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a b s t r a c t

The Yangtze River Delta (YRD), one of China’s most developed, dynamic, densely populated and
concentrated industrial area, is growing into an influential world-class metropolitan area and playing an
important role in China’s economic and social development. The formation and the urbanization process
of YRD are inseparable from climate change. This paper explores such interrelationship from two
perspectives. On one hand, using historic data, we summarized the urbanization process in the YRD, and
concluded that climate change has been shaping the Delta and its socioeconomic development. On the
other hand, the urbanization process of the Delta has shaped its geography and built environment,
which, however, are not adaptable to future climate change. Potential disruptive effects include large
flooded land area, flood disasters, production and energy inefficiency, and other environmental threats. It
is imperative to adopt policies and programs to mitigate and adapt to climate change in the fast
urbanization process.

� 2011 Elsevier Ltd. All rights reserved.
Introduction

It is widely recognized that climate changes would have
disruptive effects on human society, particularly in coastal areas.
These areas house more than a half of the world’s population; the
average population density of coastal areas is 10 times higher than
that of inland areas (Ren, 1993). One of the most populated coastal
areas that faces the threats of climate change is the Yangtze River
Delta (YRD), where the Yangtze Riverdthe longest river in Chinad
drains into the Pacific Ocean. The YRD has been one of the most
developed areas in China for thousands of years, and its recent
urbanization happens at a dazzling rate, altering its geography and
built environment. This paper will explore the interrelationship
between the urbanization in the YRD and climate change.

Generally speaking, the boundary of the YRD varies from
different perspective in terms of its culture, economy, or geography.
This paper refers to the area composed of Shanghai, southern
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Jiangsu and northern Zhejiang provinces (Fig. 1). The boundary is
consistent with the economic delta most people refer to. The YRD
currently has a marine monsoon subtropical climate, with hot and
humid summers, cool and dry winters, and warm spring and fall.
Disastrous weather patterns sometimes occur, such as typhoons
and floods.

Analyzing historical climate and geographic data, we find that
climate change has been affecting the formation and the develop-
ment of the YRD for thousands of years. Not until recently, climate
change had imposed serious threats to the YRD’s urbanization,
particularly because the YRD’s built environment has been shaped
in the way that is difficult to adapt to climate change. This paper
will examine the interrelationship between climate change and the
development of the YRD, as well as potential disruptive effects of
climate change, in order to provide policy and planning recom-
mendations for the region to adjust its development patterns, and
to mitigate and adapt to climate change.

The formation and development of the YRD

The formation of the YRD

Applying radiocarbon dating method, recent research on the
marine sediment of the Pacific Ocean found that the temperature in
the YRD kept on rising during 16,500e6000 years ago (Emiliani,
1955). Consequently, the sea-level rose and led to coastal subsi-
dence and ingression. 6000e7000 years ago, the YRD was not fully
banization in the Yangtze River Delta, Habitat International (2011),

mailto:gucl@tsinghua.edu.cn
www.sciencedirect.com/science/journal/01973975
http://www.elsevier.com/locate/habitatint
http://dx.doi.org/10.1016/j.habitatint.2011.03.002
http://dx.doi.org/10.1016/j.habitatint.2011.03.002
http://dx.doi.org/10.1016/j.habitatint.2011.03.002


Fig. 1. Geographic location of the YRD.
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shaped, and its northern coastline of the area was roughly 300 km
west of the current coastline. Since then, the temperature
decreased and the sea level dropped, the banks of the Yangtze River
stretched to the seabed with a gentle slope. Under the effect of the
waves, offshore sand barriers gradually developed on the slope and
later formed natural lakes and ponds, the largest of which is Lake
Tai. The YRD and its general topography are formed in the ever
changing climate and sea levels.

Human activities have also played an important role, particu-
larly in the Lake Tai basin. Before the Northern Song Dynasty
(960e1127 A.D.), the natural system of the Lake Tai basin had been
well sustained. According to local chorography, during the 643
years between the East Jing Dynasty (317 A.D.) and the Northern
Song Dynasty (960 A.D.), 38 floods occurred at the average rate of
once in every 17.4 years. It was a period with relatively fewer floods
in history. After the Northern Song Dynasty, however, because of
the invasion of Jin from northern China, many people moved to the
south, and increased the population in the Lake Tai basin signifi-
cantly. To feed the fast growing population, many lakes were
enclosed for cultivation, and eventually disappeared by the later
Southern Song Dynasty (1279 A.D.).Water size in the basin dropped
sharply. Instead of the original three rivers, Lake Tai had only one
drain by Huangpu River to the Pacific Ocean.

Since 6000e7000 years ago, the historical coastline of the YRD
had remained 200 km west of the current coastline until 100e400
A.D. In the next thousand years or so, because of forest destruction,
increased sediments, and the accelerated population and economic
growth of the delta, the southern shore of the YRD rose one kilo-
meter in every 20 years while the northern shore rose 1 km in
every 60e100 years. The average speed of coast elevation was
0.02 km/year (Chen, Zhiying, & Caixing, 1959). Nowadays, the
elevation in most parts of the YRD is below 10 m. In addition,
260 km to the north of the YRD, the Yellow River fluxed into the sea
carrying much sand, and expanded its sand spit. The Yangtze River
estuary became much narrower, and its current shape was formed.

Cultural and economic development in the YRD

Because of its pleasant climate, geographic location, natural
environment, and educated residents, the YRD becomes the cradle
of Chinese agricultural civilization, and consequently a political and
economic center.
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The climate in the YRD is suitable for agriculture. According to
excavations in the Hemudu Site, the first find of the mid-Neolithic
culture in the YRD, people started growing rice in the area 7000
years ago. Si Maqian stated in The Historical Record that “there is
a vast territory with a sparse population in the Chu and Yue region
(including the YRD). People there live on fishing and rice planting”
(Si,145e187 B.C.). For a long time, rice has been themain crop in the
YRD and rice planting has had great influence on local people’s life
style and cuisine.

The YRD has been famous for its agriculture products. Huaiyang
style, one of China’s four major styles of cooking, was originated in
the region. Suzhou’s dim sum, Shaoxing’s wine, Jiaxing’s zongzi
(rice dumplings), Jinhua’s Ham, Ningbo’s glue pudding, Yangzhou’s
pickles, and Zhenjiang’s vinegar are all famous agricultural
products.

Agriculture development required water conservancy construc-
tions, and encouraged early industries and trades. In addition to the
BeijingeHangzhou Grand Canal, ancient people dug many other
canals, dredged Lake Tai and regulatedWest Lake. Yangzhou, Suzhou,
and Hangzhou thus became the shipping centers on the southern
Grand Canal.

The Lake Tai basin has been the largest weaving center in China,
particularly because the climate is suitable for breeding silkworms.
Zhejiang province is the origin of silk since the Tang Dynasty (618
A.D.). One third of the Northern Song Dynasty (960e1127 A.D.) and
a half of the Southern Song Dynasty’s (1127e1279 A.D.) silk came
from Ningbo, a city in northern Zhejiang province, the southern
part of the YRD. In 1780 (the Qing Dynasty), there were more than
10,000 weaving machines in Ningbo (Chen, 1999). Suzhou’s satin,
Nanjing’s brocade, and Hangzhou’s silk are three famous silk
products, and Suzhou embroidery is one of China’s four famous
embroidery patterns. In the Ming (1368e1633 A.D.) and Qing
(1644e1911 A.D.) dynasties, Suzhou and other cities in the Lake Tai
basin formed the most prosperous region in China, which was
known as a land flowing with milk and honey, full of silk and
cultural heritage (Chen,1999). The YRD has become one of the birth
places of China’s commodity economy.

The YRD has been a major tea producing area, and is famous for
West Lake Dragon-Well Green Tea and Lake Tai Biluochun Green
Tea. Good tea trees usually grow in areas with mild climate,
abundant rain, high humidity, and moderate sunshine, and the
YRD offers such climate conditions. Many tea markets and tea
banization in the Yangtze River Delta, Habitat International (2011),



Fig. 2. Population distributions in the YRD.
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bureaus emerged in the region with active production and trading
of tea.

Because of the YRD’s particular location by the sea and rivers,
and its fully developed commodity economy, it has been a center of
business and marketplaces. Yangzhou was the salt transport center
in the Ming and Qing dynasties; Wuxi was one of China’s four
largest rice markets; Suzhou and Hangzhou were textile trading
centers; and Ningbo and Yin were business centers where
merchants gathered. Yangzhou, Ningbo, and Zhenhai had been the
largest trade ports of China until modern times when Shanghai was
formed and opened to the world.

Economic prosperity nurtured the development of science and
technology: Suzhou and Ningbo became the national academic
centers. A regional culture with creative, prudent, and intelligent
spirit, as well as fresh, mellow, and lively breath of life, was
developed in the YRD.

In the 7000 years’ economic development and cultural breeding,
the YRD has taken advantage of its coastal location and interacted
with foreign cultures. Typical examples include increasing Japanese
Embassies to the Tang Dynasty (618e907 A.D.), the Marine Silk
Road to Southeast Asia and South Asia in the Ming Dynasty, and
“five ports of trade” after the Opium War (1839e1942 A.D.). The
YRD has become themost developed area in Chinawith the highest
degree of urbanization, and a culture center in which different
indigenous cultures converge.

Urbanization processes of the YRD

Thanks to its superior natural environment as well as the
economic and cultural atmosphere, the YRD has been a pioneer
region of China’s urbanization. It is the most urbanized area with
the highest population density in China. The YRD covers an area of
110,800 km2, accounting for 1.1% of China’s land area. However, the
Gross Domestic Product (GDP) of the YRD accounted for 17.5% of the
whole nation’s GDP, 4.3 trillion yuan, in 2008. The per capital GDP
was 44,468 yuan, 2 times the national average level. Its population
reached 97.2 million, 7.3% of China’s total population. The region’s
average population density was 877 persons/km2, which was
approximately 2 times the national average (Table 1).

The Urban System in the YRD is made up of the primary city
Shanghai, and many secondary cities such as Nanjing, Suzhou,
Hangzhou, Wuxi, Changzhou, Nantong, Yangzhou, Shaoxing, and
Wenzhou. In terms of population scale, Shanghai is the core city of
the mega-region with a population of 15.7 million. After Shanghai,
Nanjing and Hangzhou have population of 5.3 million and 4.5
million respectively. In addition, 24 cities have population of
a million to 3 million, 23 have population of 0.5 million to a million,
and 5 have less than a half million population (Fig. 2).

Although the speed and the extent of the YRD’s urbanization
process is difficult to be accurately estimated because of the
Table 1
Statistics of YRD (2008).

Category China YRD % of China

Area (km2) 9,600,000 110,821 1.1
POP (10,000) 132,129 9,723 7.3
POP density (km2) 137 877 40
GDP (Billion Yuan) 24,662 4,323 17.5
GDP/capita (Yuan) 18,665 44,468 238
Urbanization (%) 45.68 47.85 1.05
FDI (Million USD) 74,800 21,956 29.4
Import and Export (billion USD) 2,174 779 35.8

Source: China Statistic Information Website (http://www.tjcn.org/plus/list.php?
tid¼1).
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changing administrative system (Chan & Xu, 1985; Lee, 1989). Its
urbanization process in modern times can be roughly divided into
three stages.

Urbanization from bottom-up

Administration centers and market towns
Before the 19th century, the big cities in the YRD included

Nanjing, Yangzhou, Suzhou, and Hangzhou. Being the political and
military center of the YRD, Nanjing was the capital of six dynasties,
as well as of the Taiping Heavenly Kingdom and the Republic of
China. Yangzhou, benefiting from convenient water transport of
salt and grain to the capital, became an international metropolis
whose prosperity was comparable with London and Paris before
the middle Qing Dynasty (1644e1911 A.D.). However, as Huizhou
salt merchants disappeared at the end of the Canal time in the
middle of the 19th century, Yangzhou declined quickly. Similarly,
although Suzhou and Hangzhou were long in history and rich in
traditional culture accumulation, which ensure them to be the
economic, business and cultural centers of the YRD for a long time,
their positions were taken place by Shanghai in the early 20th
century.

The basic sizes and distribution patterns of modern market
towns in the YRD were established in the Ming Dynasty
(1368e1644 A.D.), except eastern coastal area close to Shanghai.
Suzhou and Hangzhou areas had become two integrated regions
banization in the Yangtze River Delta, Habitat International (2011),
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with internal economic connections. In the Qing Dynasty, the
developing trend was mainly revealed in the obvious increasing
number of country markets and the upgrade of some markets to
towns. From the spatial distribution aspect, themarket towns in the
YRD are inseparable from water: they were usually located in the
pivotal points of river networks. The rivers flew through the town
or markets with stores and residences built by them. Boats and
ships shuttled betweenmarkets and townsdboth of which exist all
because of the water. A multi-level marketing town network
(capital, county town, town, country market, etc.) was developed
around Hangzhou and Suzhou, and the marketing towns were
connected with the national markets.

Rise of Shanghai and initial industrialization
Shanghai’s rise was the biggest historical incident in the YRD’s

urbanization in modern times. The city was formally established in
1927. In addition to its favorable geographic location at the estuary
of the Yangtze River, the emergence of Shanghai is attributed to
three historical events: (1) After the Opium War, the colonization
forced Shanghai to open. The “Nanjing Treaty” in 1842 made
Shanghai one of the first open ports. With its geographic advan-
tages, Shanghai became a foreign goods export base in China
immediately. After the 1843 “Treaty of Humen”, the United
Kingdom, the United States, France, and other countries established
concessions one after another, leading to the abnormal prosperity
of “ten-mile foreign field”. In the 1870s, the Suez Canal was open to
navigation, submarine cables were laid, bill of exchange became
popular, and foreign firms’ direct investment in China increased
substantially. The “Treaty of Shimonoseki” in 1895 gave foreign
countries the right to set up factories in China and legalized capital
export, and Shanghai became the largest base for foreign capital
export; (2) the Revolution of 1911 provided a better environment
for national capitals, while national industries were strongly
encouraged by the government; (3) immigrants created a new
inclusive urban culture in Shanghai.

In the modern urbanization process, in addition to Suzhou and
Yangzhou which declined because of the interior geographic
location, Wuxi, Nantong and Changzhou had a certain period of
prosperity, but they faded later on because of institutional changes
after the foundation of the People’s Republic of China. Nantong’s
modern industries appeared in the 19th century, its industriali-
zation was affected by the concept that big enterprises are
monopolies based on administrative power, which also impose
social responsibility. Gradually, Nantong’s advantage had been
offset by the inferior strength of the institution, and its leading
position was overtaken by emerging Wuxi in urban development.
Wuxi’s industrialization benefited mainly from private capitalists,
and to a certain extent the participation of bureaucrats in its early
industrialization. Comparable to Wuxi, Changzhou was an indus-
trial city around the 1930s. However, its urban functions and
industrial structure relied too much on the textile industry, but the
city lacked environmental support and ancillary services.
Changzhou did not go beyond its original industrialization stage
and stayed at a low level.

Counter-urbanization process of socialism

Communalization and rural town network
In the 1950s, the YRD practiced the planned economic system

and the dual policy of separating urban and rural areas during the
rural urbanization process. On one hand, non-agricultural indus-
tries in rural areaswere prohibited. The state purchased and sold all
the surplus agricultural products as urban industrial input or a part
of urban residents’ welfare. On the other hand, the primary
administrative units were adjusted through “communalization”.
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These two forces gradually formed small town networks based on
“communes”. The traditional commodity market network had been
weakened and ultimately disappeared.

Planned economic system and stagnation of metropolises
From the 1960s to the 1970s, although developed steadily, the

YRD was kept far away from the division and circulation of world
economic system. Shanghai, which had been known as the
“Oriental Paris”, gradually gave its way to Tokyo, Hong Kong,
Singapore, Seoul, and Taipei. The industrial economy in Suzhou also
stepped down, making it almost a waned and isolated city. National
household electrical appliance enterprises like the Great Wall,
Xiangxuehai, Peacock, and Chrysanthemum, which had been sup-
ported by the government, were defeated by enterprises in
townships.

Town and village enterprise (TVEs) and small towns
Since 1970, taking advantage of Shanghai’s industrial tech-

nology base, the cities along the Yangtze River in Jiangsu Province
have caught up in the development of non-agricultural industries
through rural collective accumulation. In the rural areas, the “five
small industries” (small scale steel, machinery, chemical fertilizer,
coal, and cement industries) were allowed and started to grow.
Since then, because the profits of industrial production were much
more than agriculture, people gained more marginal benefits in
cities and towns than in rural areas. Capital, labor, and other
production factors have transferred to the rural industries. Those
townswithmore rural industries became ideal places for farmers to
work or do business. By 1978, industrial production in southern
Jiangsu TVEs accounted for 52.1% of the industrial and agricultural
output value.

The economy reform and urbanization

Pudong’s development and rehabilitation of Suzhou
After the Economy Reform in 1978, two events changed the

urban hierarchy in the YRDdChinese Government’s announce-
ment of opening Pudong, Shanghai, on April 18, 1990, and the
construction of Suzhou development zones in after the 14th
National Congress of the Chinese Communist Party in 1992.

The Pudong New Area is located to the east of the Huangpu
River, a branch of the Yangtze River running through Shanghai.
Pudong covers an area of 533 km2 and had a population of one and
a half million in 1990. When there was no bridge or tunnel to cross
the Huangpu River, Pudong’s economy lagged far behind the old
urban areas of Shanghai. However, after 20 years of opening up,
Pudong New Area has become the base of Shanghai’s emerging
high-tech industry and other modern industries. It is also a new
economic growth pole of Shanghai and the symbol of China’s
economic reform in the 21st century. In 1990, Pudong’s GDP was
only 6 billion yuan, but it reached 92 billion yuan in 2000 and 9
trillion in 2007, with an annual growth rate of 18.1%. Its portion in
Shanghai’s total economic output jumped from about 8% to 27% in
2010. Pudong has obtained the leading economic position in the
YRD, and its development assures Shanghai’s international
position.

Suzhou also accelerated its development pace. With the
completion of the High-tech Industrial Zone and Singapore Indus-
trial Zone, the relatively declined and closed Suzhou finally
renewed its luster. By the end of 2000, Suzhou has attracted 7572
foreign-invested enterprises (4761 in operation), US$ 35.564 billion
of contracted foreign capital (US$20.246 billion paid). In 2001,
Suzhou obtained 10% of the foreign investment in China. In 2008,
Suzhou’s GDP reached 670 billion yuan, becoming one of the fastest
growing cities with the most foreign investment.
banization in the Yangtze River Delta, Habitat International (2011),
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Big city strategy of Zhejiang Province
Following Shanghai Pudong’s Development, Zhejiang Province

recognized the importance of building central cities. Starting from
the “Wenzhou style” urbanization, driven by the structural reform,
Zhejiang established a new mechanism to centralize cities and
towns and helped them in construction. In particular, the province
rearranged the administrative regions to stimulate the develop-
ment of central cities. Hangzhou, an important economic center in
the YRD and an international tourist city, optimized its industrial
structure and spatial structure. It focused on developing compre-
hensive functions, including technological innovations, distribution
of commodities and production, information, and tourism, to
strengthen its central position. Ningbo has a unique deep-water
coastline which is suitable for developing port maritime industries
and port-oriented industries. It is becoming amodern international
port city.

Developing integrated cities in Jiangsu Province
Jiangsu Province neglected the agglomeration benefits of

urbanization since the 1980s and failed to explore economic
development opportunities that can be brought by urbanization.
However, following Shanghai and Zhejiang Province, Jiangsu
Province also changed its urbanization strategy. In 2000, the
province’s urban development strategy was announced in its urban
work conference, highlighting the role of big cities: “Focus will be
put on making the four megalopolises Nanjing, Suzhou, Wuxi, and
Xuzhou, which have better situation, comprehensive strength and
urban infrastructure, to be stronger, bigger, better and more
beautiful. Metropolitan areas around Nanjing, SuzhoueWuxie
Changzhou and Xuzhou, will be strengthened to stimulate the
development of cities and towns across the province.” Jiangsu’s
10th Five-Year Plan launched an urban development strategywhich
determined the basic framework of “Three metropolitan areas and
Four Node Cities”.

Marketization and small towns
During the urbanization process, wholesale markets of

consumer goods, industrial products, and subsidiary agricultural
products emerged in the YRD. The new market towns include
Miaoqiao Sweater Mall in Zhangjiagang, Keqiao Textile Mall in
Shaoxing, Strokes Mall in Changshu, Shengze Silk Mall in Wujiang,
Leather Mall in Haining. Being a crucial place to attract the rural
labor force, the wholesale markets accelerated the urbanization
process by transforming surplus rural labor force. Various whole-
sale markets concentrate raw materials, products and native
products, and then spread them outward. The radiating capacity of
regional commodity markets improved greatly. The output of
commodities and production factors also grew rapidly, bringing
more profits, strengthening urban functions, and promoting the
urban agglomeration of the YRD.

Three concentrations and rural urbanization
Since 1991, the development of rural industries and the

construction of small cities and towns are combined together,
leading to the emergence of rural economic development zones in
southern Jiangsu Province. Most rural economic development
zones are located along major routes. Based on old towns and
existing enterprises, rural industries were geographically concen-
trated, which improved the urbanization level and facilitated the
construction of small towns. At the same time, the tertiary industry
became an important factor for the concentration of population
and economy of small towns in rural areas. Rural industries
switched from extensive to intensive types to compete in the
market. But the switch weakened rural industries’ capacity in
absorbing rural surplus labor. A second wave of surplus rural labor
Please cite this article in press as: Gu, C., et al., Climate change and ur
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force aroused, demanding the urbanization to speed up and
develop the tertiary industries in small cities and towns.
Environmental effects of the urbanization in the YRD

Fast urbanization process contributes to climate change by
altering the carbon cycle and other biogeochemical processes
(Lankao, 2007). Without exception, the YRD’s rapid industriali-
zation and urbanization have huge impacts on its environment
and geography, which contribute to climate change, and at
the same time, create a built environment that are difficult to
adapt to climate change. This section explores the extents of such
impacts.
Contribution to climate change

The large population and the fast urbanization process produce
much carbon emission from transportation, household and indus-
trial activities. Urbanization accelerates climate change, as gener-
ally 78% of carbon emissions attributed to cities. Between 1990
and 2001, China’s carbon dioxide emissions increased 823 million
tons, accounting for 27% of the world increment. They doubled
between 2002 and 2007, and in 2008, China topped in carbon
dioxide emissions in the world. Emission density is particularly
high in densely urbanized areas like the Bohai Bay, the YRD and
the Pearl River Delta (Fig. 3). Shanghai has the highest carbon
dioxide emission density in China, reaching 26,639 tons/km2

(Qu, 2008), or 11 tons per capita (Tan & Wang, 2011).
Moreover, land-use changes from urbanization create urban

heat island (UHI) effects, which have been suspected as partially
being responsible for the observed warming over land during the
last few decades. Basically, the “urban heat island” effect is caused
by day time heat being retained by the fabric of the buildings and
by a reduction in cooling vegetation, and this has the effect of
raising night time temperatures by 1e5 �C (Kovats & Akhtar, 2008).
Research has found that in southeast China, the mean surface
temperature raised 0.05 �C per decade attributable to urbanization,
and such increase is much larger than previous estimates for other
periods and locations (Zhou et al., 2004).
Inadaptable geography and built environment

In addition to the contribution to climate change, the fast
urbanization in the YRD changed the built environment and related
geography, which are not adaptable to climate change.

Significant reduction of lake area and volume
Lakes in the YRD play a significant role in flood storage.

However, because of the Lake Tai basin’s rapid industrialization and
urbanization, increasing reclamation areas around the lakes have
reduced their storage capacity. In the 1950s, the Lake Tai basin had
498 dikes, which cover an area of 528.55 km2, accounting for 13.6%
of the original lake area (Shen, 2000). The reclamation around the
lakes not only reduces their storage capacity, but also leads to
a sharp rise in water level. The long lasting high water level
increases pressure on regional flood control.

Furthermore, because vegetation in the Lake Tai basin is
destroyed, soil erosion accelerates and a large amount of sediment
sinks to the bottom of lakes, resulting in further reduction of flood
storage capacity. Annual sedimentation quantity reaches
63�104e65�104 tons in Lake Tai, which means the average
sediment transport modulus reach 81 tons/km2 in the upper rea-
ches (Shen, 2000).
banization in the Yangtze River Delta, Habitat International (2011),



Fig. 3. CO2 emission of provinces in China in 2006. Source: Qu (2008, Figure 9).
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Over-extraction of groundwater and land subsidence
Rapid industrialization and urbanization cause long-term over-

extraction of groundwater, resulting in continuous decrease of
groundwater levels, and consequently regional cones of depres-
sion. The centers of the subsidence cones in Suzhou, Wuxi,
Changzhou, and Nantong expand from the cities to rural areas
rapidly, with an annual decline rate of 1e2 m. Taking Suzhou,
Wuxi, and Changzhou for examples, before the 1960s, the
groundwater level basically had stayed at the natural level, which
is �2 to �3 m. However, the urban groundwater levels of the three
cities dropped to �10.0 m, �29.0 m and �12.8 m respectively in
the mid-1960s, and individual subsided areas covered more than
50 km2. In 1979, the urban groundwater levels declined further
to �55.0 m, �59.0 m and �58.0 m, and the area covered by water
depth isoline of �15 m was about 1500 km2. In the 1980s, the
over-extraction of groundwater in the three cities was controlled.
However, because of rapid exploitation in surrounding cities and
towns, a 5000 km2 (30 km in width, 125 km in length) under-
ground funnel region was formed along the ShanghaieNingbo
line.

Over-extraction of groundwater led to land subsidence, which is
severer in denser andmore urbanized area. In particular, Shanghai’s
urban and peri-urban area reached the maximum land subsidence
of 2630 mm. Right after Shanghai, the subsidence level of Suzhou,
Wuxi, and Changzhou reached over 1000 mm (Fig. 4) (Chen, 1994).
The situation is slightly better in Zhejiang Province, as Jiaxing
subsided up to 740 mm from 1973 to 1995 while Wuzhen subsided
up to 800 mm. In addition, intensive urban zones along the
ShanghaieNanjing railway, ShanghaieHangzhou railway and the
Shanghai Pudong New Area have also experienced various degrees
of ground subsidence (Gao, 2002).

A direct consequence of ground subsidence is increasing diffi-
culty in flood prevention preparations. More low-lying lands mean
more damages in floods. Caused directly by the land subsidence,
Shanghai had lost 290 billion yuan in 40 years, in which 175.5
billion yuan for tidal damage, 84.8 billion yuan for flood damage,
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and18.9 billion yuan for safety elevation (Shen, 2000). In addition,
the ground subsidence may cause other problems, such as sea
water intrusion, building damages, fracture of underground pipes,
lower bridges clearance and cracking of roads. Areas with great
land subsidence are particularly vulnerable facing climate change
and related irregular weather patterns.

Increasing impervious areas
The rural area in the YRD has quickly developed and urbanized.

Expanding urban areas and growing small towns have changed the
underlying surface conditions and increased impervious areas.
Construction lands increased 2823 km2 from 1985 to 1996 in the
Lake Tai region, with an annual growth of 257 km2. The coefficient
of surface runoff also increased and put higher pressure on flood
control. During the flood in 1991, the surface runoff coefficient
reached 0.758 in ChangzhoueWuxi urban areas, higher than the
coefficient of 0.664 in areas under the natural condition around
Lake Tai. Moreover, because of urban constructions, rivers and lakes
are filled, hence the size of natural water bodies in cities and
surrounding areas are reduced, weakening the cities’ ability of flood
diversion and storage. Taking Changshu for example, ponds and
rivers were filled during urban development. The area of urban
rivers is now only 7.36 km2, 0.7% of the total land area, thus the
ability of flood diversion and storage of the city is greatly weakened
(Gu, Chen, & Shi, 1992).

Serious pollution and ecological degradation

The YRD’s ecological environment has paid a great price for the
region’s rapid urbanization. It has become China’s new eco-envi-
ronmental vulnerable zone. On one hand, water pollution, acid rain,
soil pollution, and solid waste accumulation have become prom-
inent and cross-border pollution problems have caused conflicts
between regions constantly. The YRD section of the Bei-
jingeHangzhou Grand Canal, Lake Tai, the downstream section of
the Yangtze River, and the Qiantang River all suffer from various
banization in the Yangtze River Delta, Habitat International (2011),



Fig. 4. Land subsidence in Suzhou, Wuxi and Changzhou. Source: Liu and Ye (2005).
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degrees of pollution, and Lake Tai does the most. Consequently,
quality-induced water shortage occurs. Atmospheric pollution,
especially SO2 pollution, is also very serious in the YRD; acid rain
has happened in 14 of the 16 central cities. Almost the whole YRD is
threatened by acid rain, with the annual rain pH value below 5.6.

Soil pollutions in the YRD contain not only heavy metal pollu-
tion, but also organic pollution from industrial development in the
region. The delta has become an area with the highest industrial
and domestic waste emission intensity in China. The industrial
wastewater and exhaust emissions account for about 9.5% and 5.3%
of the nation respectively.

Ecological degradation is also serious. Over-extraction of
groundwater caused a large area of land subsidence and water
pollution. Land degradation, loss of biodiversity, and serious
ecological damage all have brought serious threats to human
survival and sustainable development.

Impacts of climate change on urbanization of the YRD

China has seen increasing climate change, especially in the most
crowded areas, where theminimum temperatures as well as winter
temperatures rise significantly (Shen & Varis, 2001). Although an
agreement was reached to control the global warming under 2 �C in
20 years in the Climate Congress of Copenhagen on December 18,
2009, climate change still will significantly threats the YRD and its
development.

Climate change and sea-level rise

Historical climate change and sea-level rise
Historically, the sea-level rises that caused by global climate

change contributed significantly to the formation of the YRD.
According to historical data, global warming caused three times of
sea-level rises in the YRD during human society. The first sea-level
rise happened in the 9e10th century, and led to about 1 km retreat
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of the coastline in northern Jiangsu Province. At that time, floods in
the Lake Tai Basin became more serious. The second sea-level rise
occurred in the 15e16th century, causing strong tides in estuary
sites and riverbank destruction (Chen et al., 1959). The YRD is
currently experiencing the third sea-level rise, which happened
since the early 20th century. According to Miao, Shuanghe,
Dingyuan, and Yuguo (1995), the temperature data of the YRD
between 1881 and 1990 have experienced a “rise-fall-rise” circle,
including a warming period before the 1930s when the tempera-
ture rose on average 0.0163 �C per year, a cooling period from the
1950s to 1960s when the temperature decreased 0.043 �C per year,
and a warming period again from the 1970s to 1990s when the
temperature rose 0.0317 �C per year. In the 1990s, climate change
has become even faster in the YRD; the annual average temperature
of the cities in the YRD was 0.96 �C higher than the previous 4
decades. Specifically, the average temperature in Shanghai rose
0.73 �C every 10 years, and that of other cities in the YRD rose
0.23 �C (Xu, 2009).

In the past century, the temperature rose 0.78 �C in the YRD,
slightly higher than the average global warming rate. China’s sea-
level rose by 1.4 mm per year on average, 14 cm in total, but the see
level rose more than 20 cm along the coast of the YRD (Shen, 2000).

Forecasted sea-level rise
The YRD is one of the most sensitive areas of the sea-level

changes in the world. Many scholars research on climate changes
and sea-level rises, and make somewhat consistent estimates,
although details vary. Most research in this field considers global
sea-level rise and ground subsidence at the same time, and fore-
casts relative sea-level rise. In the YRD, it is predicted that by 2030,
the sea level would rise 360e380 mm per year around Shanghai,
and 320e340 mm per year in the coastal area of Jiangsu Province;
between 2030 and 2050, the sea-level would continue to rise
210e230 mm (Liu & Ye, 2005; Ren, 1993; Sun, Yushu, Enhe, &
Chunhua, 1997; Xie, 1996).
banization in the Yangtze River Delta, Habitat International (2011),



Fig. 5. Possibly inundated area of the YRD. Source: Sun (1997).
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Sea-level rise significantly threats the YRD, including its coastal
erosion, storm damage, and flooding, which destroy buildings,
roads, bridges, and other property. Intruding salt water might
contaminate groundwater supplies and threaten landfill and
hazardous-waste sites.

The impacts of climate change on urbanization

Increasing flood disaster
Sea-level rise increases the risk of coastal floods, particularly in

the case of storm surges. Because of the increasing impervious
areas and shrinking lakes and undeveloped areas, water drains
more rapidly from built-over land, increasing peak flows and flood
risks, particularly if the drainage system is not adapted accordingly.

Flood disaster is the most frequent natural disaster in the YRD.
According to local chronicles, 299 floods occurred in the 1022 years
from the Northern Song Dynasty to the year 2000, which means
a flood in 3.4 years in average. Flood disaster frequency in this
period is 5 times of that before the Northern Song Dynasty
(Table 2). In the past 50 years in the Lake Tai Basin, flood disaster
frequency has reached a flood in every 5.5 years on average.

Floods have large impacts particularly on socioeconomic activ-
ities and infrastructure. Since the 1980s, the YRD has faced
increasing threats from floods. Xu (2009) finds that urbanization
has affected the annual, flood season, and the maximum daily
precipitation, and the effects are particularly significant for the
maximum daily precipitation. In the example of Nanjing, from the
1920e1930s to the 1990s, the annual precipitation increased from
850 to 1111 mm, the flood season precipitation increased from 433
to 850 mm, and the frequency of storm increased from 5.2 times
per year to 7.8 (Xu, 2009). The trend is obvious that precipitation,
storms, and related chances of floods increased considerably in the
YRD.

Diminishing developable land
The average temperature in the YRD will probably rise 0.31 �C

by 2030 (Miao, 1995). According to Miao et al., if the sea-level rises
400 mm by 2030, the coast of the YRD will retreat 100e4000 m,
depending on the location and topography of the places. Consid-
ering the effects of more rains caused by the climate change and of
ground subsidence caused by over-extraction of underground
water, developed land will diminish significantly.

In addition, high tide level will rise at the rate of 3.6 mmper year
during the same period and the high tide sea-level rise from 1 to
3 m. If inrush occurs, most of Yangcheng, Nantong, the Lake Tai
basin, Jiaxing and Shanghai will be flooded (Fig. 5). In other words,
if the relative sea-level rises 400 mm by 2030, the height of the sea
wall should increase 1e1.5 m at least, which means that the YRD
needs to invest 20 billion yuan on the sea wall.
Table 2
Floods in the YRD.

Dynasty Year Number
of years

Floods

Number Yea

Eastern Jing 317e419 103 7 14.
North 420e588 169 12 14.
Sui and Tang 589e892 304 16 7
Wu and Yue 893e978 86 3 28.
Northern Song 979e1126 148 28 5.
Southern Song 1127e1278 152 40 3.
Yuan 1279e1367 89 46 1.
Ming 1368e1643 276 99 2.
Qing 1644e1911 268 75 3.
Republic of China 1912e1949 38 2 19.
P.R. China 1950e2000 50 9 5.

Source: (1) Lake Tai Water History Editing Group (1993, pp. 347e359) and (2) Xu and M
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Influences on production and energy
According to 40 years’ climate data (Miao, 1995) of the YRD,

when the average annual temperature rises 1 �C, accumulated
temperature that no less than 0 �C increase by 342e452 �C from
north to south of the YRD, accumulated temperature that no less
than 10�C increase by 200e338 �C; the number of continuous days
that no less than 0 �C increase by 9e26, the number of continuous
days that no less than 10 �C increase by 2e12. If the annual
temperature in the YRD increases 1 �C, the existing climate zone
will shift north by nearly 2� latitude, and the climate will be similar
to that of Hangzhou area.

Global warming means additional heat resources, which have
a positive effect on extending the YRD’s agricultural production
season. The yield of rice will increase 112.5e420 km/square
hectometer due to the 1e3 �C temperature increase, the yield of
wheat will increase 105 kg/square hectometer and that of cotton
will decrease 90 kg/square hectometer.

However, the possibility of drought and floods will also increase
in the YRD. The annual precipitation will increase 1e10%, and
flooding frequency and intensity will increase 5e8%, thus affecting
Big floods Catastrophic floods

r/flood Number Year/flood Number Year/flood

7 2 51.5
2 2 84.5

43.4
7
3 16 9.3
8 10 15.2
9 10 8.9 1 89
8 21 13.1 6 46
6 14 19.1 7 38.3
0 1 38.0 1 38.8
5 8 6.2 3 16.6

ao (2002).
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agricultural production. Counting in such fluctuation in weather
patterns, if the average temperature rises 1 �C, the economic
benefits of agricultural products processing will decline 3e5%.
Moreover, the number of days with the temperature higher than
35 �Cwill increase by 8, therefore increase energy usage for cooling.

Conclusion and discussion

Climate changes have significant effects on human society. The
YRD, China’s most developed, populated, industrialized and
dynamic area, is growing into an important global mega-cities
region and playing an important role in China’s economic and social
development.

Climate change has been affecting the formation and the
development of the YRD. On the other hand, the fast urbanization
in the YRD contributes significantly to global climate change,
particularly through carbon emission. But the built environment
and related geography in the YRD is not adaptable to climate
change and potential environmental disasters. Climate change will
seriously threat the urbanization of the YRD.

Much research has explored two general types of policies that
address climate change: mitigation and adaptation. This section
briefly discusses those most relevant strategies.

With great emphasis on controlling future climate change,
China currently focuses on mitigation strategies. On November 23,
2010, Chinese government published 2010 Annual ReportdPolicies
and Actions to Climate Change. To continue pushing proactive poli-
cies and actions, China will emphasize saving energy while
improving energy efficiency, developing new green energy,
increasing forest carbon sink, initiating national low-carbon prov-
inces and low-carbon cities, and developing industrial systems and
consumption patterns that generate low-carbon emissions. To
implement the policies and actions, on February 1, 2011, five
provinces and eight cities are selected to demonstrate low-carbon
development plan in the twelfth Five-Year Socioeconomic Plan.
Hangzhou is the city in the YRD that was selected.

As mitigation strategies, the YRD needs to adopt policies to
reduce Greenhouse Gas emissions in the long-run. With the
concentration of various industries in the delta, improvement of
energy efficiency and usage of renewable energy in those industries
are important. Moreover, the YRD faces the challenges that many
metropolitan areas face, such as vast urbanized areas and high
transportation costs, thus changing land-use development patterns
will potentially reduce Greenhouse Gas emissions. Local govern-
ments need to provide practical alternatives such as improved
public transport, more energy-efficient buildings, and more low-
carbon city form. Other mitigation strategies include local “emit-
ting” fees and emissions trading systems such as those now in place
in Tokyo, so that business enterprises pay for the greenhouse
emissions they generate.

Nevertheless, the effects of long-term mitigation strategies are
not sufficient to change the general trend of climate change, thus
adaptation becomes crucial. Infrastructure, such as sea walls,
drainage, flood control, and water management systems need to be
upgraded to accommodate disastrous climate. Development in
exposed areas should be phased out. However, adaptive measures
imposed on existing urban infrastructure are costly and slow.
Therefore, it might be easier to regulate and construct infrastruc-
ture and building construction in new development areas.

In addition to mitigation and adaptation strategies, it is impor-
tant to gain a better understanding the economic rational of fast
urbanization in certain areas, as well as the difficulties and costs
inherent in shifting the direction of urban development and
adapting to climate change. Tol, Jansen, Klein, and Verbruggen
(1996) argue that policies must be evaluated with respect to
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economic viability, environmental sustainability, public accept-
ability, and behavioral flexibility. Policies which do not consider the
socioeconomic consequences cannot be viable. Attentions need to
be given to the decentralized decisions of economic enterprises and
families; adaptation cannot be left to the market, but nor should it
be left to arbitrary central planning (Mcgranahan, Balk, & Anderson,
2007: p. 35).

To address and adapt to climate change needs policies at the
international, national, regional, and local levels. With more
research in the field, knowledge will be accumulated how to
address climate change in a fast urbanized area, such as the YRD, in
a developing country.
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