 18.59-24.27 percent in 2030 and
32.77-49.58 percent in 2050. The positive impacts of climate change on soybean
output range from 0.48 to 5.53 percent in 2030, and from 3.96 to 6.48 percent in 2050.
The impacts on wheat output are relatively small.

Climate change in North PRC will lead to an increase in the country’s grain output
by 2.85-4.80 percent in 2030 and 5.30-8.49 percent in 2050. Climate change in
Central PRC will increase the PRC’s grain output by 3.53-4.97 percent in 2030 and
8.91-13.43 percent in 2050. The country’s grain output in 2030 is predicted to decrease by
4.10-8.58 percent as a result of climate change in East PRC, by 2.29-4.05 percent from
Southwest PRC, and 2.58-2.66 percent from Northeast PRC. The impacts of climate change
in South and Northwest PRC have small positive effects on the PRC’s grain output.

The Chinese national and provincial governments, therefore, need to fight the adverse
impacts of climate change in heavily affected regions and grain crops. Moreover, the
substantial regional differences imply further changes in agricultural inter-regional trade
patterns. This will in turn generate demand for changes in transportation arrangements
and related infrastructure. If grain transportation, storage and handling facilities could not
be adjusted to meet these changes, agricultural prices may rise sharply in those regions
with significant decline in agricultural output and fall sharply in those regions with
significant increases in agricultural output. These will have negative impacts on local food
security and social welfare and may very likely affect millions of farmers and consumers
livelihood. Non-agricultural sectors will also be negatively affected since the linkages
between agricultural and non-agricultural sectors are becoming much closer.

Notes

1. Please refer to Zhang and Xin (2010) for a comprehensive survey on climate change and
China’s agriculture.

2. For a more detailed and comprehensive discussions about the limitations of applying the
Ricardian model to PRC’s agricultural analysis please refer to Zhang (2010).

3. Grain prices are not explicitly included into the production functions. The impacts of grain
prices on production are implicitly captured via production input factors.

4. The IPCC developed four different narrative storylines to cover a wide range of the main
demographic, economic and technological driving forces of future greenhouse gas and
sulphur emissions. The A2 storyline and scenario family describes a very heterogeneous
world while the Bl storyline and scenario family describes a convergent world. The
A1 storyline and scenario family describes a future world of very rapid economic growth,
global population that peaks in mid-century and declines thereafter, and the rapid
introduction of new and more efficient technologies. The three Al groups are distinguished
by their technological emphasis: fossil intensive (A1FI), non-fossil energy sources (A1T), or a
balance across all sources (A1B) (where balanced is defined as not relying too heavily on one
particular energy source, on the assumption that similar improvement rates apply to all
energy supply and end-use technologies). Please refer to IPCC (2010) for details.
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