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Abstract

This discussion paper summarizes observed 
and projected trends in extreme weather 
events, present-day climate variability, and 
future climate change and their impacts 
on China’s different regions. Findings are 
presented from China’s National Assessment 
Report on Climate Change (2007) and Second 
National Assessment Report on Climate 
Change (2011) as well as other studies 
by Chinese and international experts. In 
addition to reviewing the physical climate 
science, the paper also looks at trends in 
economic damages in China from weather-
related hazards.  The paper serves as 
background for a series of discussion papers 
on climate risk management and adaptation 
in China. 

The growing body of scientific evidence 
shows that China’s cl imate is  indeed 
changing, especially when climate is viewed 
at the regional level. Temperatures are 
rising, precipitation regimes are changing, 

and shifts have occurred in the distribution 
of extreme weather events. The effects of 
extreme weather events, present-day climate 
variability, and future climate change cut 
across many different sectors of China’s 
economy. China’s government estimates 
that direct economic losses from extreme 
weather events cost the country 1–3 percent 
of gross domestic product each year. As 
China's economy continues to grow, its 
exposure to weather-related hazards is 
expected to heighten, especially without 
policies to limit building in hazardous areas 
such as floodplains and alleviate non-climate 
pressures such as overuse of freshwater 
resources. Effective risk management policies 
and investments are crucial to reducing the 
sensitivity and increasing the resilience of 
the country to extreme weather, climate 
variability, and long-term climate change.
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Covering more than 9.6 million km2, China 
is a vast country with a diverse climate. The 
country’s weather system is dominated by 
monsoons, which bring cold, dry air down 
from Siberia during the winters and warm, 
moist air up from the Indian subcontinent 
and South China Sea during the summers. 
Parts of China along the southeastern coast 
receive around 2,000 mm of rainfall annually, 
while much of the arid Northwest receives 
less than 25 mm. During the summers, 
temperatures in Chongqing routinely reach 
more than 35˚C, while temperatures during 
the winters in Heilongjiang can dip below 
-40˚C. 

As a result of its large territory and diverse 
conditions, China is exposed to a wide 
array of weather-related hazards, such as 
typhoons, heat waves, severe cold, floods, 
and drought. China’s government estimates 
that direct economic losses from extreme 
weather events cost the country 1–3 percent 
of gross domestic product (GDP) each year 
(see Xinhua 2010). Among the reported 

Introduction

Figure 1:  Percent of planted cropland in China 
affected by weather disasters, 1978-2008

losses, damages from droughts and flooding 
have averaged 284 billion yuan since 2006 
(MWR 2006–2010; Xinhua 2012). Since 
1978, about one-quarter to one-third of the 
country’s farmland has experienced reduced 
yields each year due to floods, droughts, 
wind, hail, typhoons, cold spells, freezes, 
and snow (figure 1). 
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1 The goal is stated in CMA (2010).  
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The goal of China’s government is to cut 
direct economic losses from weather disasters 
in half by 2020,1  yet this will be no easy feat. 
China is a rapidly urbanizing middle-income 
country with a huge economy and a quickly 
expanding stock of valuable assets such as 
buildings, roads, and other infrastructure. 
Without policies such as restrictive zoning 
codes and higher insurance premiums 
that discourage settlement and economic 
activities in the most hazardous areas, social 
and economic forces will continue to drive 
up its levels of exposure. At the same time, 
projected changes in China’s climate may 
also increase exposure. The current scientific 
research in China projects that evaporation 
and drought will increase across the North, 
Northeast, and Northwest; flooding is 
expected to increase for the middle and 
lower reaches of the Yangtze and Pearl 
River basins; a higher portion of rainfall 
is projected to come from shorter, intense 
storms in some regions; the melting of 
glaciers in the Southwest and Northwest will 
affect river flows downstream; heat waves 
will become more common;  and storm 
surges, tidal floods, and rising seas will 
threaten a larger area of coastal lands.

Though less dramatic than extreme weather 
events, long-term changes in average climate 
conditions also present risks. Available 
research suggests that productivity gains 
in agriculture and forestry from longer 
growing seasons, CO2 fertilization, and an 
expanded area of potentially arable land 
may be reversed at higher levels of warming 

as greater evapotranspiration and water 
demand from plants leads to more drying 
and relative declines in vegetative growth. 
In the southwest and northwest provinces, 
high levels of warming by midcentury 
could also lead to shortages of freshwater 
from melting glaciers and mountain snows. 
Even in regions where annual precipitation 
is expected to increase, such as the North, 
Northeast, and Northwest, it is unlikely that 
water stress will be alleviated, as absolute 
demand by industries, agriculture, and cities 
continues to rise.

This discussion paper summarizes observed 
and projected trends in extreme weather 
events, present-day climate variability, and 
future climate change and their impacts on 
China’s different regions. This summary 
is intended to serve as background for 
a series of discussion papers on climate 
risk management in adaptation in China. 
Research findings presented in the paper 
are drawn from an extensive review of 
China’s National Assessment Report on 
Climate Change (NARCC 2007) and Second 
National Assessment Report on Climate Change 
(NARCC 2011) as well as other studies by 
Chinese and international experts. Trends 
are summarized for average and extreme 
temperatures, precipitation, runoff and water 
availability, droughts, floods, typhoons, and 
sea-level rise. In addition to reviewing the 
climate science, the paper also looks at trends 
in economic damages from weather-related 
hazards. 

1   The goal is stated in CMA (2010). 

Introduction
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Unless otherwise indicated, the regions 
referred to in this  paper are defined 
according to the groupings in China’s Second 

Map 1:  Regions of China, as Defined by the Second National Climate 
Change Assessment Report

Source: Based on NARCC 2011

Notes:  The regions correspond to those in China’s national statistical yearbooks

Introduction

National Assessment Report (NARCC 2011), 
illustrated below (map 1). 
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Map 1  Regions of China, as Defined by the Second National Climate Change Assessment Report 
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1. Temperatures, Including Extreme 
Heat and Cold
Measurements from weather monitoring 
stations across China show that temperatures 
increased an average of 1.4˚C between 1951 
and 2009 (NCCAR 2011). Winter days and 
nights have warmed the fastest, especially 
since the mid-1980s; the number of days with 
temperatures below freezing has decreased; 
and the coldest days are now milder (by 
about 2.5˚C compared to 1951). By contrast, 
warming during the summers has been more 
gradual (NCCAR 2011; Zhou and Ren 2010).

Changes in  temperature have varied 
markedly between regions.  The most 
pronounced warming has occurred in the 
far North and high on the Tibetan Plateau, 
where average temperatures in some areas 
have increased several times faster than 
the rate for the nation overall (Liu and 
Chen 2000). Meanwhile, small parts of 
Yunnan, Guizhou, and Sichuan provinces 
in the Southwest either saw no discernible 
temperature change or became slightly 
cooler over the past 60 years (NARCC 
2011).2 Urbanization has also played a 
significant, though not fully understood, 
role in warming. The heat island effect from 
expanding cities may account for 40 percent 
of the warming recorded by China’s network 
of monitoring stations over the past 50 years 
(NARCC 2011). 

T h e  n u m b e r  o f  e x t r e m e l y  h o t  d a y s 
experienced each year has increased on the 
whole for China (Zhou and Ren 2010; Zhang 

and Qian 2008). For the nation, the number 
of days each year with extremely high 
temperatures increased at a rate of about four 
days per decade from 1965 to 2008 (Zhou and 
Ren 2010).3 Regionally, however, there were 
pronounced differences. Parts of the interior 
Northwest experienced the largest increase 
in the number of extremely hot days, while 
slight decreases in the number of hot days 
were seen for parts of the South, Southwest, 
and East (Zhang and Qian 2008; Zhou and 
Ren 2010). No clear trend was observed in the 
number or temperature of hot days for the 
Yangtze River basin (Gong, Pan, and Wang 
2004; Zhang and Qian 2008). Furthermore, 
while there is no clear evidence that heat 
waves (periods of more than six extremely 
hot days in a row) have grown more frequent 
on a national scale, the number of days each 
year with record-breaking temperatures has 
increased (Zhou and Ren 2010). Extremely 
hot temperatures have been associated with 
increased public health problems in large 
Chinese cities. In July 2006, for example, 
a  heat  wave struck Chongqing.  With 
temperatures in the city reaching as high 
as 44.5˚C, an additional 20,000 cases of heat 
stroke were recorded (NARCC 2011). The 
elderly are especially vulnerable to such 
extreme heat (Kan et al. 2007).

Not surprisingly, while extremely hot days 
have become more frequent, the number of 
extremely cold days has decreased (Zhang 
and Qian 2008; Zhou and Ren 2010; Qian 
2011; Gong et al. 2012). On the whole, the 
number of extremely cold days experienced 

2	 The reason for this lack of measurable warming in parts of the Southwest is not yet clear (Chen, Liu, and Ma 2002).  Possible causes 
suggested by previous research include reduced solar radiation due to backscatter and cloudiness from human-emitted aerosols in 
the lower atmosphere. See Li et al. (1995), for example.

3	 Days with extremely high temperatures are defined as days for which the highest temperature exceeds a relative threshold far 
above what is considered normal.  Zhou and Ren (2010), for example, define this threshold as 90 percent of the highest daily 
temperature recorded between 1970 and 2000 for a given monitoring station.

Introduction
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each year decreased at a rate of seven days 
per decade for the nation between 1956 
and 2008. Over these 52 years, the lowest 
temperature of the coldest days rose by 
about 3˚C (Zhou and Ren 2010; see also Qian 
2011).4 Similarly, the number of frost days 
(with low temperatures below freezing) 
has also decreased. On average, nationwide 
there were 10 fewer frost days annually in 
1990 than in 1960 (Zhai and Pan 2003). The 
decrease in the number of cold days was 
most pronounced for parts of the North and 
Northeast (Zhang and Qian 2008).

The observed warming in recent decades 
has benefited farmers in the northern 
provinces by lengthening the growing 
season—allowing for earlier planting 
and later harvesting—and by expanding 
the area in which crops such as rice can 
grow. Warmer springs have contributed 
to accelerated and more vigorous growth 
of forests and grasslands in the North and 
Northwest (see Zhang forthcoming; Sall 
and Brandon forthcoming). Yet despite 
warmer temperatures and fewer days with 
freezing temperatures, the area of cropland 
reportedly affected by cold snaps and 
freezing temperatures has actually increased 
for every region except the Northeast 
(where no statistically significant change 
was observed). This observed increase in 
exposure was driven almost entirely by the 
expanding area of crops being planted.5  

Furthermore, milder winters have also led 
to worse outbreaks of pests (Piao et al. 2010), 
and while the number of heating days has 
declined, energy savings from this decrease 
have been offset by population growth, 
housing construction, changes in heating 
methods, and increased demand for air 
conditioning and other electrical appliances. 

According to  the  Intergovernmental 
Panel on Climate Change (IPCC), average 
surface temperatures are projected to rise 
another 1˚C to 5˚C globally by 2100 (Meehl 
et al. 2007), depending on the sensitivity 
of the climate to increased atmospheric 
concentrations of greenhouse gases, the 
ambitiousness of the world’s countries 
to reduce emissions, and other uncertain 
factors. Drawing on results obtained from 
22 global climate models used in the IPCC’s 
Fourth Assessment Report (Solomon et al. 
2007), China’s Second National Climate 
Change Assessment Report (2011) projects 
an increase in average annual temperatures 
of 2.5˚C to 4.6˚C for the nation by the end 
of this century. Warming is projected to 
continue to be the greatest for the North, 
Northwest, Northeast, and Tibetan Plateau. 
In Xinjiang, for example, middle-of-the-
road projections of annual temperatures 
show 2.5°C to 3.3°C of warming by the 
2050s and 3.3°C to 4.8°C of warming by the 
2080s (see figure 2).6 Most of the additional 
increase in average temperatures will come 

4	 An extremely cold day is defined by Zhou and Ren (2010) as a day for which the daily low temperature is within 10 percent of the 
coldest daily temperature recorded for a given monitoring station between 1970 and 2000.  As with extreme high temperatures, the 
way “extremely cold days” are defined and calculated can influence results (see Zhang and Qian 2008).

5	 The rates of increase in planted area by region are far greater than the rates for area affected by cold spells and freezing 
temperatures, with the exception of the eastern provinces, where the planted area has actually decreased, while the area affected 
by cold snaps and freezes has increased.  Results are from author’s calculations using statistics for reported area of cropland 
affected by cold spells and freezing temperatures by the provinces for 1978 to 2007 (NBS 2009). Note that the observed increase 
could also be due to improved reporting over the years. Also note that the definitions of regions in the underlying statistical 
yearbook differ from those used in the Second National Assessment Report on Climate Change.

6	 The projections for average annual temperatures in Xinjiang reported here refer to the 20th and 80th percentiles of results from 16 
GCMs reviewed in the IPCC Fourth Assessment Report. See figure 2 for data sources. 
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from warmer nights (higher lows) (NARCC 
2011; Li and Zhou 2010), though the results 
of some finer-scale regional models project 
that summers could warm even faster than 
winters toward the end of this century (Gao, 
Shi, and Giorgi 2010, 2011; Yang et al. 2010). 
Hotter temperatures during the summer 
months could cause greater drying and 
exacerbate water shortages (Piao et al. 2010). 

With additional warming, it is also “very 
likely” (that is, there is a 9 in 10 chance) that 
the intensity, frequency, and length of heat 
waves will increase globally (Meehl et al. 
2007; Seneviratne et al. 2012).7 In China, the 
number of hot days per year with average 
temperatures above 35˚C is expected to 
increase from 4 to around 20 by the end of 
the century (NARCC 2011). The number 
of consecutive hot days is also projected to 
increase (Yang et al. 2010). Meanwhile, a 
decrease in the number of cold nights and 
days over most of the world’s land areas is 
“virtually certain” (Seneviratne et al. 2012). 

Available research shows that additional 
warming will have far-reaching and complex 
effects on the health of China’s agriculture, 
ecosystems, and people (NARCC 2011). The 
area of arable land in northern China will 
continue to grow; however, productivity 
gains from higher temperatures could be 
undone by the consequent increases in 
evaporation and demand for water (NARCC 
2011). Some studies indicate that at higher 
levels of warming (above 3˚C), net primary 

productivity (biomass growth in plants) will 
decrease by more than 40 percent for much of 
the country (Wu et al. 2007). Such warming is 
expected to have profound negative impacts 
on the functioning of ecosystems—from 
the alpine tundra of the Tibetan Plateau to 
the wetlands of the central provinces to the 
coral reefs along the southern coast—and to 
increase the risk of irreversible species loss (see 
Fischlin et al. 2007; Wu and Lü 2009; Ramsar-
CBD 2007; Xiao et al. 2011; NARCC 2011). 
Warming also affects people’s health. Health 
effects associated with higher temperatures 
include higher bacterial and fungal content 
in surface waters, higher survival rates 
for waterborne pathogens, greater disease 
transmission, and host susceptibility (Harvell 
et al. 2002; Bates et al. 2008). Research shows 
that as winter weather continues to grow 
warmer, schistosomiasis could spread to 
provinces farther north (Zhou et al. 2010; 
Zhou et al. 2008). Higher concentrations of 
microbes and other temperature-dependent 
pollutants in rivers and reservoirs will in turn 
require greater investment in water treatment 
facilities and processes. There is also evidence 
that warming is elevating ground-level 
concentrations of ozone and smog in cities 
(Murray et al. 2012). A rapidly urbanizing 
and aging population will only amplify health 
problems related to extreme heat. A recent 
review commissioned by the World Bank 
provides additional insight into the dangers 
that high levels of warming are expected to 
have for China and other countries (see box 1).

7	 Statements about the likelihood of changes presented in this paper follow the standard language set out in Mastrandrea et al. 
(2010) for the characterization of uncertainty. Outcomes that are “virtually certain” are assigned a 99–100 percent probability 
of occurring; “very likely” outcomes are assigned a 90–100 percent probability; “likely” outcomes a 66–100 percent probability; 
“unlikely” outcomes a 0–33 percent probability; “very unlikely” outcomes a 0–10 percent probability; and “exceptionally unlikely” 
outcomes a 0–1 percent probability. Outcomes that are “about as likely as not” are assigned a 33–66 percent probability. Where this 
paper does not use the IPCC language set out by Mastrandrea et al. (2010), no statement of likelihood is intended. In these cases, 
changes are said to be “projected” or “may” or “could” occur. This paper is meant to be a literature review. It does not set out to 
make an independent scientific assessment of the potential likelihood of observed and projected events, trends, or other outcomes.
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Box 1:  Why a 4°C Warmer World Must Be Avoided

The current level of ambition to reduce greenhouse gas emissions reflected in the Copenhagen and Cancun pledges will put 
the world on a path for warming of more than 3°C. If pledges are not met, then there is a 40 percent chance of more than 
4°C warming by the end of this century. Turn Down the Heat (2012), a report for the World Bank by the Potsdam Institute 
for Climate Research and Climate Analytics, finds that 4°C of warming is likely to take us into a world of wide-ranging and 
dangerous risks. 

One of the greatest dangers of a 4°C warmer world is the increased likelihood of crossing nonlinear tipping points, thus 
bringing about abrupt changes in climatological, hydrological, and ecological systems. Examples of abrupt changes include 
the breaking up of the West Antarctic ice sheet, the dieback of the Amazon rainforests, the disintegration of corals, and large-
scale crop failures. 

Nonlinear changes in natural systems will likely have cascading impacts on human development at the national and regional 
scale. Regional crop failures, for example, could cause spikes in food prices, cutting into wages for poorer households 
especially, and putting a drag on GDP growth. As has been the case with warming observed so far, developing countries are 
likely to be affected most by such impacts.

The ability of society to cope with large, abrupt changes is limited. As the Potsdam Institute study concludes, “given that 
uncertainty remains about the full nature and scale of impacts, there is also no certainty that adaptation to a 4°C world is 
possible. A 4°C world is likely to be one in which communities, cities, and countries would experience severe disruptions, 
damage, and dislocation, with many of these risks spread unequally” (Potsdam Institute 2012, xviii).
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Figure 2:  Projected changes in average seasonal temperatures, 2050s and 2080s

Source: Author, using data from Climate Wizard, The Nature Conservancy (accessed July 2013), http://www.climatewizard.org/.

Note: The figure shows changes in average temperatures for 2041–2070 and 2061–2090 under a “middle-of-the-road” emissions 
scenario (SRES A1B) compared to average temperatures in the 1961–1990 baseline climate. The temperature changes shown in 
the figure are those projected by the “middle” model of an ensemble of 16 global climate models (GCMs). GCM results have been 
downscaled to a spatial resolution of 0.5° x 0.5°.
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2. Precipitation and Water 
Resources
Annual  precipitat ion did not  exhibit 
a significant change over the last half 
of the 20th century for the nation as a 
whole (NARCC 2011; Zhai et al. 2005; 
Ren et al. 2008; Piao et al. 2010). Yet these 
overall trends mask significant regional 
and seasonal variation. Precipitation has 
declined for much of the northeastern part 
of the country (including the Yellow, Liao, 
and Hai River basins) and increased for 
the Yangtze River basin and northwestern 
China (NARCC 2011; Zhai et al. 2005; Ren 
et al. 2008; Piao et al. 2010; Shen 2010).8 
These changes may be associated with the 
Pacific Decadal Oscillation or a shift in the 
East Asian summer monsoon system, which 
delivered less moisture to northeastern 
China and brought more to the southern 
part of the country (NARCC 2011; Ma and 
Ren 2007; Zhai et al. 2005; Ren et al. 2008). 
The number of rainy days each year has 
decreased everywhere except in parts of 
western China (Zhai, Wang, and Li 2007; 
Zhai et al. 2005). This decrease has been 
offset by a slight but statistically significant 
increase in the frequency and intensity of 
extreme precipitation events, especially in 
south and southwest China (Wang and Qian 
2009; Zhai, Wang, and Li 2007; Zhai et al. 
2005). Seasonally, winter precipitation has 
increased in Tibet and parts of south China, 
but decreased over most of north China 
and the Sichuan basin. Spring precipitation 
has increased in the Southwest and South 
and decreased over most of northern China 
and the mid to upper Yellow River basin. 
Summer rainfall has increased for the 
Yangtze River basin and decreased for the 

Yellow River basin and most of northern 
China. These trends in spring and summer 
rainfall are especially important because 
50–70 percent of the country’s annual 
precipitation usually comes during the 
summer, and spring and summer are the 
prime growing seasons (Zhai et al. 2005).

Together with warmer temperatures, 
changes in precipitation observed in the 
northern river basins have affected water 
resources (NARCC 2011; Wang and Zhang 
2011). In such dry regions, surface water 
availability is particularly sensitive to 
changes in the volume, timing, and intensity 
of precipitation. Rainfall is concentrated 
during just a few months, and year-to-year 
variability tends to be greater (Kundzewicz 
et al. 2007). Since 1950, annual flow volumes 
measured at gauging stations in mid to lower 
reaches of the Yellow River have declined by 
21–39 percent, while flows in the Hai River 
basin have diminished by 24–65 percent 
(NARCC 2011). By contrast, there were no 
significant long-term trends observed for 
runoff in the Huai, Yantgze, and Pearl Rivers 
(Zhang et al. 2007).  

Water availability is also highly sensitive 
to nonclimate pressures such as land use 
patterns and the rising demand for water. 
Nationwide, consumptive water use in 
China has increased from 481 billion m3 in 
1987 to 590 billion m3 in 2011 (see box 2). 
Water use has increased most dramatically 
in regions such as the North China Plain, 
where irrigated agriculture has expanded 
by nearly 8 million hectares over the past 30 
years (Li 2010). In fact, there is evidence that 
demand for water had an even larger effect 

8	 Piao Shilong and his coauthors argue that these regional trends “appear to fall within the bounds of normal decadal variability of 
rainfall” (Piao. et al. 2010, 44).
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Box 2:  Water Demand and Scarcity in China

China is a water-scarce country. Nationwide, per capita freshwater resources are 2,310 m3 (NBS 2011c), which is about one-
quarter the world average. In the dry regions of the North and Northeast, freshwater resources are only 785 m3 per person, 
about 200 m3 less than the international threshold for “severe” water stress, below which there is a high likelihood of frequent 
shortages and supply disruptions (see UNDP 2006). 

Agriculture continues to be the biggest user of water, followed by industry and households, as illustrated in figure B2.1. In 
2010, the agricultural sector consumed 370 billion m3 of water; industry consumed 145 billion m3, and households in urban 
areas used 77 billion m3.

There is strong evidence that the continued growth of agriculture and industry, coupled with the lifestyles of an increasingly 
affluent population, will increase demand for water in the coming decades (Rosegrant, Cai, and Cline 2002; Alcamo, Henrichs, 
and Rösch 2000; Alcamo et al. 2003; Alcamo, Flörke, and Märker 2007; 2030 Water Resources Group 2009; Hubacekand 
Sun 2005; Xionget al. 2010). In a reference case scenario, total withdrawals of surface water and groundwater could reach 
nearly 820 billion m3 by 2030 (2030 Water Resources Group 2009),9 an increase of 35 percent over 2010 (NBS 2011c). In a 
continuation of current trends, water use by industries and households in cities is projected to grow the fastest. Agricultural 
water use is projected to decline as more efficient irrigation technologies are introduced and the composition of China’s 
economic activity gradually shifts toward higher-value-added sectors, though it will continue to account for the largest bulk 
of water withdrawals (Rosengrant, Cai, and Cline 2002). 

These results indicate that the growth in demand for China’s scarce resources will continue to exacerbate water stress, even 
in the absence of climate change. Even under a balanced growth scenario in which local governments give higher priority to 
environmental protection, Xiong Wei et al. (2010) project that by 2050, all of the major basins currently experiencing severe 
water stress will face even greater shortages. Baseline projections from the Organisation for Economic Co-operation and 
Development (OECD) for global water stress by 2050 also show that stress for all major basins is expected to increase, with 
the Yellow, Hai, and Liao basins remaining under the greatest pressure (OECD 2012).
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Figure B2.1:  Water Withdrawals in China by Sector, 1987-2010

Source: World Bank data, http://data.worldbank.org (accessed September 2012); NBS 2012c

than the climate in reducing river runoff 
in the northern basins during the late 20th 
century.  In the mid to lower section of the 
Yellow River basin, for example, water use 

by agriculture, industry, and cities accounted 
for about 60 percent of the observed change 
in flow volumes between 1970 and 2000 
(NARCC 2011).

9	 This business-as-usual projection of China’s water resource requirements by the 2030 Water Resources Group (2009) assumes that 
existing policy regimes remain in place and that current levels of efficiency hold. It is roughly consistent with earlier projections of 
China’s water needs in 2025, based on more sophisticated global modeling of water supply and demand by Alcamo, Henrichs, and  
Rösch (2000); Alcamo et al. (2003); Alcamo, Flörke, and Märker 2007; and Rosegrant, Cai, and Cline (2002).
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How precipitation patterns in China will change 
over the next decades is not wellestablished 
(NARCC 2011). Examining the results from 18 
global climate models included in the IPCC’s 
Fourth Assessment Report, Li and Zhou 
(2010) found that by mid-century (2040–2059) 
annual precipitation was generally expected to 
increase for most of China under a middle-of-
the-road emissions scenario (the A1B scenario), 
with the largest increases expected for parts of 
the Southwest and the mid to lower reaches 
of the Yangtze River. However, the models 
show little agreement, and the resulting trends 
are statistically weaker than the background 
variation or “noise” for all of China except parts 
of western Sichuan, Tibet, and the Northeast. 
The downscaled results from a subset of seven 
global models in the larger ensemble evaluated 
by Li and Zhou (presented in figure 3) illustrate 
this lack of agreement, particularly in the South 
and Southwest. 

By comparison with the coarse-resolution 
global models, the finer-scale regional climate 
model (RegCM3) considered by the Second 
National Assessment Report on Climate Change 
is better at representing the effects of the 
country’s varied topography (NARCC 2011). 
The results of the underlying study cited by 
the assessment report (Gao, Shi, and Giorgi 
2010, 2011) and other studies using the same 
model (Gao et al. 2012a, 2012b) are illustrated 
in figure 4. In this illustration, the RegCM3 
regional model is driven by two separate 
global models (MIROC3.2 and FvGCM) 
under two separate emissions scenarios (A1B 
and A2). Like the global models, the regional 
models show an increase in precipitation 
from winter snows and rain across the North 
and Northwest. This may be due to milder 

temperatures, a northward tracking of mid-
latitude storms, and more moisture being 
transported to these dry regions (Meehl et 
al. 2007). In contrast with the global models, 
however, the regional models reflect a 
decrease in summer rainfall of around 
4 percent nationwide in both a middle- 
and high-emissions scenario. The greatest 
difference is in southwestern China; an 
average decrease of 6–7 percent is expected 
during the summers for Tibet and Yunnan.  

Projected changes in precipitation will 
c o n t i n u e  t o  i n f l u e n c e  f u t u r e  w a t e r 
availability. Overall, by late century, surface 
runoff is projected to decrease in the North 
and Northeast, as the effects of drying 
associated with warmer temperatures 
outweigh the effects of projected increases 
in rainfall. Runoff in the central, southern, 
and southwestern provinces, meanwhile, 
is projected to increase along with heavier 
rains in the summers (NARCC 2011). Yet 
the size and even the direction of change 
in surface water availability are still highly 
uncertain. Projections are highly sensitive to 
future emissions scenarios and to biases in 
the underlying results of the global climate 
models that are fed into the hydrological 
models (Piao et al. 2010). One study, for 
example, projected that by 2030, summer 
runoff in the Liao River basin could decrease 
by 7 percent in a low-emissions (B2) scenario 
or increase by 21 percent in a middle-
emissions (A1B) scenario; runoff in the Hai 
River basin could decrease by 8 percent 
in a low-emissions scenario or increase by 
10 percent in a middle-emissions scenario 
(Wang et al. 2012).10   

10	Results are based on modeling done by Wang et al. (2012) using a VIC hydrological model and PRECIS climate model to analyze 
trends from 2021 to 2050. 
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Even if annual precipitation increases in the 
water-stressed parts of the North, Northeast, 
and Northwest, it is unlikely that shortages 
will be alleviated if upward trajectory in the 
demand for water is not curbed (NARCC 
2011).  In a “normal” (wetter)  cl imate 
scenario, water shortages in the Beijing-
Tianjin-Tangshan region are still projected to 
reach 5 billion m3 per year by 2030, shortages 
in the Hai-Luan basin could reach 57 billion 
m3, shortages in the Yellow River basin could 
reach 36 billion m3, and shortages in the 
Huai River basin could hit 19 billion m3. In 
this scenario, the effects of baseline growth 
in population and economic activity account 
for 71–83 percent of the shortfalls (Wang and 
Zhang 2011). 

Along with rising demand for water, 
interannual variability in rainfall and the 
proportion of rainfall from short, intense 
storms is also projected to increase (Gao et al. 
2012a, 2012b; Shi et al. 2010; NARCC 2011). 
More than three-quarters of the additional 
precipitation expected for the Northeast 
and the Yellow and Huai River basins is 
projected to come from days of heavy rain. 
As a result, the timing of flows would be 
less predictable, and runoff would be more 
difficult to capture and store. Such “lumpy” 
hydrology would also lead to higher 
concentrations of nonpoint source pollutants 
in surface waters, reducing the quality of 
water at intake points for water utilities. 

In the Southwest and Northwest,  the 
availability of freshwater will also be 
influenced by the accelerated melting of 
China’s glaciers. China has more than 46,000 
glaciers in the Himalaya, Nyainqêntanglha, 
Kunlun, Karakoram, and Tianshan mountain 
ranges (Wang and Liu 2001; Li et al. 2008). 

These glaciers provide a crucial supply for 
hundreds of millions of users in China and 
downstream countries (Erikkson et al. 2009; 
Xu et al. 2009). For example, meltwater 
accounts for 30–80 percent of water supply 
in the Tarim basin in the Northwest (NARCC 
2011). More than 80 percent of China’s 
glaciers have begun to retreat more quickly 
in recent decades (Yao et al. 2004), which has 
increased water supply in the short term. 
While higher temperatures are expected 
to increase the flow of glacial meltwater 
in the near term (and cause flooding), by 
mid to late century, the reduced size of 
glaciers, and the water they store, could 
cause shortages downstream (Eriksson et 
al. 2009; Xu et al. 2009). China’s previous 
National Climate Change Assessment Report 
estimated that for a rise in average surface 
temperatures of 1.9–2.3˚C, glacier coverage 
in the Northwest will shrink by 27 percent 
(NARCC 2007); by 2100, it is projected that 
glacier ice volumes could be 45 percent 
smaller (cited in Ni 2011). The rapid melting 
of glaciers and reduced snowmelt in alpine 
areas of the Southwest and Northwest is 
also associated with landslides, debris flows, 
flashfloods, and shifts in vegetation types 
dependent on meltwater. Taken together, 
the altered water balance, the loss of alpine 
wetlands, the destruction of permafrost, and 
the degradation of rangelands observed in 
parts of the Southwest and Northwest have 
profound implications for the agricultural 
and pastoral livelihoods of rural people (Sall 
and Brandon forthcoming; Xu et al. 2009; 
Erikkson et al. 2009). 

C h a n g e s  i n  s e a s o n a l  p r e c i p i t a t i o n 
along with temperature and potential 
evapotranspiration will play a pivotal role in 
the advance or retreat of deserts in arid and 
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semi-arid parts of northern and northwestern 
China. Between the mid-1950s and the end 
of the 1990s, more desert area in China was 
revegetated than new desert was created 
(Wang et al. 2008). While there is substantial 
debate as to whether climate change or local 
resource use has had a greater influence 
in reversing desertification (Wang et al. 
2008, 2009; Chen and Tang 2005; Su et al. 
2006), it is clear that the climate has played 
at least some role. Since the 1980s spring 
precipitation has increased, wind erosion has 
lessened, and vegetation has anchored sand 
dunes in Northern and Northwestern China 
(Wang et al. 2008). Whether these trends will 
continue in the immediate future is unclear. 
In the longer term, researchers project that 
deserts in western and eastern China may 
begin to expand, while desertification in 
central China may be reversed.11 Because 
the results of the global climate models 

(general circulation models, or GCMs) 
driving these projections are themselves 
driven by projected changes in precipitation, 
they suffer from the same uncertainty as the 
models mentioned above. Results should be 
interpreted with caution, especially because 
the models do not take into account changing 
land use patterns, population growth, or 
government policies that can improve or 
degrade vegetative cover in areas susceptible 
to desertification. 

11	Results are for the 2040s, as modeled by the ECHAM4 and HadCM3 global climate models under the IPCC SRES A1F1, A2a, 
A2b, A2c, B2a, and B2b scenarios.  The parts of western China where desertification is generally expected to increase include 
the Taklimakan, Gurbantunggut, Kumutage, and Caldam deserts; the parts of eastern China where desertification is generally 
expected increase include the Horqin, Otindag, and Hulunbeir deserts. The parts of central China where desertification is generally 
expected to decrease include the BodainJaran, Tengger, Mu Us, and Hobq deserts (Wang et al. 2009).
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Notes and sources: created with data from global climate models included in the IPCC Fourth Assessment Report: CCMA-
CGCM3.1(T47) (Flato 2005); CSIRO-MK3.0 (Gordon et al. 2002); IPSL-CM4 (Hourdinet al. 2006); MPI_ECHAM5 (Roeckneret al. 
2003); NCAR-CCSM3 (Collins et al. 2004); UKMO-HadCM3 (Pope et al. 2000); and UKMO-HadGEM1 (Martin et al. 2004). Data were 
downscaled to resolution of 30 arc minutes using ClimGen statistical method (Osborn 2009), and obtained from the CCAFS GCM 
Data Portal (http://www.ccafs-climate.org/).

Figure 3:  Projected change in annual precipitation for 2041-2060 compared to baseline climate 
(1961-1990), as represented by seven downscaled global climate models
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Figure 4Projected changes in seasonal precipitation for the 2080s (2071-2100) compared to baseline 
climate in 1970s (1961-1990), under twodynamic regional climate model scenarios 

Sources:FvGCM-RegCM3 results for high emissions scenario (A2), based on Gao X.J. et al. (2010 and 2011); MIROC-
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Projection Data site (http://www.climatechange-data.cn/).   
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Figure 4:  Projected changes in seasonal precipitation for the 2080s (2071-2100) compared to 
baseline climate in 1970s (1961-1990), under twodynamic regional climate model scenarios

Sources: FvGCM-RegCM3 results for high emissions scenario (A2), based on Gao X.J. et al. (2010 and 2011); MIROC-RegCM3results 
from Gao X.J. et al. (2012a and 2012b); data for both scenarios obtained from China Regional Climate Change Projection Data site 
(http://www.climatechange-data.cn/). 
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3. Drought
On average, droughts affected 25 million 
hectares each year from 1977 to 2008 (NBS 
1996a, 1996b–2009b, 2007c–2011c, 2009d, 
2010e). Direct economic losses from drought 
between 2006 and 2011 were particularly 
severe, averaging 115 billion yuan at 2011 
prices (MWR 2006–2010; Xinhua 2012).

As precipitation and soil moisture in the Song, 
Liao, and Hai River basins has declined, data 
collected from China’s network of weather 
monitoring stations reveal that the area affected 
by drought in these regions has expanded (Ma 
and Ren 2007; Zou, Ren, and Zhang 2010; Qian, 
Shan, and Zhu 2011; see also Zhai and Zou 
2005). The exposure of the agricultural sector to 
drought in the provinces that form these water-
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Figure 5:  Trends in Exposure of Cropland to Drought, 1978-2009

Sources: Author, based on NBS 1996a, 1996b-2009b, 2007c-2011c, 2009d, 2010e
Notes: Tianjin and Hebei have been merged, as has Sichuan and Chongqing, for consistency across entire the timeframe. ha= 
hectare.

12	Results are from author’s calculations using sources cited for figure 5.  Note that the increase could also reflect improved reporting 
in disaster losses over the years.

stressed regions has also increased (see figure 
5). The observed increase in exposure is due 
primarily to the fact that a larger area of land 
has been brought under cultivation.12 There is 
no evidence that the intensity of drought has 
worsened (Qian 2011).  

Beyond the dry lands of China’s north, in 
recent years Yunnan, Guizhou, Guangxi, and 
Sichuan Provinces have also experienced a 
spate of bad droughts. The drought that hit 
the Southwest in the winter of 2009–2010, for 
instance, caused direct losses of 82.2 billion 
yuan in Yunnan and Guizhou (about 8 
percent of their combined GDP in 2009), and 
left 23.3 million people and 16.3 million head 
of livestock facing severe water shortages 
(MWR 2010).
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Droughts have ripple effects that proliferate 
across a range of sectors in China’s entire 
economy, including the power sector. China 
uses about 120 billion m3 of freshwater (20 
percent of the country’s total water use) 
every year for mining, processing, and 
burning coal (Han 2010; Dai and Cheng 
2008). China’s abundant coal reserves are 
located in some of the country’s most water-
poor areas, such as Inner Mongolia. Greater 
exposure to droughts in the coal mining 
belt thus adds to existing bottlenecks in 
the supply of coal for power production 
and industry. Even in the water-rich South, 
droughts have had a direct and significant 
impact on power production. The drought 
that hit southern China in the winter and 
spring of 2011, for example, lowered water 
levels in reservoirs and forced dam operators 
to cut back on electricity generation by 
as much as 48 percent in some provinces 
at a time when electricity demand from 
manufacturers in coastal areas was spiking 
(see He 2011; Wang T. 2011; Wang W. Z. 
2011; Schneider 2011a, 2011b).

Droughts also amplify the risk of other 
extreme events such as forest fires. In 
Chongqing, for example, wildfires rarely 
occur during the summer monsoons. In 
the summer of 2006, however, Chongqing 
battled 158 separate incidents of forest fires, 
as the province was experiencing a one-in-
100-year drought (Zhao et al 2009; see also 
Zhang forthcoming). The heightened risk 
of forest fire is especially severe in the years 

following severe storms because blown-
down trees and other organic debris increase 
the amount of available fuel. Such changes 
in disturbance regimes affect the functioning 
of forest ecosystems and lead to reduced 
ecosystem services such as soil erosion 
control and flood regulation (Sall and 
Brandon forthcoming). The adverse effects 
of greater exposure to drought and fire on 
forests are especially evident for plantation 
forests, which lack diverse groups of species 
and show low levels of resilience. With 
additional warming and drying expected 
for parts of the Northeast, the spring and 
autumn fire seasons will grow longer, and 
fire danger is projected to rise (Tian et al. 
2011; Cheng and Yan 2007).13   

The incidence of drought is projected to 
increase in the North and Northeast (NARCC 
2011). Using the RegCM3 regional climate 
model, Li Xinzhou and Liu Xiaodong (2012) 
project that warming and the northward 
shift of vegetation zones will lead to greater 
water demand from plants and worsening 
droughts in the Northwest, and the area 
affected by severe drought in this region will 
begin to trend upward by the 2040s.14 By 
the end of the century, exposure to drought 
will grow increasingly significant. Similarly, 
McKinsey & Company (Woetzel et al. 2009) 
project that agricultural drought could 
worsen for most of the Northeast by the 
2040s as warming becomes more pronounced 
and precipitation during the critical spring 
months decreases.15 With warmer and drier 

13	In the United States, researchers have estimated that 1°C of warming is associated with a 200–400 percent increase in fire danger 
for the western states (NRC 2011).

14	The upward trend is projected for low-(B1), medium- (A1B), and high- (A2) emission scenarios.
15	Projections are based on the results of the PRECIS regional climate model, run under a high- (A2) emissions scenario.
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conditions projected by the regional climate 
models for parts of the South, drought could 
also worsen in that region, especially during 
the dry winter months (NARCC 2011). By 
contrast, Zhao et al. (2011) project that the 
drying effect of increased evapotranspiration 
from crops in Tibet over the next 40 years 
will likely be outweighed by precipitation 
increases projected by the PRECIS model, and 
there will be fewer droughts. Note that these 
projections for drought are highly uncertain, 

and that there are large discrepancies in the 
results of the different GCMs used in the 
IPCC’s Fourth Assessment Report to project 
changes in soil moisture associated with 
drought (Wang 2005; Seneviratne et al. 2010; 
see also IPCC 2012).
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4. Floods
Floods affected about 10 million hectares 
each year between 1977 and 2008 (NBS 1996a, 
1996b–2009b, 2007c–2011c, 2009d, 2010e). 
Since 1990, they have caused direct economic 
losses of 174 billion yuan annually (figure 6). 
These losses include damages to agriculture, 
forestry, aquaculture, transportation, water 
utilities, and other sectors.

Since 1978, the area of farmland inundated 
by floods in the upper Yangtze River basin, 
Tibetan Plateau, and parts of the Southhas 
shown a significant upward trend (figure 
7).16 Evidence suggests that variability in 
the climate contributed at least in part to 
this trend. Since the 1950s, there has been 
a slight but statistically significant increase 
in the observed frequency and intensity of 
heavy precipitation events for the Pearl River 
basinand parts of the upper Yangtze River 
basin (Chen, Chen, and Ren 2010). As days of 
extreme precipitation increased for the middle 
and lower reaches of the Yangtze, the share of 
intense storms in total precipitation also went 

up (NARCC 2011). With more rainfall from 
severe storms during the spring and summer, 
flooding events have been more frequent 
along the Yangtze since the 1970s (Renet al. 
2008; Zhaiet al. 2005; NARCC 2007).

Intense rainfall, flooding, and other water-
related hazards are particularly damaging 
to infrastructure assets. Erosion from such 
hazards shortens the life-span of road and 
rail networks and causes sudden drops 
in service levels (Ollivier forthcoming). 
Disruptions of transportation services in 
cities are exacerbated by poor drainage 
systems, many of which are inadequate to 
deal with current weather risks let alone with 
even more frequent or severe flooding events 
(Ollivier forthcoming; Jensen forthcoming). 
Floods and mudflows also have adverse 
impacts on hydropower reservoirs. As 
China’s stock of infrastructure assets 
continues to grow at a rapid pace, greater 
exposure to floods and other water-related 
hazards could lead to higher life-cycle costs 
and more expensive investments.

16	 Results are from author’s calculations using sources cited for figure 7. Note that the increase could also reflect improved reporting 
in disaster losses over the years.

23 of 39     
 

4. Floods 
 
Floods affected about 10 million hectares each year between 1977 and 2008 (NBS 1996a, 1996b–2009b, 
2007c–2011c, 2009d, 2010e). Since 1990, they have caused direct economic losses of174 billionyuan 
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water utilities, and other sectors. 
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Since 1978, the area of farmland inundated by floods in the upper Yangtze River basin, Tibetan Plateau, 
and parts of the Southhas shown a significant upward trend (figure 7).16Evidence suggests that 
variability in the climate contributed at least in part to this trend. Since the 1950s, there has been a 
slight but statistically significant increase in the observed frequency and intensity of heavy precipitation 
events for the Pearl River basinand parts of the upper Yangtze River basin (Chen, Chen, and Ren2010). 
As days of extreme precipitation increased for the middle and lower reaches of the Yangtze, the share of 
intense storms in total precipitation also went up(NARCC 2011). With more rainfall from severe storms 
during the spring and summer, flooding events have been more frequent along the Yangtze since the 
1970s(Renet al. 2008; Zhaiet al. 2005; NARCC 2007). 
 
Intense rainfall, flooding, and other water‐related hazards are particularly damaging to infrastructure 
assets. Erosion from such hazards shortens the life‐span of road and rail networks and causes sudden 
drops in service levels (Ollivier forthcoming). Disruptions of transportation services in cities are 
exacerbated by poor drainage systems, many of which are inadequate to deal with current weather risks 
let alone with even more frequent or severe flooding events(Ollivier forthcoming; Jensen forthcoming). 
Floods and mudflows also have adverse impacts on hydropower reservoirs. As China’s stock of 
infrastructure assets continues to grow at a rapid pace, greater exposure to floods and other water‐
related hazards could lead to higher life‐cycle costs and more expensive investments. 
   

                                                 
16 Results are from author’s calculations using sources cited for figure 7. Note that the increase could also reflect improved 
reporting in disaster losses over the years.  
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Figure 6:  Direct Economic Losses from Flooding in China, 1990-2011

Sources: NBS 1996a; MWR 2006-2010; Xinhua 2012
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With a doubling of preindustrial atmospheric 
concentrations of CO2 by 2070, the number of 
rainy days in southern China is not expected 
to increase much, but precipitation is, meaning 
that more of southern China’s precipitation 
will likely come from shorter, more intense 
storms (NARCC 2007). Under a high-emissions 
scenario (A2) and a RegCM3 regional model, 
it is projected that there will be a 10–50 percent 
increase in the number of days of heavy rain 
(days with more than 20 mm of rainfall) 
annually for the mid to lower Yangtze and the 
Pearl River basins by the 2080s (NARCC 2011). 
Similar results are obtained from the PRECIS 
regional model for a low-emissions scenario 
(B2) (Zhang et al. 2006). Along with increases 
in summer runoff for the central, southern, and 
eastern provinces, this increase in days of heavy 
rain could signal more flooding. Fujian, Jiangxi, 
Guizhou, Sichuan, and Yunnan Provinces are 
at greatest risk (NCCAR 2007; Zhai et al. 2009).  

That said, floods are far from being purely 
“natural” disasters and are determined by 
a myriad of other nonclimate factorssuch 
as upstream land use and erosion, the 
construction of dams and other infrastructure 
in river channels, the health of water-
retaining ecosystems such as forests and 
wetlands, and encroachment on floodplains. 
Because of the intricate link between floods 
and future societal choices, it is unclear 
how exactly the risk of flooding for China’s 
different regions will be altered by projected 
shifts in precipitation patterns.

Sources: Author, based on NBS 1996a, 1996b-2009b, 2007c-2011c, 2009d, 2010e
Notes: Tianjin and Hebei have been merged, as have Sichuan and Chongqing, for consistency across the entire timeframe. ha= hectare.

 

Change in area of 
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Figure 7:  Trends in Exposure of Cropland to Flooding, 1978-2009
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5. Tropical Cyclones
Both the frequency of tropical cyclones 
affecting China and the rainfall brought by 
these storms have decreased over the past 50 
years. Yet their destructive force has grown, 
as indicated by higher maximum wind speeds 
and lower barometric pressure in storm 
centers (NARCC 2011; Ren et al. 2006; Lei, 
Xu, and Ren 2009). The number of residents 
affected by tropical cyclones and storm surges 
has increased, as more people have migrated 
from the interior provinces to the coastal areas 
in the East and South. As a result of rapid 
economic development, economic losses 
caused by tropical storms of the same intensity 
have also shown a significant upward trend 
(NARCC 2007). Direct economic losses from 
tropical cyclones averaged 0.38 percent of 
China’s GDP for the years from 1983 to 2006. 
Although Guangdong is hit most frequently 
by tropical cyclones, Zhejiang typically 
experiences the heaviest losses. Together, 
four provinces (Zhejiang, Fujian, Guangdong, 
and Hainan) account for nearly two-thirds of 
total damages from tropical cyclones suffered 
in China each year (Zhang, Wu, and Liu 
2009). Table 1 presents information on the 10 
costliest tropical cyclones in China between 
1983 and 2006.

The IPCC’s assessment is that globally, 
tropical cyclone wind speeds will “likely” 
increase, while the frequency of tropical 
cyclones will “likely” decrease or show 
no change (IPCC 2012). Many researchers 
agree that future warming is likely to 
lead to greater  storm intensit ies  and 
destructive potential  (Emanuel  2005; 
Emanuel, Sundararajan, and Williams 2008; 
Tracy, Trumbull, and Loh 2006). Others, 
however, claim that typhoons affecting 
China will likely become more frequent but 
less powerful (see Zhao and Jiang 2010). 
According to analysis done for the World 
Bank of potential damages from typhoon 
winds under four different climate scenarios, 
annual losses in Fujian and Guangdong 
Provinces are expected to increase 1 billion 
to 2 billion yuan over 2011 levels by the 
end of this century (2081–2100), assuming 
that today’s level of development in those 
provinces remains constant and the value of 
assets exposed to storms does not increase 
(Katz and Kaheil 2012). Increased wind 
damage in these provinces is primarily the 
result of more typhoons making landfall 
each year. A slight increase in wind speeds 
for the strongest typhoons is expected for 
Hainan and Zhejiang. By comparison, taking 
into account higher levels of development 
(and thus greater exposure of assets to 
storms), Mendelsohn et al. (2012) estimate 
that economic losses from tropical cyclones 
in East Asia will grow by more than a factor 
of three between 1981–2000 and 2081–2100, 
even in the absence of climate change.
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Table 1:  China’s Ten CostliestTropical Cyclones, 1983-2006

Name and number Year Areasworst affected Direct Losses (Billion RMB)

Herb (No. 9608) 1996 Fujian, Taiwan 90.05

Winnie (No. 9711) 1997 Zhejiang 59.70

Bilis (No. 0604) 2006 Fujian, Zhejiang 42.80

Sally (No. 9615) 1996 Guangdong 30.16

Fred (No. 9417) 1994 Zhejiang 29.50

Rananim (No. 0414) 2004 Zhejiang 26.34

Saomai (No. 0608) 2006 Fujian, Zhejiang 24.15

Utor (No. 0104) 2001 Guangdong 23.81

Matsa (No. 0509) 2005 Zhejiang 22.74

Tim (No. 9406) 1994 Fujian, Guangdong 22.03

Source: Zhang Q. et al 2009
Notes: Year 2010 prices.
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6. Sea-level Rise
China's coastal areas account for only 16.8 
percent of the country’s total territory and 
contribute 72.5 percent of the national GDP 
(Chen 1997; NBS 2000c). Low-lying coastal 
zones are the most economically developed 
areas of China. They are also the most 
heavily populated; an estimated 80 million 
people live in coastalcities exposed to sea-
level rise and storm surges (figure 8). 

China's coastal sea level has increased at an 
average rate of 2.5 mm per year during the 
past 50 years, higher than the global average 
of 1–2 mm per year. Local rates of sea-level 
changes vary considerably, and have been 
much higher in coastal cities that are sinking 
due to the weight of construction and 
overwithdrawals of groundwater. By 2005, 
more than 90 Chinese cities were affected by 
land subsidence. Central parts of Shanghai 
have sunk by more than 2 m since the 1920s. 
Direct and indirect losses attributed to land 
subsidence in Shanghai from the 1950s to the 
early 2000s totaled 290 billion yuan. Losses 
have also been substantial in Tianjin, parts of 
which have subsided by more than 3 m since 
the 1920s (Li et al. 2004; Xu et al. 2008; Yin, 
Zhang, and Li 2006). 

China’s State Oceanic Administration 
projects that by the end of the 2030s, sea level 
along China’s southern and eastern coasts 
will have risen 8–13 cm over 2010 levels (SOA 
2010). Rising seas and increased exposure 
to storm surges and tidal flooding present a 
significant risk to coastal infrastructure. The 
Second National Assessment Report on Climate 
Change projects that by 2030 standards for 
seawall construction will require heights 40 
percent above current standards to project 
against one-in-100-year events. If seawalls 
are not elevated above today’s standards, 
then by the 2080s, around 18,000 km2 of land 
in China’s heavily populated deltas could 
be inundated by higher seas (NARCC 2011). 
With additional sea-level rise, saltwater 
will continue to intrude on groundwater 
resources in coastal areas, putting greater 
pressure on the supply of freshwater and 
potentially requiring investment in more 
expensive solutions such as desalination 
(Jensen forthcoming). Additional sea-level 
rise may also compromise the operational 
and environmental safety of nuclear power 
plants constructed in coastal areas. “Green” 
infrastructure such as coastal mangroves, 
wetlands, coral reefs, and sand dunes can 
help reduce the need for higher and more 
expensive hard defenses. Internationally, 
there is growing evidence that protecting 
natural ecosystems is a cost-effective solution 
for reducing climate risks (Sall and Brandon 
forthcoming; World Bank 2009). 
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Source: McGranahan, Balk, and Anderson 2007

Note: A “low-lying coastal area” is defined as “the contiguous area along the coast that is less than 10 
meters above sea level."
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Figure 8:  Vulnerability of Population to Sea-level Rise and Storm Surges, 
Top 20 Countries
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7. Conclusions
The growing body of scientific evidence 
shows that China’s cl imate is  indeed 
changing, especially when climate is viewed 
at the regional level. Temperatures are 
rising, precipitation regimes are changing, 
and shifts have occurred in the distribution 
of extreme weather events. Changes vary 
remarkably from one region to the next, but 
the effects of more frequent extreme weather 
events and other long-term changes cut 
across the whole of China’s economy. 

One of the biggest knowledge gaps facing 
both scientists and policy makers is how 
the impacts of climate change will  be 
amplified or moderated by China’s future 
development. While the unpredictability 
of distant trends in China’s economy and 
society adds to the uncertainty of climate 
change, it also points to the important role 
of government action. Effective policies and 
investments to manage risks are imperative 
for reducing the sensitivity and increasing 
the resilience of the country to climate 
change. The other papers in the series 
pick up on this challenge by providing a 
framework for assessing risks and choosing 
appropriate policies and investments for 
specific sectors. 

Introduction



Climate Trends and Impacts in China 25

2030 Water Resources Group. 2009. Charting 
Our Water Future: Economic Frameworks to 
Inform Decision-Making. 
http://www.2030waterresourcesgroup.
com/water_full/Charting_Our_Water_
Future_Final.pdf.

Alcamo, J., P. Döll, T. Henrichs, F. Kaspar, 
B. Lehner, T. Rösch, and S. Siebert. 2003. 
“Global Estimates of Water Withdrawals 
and Availability under Current and Future 
‘Business-as-Usual’ Conditions.” Hydrological 
Sciences Journal 48 (3): 339–48.

Alcamo, J., M. Flörke, and M. Märker. 2007. 
“Future Long-term Changes in Global Water 
Resources Driven by Socio-economic and 
Climatic Changes.” Hydrological Sciences 
Journal 52 (2): 247–75.

Alcamo, J., T. Henrichs, and T. Rösch. 2000. 
“World Water in 2025: Global Modeling and 
Scenario Analysis for the World Commission 
on Water for the 21st Century.” Kassel 
World Water Series, Report No. 2,University 
of Kassel, Center for Environmental Systems 
Research, Kassel, Germany, 
http://www.usf.uni-kassel.de/usf/archiv/
dokumente/kwws/kwws.2.pdf.

Bates ,  B.C . ,  Z .W. Kundzewicz,  S .  Wu , 
and J .P .  Palutikof ,  eds.  2008 .  C l imate 
Change and Water. Technical Paper of the 
Intergovernmental Panel on Climate Change. 
Geneva: IPCC Secretariat.

Chen Yu, Chen Xianyan, and Ren Guoyu 
( 陈 峪 , 陈 鲜 艳 , 任 国 ). 2010. “Extreme 
Precipitation Events in China’s Main River 
Basins” ( 中国主要河流流域极端降水变化特

征 ). Advances in Climate Change Research ( 气
候变化研究进展 ) 6 (4): 265–69.

Chen Junyong. 1997. “The Impact of Sea 
Level Rise on China's Coastal Areas and 
Its Disaster Hazard Evaluation.” Journal of 
Coastal Research 13 (3): 925–30.

Chen Wenhai ,  L iu Xianx iang,  and Ma 
Zhuguo ( 陈文海 , 柳艳香 , 马柱国 ). 2002. 
“The Seasonal Characteristics of Climate 
Change Trends in China from 1951 to 1997” 
( 中国 1951-1997 年气候变化趋势的季节特

征 ). Plateau Meteorology ( 高原气象 ) 21 (3): 
251–57.

Cheng  Xiaoxia and Yan Xiaodong  ( 程

肖 侠 , 延 晓 东 ). 2007. “Effects of Global 
Climate Change on Forest Succession in 
Daxing’anling of Northeast China” ( 气 候

References

Introduction



Climate Trends and Impacts in China26

变化对中国大兴安岭森林演替动态的影响 ). 
Chinese Journal of Ecology (生态学杂志 ) 26 (8): 
1277–84.

Chen Y. and Tang H. 2005. “Desertification 
in North China: Background, Anthropogenic 
Impacts, and Failures in Combating It.” Land 
Degradation & Development 16: 367–76.

C M A  ( C h i n e s e  M e t e o r o l o g i c a l 
Administration, 中国气象局 ). 2010. “Notice 
Regarding Issuance of National Plan for 
Meteorological Disaster Reduction (2009–
2020)” ( 关于印发《国家气象灾害防御规划

（2009–2020 年 ）》), Guofa [2010] 7 Hao. 
June 13, 2010. http://zwgk.cma.gov.cn/
web/showsendinfo.jsp?id=2436.

Collins, W.D., P. J. Rasch, B. A. Boville, J. J. 
Hack, J. R. McCaa, D. L. Williamson, J. T. 
Kiehl, et al. 2004. “Description of the NCAR 
Community Atmosphere Model (CAM3.0).” 
Technical Note TN-464+STR, National Center 
for Atmospheric Research, Boulder, CO.

Dai. Tiejun and Cheng Huiqiang ( 戴铁军 , 程
会 强 ). 2008. “Analysis of Industrial Water 
Use and Water Saving Measures in China” 
( 我国工业用水量分析与节水措施 ). Industrial 
Water Treatment ( 中国水处理 ) 28 (10): 9–12.

E m a n u e l ,  K . A .  2 0 0 5 .  “ I n c r e a s i n g 
Destructiveness of Tropical Cyclones over 
the Past 30 Years.” Nature 436: 686–88.

Emanuel, K.A., R. Sundararajan, and J. 
Williams. 2008. “Hurricanes and Global 
Warming.” American Meteorological Society 89: 
347–67.

Erikkson, M., Xu Jianchu, A.B. Shrestha, R.A. 
Vaidya, S. Nepal, and K. Sandström. 2009. 
The Changing Himalayas: Impact of Climate 

Change on Water Resources and Livelihoods 
in the Greater  Himalayas.  Kathmandu: 
International Centre for Integrated Mountain 
Development.

Fischlin, A., G.F. Midgley, J.T. Price, R. 
Leemans, B. Gopal, C. Turley, M.D.A. 
Rounsevell, O.P. Dube, J. Tarazona, and 
A.A. Velichko. 2007. “Ecosystems, Their 
Propert ies ,  Goods,  and Services .”  In 
Climate Change 2007: Impacts, Adaptation 
and Vulnerability. Contribution of Working 
Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, 
edited by M.L. Parry, O.F. Canziani, J.P. 
Palutikof, P.J. van der Linden, and C.E. 
Hanson, 211–72. Cambridge: Cambridge 
University Press.

Flato, G.M. 2005. “The Third Generation 
Coupled Global Climate Model (CGCM3).” 
Available at http://www.cccma.bc.ec.gc.ca/
models/cgcm3.shtml.

Gao Xuejie, Shi Ying, and Filippo Giorgi ( 高
学杰 , 石英 , Filippo Giorgi). 2010. “A High 
Resolution Simulation of Climate Change 
over China” ( 中国区域气候变化的一个高

分辨率数值模拟 ). Science China (Ser. D Earth 
Sciences) ( 中国科学 D 版：地球科学 ) 54 (3). 
doi:10.1007/s11430-010-4035-7.

—. 2011. “A High Resolution Simulation of 
Climate Change over China.” Science China, 
Earth Sciences 54 (3): 462–72. doi:10.1007/
s11430-010-4035-7.

Gao Xuejie, Shi Ying, Zhang Dongfeng, and 
Filippo Giorgi. 2012a. “Climate Change in 
China in the 21st Century as Simulated by a 
High Resolution Regional Climate Model.” 
Chinese Science Bulletin 57 (10): 1188–95.doi: 
10.1007/s11434-011-4935-8.

References



Climate Trends and Impacts in China 27

— ( 高学杰 , 石英 , 张冬峰 , Filippo Giorgi) . 
2012b. “RegCM3 High Resolution Regional 
C l imate Model S imulation of C l imate 
Change in China in the 21st Century” 
(RegCM3 对 21 世纪中国区域气候变化的高分

辨率模拟 ). Chinese Science Bulletin (科学通报 ) 
57 (5): 374–81.

Gong D.Y., Pan Y. Z.,  and Wang J.  A. 
2004. “Changes in Extreme Daily Mean 
Temperatures in Summer in Eastern China, 
1955–2000.” Theoretical Applied Climatology 
77: 25–37.

Gong  Zhiq iang,  Wang  Xiao juan ,  Cui 
Donglin, Wang Yanjiao, Ren Fumin, Feng 
Guolin, Zhang Qiang, Zou Xukai, and Wang 
Xiaoling ( 龚志强 , 王晓娟 , 崔冬林 , 王艳

姣 , 任福民 , 封国林 , 张强 , 邹旭恺 , 王小

玲 ). 2012. “The Identification and Changing 
Characteristics of Regional Low Temperature 
Events” ( 区域性极端低温事件的识别及其

变 化 特 征 ). Journal of Applied Meteorological 
Science ( 应用气象学报 ) 23 (2): 195–204.

Gordon, H.B., L.D. Rotstayn, J.L. McGregor, 
M.R. Dix, E.A. Kowalczyk, S.P. O’Farrell, 
L.J. Waterman, et al. 2002. “The CSIRO 
Mk3  C l imate System Model.”  CSIRO 
Atmospheric Research Technical Paper No. 
60, Commonwealth Scientific and Industrial 
Research  O rganisa t ion  A tmospher ic 
Research, Aspendale, Victoria, Australia. 
http://www.cmar.csiro.au/e-print/open/
gordon_2002a.pdf.

Han Mailiang ( 韩 买 良 ). 2010. “Analysis 
of Water Use by the Thermal Power Plant 
Industry and Suggested Responses” ( 火 力

发电行业用水分析及对策 ). Industrial Water 
Treatment ( 工业水处理 ) 30 (2): 4–7.

Harvell, C. Drew, Charles E. Mitchell, Jessica 
R. Ward, Sonia Altizer, Andrew P. Dobson, 
Richard S. Ostfeld, and Michael D. Samuel. 
2002. “Climate Warming and Disease Risks 
for Terrestrial and Marine Biota.” Science 
296 (5576): 2158–62.

He Li ( 何 丽 ). 2011. “Analysis: Rising 
Coal Prices Exacerbate China’s Electricity 
Shortages” (分析 : 煤价上涨加剧中国”电荒”). 
Financial Times (Chinese edition) (FT 中 文

网 ), May 18. http://www.ftchinese.com/
story/001038654.

Hourdin, F.,I. Musat, S. Bony, P. Braconnot, 
F. Codron, J.-L. Dufresne, L.Fairhead, et 
al. 2006. “The LMDZ4 General Circulation 
Model: Climate Performance and Sensitivity 
to Parameterized Physics with Emphasis on 
Tropical Convection.” Climate Dynamics 27: 
787–813.

Hubacek, Klaus, and Sun Laixiang. 2005. 
“Economic and Societal Changes in China 
and Their Effects on Water Use.” Journal of 
Industrial Ecology 9 (1-2): 187–200.

IPCC(Intergovernmental Panel on Climate 
Change). 2007. Climate Change 2007: Synthesis 
Report. Contribution of Working Groups I, II 
and III to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. 
Edited by Core Writing Team, R. K. Pachauri, 
and A. Reisinger. Geneva: IPCC.

—. 2012. “Summary for Policymakers.” 
In Managing the Risks of Extreme Events 
and Disasters to Advance Climate Change 
Adaptation: A Special Report of Working 
Groups I and II of the Intergovernmental Panel 
on Climate Change, edited by C. B. Field, V. 
Barros, T.F. Stocker, D. Qin, D.J. Dokken, 

References



Climate Trends and Impacts in China28

K.L. Ebi, M.D. Mastrandrea, et al.Cambridge: 
Cambridge University Press.

Jensen, Olivia. Forthcoming. “Urban Water 
Utilities in China.” Sustainable Development 
Discussion Paper, Climate Risk Management 
and Adaptation in China series, World Bank, 
Beijing.

K-1 Model Developers. 2004. “K-1 Coupled 
Model (MIROC) Description. K-1 Technical 
Report 1,” ed. Hasumi, H., and S. Emori. 
Center  for  Climate System Research, 
University of Tokyo, Tokyo, Japan. http://
www.ccsr.u-tokyo.ac.jp/kyosei/hasumi/
MIROC/tech-repo.pdf.

Kan H., S. J. London, Chen H., Song G., Chen 
G., Jiang L., Zhao N., et al. 2007. “Diurnal 
Temperature Range and Daily Mortality in 
Shanghai, China.” Environmental Research 
103(3):424–31.

Katz, Brandon, and Yasir Kaheil. 2012. 
“Economic Loss Evaluation of Climate 
Change Impact on Typhoon Hazard in 
China.” Unpublished draft report, World 
Bank, Washington, DC. May.

Kundzewicz, Z.W., L.J. Mata, N.W. Arnell, 
P. Döll, P. Kabat, B. Jiménez, K.A. Miller, 
T. Oki, Z. Sen, and I.A. Shiklomanov. 
2007. “Freshwater Resources and Their 
Management.” In Climate Change 2007: 
Impacts, Adaptation and Vulnerability; 
Contribution of Working Group II  to 
the Fourth Assessment Report  of  the 
Intergovernmental Panel on Climate Change, 
edited by M.L. Parry, O.F. Canziani, J.P. 
Palutikof, P.J. van der Linden, and C.E. 
Hanson, 173–210. Cambridge: Cambridge 
University Press.

Lei Xiaotu, Xu Ming, and Ren Fumin ( 雷

小途 , 徐明 , 任福民 ). 2009. “A Review on 
the Impacts of Global Warming on Tropical 
Cyclone Activities” ( 全球变暖对台风活动影

响的研究进展 ). Acta Meteorologica Sinica ( 气
象学报 ) 67 (5): 679–88.

Li Bo and Zhou Tianjun ( 李 博 , 周 天 军 ). 
2010. “Projected Climate Change over 
China under SRES A1B Scenario: Multi-
Model Ensemble and Uncertainties” ( 基

于 IPCC A1B 情景的中国未来气候变化预估 : 
多模式稽核结果及其不确定性 ). Advances in 
Climate Change Research ( 气候变化研究进展 ) 
6 (4): 270–76.

Li C. X.Fan D. D., Deng B., and V. Korotaev. 
2004. “The Coasts of China, and Issues of Sea 
Level Rise.” Journal of Coastal Research (43): 
36–49.

Li Jiao. 2010. “Water Shortages Loom as 
Northern China’s Aquifers Are Sucked Dry.” 
Science 328 (5985): 1462– 63.

Liu Xiaodong and Chen Baode.  2000. 
“Climatic Warming in the Tibetan Plateau 
during Recent Decades.” International Journal 
of Climatology 20: 1729–42.

Li X., Cheng G.,  Jin H., Kang E., Che T., 
Jin R., Wu L., Nan Z., Wang J., and Shen Y. 
2008. “CryosphericChange in China.” Global 
Planetary Change 62: 210–18.

Li  Xiaowen,  Zhou Xiui ,  Li  Weil iang, 
and Chen Longxun. 1995. “The Cooling 
o f  S i c h u a n  P r o v i n c e  i n  R e c e n t  4 0 
Years and its  Probable Mechanisms.” 
ActaMeteorologicaSinica 9 (1): 57–68.

References



Climate Trends and Impacts in China 29

Li Xinzhou and Liu Xiaodong ( 李新周 , 刘晓

东 ). 2012. “A Modeling Study on Drought 
Trend in the Sino-Mongolian Arid and 
Semiarid Regions in the 21st Century” (21
世纪中蒙干旱 - 半干旱地区干旱化趋势的模拟

研究 ). Arid Zone Research ( 干旱区研究 ) 29 
(2): 262–72.

Martin, Gill, Chris Dearden, Christina 
Greeves, Tim Hinton, Pete Inness, Paul 
James, Vicky Pope, et al. 2004. “Evaluation of 
the Atmospheric Performance of HadGAM/
GEM1.” Hadley Centre Technical Note No. 
54, Hadley Centre for Climate Prediction 
and Research/Met Office, Exeter, UK. 
http://www.metoffice.gov.uk/research/
hadleycentre/pubs/HCTN/index.html.

Mastrandrea, M.D., C.B. Field, T.F. Stocker, 
O. Edenhofer, K.L. Ebi, D.J. Frame, H. Held, 
et al. 2010. “Guidance Note for Lead Authors 
of the IPCC Fifth Assessment Report on 
Consistent Treatment of Uncertainties.” 
Intergovernmental Panel on Climate Change, 
Geneva. http://www.ipcc.ch.

Ma Zhuguo and Ren Xiaobo ( 马柱国 , 任小

波 ). 2007. “Regional Drying Trends in China, 
1951–2006” (1951–2006 年中国区域干旱化特

征 ). Advances in Climate Change Research ( 气
候变化研究进展 ) 3 (4): 195–201.

McGranahan, G., D. Balk, and B. Anderson. 
2007. “The Rising Tide: Assessing the Risks 
of Climate Change and Human Settlements 
i n  L o w  E l e v a t i o n  C o a s t a l  Z o n e s . ” 
Environment & Urbanization 19(1): 17–37.
Meehl, G., T.F. Stocker, W.D. Collins, P. 
Friedlingstein, A.T. Gaye, J.M. Gregory, 
A. Kitoh, et al.  2007. “Global Climate 
Projections.” In Climate Change 2007: The 
Physical Science Basis, Contribution of Working 

Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change, 
edited by S. Solomon, D. Qin, M. Manning, Z. 
Chen, M. Marquis, K. B. Averyt, M. Tignor, 
and H. L. Miller. Cambridge: Cambridge 
University.

M e n d e l s o h n ,  R . ,  K .  E m m a n u e l ,  S . 
Chonabayashi, and L. Bakkensen. 2012. “The 
Impact of Climate Change on Global Tropical 
Cyclone Damage.” Nature Climate Change 2: 
205–9.

Murray,  V. ,  G.  McBean,  M.  Bhatt ,  S . 
Borsch, T.S. Cheong, W.F. Erian, S. Llosa, 
et al. 2012.“Case Studies.” In Managing 
the Risks of Extreme Events and Disasters 
to Advance Climate Change Adaptation: A 
Special Report of Working Groups I and II of 
the Intergovernmental Panel on Climate Change 
(IPCC), edited by C. B. Field, V. Barros, T.F. 
Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. 
Mastrandrea, et al., 487–542. Cambridge: 
Cambridge University Press.

MWR (Ministry of Water Resources, China, 
水 利 部 ). 2006–2010. Bulletin of Flood and 
Drought Disasters in China ( 中国水旱灾害公

报 ), http://www.mwr.gov.cn/zwzc/hygb/
zgshzhgb/.

NARCC (National Assessment Report on 
Climate Change Editorial Committee ) ( 气

候变化国家评估报告编辑委员会 ). 2007. 
National Assessment Report on Climate Change 
( 气候变化国家评估报告 ). Beijing: Sciences 
Press.

—. 2011. Second National Assessment Report on 
Climate Change ( 第二次气候变化国家评估报

告 ). Beijing: Sciences Press.

References



Climate Trends and Impacts in China30

NBS (National Bureau of Statistics of China, 
国 家 统 计 局 ). 1996a. China’s Disasters, 
1949–1995 ( 中国灾情报告 ). Beijing: China 
Statistics Press.

—. 1996b–2009b. China Rural Statistical 
Yearbook ( 中国农村统计年鉴 ). Beijing: China 
Statistics Press.

—. 2007c–2012c. China Statistical Yearbook ( 中
国统计年鉴 ). Beijing: China Statistics Press.

— .  2009d. Compendium of  Agricultural 
Statistics from Thirty Years of Reform and 
Opening (改革开放三十年农业统计资料汇编 ). 
Beijing: China Statistics Press.

—. 2010e. China Compendium of Statistics 
1949–2009 ( 新中国六十年统计资料汇编 ). 
Beijing: China Statistics Press.

NBS and MEP (National Bureau of Statistics 
of China and Ministry of Environmental 
Protection, China) (国家统计局 , 环境保护部 ). 
2005–2011. China Statistical Yearbook of the 
Environment ( 中国环境统计年鉴 ). Beijing: 
China Statistics Press.

Ni Jian. 2011. “Impacts of Climate Change 
on Chinese Ecosystems: Key Vulnerable 
Regions and Potential Thresholds.” Regional 
Environmental Change 11 (supplement 1): 
S49–S64.

NRC (National Research Council). 2011. 
Climate Stabilization Targets: Emissions, 
Concentrations, and Impacts over Decades 
to Millennia. Washington, DC: National 
Academies Press.

OECD (Organisation for Economic Co-
o p e r a t i o n  a n d  D e v e l o p m e n t ) .  2 0 1 2 . 
E n v i r o n m e n t a l  O u t l o o k  t o  2 0 5 0 :  T h e 
Consequences of Inaction. Paris: OECD.

Ollivier, G. Forthcoming. “Climate Risk 
Management and Adaptation in China: 
Approaches to Assess and Manage Impacts 
in Transport.” Sustainable Development 
Discussion Paper, Climate Risk Management 
and Adaptation in China series, World Bank, 
Beijing.

Osborn, T. J.  2009. “A User Guide for 
ClimGen: A Flexible Tool for Generating 
Monthly Climate Data Sets and Scenarios.” 
Climatic Research Unit, University of East 
Anglia, Norwich. http://www.cru.uea.
ac.uk/~timo/climgen/ClimGen_v1-02_
userguide_2feb2009.pdf.

Pal J. S., F. Giorgi, Bi X., N. Elguindi, F. 
Solmon, S. A. Rauscher, Gao X, et al.2007. 
“The ICTP RegCM3 and RegCNET: Regional 
Climate Modeling for the Developing 
World.” Bulletin of the American Meteorological 
Society 88: 1395–1409.

Piao Shilong, Philippe Ciais, Huang Yao, 
Sheng Zehao, Peng Shushi, Li Junsheng, 
Zhou Liping, et al. 2010. “The Impacts of 
Climate Change on Water Resources and 
Agriculture in China.” Nature 467 (2): 43–51.

Pope, V.D., M.L. Gallani, P.R. Rowntree, 
and R.A. Stratton. 2000. “The Impact of New 
Physical Parametrizations in the Hadley 
Centre Climate Model: HadAM3.”Climate 
Dynamics 16: 123–46.

References



Climate Trends and Impacts in China 31

Potsdam Institute for Climate Impact 
Research and Climate Analytics. 2012. 
Turn Down the Heat: Why a 4°C World Must 
Be Avoided. Report for the World Bank. 
Washington, DC: World Bank.

Qian Weihong ( 钱 维 宏 ). 2011. Atlas of 
Climate Change in China and Extreme Climate 
Events ( 气候变化与中国极端气候事件图

集 ).Beijing: China Meteorological Press.

Qian Weihong, Shan Xiaolong, and Zhu 
Yafen. 2011. “Ranking Regional Drought 
Events in China for 1960–2009.” Advances in 
Atmospheric Sciences 28 (2): 310–21.

Ramsar-CBD (Ramsar Secretariat  and 
Scientific and Technical Review Panel and 
the Secretariat of the CBD [Convention 
on Biological Diversity]. 2007. “Water, 
Wet lands ,  B iodivers i ty  and Cl imate 
Change:  Provisional  Outcomes of  an 
Expert Meeting, 23-24 March, 2007, Gland, 
Switzerland.”http://www.ramsar.org/
cda/en/ramsar-documents-standing-36th-
meeting-of-the-22771/main/ramsar/1-31-
41%5E22771_4000_0__.

Ren, F.M., Wu G.X., Dong W.J.,  Wang 
X.L., Wang Y.M, Ai W.X., and Li W.J. 2006. 
“Changes in Tropical Cyclone Precipitation 
over China.” Geophysical Research Letters 33: 
L20702. doi: 10. 1029/2006GL027951.

Ren Guoyu, Jiang Tong, Li Weijing, Zhai 
Panmao, Luo Yong, and Ma Zhuguo ( 任

国玉 , 姜彤 , 李维京， 翟盘茂 , 罗勇 , 马柱

国 ). 2008. “An Integrated Assessment of the 
Impacts of Climate Change on China’s Water 
Resources” ( 气候变化对中国水资源情势影响

综合分析 ). Advances in Water Science 19 (6): 
772–79.

Ren Guoyu, Feng Guolin, and Yan Zhongwei 
( 任国玉 , 封国林 , 严中伟 ). 2010. “Progress 
in Observation Studies of Climate Extremes 
and Changes in Mainland China” ( 中国极

端气候变化观测研究回顾与展望 ). Climatic 
and Environmental Research 15 (4): 337–53.

Roeckner, E., G. Bäuml, L. Bonaventura, 
R. Brokopf,  M. Esch, M. Giorgetta,  S. 
Hagemann, et al. 2003. “The Atmospheric 
General Circulation Model ECHAM5. Part 
I: Model Description.” MPI Report 349, Max 
Planck Institute for Meteorology, Hamburg.

Rosegrant, M.W., Cai X.M., and S.A. Cline. 
2002. World Water and Food to 2025: Dealing 
with Scarcity. Washington, DC: International 
Food Policy Research Institute.

S a l l ,  C h r i s ,  a n d  K a t r i n a  B r a n d o n . 
Forthcoming. “Developing Policies for 
Ecosystem-based Adaptation in China.” 
Sustainable Development Discussion Paper, 
Climate Risk Management and Adaptation 
in China series, World Bank, Beijing. 

Schneider, Keith. 2011a. “Choke Point: 
Confronting Water Scarcity and Energy 
Demand in the World’s Largest Country.” 
Circle of Blue, February 15. http://www.
circleofblue.org/waternews/2011/world/
choke-point-china%E2%80%94confronting-
water-scarcity-and-energy-demand-in-the-
world%E2%80%99s-largest-country/.

—.  2011b. “Double Choke Point: Demand 
f o r  E n e r g y  T e s t s  W a t e r  S u p p l y  a n d 
Economic Stability in China and the United 
States.” Circle of Blue, June 22. http://www.
circleofblue.org/waternews/2011/world/
choke-point-china-us-comparison/. 

References



Climate Trends and Impacts in China32

Seneviratne, Sonia, Thierry Corti, Edouard 
L. Davin, Martin Hirschi, Eric B. Jaeger, 
Irene Lehner, Boris Orlowsky, and Adrian J. 
Teuling. 2010. “Investigating Soil Moisture-
Climate Interactions in a Changing Climate: 
A Review.” Earth-Science Reviews 99 (3–4): 
125–61.

Seneviratne, S.I., N. Nicholls, D. Easterling, 
C.M. Goodess, S. Kanae, J. Kossin, Y. Luo, 
J. Marengo, K. McInnes, M. Rahimi, M. 
Reichstein, A. Sorteberg, C. Vera, and X. 
Zhang. 2012.“Changes in Climate Extremes 
and Their Impacts on the Natural Physical 
Environment.” In Managing the Risks of 
Extreme Events and Disasters to Advance 
Cl imate  Change  Adapta t ion :  A  Spec ia l 
Report of Working Groups I and II of the 
Intergovernmental Panel on Climate Change 
(IPCC), edited by C. B. Field, V. Barros, T.F. 
Stocker, D. Qin, D.J. Dokken, K.L. Ebi, M.D. 
Mastrandrea, et al., 109–230. Cambridge: 
Cambridge University Press.

Shen Dajun. 2010. “Climate Change and 
Water Resources: Evidence and Estimates 
from China.” Current Science 98 (8): 1063–68.

Shi Ying, Gao Xuejie, Filippo Giorgi, Song 
Ruiyan, Wu Jia, and Dong Wenjie ( 石 英 , 
高学杰 , Filippo Giorgi, 宋瑞艳 , 吴佳 , 董文

杰 ). 2010. “High Resolution Simulation of 
Changes in Different-Intensity Precipitation 
Events over China under Global Warming” 
( 全球变暖背景下中国区域不同强度降水事

件变化的高分辨率数值模拟 ). Advances in 
Climate Change Research ( 气候变化研究进展 ) 
6 (3): 164–69.

SOA (State Oceanic Administration, China, 
国 家 海 洋 局 ). 2010. 2010 China Sea Level 
Report (2010 年中国海平面公报 ). http://
www.soa.gov.cn/soa/hygb/hpmgb/webin
fo/2010/03/1271382649051961.htm.

Solomon, S., Qin D., M. Manning, Chen Z., 
M. Marquis, K.B. Averyt, M. Tignor, and 
H.L. Millner, eds. Contribution of Working 
Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. 
Cambridge, UK and New York: Cambridge 
University Press.

Su Zhizhu, Lu Qi, Wu Bo, Jin Heling, and 
Dong Guangrong ( 苏志珠 , 卢琦 , 吴波 , 靳鹤

龄 , 董光荣 ). 2006. “The Possible Influence 
of Climate Change and Human Activity on 
Desertification in China” ( 气 候 变 化 和 人

类活动对我国荒漠化的可能影响 ). Journal of 
Desert Research ( 中国沙漠 ) 26 (3): 329–35.

TianXiaorui, ShuLifu, Zhao Fengjun, Wang 
Mingyu, and Douglas McRae. 2011. “Future 
Impacts of Climate Change on Forest Fire 
Danger in Northeastern China.” Journal of 
Forestry Research 22 (3): 437–46.

Tracy, Alexandra, Kate Trumbull, and 
Christine Loh.  2006.  “The Impacts of 
Climate Change in Hong Kong and the 
Pearl River Delta” ( 气候变化对香港及珠

江 三 角 洲 的 影 响 ). Civic Exchange, Hong 
Kong.  http://www.civic-exchange.org/
wp/wp-content/uploads/2006/11/200611_
ClimatePearlRiver.pdf.

UNDP (United Nations Development 
Programme). Human Development Report 
2006. New York: UNDP. 

References



Climate Trends and Impacts in China 33

Wang G.Q., Zhang J.Y., Jin J. L.,  T. C. 
Pagano, R. Calow, Bao Z. X., Liu C. S., 
Liu, Y. L., and Yan L. 2012. “Assessing 
Water Resources in China Using PRECIS 
Projections and a VIC Model.” Hydrology and 
Earth System Sciences 16: 231–40.

Wang Guiling. 2005. “Agricultural Drought 
in a Future Climate: Results from 15 Global 
Climate Models Participating in the IPCC 
Fourth Assessment.” Climate Dynamics 25: 
739–53.

Wang Shourong and Zhang Zuqiang. 
2011. “Effects of Climate Change on Water 
Resources in China.” Climate Research 47: 
77–82.

Wang Tao. 2011. “Why Is China Facing Yet 
Another Power Shortage?” ( 为什么中国再

现电荒 ?) Wall Street Journal (Chinese edition) 
( 华尔街日报中文版 ), May 18. http://cn.wsj.
com/gb/20110511/COL104551.asp.

Wang Wenzheng ( 王 文 正 ). 2011. “The 
Electricity  Shortage That Was Already 
Here” ( 早 来 的 ” 电 荒 ”). Hexun.com 
( 和 讯 新 闻 ), June 30. http://news.hexun.
com/2011-06-30/131033805.html.

Wang Xunming, Chen Fahu, EerdunHasi, 
and Li Jinchang. 2008. “Desertification 
in China: An Assessment.” Earth-Science 
Reviews 88: 188–206.

Wang Xunming, Yi Yang, Dong Zhibao, 
and Zhang Caixia. 2009. “Responses of 
Dune Activity and Desertification in China 
to Global Warming in the Twenty-First 
Century.” Global and Planetary Change 67: 
167–85.

Wang Zhifu and QianYongfu ( 王 志 福 , 钱
永 甫 ). 2009. “Special Characteristics of 
the Frequency and Intensity of Extreme 
Precipitation Events in China” ( 中国极端降

水事件的频数和强度特征 ). Advances in Water 
Science ( 水科学进展 ) 20 (1): 1–9.

Wang Zongtai and Liu Chaohai ( 王宗太 , 刘
潮 海 ). 2001. “Geographical Characteristics 
of the Distribution of Glaciers in China” ( 中
国冰川分布的地理特征 ). Journal of Glaciology 
and Geocryology ( 冰川冻土 ) 23 (3): 231–37.

Woetzel, Jonathan, Martin Joerss, Larry 
Wang, Jane Chao, Shirley Li, Frank Ge, and 
K.K. Wong. 2009. “From Bread Basket to 
Dust Bowl? Assessing the Economic Impact 
of Tackling Drought in North and Northeast 
China.” McKinsey & Company.
h t t p : / / 2 0 9 . 1 7 2 . 1 8 0 . 9 9 / l o c a t i o n s /
greaterchina/From_Bread_Basket_Dust_
Bowl_EN.pdf.

World Bank. 2009. Convenient Solutions 
to an Inconvenient Truth: Ecosystem-Based 
Approaches to Climate Change. Washington, 
DC: World Bank.

Wu Jianguo and Lü Jiajia ( 吴建国 , 吕佳佳 ). 
2009. “Potential Effects of Climate Change 
on the Distributions of Yunnan Snub-Nosed 
Monkey (Pygathrix Bieti) in China” ( 气 候

变化对滇金丝猴分布的潜在影响 ). Journal of 
Meteorology and Environment 25 (6): 1–10.

Wu Shaohong, Dai Ercheng, Huang Ming, 
Shao Xuemei, Li Shuangcheng, and Tao Bo 
( 吴绍洪 , 戴尔阜 , 黄玫 , 邵雪梅 , 李双成 , 
陶 波 ). 2007. “Vulnerability of China’s 
Ecosystems under a Scenario of Climate 
Change (B2) in the 21st Century” [21 世纪未

来气候变化情景 (B2) 下我国生态系统的脆弱

References



Climate Trends and Impacts in China34

性研究 ]. Chinese Science Bulletin ( 科学通报 ) 
52: 811–17.

Xiao Shengsheng, Yang Jie, Ye Gongfu, and 
Song Yuejun ( 肖胜生 , 杨洁 , 叶功富 , 宋月

君 ). 2011. “Vulnerability and Adaptive 
Management of Poyang Lake Wetlands to 
Climate Change” ( 鄱阳湖湿地对气候变化

的脆弱性与适应性管理 ). Subtropical Soil and 
Water Conservation ( 亚热带水土保持 ) 23 (3): 
36–40.

Xinhua ( 新 华 ). 2010. “Weather Disasters 
Cause RMB 200–300 Billion in Economic 
Damages Each Year in China” ( 中国每年由

于气象灾害造成经济损失 2000-3000 亿人民

币 ). March 30. http://news.xinhuanet.com/
video/2010-03/30/content_13270583.htm.

—. 2012. “Direct Economic Losses from 
Drought and Flooding  in China Reach 
RMB 232.9 Billion in 2011” (2011 年 全

国旱涝灾害直接经济损失达 2329 亿元 ). 
February 2. http://news.xinhuanet.com/
society/2012-02/02/c_111482077.htm. 

Xiong Wei et al. 2010. “Climate Change, 
Water Availability and Future Cereal 
Production in China.” Agriculture, Ecosystems 
and Environment 135: 58–69.

Xu Jianchu, R. Edward Grumbine, Arun 
Shrestha, Mats Eriksson, Yang Xuefei, 
Wang Yun, and Andreas Wilkes. 2009. “The 
Melting Himalayas: Cascading Effects of 
Climate Change on Water, Biodiversity, and 
Livelihoods.” Conservation Biology 23 (3): 
520–30.

Xu Yeshuang, Shen Shuilong, Cai Zhengyin, 
and Zhou Guoyun. 2008. “The State of Land 
Subsidence and Prediction Approaches Due 

to Groundwater Withdrawal in China.” 
Natural Hazards 45: 123–35.

Yang Honglong, Xu Yinlong, Zhang Lei, Pan 
Jie, and Tao Shengcai (杨红龙 , 许吟隆 , 张镭 , 
潘婕 , 陶生才 ). 2010. “Projected Change in 
Mean and Extreme Climate over China in the 
21st Century from PRECIS under SRES A2 
Scenario” (SRES A2 情景下中国区域 21 世纪

末平均和极端气候变化的模拟 ). Advances in 
Climate Change Research ( 气候变化研究进展 ) 
6 (3): 163. 

Yao Tandong, Wang Youqing, Liu Shiying, 
PuJianchen, ShenYongping,and Lu Anxin. 
2004. “Recent Glacial Retreat in High Asia in 
China and Its Impact on Water Resource in 
Northwest China.” Science in China (Series D, 
Earth Sciences) 47 (12): 1065–75.

Yin Yueping, Zhang Kaijun, and Li Xiaochun. 
2006. “Urbanization and Land Subsidence 
in China.” IAEG2006 Paper 31, presented 
at the 10th Congress of the International 
Association for Engineering, Geology, 
and the Environment, Nottingham, UK, 
September 6–10.http://iaeg2006.geolsoc.org.
uk/cd/PAPERS/IAEG_031.PDF.

Zhai Jianqing, Zeng Xiaofan, Su Buda, and 
Jiang Tong ( 翟建青 , 曾小凡 , 苏布达 , 姜彤 ). 
2009. “Projected Trends in Drought and 
Flooding in China up to 2050, Based on the 
ECHAM5 Model” ( 基于 ECHAM5 模式预

估 2050 年前中国旱涝格局趋势 ). Advances in 
Climate Change Research ( 气候变化研究进展 ) 
5 (4): 220–25. 

Zhai Panmao and Pan Xiaohua. 2003. “Trends 
in Temperature Extremes During 1951–1999 
in China.”Geophysical Research Letters 30 
(17):doi:10.1029/2003GL018004.

References



Climate Trends and Impacts in China 35

Zhai Panmao, Wang Cuicui, and Li Wei 
( 翟盘茂 , 王萃萃 , 李威 ). 2007. “A Survey 
of the Research on Changes in Extreme 
Precipitation Events” ( 极端降水事件变化

的 观 测 研 究 ). Advances in Climate Change 
Research ( 气候变化研究进展 ) 3 (3): 144–48. 
Zhai Panmao, Xuebin Zhang, Hui Wan, 
and Xiaohua Pan.  2005. “Trends in Total 
Precipitation and Frequency of Daily 
Precipitation Extremes over China.” Journal 
of Climate 18: 1096–1108.

Zhai Panmao and Zou Xukai ( 翟盘茂 , 邹旭

恺 ). 2005. “Changes in Temperatures and 
Precipitation and Their Impacts on Drought 
in China, 1951–2003” (1951—2003 年中国气

温和降水变化及其对干旱的影响 ). Advances 
in Climate Change Research ( 气候变化研究进

展 ) 1 (1): 16–18.

Zhang Daquan and Qian Zhonghua (章大全 , 
钱忠华 ). 2008. “Analysis of Extreme Events 
in China’s Temperature in Recent 50 Years 
Using Detecting Method Based on Median” 
( 利用中值检测方法研究近 50 年中国极端气

温变化趋势 ). Acta Physica Sinica ( 物理学报 ) 
57 (7): 4634–40.

Zhang Jianyun, Zhang Silong, Wang Jinxing, 
and Li Yan ( 张建云 , 章四龙 , 王金星 , 李
岩 ). 2007. “Study on Runoff Trends of the 
Six Larger Basins in China over the Past 50 
Years” ( 近 50 年来中国六大流域年纪径流变

化趋势研究 ). Advances in Water Science ( 水科

学进展 ) 18 (2): 230–34.

Zhang Qiang ,  Wu Liguang,  and L iu 
Qiufeng. 2009. “Tropical Cyclone Damages 
in  China :  1983–2006 .”  Bul l e t in  o f  the 
American Meteorological Society 90: 489–95. 
doi:10.1175/2008BAMS2631.1.

Zhang Xiaoquan. Forthcoming. “Forestry.” 
Sustainable Development Discussion Papers, 
Climate Risk Management and Adaptation 
in China series, World Bank, Beijing.

Zhang Yong, XuYinlong, Dong Wenjie, Cao 
Lijuan, and Michael Sparrow. 2006. “A Future 
Climate Scenario of Regional Changes in 
Extreme Climate Events over China using the 
PRECIS Climate Model.” Geophysical Research 
Letters 33 (24). doi:10.1029/2006GL027229.

Zhao Fengjun, Wang Mingyu, ShuLifu, 
and Wang Chunyi ( 赵凤君 , 王明玉 , 舒立

福 , 王春乙 ). 2009. “Progress in Studies on 
Influences of Climate Change on Forest Fire 
Regime” ( 气候变化对林火动态的影响研究

进展 ). Advances in Climate Change Research (气
候变化研究进展 ) 5, no. 1: 50-55.

Zhao Junfang, GuoJianping, Fang Shibo, 
and Mao Fei ( 赵俊芳 , 郭建平 , 房世波 , 毛
飞 ). 2011. “Trends of Tibet’s Dry-Wet 
Condition under Future Climate Scenario” 
( 未来气候情景下西藏地区的干湿状况变化趋

势 ). Chinese Journal of Agrometeorology ( 中国

农业气象 ) 32 (1): 61–66. 

Zhao Zhongci and Jiang Ying ( 赵 宗 慈 , 江
滢 ). 2010. “Review on Climate Changes 
of Tropical Cyclones and Typhoons” ( 热

带气旋与台风气候变化研究进展 ). Review of 
Science and Technology ( 科 技 导 报 ) 28 (15): 
88–96.

Zhou X. N., Yang G. J., Yang K., Wang X. 
H., Hong Q. B., Sun L. P., J. B. Malone, T. K. 
Kristensen, N. R. Bergquist, and J. Utzinger. 
2008. “Potential Impacts of Climate Change 
on Schistosomiasis Transmission in China.” 
American Journal of Tropical Medicine and 
Hygiene 78 (2): 188–94.

References



Climate Trends and Impacts in China36

Zhou Yaqing and Ren Guoyu ( 周 雅 清 , 
任 国 玉 ). 2010. “Variation of Extreme 
Temperature Events on Mainland China, 
1956–2008” ( 中 国 大 陆 1956-2008 年 极

端气温事件变化特征分析 ). Climatic and 
Environmental Research ( 气候与环境研究 ) 15 
(4): 405–17.

Zhou Y. B., Zhuang J. L., Yang M. X., Zhang 
Z. J., Wei J. G., Peng W. X., Zhao G. M., 
et al. 2010. “Effects of Low Temperature 
on the Schistosome-transmitting Snail 
Oncomelaniahupensis and the Implications of 
Global Climate Change.” Molluscan Research 
30 (2): 102–8.

Zou Xukai, Ren Guoyu, and Zhang Qiang 
( 邹旭恺 , 任国玉 , 张强 ). 2010. “Research 
on Drought Variability in China, Based on 
a Comprehensive Drought Index” ( 基于综

合气象干旱指数的中国干旱变化趋势研究 ). 
Climatic and Environmental Research ( 气候与

环境研究 ) 15 (4): 371–78.

References


