
1.  INTRODUCTION

Agricultural production and food security are criti-
cal areas where anthropogenic climate change is
likely to produce significant im pacts. Nowhere is this
issue more pressing than in China, where exposure
and sensitivity to climatic hazards is high; because of
its size and geographical diversity, China experiences

many types of climatic hazards, and because of its
transitional economy, production and employment in
agriculture remain very important, such that hun-
dreds of millions of livelihoods remain vulnerable
to climatic hazards. For example, China experienced
a serious drought across 5 provinces in southwest
China which lasted for 6 mo from the end of 2009 to
April 2010. By the end of March 2010, 7.7 million ha
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of farmland had been affected, and over 24 million
people and 15 million livestock had difficulty access-
ing drinking water. Direct economic losses in the
5 provinces exceeded 23.7 billion Yuan RMB (ca.
US$ 3.6 billion; MCA 2010a). In 2010 as well, ongo-
ing flooding across China had led to 1454 deaths and
669 missing people (MCA 2010b). Extremely low
tem peratures and heavy snowfall during January
and February 2008 (the heaviest in ~50 yr) in south-
ern China brought massive disruption to transport
networks during the peak travel period of the Spring
Festival in 2008. The snowfall damaged critical trans-
port nodes and infrastructure for the supply of elec-
tricity, coal and other goods. The event caused a
direct economic loss of 152 billion Yuan RMB (US$
22.5 billion), with 58% of oil seed rape and 37%
of vegetable production in China affected (CPGC
2008).

These and other such events highlight the chal-
lenge that extreme events pose for China. They also
provide useful case studies for designing adaptation
strategies (e.g. Qiu 2010). Extreme events may act as
triggers in policy processes (e.g. flooding in the UK,
Penning-Rowsell et al. 2006) by providing a window
of opportunity for new policies (e.g. Kingdon 2003)
and are likely to form a major component of adapta-
tion. Indeed, the impacts of the 2008 extreme event
during the Spring Festival highlighted important
weak nesses in the response to extreme climate
events and led policy makers to accelerate the pro-
cess of formulating contingency response measures
for severe meteorological disasters. These include
‘Regulations on Meteorological Disaster Prevention’
and ‘National Planning on Meteorological Disaster
Prevention’, aimed at enhancing cooperation among
different ministries, establishing mechanisms for in -
formation sharing, standardising infrastructure and
promoting monitoring and forecasting of meteoro -
logical disasters (see http://news.xinhuanet.Com/
politics/2008-02/15/content_7610047.htm, in Chinese).

China’s First National Communication to the
United Nations Framework Convention on Climate
Change was published in 2004 (presented at COP 10,
NDRC 2004). Preparation of the Second National
Communication began in early 2008 and China’s
‘National Climate Change Programme’ was pub-
lished in 2007 (NDRC 2007). The Programme recog-
nises mitigation and adaptation as integral compo-
nents of the strategy to cope with  climate change;
‘China will take practical measures to enhance its
capacity to adapt to climate change via key projects
for ecosystem protection, disaster prevention and
reduction and other key infrastructure construction’

(NDRC 2007, p. 31). Institutional responsibility for
climate change in China sits within the National
Development Reform Commission (NDRC) in the
Department of Climate Change, established in 2008,
which is responsible for analysing the impact of cli-
mate change on socio-economic development and
organising and coordinating the formulation of key
strategies, plans and policies  dealing with climate
change. The National Leading Group Dealing with
Climate Change, established in 2007, is China’s
national consultation and coordination mechanism to
address climate change, including mitigation and
adaptation. China’s 12th Five Year Plan, published
in 2011, is the first to include a full paragraph on
adaptation (Xinhuanews: http:// news. xinhuanet.com/
politics/ 2011-03/16/ c_121193916. htm, in Chinese).

Research on climate change impacts has a long
 history in China, with early examples including
‘Impacts of climate change on China’s agriculture,
forestry, water resources, and sea level rising, and
associated response strategies’, supported by the
Ministry of Science and Technology (MoST) during
China’s 8th (1991−1995) and 9th (1996−2000) 5 yr
planning periods. Another early study was under-
taken through the World Wide Fund for Nature
(Hulme 1992), and a major study on the effects of cli-
mate change on agriculture in China was supported
by the Department for Environment, Food and Rural
Affairs (Defra), UK (2003−2008) (Lin et al. 2005,
Xiong et al. 2008a, 2009a,b). Extensive reviews have
been produced such as the recent ‘National Climate
Change Assessment Report’ (EBNCCA 2007), and
there is a growing body of literature on impacts
across sectors. Research on adaptation and linking of
impact projections with decision-making and policy
processes, however, is only now emerging (as in
many other countries). Early examples include pro-
jects supported by MoST, mentioned above, and the
‘Research and demonstration of adaptation techno -
logies and measures’ also supported by MoST during
2007−2010.

Agriculture possesses special importance for China,
with 54% of its population living in rural areas
(NBSC 2009). In 2005, the total increased value of
agricultural GDP was 2.27 trillion RMB (US$ 337 bil-
lion; NBSC 1996, 2006), and farmland comprised an
estimated 130 million ha (EBCAY 2006). Of this total,
irrigated farmland with potentially stable yields com-
prised 32% (calculation based on EBCAY 2006).
Overall, droughts are responsible for the largest
direct economic losses. Average annual grain losses
were 14 million tons between 1949 and 2001 and 26
million tons between 1991 and 2000, accounting for
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4.6% and 5.4%, respectively, of the production (Liu
et al. 2005). In addition to climate hazards, degrada-
tion of farmland is a serious problem. An estimated
30% of farmland in China displays some level of
damage due to water and soil erosion, and as much
as 40% of farmland in arid and semiarid regions (Li
2000b).

China experiences water scarcity due to the un -
even temporal and spatial distribution of water
resources and demands upon them. Water resources
south of the Yangtze River basin account for more
than 80% of the total, whilst arable land only
accounts for 38% of the total; water resources north
of the Huaihe basin (Fig. 1) account for less than 20%
of the total, whilst arable land accounts for 62% (Li
2000b). Water availability is critical for agricultural
production in China (Fischer et al. 2007) and is
already a major stress factor for grain production,
particularly in northern parts of the country (Li 2006).
In China, irrigated agriculture accounts for 70% of
total water use (Zhang 2002). More than 75% of grain
production is from irrigated land, and this production
is key to achieving national policy targets for food
production and poverty alleviation (Wu et al. 2006).

A further dimension to adaptation in agriculture
and other sectors is to design and implement sus -
tainable responses, and to link adaptation and miti-
gation. The agriculture sector is a major emitter of
greenhouse gases in China. Much is published on

emissions from the sector but very little on potential
synergies between mitigation and adaptation. A re -
view by Smith & Olesen (2010) highlighted various
areas of adaptation with potential for mitigation and
concluded: ‘There appears to be a large potential for
synergies between mitigation and adaptation within
agriculture. The interlinkages between mitigation
and adaptation are, however, not very well explored
and further studies are warranted’ (Smith & Olesen
2010, p. 1). This is also the case in the water sector
and is underscored by the close interactions between
water and energy use for irrigated agriculture (Rot -
hausen & Conway 2011).

The major environmental and socio-economic chal -
lenges that face China’s sustainable use of land and
water resources and the growing recognition (within
and outside government) of the potential for anthro-
pogenic climate change to exacerbate these chal-
lenges provide the context to the present review. We
use the following understanding of terms in relation
to climate: (1) climate trends represent incremental
changes in climate parameters over an identified
period of time; (2) climate variability refers to the
variations around the long-term (generally 30 yr)
average; (3) extreme events represent highly unusual
occurrences over the period of record with some
 flexibility on thresholds of frequency or intensity,
to reflect the different practices and terminology
used by various government and statistical depart-

ments; (4) future climate change in -
cludes the effects of anthro pogenic in -
fluences manifest against background
variability due to other factors.

Although many studies of climate
change impacts on agriculture have
appeared in Chinese publications, these
have received limited attention in the
international community. The objectives
of the present study are therefore to:
(1) review the effects of recent climate
trends and extreme events in the agri-
culture sector, (2) outline future climate
change projections for China using re -
sults from a high-resolution regional cli-
mate model (RCM) and the average
change across the range of global climate
models (GCMs) used in the IPCC Fourth
Assessment Report (IPCC 2007a,b), (3)
review current understanding of future
climate change impacts on agriculture,
and (4) identify uncertainties in these
studies and highlight important direc-
tions for future research.
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2.  RECENT CLIMATE VARIABILITY AND
EXTREME EVENTS

China has experienced noticeable climate variabil-
ity and trends during the past 100 yr. Box 1 sum-
marises observations of recent climate behaviour,
including trends in China from the IPCC AR4 (IPCC
2007a,b). Annual average air temperature has risen
by 0.5 to 0.8°C during the century (EBNCCA 2007),
slightly faster than the average rate of global warm-
ing. Most of the temperature rise occurred during the
last 50 yr (Ren et al. 2005). Warming was greater in
western, eastern and northern China than south
of the Yangtze River, while in the southwest, average
temperatures have de creased (NCC 2010; Fig. 2).
The localised cooling in parts of southwest/southern
China may be related to increased emission of pollu-
tants such as SO2 (Li et al. 1995, Hu et al. 2003). Win-
ter temperatures display the most rapid warming.

Annual total precipitation in China shows more
complex spatial and temporal patterns during the
past 100 yr, with considerable differences among
provinces (EBNCCA 2007). In western China it in -
creased since the 1920s (Shi 2003). During 1956−
2000, precipitation decreased in the Yellow, Haihe,
Liaohe and Huaihe River basins (ranging from 50 to
120 mm; see Fig. 1 for locations) and increased in the
lower reaches of the Yangtze River, along the coastal
areas in southern China and in northwestern China
(ranging from 60 to 130 mm, Ding et al. 2007). Zhai
et al. (2005) analysed daily precipitation
records from 740 stations and identi -
fied distinctive regional and seasonal pat-
terns. In western China, increases oc -
curred in winter and summer, whereas in
eastern China there was no consistent pat-
tern. Spring precipitation increased in the
south of northeast China and north China
but decreased significantly in the mid-
reach of the Yangzte River. The summer
monsoon precipitation trend was similar to
the annual patterns. Autumn precipitation
generally de creased through out eastern
China. In winter, precipitation decreased
over the northern part of eastern China
but increased in the south.

Fig. 3 shows trends in the number of ex-
treme heavy rain days during the past
53 yr. The frequency has increased in
southern and northwest China and de -
creased in other regions (Chen et al. 2010).
Sea level rose during the 20th  century at
a rate of 2.5 mm yr−1 (SOA 2007), a rate
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Fig. 2. Temperature trends during 1961−2009 (data from NCC 2010)

Temperature
Widespread warming:
• Warmer in the last 50 yr, higher extremes
• Increase in frequency of short-duration heat waves in

recent decades
• Increasing warmer days and nights in recent decades

Precipitation
• Complex patterns, increase in intensity
• Some evidence for increase in flood frequency
• Some areas increase in drought (possibly temperature

related)

Drought
• Increase in area affected by drought has exceeded

6.7 M ha since 2000 in Beijing, Hebei Province, Shanxi
Province, Inner Mongolia and North China

• Increase in dust-storm-affected areas

Floods
• Increasing frequency of extreme rains in western and

southern parts including Yangtze River, and decrease
in northern regions

• More floods in Yangtze River in past decade
• More frequent floods in northeast China since 1990s
• More intense summer rains in east China; severe flood

in 1999
• Seven-fold increase in frequency of floods since 1950s 

Other
Cyclones
• Number and intensity of strong cyclones increased

since 1950s
• 21 extreme storm surges in 1950−2004, of which 14

occurred during 1986−2004
• Some glaciers retreating

Box 1. Summary of key findings on recent climate behaviour 
in China, based on IPCC (2007a,b)
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slightly higher than the global average
of 1.7 mm yr−1 (IPCC 2007a). Glaciers
in China show complex patterns with a
tendency for retreat during the past
100 yr, with a recent acceleration in
the rate (EBNCCA 2007). A recent
 review showed that climate warming
is not uniform across the Hima layan
region and that although the main
trend in most of High Asia does seem
to be glacial retreat, it is occurring at
very different rates in different moun-
tain ranges, even within the same
mountains (Hewitt 2010).

3.  PROJECTIONS OF FUTURE 
CLIMATE CHANGE

Global and regional climate mod-
els, forced by different greenhouse
gas (GHG) emission scenarios, have
been widely used to project climate
change to 2100 (Christensen et al.
2007). Table 1 presents an overview
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Fig. 3. Trends in highest daily precipitation during 1956−2008 (data from 
Chen et al. 2010). Blue: increase, red: decrease

Confidence Climate variable Changes in China

High Atmospheric CO2 concentration As IPCC SRES A2 and B2 emissions
Global mean sea level See IPCC AR4
Global mean temperature See IPCC AR4
Regional seasonal temperature China warms by:

2020s, A2: 1.3°C, B1: 1.2°C (Xiong et al. 2008a)
2050s, A2: 2.4°C, B1: 1.9°C (Xiong et al. 2008a) (Average of 23 
climate models)

Warming is most rapid in the north and west and slowest in the 
south

Regional temperature extremes Higher maximum temperatures, longer growing season (based 
on temperature)

Medium-high Regional precipitation Across China precipitation generally shows modest increases, 
up to ~10% by the 2080s

Regional seasonal precipitation Precipitation tends to increase in the west, north and northeast, 
slight decreases in the south and east

Medium Precipitation extremes Daily extreme precipitation amounts likely to increase
Regional potential Higher temperatures could lead to higher rates of evaporation 
evapotranspiration and, assuming other influences remain unchanged, higher rates 

of surface water evaporation and higher soil moisture deficits 

Low Changes in other extremes See IPCC AR4
(e.g. cyclones)

Very low or Climate surprises (e.g. disintegration Examples for China could include rapid glacial melt in the west, 
Unknown of the West Antarctic Ice Sheet) rapid changes to permafrost

Table 1. Projections of climate and associated variables, ranked subjectively in decreasing order of confidence (adapted and 
updated from IPCC 2001 with new results and IPCC 2007a,b)
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of key climate variables and their projections in
China. Details of their derivation and explanation of
the main sources of uncertainty can be found in IPCC
(2007a,b). All climate models simulate continued and
more rapid warming in China. Most models simulate
increasing precipitation, but there are differences
among climate models, especially in spatial pat-
terns. Xiong et al. (2009a) presented pro jections
of future temperature and precipitation for China
based on average values from the suite of GCMs
used for the IPCC Fourth Assessment Report (Meehl
et al. 2007). They defined four 30 yr periods for
 analysis: 1961−1990 (baseline), 2010− 2039 (2020s),
2040−2069 (2050s) and 2070− 2099 (2080s) under
2 GHG emission scenarios to show the general
 direction of change averaged for all of China and
5 sub-regions. No judgement was made on the
 models’ performance, and results were presented
with equal weight for all models, except for 1  outlier
which was excluded from the analysis (Xiong et al.
2009a). The main results are summarised in Box 2
and Figs. 4 & 5.

RCMs provide greater spatial detail and gen -
erally improved simulation of important circula-
tion processes and the effects of surface features
such as lakes and mountains (Wilby et al. 2009),
although they are still limited by the under lying
biases in the boundary conditions from the GCM.
Xu et al. (2005) used the Hadley Centre RCM sys-
tem PRECIS to analyse the changes of temperature
and precipitation over China under SRES A2 and
B2 scenarios in different time slices in the 21st
century. Fig. 6 shows the multi-model results for
A2 emissions, with 30 yr average changes in tem-
perature plotted against changes in precipitation
for all models, including PRECIS from Xu et al.
(2005), and 3 future time slices. Climate scenarios
from PRECIS show warming similar to the all-
model average, but PRECIS produces wetter con-
ditions than the multi-model average for China.
H. L. Yang et al. (2010) looked at the effects of the
PRECIS scenarios on heat wave occurrence, and
found that western, northwest and northeast
China are projected to have more heat waves by
the 2080s.

Zhang et al. (2006) used the output from HadCM3
to analyse future changes in precipitation extremes
over China under SRES B2 scenarios relative to a
baseline from 1961−1990. They found an increasing
trend for heavy rain events over China except in
the northeast and southern parts. Heavy rain events
(≥50 mm d−1) mostly decreased in the west and
increased in the east.

4.  IMPACTS ON AGRICULTURE

4.1.  Extreme events

Agriculture is one of the sectors most affected by
natural hazards. Droughts, floods, low temperature
stress and hail constitute the major hazards that
affect China’s agriculture (Zhang 1991). These haz-
ards show distinct regional characteristics across
China (Ruan 2000) and are responsible for 71%
of the losses caused by natural hazards annually
(Huang et al. 2005). Between 1996 and 2003, average
annual grain loss from meteorological hazards was
50.9 million tons, compared with total annual grain
production of 472.9 million tons during the same
period (NBSC 1997, 2004), and average annual direct
economic losses were 110.5 billion RMB (US$ 16.4
billion) during 1996−2003 (Table 2, D. Wang et al.
2006). Over the previous 10 yr, the annual direct eco-
nomic effects of crop loss due to meteorological haz-
ards were roughly 1 to 3% of the national GDP (CMA
2006). The increased value of agricultural GDP
accounted for 16.2% of total GDP during the  period
1996−2005 (NBSC 1997, 2006). Provincial and local
scale effects are sub stantial in terms of economic and
social impact; for instance, per capita income of farm-
ers fell by 200 RMB due to the effects of extreme
events on crops and animal husbandry in Hunan
Province during 1998−2003 (D. Wang et al. 2006a),
accounting for roughly 9% of the average per capita
income during the same period. Zhang (1999) con-
cluded that if  economic losses induced by drought
and flooding increased by 10%, poverty rates (de -
fined by basic food requirements and costs) in rural
areas in China could increase by 2 to 3%.

4.2.  Drought

Based on data from 606 weather stations, during
1951−2008, China as a whole showed a weak increas-
ing trend in the area experiencing drought. Most
northern river basins experienced an increase in
drought area, particularly the Songhuajiang, Liaohe
and Haihe River basins. Severe and prolonged
droughts occurred in areas of the Liaohe, Haihe and
Yellow River basins during the late 1990s to the early
2000s. There were no significant long-term changes
in most of the river basins of southern China, except
for the southwest (Zou et al. 2010). Based on analyses
of data from 1996−2005, most regions of China
 experienced drought in some form. However, the
Huanghe and Huaihe basins (Fig. 1) account for

88



Li et al.: Climate and agriculture in China

roughly 43% of the drought-affected area nationally.
The northeast accounts for 20%, and the lower and
middle reaches of the Yangtze River also frequently
experience drought. Together these 3 regions account
for 79% of the drought-affected areas. Given its size,
local or regional droughts occur somewhere in China
in most years. Droughts have become more serious in
77% of provinces and in most of the provinces located
north of the Yangtze River. Drought had become
less serious or remained unchanged in the pro -
vinces south of the Yangtze River during 1949−2000
(J. Wang et al. 2006), al though the recent drought
may reverse this situation (Qiu 2010).

Droughts cause over half of the grain losses that
result from meteorological hazards (Li 2000a, D.
Wang et al. 2006). During the period be tween 1978
and 2004, the area of cropland affected by drought
averaged 13.9 million ha yr−1 (EBCAY 2005; Fig. 7).
Since the 1990s, losses caused by drought have risen
sharply. From 1950 to 1970, grain loss in absolute
terms due to drought was less because of the lower

total grain production. In the 1980s, however, grain
losses rose to an average of 19.2 million tons yr−1 and
by the 1990s they were 28.2 million tons (D. Wang et
al. 2006), with economic losses of 34.5 billion Yuan
RMB (at price values for 2000, US$ 5.1 billion; Liu et
al. 2005). Fig. 8 shows the economic losses from
reduced grain production for the period 1986−2001
with an increase in sensitivity of high-yield grain
production to drought over time (Liu et al. 2005).
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Temperature
The multi-model results show a progressive warming in
most regions of China, with a very consistent shift to
moderately wetter conditions across all models (although
some seasons and regions have moderately drier condi-
tions in the 2020s). 
For the 2020s, annual warming for all of China is pre-
dicted to be 1.2°C with an inter-model range of 0.8°C to
1.7°C (A2) or 1.2°C with a range of 0.6°C to 1.8°C (B1).
Small differences are found between scenarios A2 and
B1 (~0.1°C) and among seasons. 
By the 2050s, annual countrywide warming is predicted
to be 2.4°C with an inter-model range of 1.6°C to 2.8°C
(A2) or 1.9°C with a range of 1.1°C to 3.0°C (B1). The dif-
ferences between A2 and B1 are larger, roughly 0.5°C in
all seasons. Seasonal changes are similar.

Precipitation
For the 2020s, increase in annual precipitation for all of
China is predicted to be +1% with an inter-model
range of −5 to +5% (A2) or +2% with a range of −2 to
+5% (B1). 
The regional differences in precipitation change range
from −3% (south) to +4% (west) with A2; and −1%
(south) to +7% (north) with B1. Small differences in pre-
cipitation changes are evident between scenarios A2 and
B1 (<3%) and among seasons (<2%). 
By the 2050s, increase in annual precipitation for all of
China is predicted to be +4% with an inter-model range
of −3 to +10% (A2); B1 shows an increase of +4% with a
range of −1 to +7%. 
Differences in precipitation changes between scenarios
A2 and B1 are fairly modest but show an increase from the
2020s (ranging from ~0 to 10%), and seasonal differences
are larger (ranging from −3 to +1% in A2 and +1 to +4%
in B1).

Box 2. Key results from climate multi-models for China and
sub-regions (adapted from Xiong et al. 2008a). See Figs. 4 & 5
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Drought is also associated with human and animal
suffering, particularly by reducing the availability of
drinking water. Access to potable water remains an
important issue, in rural areas, and 400 cities of a
total of 669 have suffered from water shortages
(Wang 2006). In a normal year, the total water short-
age nationwide is nearly 40 billion m3, but in north-
ern China, the situation is even worse (Wang 2006).
The average economic loss caused by drought was

36.7 billion Yuan RMB (US$ 5.4 billion) per year in
2000−2005 (MoWR 2001−2005). Table 3 shows the
population affected by drought-induced drinking
water shortages between 1991 and 2001 (Liu et al.
2005). Farmers’ net incomes are impacted by drought
with annual per capita economic losses from reduced
grain production of 37 Yuan RMB (US$ 5.5), roughly
4.1% of farmers’ average income from agricultural
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Fig. 8. Economic losses from reduced grain production due to
drought during the period 1986−2001 (source: Liu et al. 2005)

Year Affected Damaged Cropland with Losses Source
area areas no harvest Grain Other

(106 ha) (106 ha) (106 ha) (106 t) (billion Yuan)

1996 47.0 21.2 5.4 20.0 - Wang et al. (2006a)
1997 53.4 30.3 6.4 74.4 98.0 Wang et al. (2006a)
1998 50.1 25.2 7.6 30.0 140.0 Wang et al. (2006a)
1999 50.0 26.7 6.8 35.0 - Wang et al. (2006a)
2000 54.7 34.4 10.2 77.9 100.0 Wang et al. (2006a)
2001 52.2 31.8 8.2 70.3 100.0 Wang et al. (2006a)
2002 57.1 27.3 6.6 45.8 93.0 Wang et al. (2006a)
2003 54.7 32.7 8.5 54.0 132.0 Wang et al. (2006a)
2004 37.1 16.3 4.3 156.6 NBSC (2005)
2005 38.8 20.0 4.6 210.1 EBCAY (2006, 2007)
2006 41.1 24.6 5.4 250.0 EBCAY (2006, 2007)

Table 2. Grain and economic losses from meteorological hazards in China
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sources, between 1985 and 2001 (data on farmers’
income: DRS 2005). Farmers in the northeast and
north of China tend to be most affected by drought in
terms of economic losses, with a per capita loss of 100
Yuan RMB (US$ 14.8) in the northeast and 71 Yuan
RMB (US$ 10.5) in the north of China during
1985−2001. Income from growing crops remains a
major component of total income for many farmers,
although this is changing rapidly. In areas of north-
west China, drought can push farmers back into
poverty (Liu et al. 2005), and a recent drought (2004−
2006, Ningxia) had substantial negative consequences
across mixed irrigation/ grazing and rain-fed farming
communities (Li et al. 2008).

4.3.  Floods

Flood events also disrupt agriculture, particularly in
the lower and middle reaches of the Yangtze River,
Yellow River and Haihe Plains, and represent the sec-
ond most damaging meteorological hazard for agri-
culture. Floods accounted for 28% of the total eco-
nomic losses due to meteorological disasters during
2004− 2009 (CMA 2005−2010). Between 1950 and
1998, flooding in China produced a total loss of life of
259 000, damaged 110 million houses and affected (or
damaged) 9.1 (5.1) million ha of agricultural land per
year, which amounts to 10% and 5% of the total crop-
land area, respectively (Table 4). During the late
1980s, the frequency of flood events increased, and by
the 1990s major flood events occurred roughly once
every 2 yr, with an increasing trend (Zhao et al. 2004).

4.4.  Other hazards

The two regions most susceptible to damage from
spring and winter low temperature stress are the

Yangtze valley and southern China, and summer
low temperature stress mostly affects northeastern
China. Over a 28 yr period (1953−1980), the lower
and middle reaches of the Yangtze and upland areas
of Nanling recorded roughly 20 such events. The
most affected crops were winter wheat, oilseed rape,
green manure plants and subtropical fruit trees that
are vulnerable to cold (CAAS 1999). The mid-part of
northeast China and the northeast part of northwest
China recorded 25 to 30 such events over the same
period, with winter-wheat-growing areas the most
affected. China also experiences a range of other
major meteorological hazards, including hail, dry hot
wind and high temperature stress for rice. A sum-
mary of the main geographic regions and crops fre-
quently affected by meteorological hazards is pre-
sented in Table 5 (Liu et al. 2003).

4.5.  Recent warming

Warming across China during recent decades (see
Section 2) is the most pronounced and spatially
homogenous climate trend for China. Various
 studies have analysed the effects of this trend on
crop production and more widely in the agriculture
 sector. The warming and lengthening of the grow-
ing season has a notable impact on cropping sys-
tems; however, the results show complex patterns
and highlight the challenge of untangling climate
and crop yield/production relationships across diverse
agro-ecological conditions, crop types and rapidly
changing management and socio-economic condi-
tions of production. For example, Tao et al. (2008)
made a detailed study of climate−yield relationships
in China at provincial scales and discussed response
mechanisms underlying the observed climate−yield
relationships. Warming had positive or negative im -
pacts on yield, de pending on whether the current
temperature was lower (e.g. parts of northern China)
or higher (e.g. Guizhou, southern China) than the
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Year Humans Animals 
(106 persons) (106 heads)

1991 43.6 62.5
1992 72.9 35.3
1993 35.0 19.8
1994 50.3 60.1
1995 18.0 1.4
1997 16.8 8.5
1999 19.2 14.5
2000 27.7 17.0
2001 33.0 22.0

Table 3. Number of people and domestic animals affected
by rural drinking water shortage caused by droughts. Data 

from Liu (2005)

Period Annual damages
Death Houses Cropland Cropland

toll collapsed affected damaged 
(persons) (106) (106 ha) (106 ha)

1950−1959 8571 2.41 7.36 4.56
1960−1969 4091 2.51 7.67 4.73
1970−1979 5179 1.23 5.36 2.29
1980−1989 4349 1.54 10.43 5.52
1990−1998 4193 3.44 15.45 8.68

Table 4. Flood damages in China between 1950 and 1998.
Data from Zhao et al. (2004)
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optimum temperature for yield. In some cases, a
small increase in temperature had a large effect on
crop yield. Precipitation also had complex effects on
yield, for example, a negative relationship with rice
and wheat yield in the south (yield loss from dis-
ease, pest and root problems) and a positive rela-
tionship with maize and soybean yield in north and
northeast China (moisture stress in rain-fed crops;
Tao et al. 2008).

Examples exist where mild winters have led to ear-
lier onset of budding and flowering in winter wheat
and some trees and fruits, a change in planting from
early- to late-maturing varieties and a northward
shift in the planting boundary. This has made crops
more vulnerable to cold and has led to an increase in
crop damage due to spring frost (Fang et al. 2005,
Zhao et al. 2009).

Some aspects of recent warming have been benefi-
cial (Yang et al. 2007). Warming during the past
3 decades has contributed to the expansion of winter
wheat in northeast China (Gong 1995, Sun 1997,
Yang et al. 2000, Wang et al. 2003, Yang et al. 2007),
the area of maize has expanded northwards and
eastwards (Zhao et al. 2009), and double rice crop-
ping has expanded northwards (X. Yang et al. 2010).
Song et al. (2010) identified an extension of the grow-
ing season by more than 10 d in some regions of
northeast China between 1951 and 2007. Liu et al.
(2009) found northward displacement in the accu -

mulated temperature isoline in this area during
1961−2007. In the southern part of northeast China,
double cropping systems have replaced single crop-
ping systems, leading to higher overall crop yields.
Certain varieties of maize that have a relatively long
growth period and high yield have been grown more
widely in Jilin Province, northeast China, resulting in
in creased output. The northern boundary of areas
currently under multiple cropping is likely to move
farther north as well as westwards (Zhang 2000).
Dong et al. (2009) analysed the spatial patterns of
annual accumulated temperatures (days >10°C) and
found an increase since the late 1980s, with 3.6 × 105

km2 of land shifting in ideal suitability from spring to
winter wheat zones.

Depending on the timing of the warming, e.g. dur-
ing certain periods with critical phenological events
such as flowering, crop yields can be adversely
affected. In southern China, where high tempera-
tures mean that crops already grow close to their lim-
its, warming is more likely to reduce yields. Lu et al.
(2008) used a phenological simulation model, vali-
dated using sowing-date experiments, to simulate
developmental stages in rice growth in southern
China. Driving their model with the observed warm-
ing during 1951−2006 reduced the length of the
growing season by 6 to 14 d in the Yunnan-Guizhou
Plateau and by 1 to 2 d in most of the low plain areas
of southern China.
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Hazards Regions Crops

Drought Nationwide, severe spring droughts in north, Rice, wheat, corn, soybean, cotton, timber, fruit 
and summer droughts across Yangtze River trees
basin, Jiangnan and Jianghua

Floods Middle and lower reaches of Yangtze River, Rice, wheat, rape, corn, soybean, sorghum, millet
south, north and northeast

Low temperature Summer low temperature: Heilongjiang, Jilin, Corn, rice, wheat, soybean, sorghum, millet
Liaoning, Inner Mongolia, Ningxia and Hebei
Autumn low temperature: Yangtze River basin, Late and double-harvest rice
and south
Winter low temperature: south Lichee, longan, mango, banana, tropical cash crops
Unusually cold spell in an otherwise warm Rice
early spring: Yangtze River basin, and north

Frostbite Northwest, north, northeast, mid-south and Winter wheat, cotton, corn, rice, sweet potato, 
south sorghum, vegetables, fruits

Cold injury Northwest, north, east and mid-south Winter wheat, rape, vegetables, grape, orange, tea, 
fruits

Hail Nationwide, more in Qinghai-Tibet Plateau, Crops, trees and stock grown in summer and 
and Qilian Mountains autumn

Dry hot wind Henan, Hebei, Shandong, Anhui, Shanxi, Wheat
Shan’xi, Ningxia, south of Jiangsu, Hexi Corri-
dor of Gansu and Tulufan basin in Xinjiang

High temperature Middle and lower reaches of Yangtze River Early and mid-season rice
and south

Table 5. Distribution of crops affected by the major meteorological hazard types in China. Data from Liu et al. (2003)
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5.  ASSESSMENT METHODS

Studies of climate change impacts on crops in
China show a wide range of results, reflecting,
among other things, differences among GCM projec-
tions (e.g. temperature, precipitation), the methods
used to assess impacts (e.g. crop models), and
whether or not and how the effects of CO2 fertilisa-
tion are included. The spatial and temporal scale
of analysis is also important: some studies focus on
nationally aggregated impacts which may obscure
differences at provincial levels, and some focus on
the near-term future, whereas others project to the
end of the century. Different crops and cultivars
exhibit varying sensitivities to a wide range of cli-
matic factors conditioned upon an even wider range
of non-climate interacting factors such as soil type,
management, pests and disease, CO2, etc. Most crop
impact studies only consider climate change and CO2

fertilisation, while other factors, such as incremental
adaptation measures, technology improvement, and
in cases of irrigated agriculture, increasing demand
for water from other sectors, are neglected. Studies
also tend to focus on changes in average climate
 conditions rather than the effects of changes in the
nature of extreme events.

Climate change may also affect the quality of grain.
Elevated CO2 levels may cause a decrease in the
quality of wheat due to a decrease in protein content.
At a doubled CO2 concentration, the contents of
lysine and protein in soybean, winter wheat and
maize decrease (Gao & Wang 1994, Wang et al. 2000,
Bai et al. 2004). CO2 levels also affect stomatal con-
ductance and hence the rate of transpiration and
crop water use, but these interactions are only
crudely simulated in most models. Finally, surface
ozone has largely been absent from impact studies,
but is likely to play an increasing role in affecting
crop yields, as sources of its precursors increase in
China; ‘Studies suggest large enhancements in sur-
face ozone over SE Asia….over the next 50 years
under projected emissions and climate changes’
(Royal Society 2005, cited by Challinor et al. 2009).

Predictions of crop yield response to a given cli-
mate stress can also depend on the methodology. The
most common approaches for assessing impacts have
been econometric or Ricardian models, empirical
relationships based on observations and process-
based crop growth simulation models. Whilst most
crop climate impacts studies for China have used
process-based simulation models to estimate changes
in yield, there are a few examples of econometric and
empirical climate−yield studies. The following sec-

tions present results from such studies in China and
illustrate some of the challenges to making reliable
policy-relevant predictions of climate change impacts.

5.1.  Econometric (Ricardian) studies

The Ricardian model (see Mendelsohn et al. 1994,
cited by Wang et al. 2009) assumes that each farmer
maximises income by choosing crops and inputs
given a set of variables including inputs, labour, cap-
ital climate, irrigation, soil and input prices. The
function aims to capture the locus of maximum profit
for a range of temperature or precipitation levels, for
different crops; as farmers are expected to choose
the most profitable crops for different conditions,
this method is assumed to capture adaptation. The
method explains some variation in land value or net
revenue per unit area of land in many different coun-
tries. Temperature and precipitation both appear to
influence land value and net revenue, but to varying
extents. The method does not take into account price
changes (see Cline 1996, cited by Wang et al. 2009)
and some other farm level factors such as availability
of irrigation water, nor does it simulate any biophysi-
cal processes, effects of interannual variability or fac-
tors such as CO2 fertilisation or interactions with pests.

Ricardian analysis of the role of increasing temper-
ature in farm revenues has shown both negative
(Wang et al. 2009) and positive effects on average
farm net revenues (Liu et al. 2004). Wang et al. (2009)
proposed that the difference between the two studies
is due to the choice of data sets, but they noted that
both studies found precipitation to have positive
effects, and climate effects were generally nonlinear.
These contrasting results suggest a need for more
detailed analysis of the factors driving crop yield
and farm revenue with greater spatial and temporal
 disaggregation.

5.2.  Empirical methods: climate−yield relationships

Exploring the observed relationship between cli-
mate and crop yields can provide useful insights into
sensitivities and can improve the empirical evidence
to support predictive modelling. However, reliable es-
timates of crop yield can be difficult to make and scale
up from the plot scale. Data suffer quality problems in
many countries, particularly at local levels, due to
 collection methods, and also contain other sources of
production variability such as pests, poor inputs and
floods, which can mask climate signals. Lobell et al.
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(2008) presented relationships between observed har-
vests and monthly temperature and precipitation for
many regions, including China. Relationships were
significant (R2 > 0.14, 14% of the variance in yield) in
only 2 out of 7 cases for China. Lobell et al. (2008) ob-
tained probability distributions of production changes
using multi-model output (20 GCMs) for 2030 which
showed median changes of less than 5% for all crops
(groundnut, soya bean, sugarcane, potato, maize, rice
and wheat), with 2 showing slight decreases (maize,
rice) and the others showing slight increases.

Tao et al. (2008) made a detailed study of climate−
yield relationships in China at provincial scales,
assessing observed relationships and, where signifi-
cant, multiplying by sown areas to estimate crop pro -
duction changes due to climate trends over the
period 1979−2002. Year to year changes in 4 crops
(rice, wheat, maize and soybean) and 4 climate vari-
ables (maximum and minimum temperature, diurnal
temperature range and precipitation) were consid-
ered. They obtained significant relationships between
at least 1 of the climate variables and rice yield in 12
provinces (of 23 which grow rice), wheat yield in 11
(26), maize in 14 (22) and soybean yield in 10 (16).
Tao et al. (2008) estimated that the combined effects
of growing season climate trends during 1951−2002
led to increases in total production of rice (3.2 × 105 t
decade−1) and soybean (0.7 × 105 t decade−1) and
decreases in wheat (−1.2 × 105 t decade−1) and maize
(−21.2 × 105 t decade−1). They found contrasting
results across provinces, with maize being most sen-
sitive to trends in maximum temperature and precip-
itation, and rice, wheat and soybean more affected
by minimum temperature. A 1°C change in Tmax
or Tmin resulted in changes of 11 to 19% in crop
yield, depending on crop and region. Tao et al. (2008)
 concluded that further research into crop response
mech anisms is necessary.

Fraser et al. (2008) explored climate−yield interac-
tions in drought-sensitive regions of East China.
They noted that ‘…there are few empirical studies or
predictive models that quantify the reasons why har-
vests may or may not be sensitive to changes in envi-
ronmental conditions’ (Fraser et al. 2008, p. 686).
Their analysis of provincial data showed that for
wheat and maize, technical inputs were significant
factors for sustaining yields in low rainfall years and
rice was more dependent on indicators representing
access to labour. These factors were helpful in
explaining provincial differences in yield sensitivity
to rainfall fluctuations.

The research challenge is underscored by the fact
that Tao’s and Lobell’s results, both based on cli-

mate−yield relationships, but at different scales, give
contrasting  response functions for rice (Tao: positive,
Lobell:  negative) and wheat (Tao: negative, Lobell:
positive). Generating a clearer understanding of the
sources of such differences and a better assessment of
how much yield variability can be explained by cli-
mate factors (and hence incorporated within empirical
re lation ships and crop models) is an important re-
search aim.

5.3.  Process-based crop models

Crop modelling has been the most widely applied
approach in efforts to understand climate impacts.
Whilst the principles of climate−yield relationships
are well understood (e.g. Easterling et al. 2007), there
remains considerable uncertainty in their local-scale
detail and interactions with other confounding fac-
tors. Crop models generally simulate point estimates
of changes in yield which need to be coupled with
estimates of cultivated area to obtain changes in pro-
duction, which may be a more meaningful indicator
for policy purposes. This upscaling is particularly
 difficult for China, due to the variety of cropping
 systems, levels of production and rapidly evolving
patterns of land use and management.

Consistency and comparability issues exist between
different crop models; models may incorporate differ-
ent climate factors to varying levels (e.g. the role of
temperature or radiation), and these may be repre-
sented through different response functions (Challi-
nor et al. 2009). Thus, different crop models can
respond in different ways to the same climate stress.
Moreover, impact studies rarely follow standardised
protocols for the use of climate scenarios and the
assessment and portrayal of uncertainty.

5.3.1.  Growing season and cropping systems

Future warming, changes in precipitation and soil
moisture availability will affect the length of the
growing season. For a 1°C increase in annual aver-
age temperature, the accumulated degree days (dd)
≥0°C increase by approximately 130 dd in northeast
China, 250 dd in north China, 350−450 dd in the
Yangtze River basin and south China, 300−350 dd in
Yunnan and Guizhou, 250−300 dd in the northwest
arid and semiarid regions, and 190 dd in the Qinghai
and Tibetan plateaus (Wang 1996). Climate change
will also affect the distribution and intensity of crop-
ping systems; for example, for 1 scenario (2×CO2), the
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potential single cropping area de creased by 23.1%
and the triple cropping area increased from 13.5%
to 36% (Wang 2002). Under warming conditions and
assuming no other limitations (such as water), much
of the current double cropping system could be
 progressively replaced by different combinations of
triple cropping systems. The northern limit of double
cropping systems could shift to the current centre
point of single cropping systems (Wang 2002).

5.3.2.  Crop yield and production

Most impact studies have concentrated on the yield,
production and quality of wheat, rice and maize, the
main cereal crops in China (see Appendix 1).

Some important points emerge from these studies,
as follows:

(1) Factors such as crop variety, cropping season
(complicated by multiple cropping systems), whether
crops are irrigated or rain fed, and differences in the
spatial patterns of precipitation, radiation and evapo-
transpiration all contribute to complex spatial pat-
terns of effects on yields and differences between the
results of the studies.

(2) China’s large size and range of agro-ecological
conditions means that sensitivity and exposure can
vary considerably. The main spatial patterns are: a
tendency for wheat, rice and maize yields to decrease
in the southern parts of China, where crops are al -
ready grown close to their temperature tolerance and
warmer conditions speed up crop maturation; yields
tend to increase in central, north and northeastern
China benefitting from the longer growing season.

(3) The magnitude and sustainability of the CO2

fertilisation effect on yield is critical to the results (Lin
et al. 2005), and whether it is included or not often
determines whether overall impacts are positive or
negative. Differences among climate model scenar-
ios (Liu et al. 2004) and among impact assessment
model and parameter determination (EBNCCA 2007)
are also important.

(4) Wheat is more sensitive than rice and maize
to the CO2 fertilisation effect. Irrigated maize and
wheat are the least sensitive to increased temperature,
and rain-fed maize and rice are the most sen sitive.

(5) Few studies have considered the effects of
changing water availability alongside the direct
effects of climate change on crop yields in irrigated
areas. These studies tend to show that water avail-
ability becomes a limiting factor, primarily through
growing demand from non-agricultural sectors (see
Section 5.4).

(6) In terms of the 3 main staple crops, rice, wheat
and maize, most impact studies suggest that China
has the potential to feed itself without needing to rely
heavily on the world food markets during the first
half of the 21st century (e.g. Xiong et al. 2007, Tao et
al. 2008). However, whether the government will
choose self-sufficiency or increased food imports may
depend on the relative costs of these 2 alternatives
(Tao et al. 2008). Demand for other food products
such as soy, meat and dairy are increasing rapidly,
and much of this demand is likely to be met through
imports.

5.4.  Integrating climate change with other drivers

The interactions between climate change, agricul-
ture and water availability are receiving great atten-
tion globally and in China. To assess the policy sig-
nificance of impact studies, it is necessary to set their
results within the context of wider environmental
and societal change. Studies of climate change,
which do not assume very rapid rates of change or
the occurrence of tipping points, generally show
modest effects from climate change alone out to the
2050s, relative to drivers such as population growth
and increasing per capita consumption. In their
review of global food security under climate change,
Schmidhuber & Tubiello (2007) found that most stud-
ies only deal with 1 component of food security, viz.
availability, without focusing on the other 3: stability,
utilisation and access. Developing integrated assess-
ment models and/or tools to assess the comprehen-
sive impacts of direct and indirect climate change
and human activities on food security is an ongoing
objective in many research programmes. However,
each additional component of the system requires
greater complexity in modelling and brings addi-
tional uncertainties: pursuing their incorporation
may highlight interesting non-linear interactions and
feed backs but will require significant resources and
time and, not least, careful consideration of how to
communicate and use the results from such exercises.

Recent studies have used a variety of models and
climate scenarios to analyse the integrated effects of
climate change on food production. Several inte-
grated assessments have incorporated water avail-
ability (e.g. Rosenberg et al. 2003, 2004) and others
have considered different socio-economic develop-
ment pathways (e.g. Parry et al. 2004, Fischer et al.
2005). Although most of these assessments have
been done in developed countries (e.g. Izaurralde et
al. 2003, Holman et al. 2005), results for China have
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been referred to in global studies such as Parry et al.
(2005). Fischer et al. (2005) inferred that generally
higher precipitation projected by GCMs for China
will benefit future national food production, but stud-
ies by Tao et al. (2003) and Rosenzweig et al. (2004)
demonstrated that water scarcity for agriculture will
continue with climate change, at least in some of
the main food-producing regions (i.e. northeastern
and northern China), and even deteriorate due to
accompanying changes in non-agricultural demand.
Xiong et al. (2009a, 2010) undertook integrated
impact assessments of climate change and  socio-
economic scenarios on food production in China.
They found that although the absolute effects of cli-
mate change by 2050 alone were modest, the out-
comes were highly dependent on socio-economic
development pathways and the effects of CO2 fertili-
sation on crop yields, and that water availability
played a significant role in limiting potential food
production. Land degradation and its effects on crop
yield is another important driver to consider in such
exercises (e.g. Ye & Van Ranst 2009).

6.  DISCUSSION

(1) Meteorological hazards are responsible for 71%
of the losses caused by natural hazards annually
(Huang et al. 2005). Average grain loss from meteo-
rological hazards reached 50.9 million tons yr−1, and
average direct economic loss reached 110.5 billion
RMB (US$ 16.4 billion) during 1996−2003 (D. Wang
et al. 2006).

• Research implications: In spite of their impor-
tance, the causal links between climate, yield and
production are often poorly understood, and detailed
evidence for the role of climate as a driver is patchy;
data exist across various government departments at
a range of spatial and temporal scales. There is a
strong case for systematic consolidation and analysis
of data on the agricultural, economic and social
effects of variability and extreme events. Attribution
of agricultural impacts and the mediating effects of
autonomous adaptation is made harder due to the
rapid pace of change in social-ecological systems in
China (e.g. Li et al. 2008, Liu et al. 2008). More
detailed meta-analysis of crop yield data (e.g. as in
Lobell et al. 2011) and influences on yield and crop
model validation are necessary to ensure that crop
models simulate observed yield variations. Perfor-
mance tests could include how well crop models sim-
ulate historical fluctuations in production, for exam-
ple, the effects of the recent drought in Yunnan on

crop yields. One additional activity could be as sug-
gested by Sachs et al. (2010), who argued for a global
network to monitor the effects of agriculture using a
suite of indicators in a systematic way, based on a
standard protocol at comparable scales.

(2) Analysis of GCM multi-model results all show a
progressive warming in most regions of China, with
a consistent shift to moderately wetter conditions in
most models, although some seasons and regions
have slightly drier conditions in the 2020s. There are
marked differences in the detail of sub-national and
seasonal to monthly timescale changes.

• Research implications: It is unlikely that this level
of uncertainty will narrow significantly over the next
5−10 yr. This implies that crop climate impacts re -
search will need to draw from multiple climate model
scenarios and portray uncertainty accurately and in
an understandable form to wider audiences. It is dif-
ficult to generalise across the results of the many crop
modelling and climate impact studies published for
China. Crop type, crop variety and whether the crop
is irrigated or rain fed all influence crop sensitivity to
any given change in temperature and precipitation.
China’s large size and range of agro-ecological con-
ditions also means that sensitivity and exposure can
vary considerably, leading to complex spatial patterns
of response.

(3) The magnitude and sustainability of the CO2

fertilisation effect on yield has a critical effect on the
outcome of impact studies, but its effects are highly
uncertain and may be offset by reductions in grain
quality. There are other important uncertainties in
the climate−yield response, including the effects of
other surface atmospheric pollutants such as ozone,
extreme events and interactions with other bio -
physical factors.

• Research implications: Many research questions
are associated with these scientific uncertainties.
These encompass more/new field experimentation
and observation programmes, meta-analysis of pub-
lished studies, crop yield data mining, and crop
model development and validation. A greater focus
on the role of extreme events and pests and diseases
also needs to be incorporated throughout the re -
search chain.

(4) Comparisons of studies for China demonstrate
that crop yield impacts can vary according to
crop model type (Ricardian/econometric, statistical/
empirical and process-based), even with similar
 climate forcings.

• Research implications: There is a strong case for
more rigorous comparison of different crop model
types using consistent data sets and simulation
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design. The role of crop model structure, parameter-
isation and parameter values needs to be explored
and characterised in crop impact studies.

(5) There is a common finding that socio-economic
development pathways generally outweigh the effects
of climate change over the near to mid-term future
(e.g. 2050s). Integrated studies of agriculture and
water tend to highlight the significance of growing
water scarcity (i.e. demand relative to supply), driven
largely by increasing societal demand for water, but
exacerbated by climate change.

• Research implications: Climate impact studies
tend to focus mainly on just 1 component of food
security (food availability), without detailed consider-
ation of food stability, access and utilisation. To
understand the significance of climate change for
food security, it is necessary to set climate impacts
within a context of ongoing socio-economic change
and adaptation. This is a major challenge and can be
addressed through ambitious integrated modelling
assessments or through enhanced and continual
engagement be tween crop modellers and other
researchers (economists, scenario planners, agricul-
tural policy makers) and end users.

(6) It is likely that climate impact studies will con-
tinue to produce a wide range of results for specific
crops. Whilst improvements (and possibly conver-
gence) in the simulation of processes in existing
 models may occur, these may be offset by increas-
ing model complexity and the incorporation of new
 factors which may lead to divergence in results.

• Research implications: There is a need for a more
systematic approach to quantifying sources of uncer-
tainty and presentation of results from climate impact
studies. Coordination of benchmark studies of par -
ticular crops using different methods could help
 pinpoint sources and significance of differences in re-
sults. In addressing this issue, impacts research may
gain greater traction with potential research users.
Moreover, research users and decision makers will
need to consider management systems and policies
which are able to address such high levels of uncer-
tainty. In the context of adaptation, climate im pacts
research could further integrate within broader fram-
ings of food systems research. Given the uncertainties,
a critical objective for research should be to answer
the question: What are the main properties of an
adaptive food security system, and how can they be
strengthened or transferred?
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Temperature change 1–2°C

Wheat CERES-Wheat RCM, A2 and B2 Lin et al. (2005)

Wheat CERES-Wheat GISS GCM Jiang et al. (1998)
Transient Run

Rice CERES-Rice RCM, A2 and B2 Lin et al. (2005)

Rice CERES-Rice GISS GCM Ge et al. (2002)
Transient Run

Maize CERES-Maize RCM, A2 and B2 Lin et al. (2005)

Farm net Ricardian Model HadCM2-gs Liu et al. (2004)
revenue

Crop-specific HadCM2 Tao et al. (2003)
soil-water 
balance model

Temperature change 2–3°C

Wheat CERES-Wheat RCM, A2 and B2 Lin et al. (2005)

Wheat CERES-Wheat GISS GCM Jiang et al. (1998)
Transient Run

Rice CERES-Rice GISS GCM Ge et al. (2002)
Transient Run

Maize CERES-Maize RCM, A2 and B2 Lin et al. (2005)

Maize CERES-Maize RCM, A2 and B2 Xiong et al. (2005a)

Crop Agricultural +2°C, precipitation Zheng et al. (1997)
produc- NPP model increase 20%, or 
tivity decrease 20%, or no 

change

Agri- Ricardian HadCM2-gx Liu et al. (2004)
culture Model
economy

Food Xiong et al. (2006)
security

Appendix 1. Climate impact studies of agriculture in China. Temperature change represents either global/China/case study average 
increase from climate models or sensitivity study (e.g. ΔT)

With CO2 effect: Average yield increases by 5~15%
Without CO2 effect: Average yield decreases by 0.5–18.5%.

For rain-fed wheat, yield decreases by 30% in the middle and
lower reaches of the Yangtze River, 5% in north China. Yield
increases by 14% in the Huang-Huai-Hai Plain, and 5% in
southwest China. For irrigated wheat, yield decreases by 3%
and 1% in north China and the Huang-Huai-Hai Plain, respec-
tively, and increases by 6% in southwest China.

Average yield increases by 2–4% under A2, no changes under B2
with CO2 effect. Average yield decreases by 1–13% without CO2.

For single rice in central and southwest China, yield increases
by 5–8%. For early and late rice in central and south China,
yield decreases by 1–3%.

With CO2 effect: Average rain-fed maize yield increases by 
1–10% and irrigated maize yield decreases by 0.1–0.6%.
Without CO2 effect: Average rain-fed maize yield decreases by
10–11% and irrigated maize yield ranges from 0.2% to –5%.

Negative impacts on agricultural revenue in northeast China,
but with overall increase of agricultural revenue by 28%.

Agricultural water demand in south China is projected to
decrease generally, and the cropland soil-moisture deficit
decreases. In north China, agricultural water demand increases,
and the soil-moisture deficit increases.

With CO2 effect: Average yield increases by 7–20%. 
Without CO2 effect: Average yield decreases by 2–20%.

For rain-fed wheat, yield decreases by 28% in the middle and
lower reaches of Yangtze River, and 3% in northern China.
Yield increases by 20% and 12% in the Huang-Huai-Hai plain
and southwest China, respectively. For irrigated wheat, yield
decreases by 6% in northern China while in the Huang-Huai-
Hai plain and southwest China, it increases by 1% and 6%,
respectively.

For single rice culture in central China and southwest China,
yield increases by 4–6%. For early and late rice in central and
southern China, yield decreases by 2–7%.

With CO2 effect: Average rain-fed maize yield increases by 
9–18% and irrigated maize yield decreases by 1–2%. 
Without CO2 effect: Average yield decreases by 0.4–23%.

Irrigated maize production decreases by 8% and rain-fed maize
production decreases by 0.7%.

Productivity increases by 0.4–13% with 2°C warming and
precipitation unchanged or increased by 20%; increase by 
1.5–14.6% in humid areas, decrease by 0.4–2.9% in arid and
semiarid areas. Water was a key factor in agricultural impacts.

Negative impacts on agricultural revenue in northeast southwest
China. The overall increase of agricultural revenue is 24%.

Without CO2 effect: temperature threshold for threatening food
security in China would be 2.0~2.5°C. Considering adaptation
and CO2 effects temperature threshold is over 4°C.

Variable Model Climate change Results Source
scenario
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Temperature change 3–5°C

Wheat CERES-Wheat RCM, A2 and B2 Ju et al. (2005)

Wheat CERES-Wheat RCM, A2 and B2 Ju et al. (2005)

Wheat CERES-Wheat RCM, A2 and B2 Ju et al. (2005)

Wheat CERES-Wheat RCM, A2 and B2 Lin et al. (2005)

Wheat CERES-Wheat GISS GCM Jiang et al. (1998)
Transient Run

Rice CERES-Rice GISS GCM Ge et al. (2002)
Transient Run

Rice CERES-Rice RCM, A2 and B2 Lin et al. (2005)

Rice CERES-Rice RCM, A2 and B2 Xiong et al. (2005b)

Maize CERES-Maize RCM, A2 and B2 Cui (2005)

Maize CERES-Maize CM, A2 and B2 Xiong et al. (2005a)

Agri- Ricardian RCGCM1-gg Liu et al. (2004)
culture Model CGCM1-gs 
economy ECHAM4-gg

Rice CERES-Rice RCM A2 and B2 Xiong et al. (2009b)

Rice CERES-Rice RCM B2 Yao et al. (2007)

Maize CERES-Maize RCM A2 and B2 Xiong et al. (2008b)

Soybean, CERES ΔT, ΔP Zhu & Jin (2008)
maize, wheat, 
rice

Appendix 1 (continued)

Without CO2: rain-fed wheat yield increases with rates of 
0–30% in the North China Plain and the middle and lower
reaches of the Yangtze River; spring wheat yield (in the
northeast and northwest of China) and winter wheat yield in
the southwest of China decrease significantly, 30–60% by
the 2070s compared with base year (1961–1990).

Without CO2 effect: National average yield of rain-fed wheat
in China decreases 30–35% for spring wheat and 10–15%
for winter wheat, overall average yield of irrigated wheat
decreases by 20% and 19%, under A2 and B2, respectively.

With CO2: For irrigated wheat, the yield increases 4.0% and
3.5% under A2 and B2, respectively.

Average wheat yield increases by 13–40% with CO2. Average
wheat yield decreases by 8–22% without CO2.

Both rain-fed and irrigated wheat yield decrease in the middle
and lower reaches of the Yangtze River, north China, and
southwest China and increase in the Huang-Huai-Hai plain.

For single rice in central and southwest China, the yield
increases by 2–5%. For early and late rice in central and south
China, the yield decreases by 10–15%.

Without CO2 effect: Average rain-fed maize yield increases by
10–20% and irrigated maize yield decreases by 2–3% with
CO2. Average yield decreases by 4–36%.

Irrigated rice production increases by 3.4% and decreases by
9% under A2 and B2, respectively. Rain-fed rice production
increases by 18% and decreases by 3% under A2 and B2,
respectively. 

Spring maize yield in northeast China decreases by less than
15% under both A2 and B2 scenarios. In the Huang-Huai-Hai
plain, summer maize yield increases by less than 10% under
both A2 and B2 scenarios.

Irrigated maize production decreases by 10%; rain-fed maize
production decreases by 0.1%.

ECHAMM4-greenhouse gas scenario has negative impacts on
agricultural revenue in the northeast and northwest of China.
The overall impact on agricultural revenue is positive (12%).
The overall agricultural revenue decreases by 69% and 68%
under the CG-gs and CG-gg scenarios, respectively. 

With or without CO2 effects, projected climate change sce -
narios produced higher year-to-year variability in yields, as
expressed by the coefficient of variation, relative to that of
the baseline period.

Without CO2: frequency of low yield and variance in rice yield
increase.

Climate variability was projected to increase, leading to an
increased possibility of low yields and increased variability of
annual production.

Variability of yield in rain-fed crops is correlated to the varia -
bility of rainfall; climate change increases yield variability in
rain-fed crops, such as soybean, maize and spring wheat.

Variable Model Climate change Results Source
scenario
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