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ABSTRACT

The characteristics of the urban heat island effect and the climate change in Shanghai and its possible
mechanism are analyzed based on monthly meteorological data from 1961 to 1997 at 16 stations in Shanghai
and its adjacent areas. The results indicate that Shanghai City has the characteristics of a heat island of
air temperature and maximum and minimum air temperature, a cold island of surface soil temperature, a
weak rainy island of precipitation, and a turbid island of minimum visibility and aerosols, with centers at
or near Longhua station (the urban station of Shanghai). Besides theses, the characteristics of a cloudy
island and sunshine duration island are also obvious, but their centers are located in the southern part
of the urban area and in the southern suburbs. A linear trend analysis suggests that all of the above
urban effects intensified from 1961 to 1997. So far as the heat island effect is concerned, the heat island
index (difference of annual temperature between Longhua and Songjiang stations) strengthens (weakens)
as the economic development increases (decreases). The authors suggest that the heating increase caused
by increasing energy consumption due to economic development is a main factor in controlling the climate
change of Shanghai besides natural factors. On the other hand, increasing pollution aerosols contribute to
the enhancement of the turbid island and cooling. On the whole, the heating effect caused by increasing
energy consumption is stronger than the cooling effect caused by the turbid island and pollution aerosols.

Key words: Shanghai heat island, climate change due to economic development, cooling effect due to
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1. Introduction

Scientists generally agree that the climate has been
warming up since the 19th century (IPCC, 2001), and
many trend curves of observed datasets include the ef-
fect of an urban heat island at present. Yet many sci-
entists (e.g., Jones et al., 1990; Peterson et al., 1999)
have compared the city temperature with rural tem-
perature, and have suggested that the effect of an ur-
ban heat island is one order less than the global warm-
ing of the air temperature. However, the heat island
effect is large for local climate change. For example,
during 1901–1984 in North America, the difference in
temperature between a city with a population near
100 000 and its adjacent rural area is nearly 0.1◦C
(10 yr)−1 (Karl, 1988). Although the amount of a city
with a population over 100 000 is not too much, its ur-
ban heat island effect should be considered. In other
words, the change of the urban heat island for a big

city may cause the climate anomaly (Oke, 1984).
The Changjiang Delta has become a regional heat

island due to the rapid development of the economy
(Chen et al., 2000). Shanghai City is one of the
most flourishing areas in the economy of China, and
is an important central city of the heat island in the
Changjiang Delta. In this field, Zhou et al. (1988),
Zhou and Wu (1987), and Zhou (1991) studied the ef-
fect of the urban island in Shanghai and pointed out
that it is rather obvious that the effect of the urban
heat island in Shanghai City has been caused by the
rapid development of the economy. Besides, Zhou and
Shu (1994), and Yan and Xu (1996) suggested that
Shanghai has the notable features of a hot, rainy, and
turbid island. Ding et al. (2002) and Ding and Ye
(2002) studied the distribution of high temperature
and the heat island effect in midsummer and indicated
that the temperature difference between Longhua (ur-
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Fig. 1. Annual air temperature around Shanghai and its decadal change. (a) 1961–
1967; (b) 1968–1977; (c) 1978–1987; (d) 1988–1997; (e) 1961–1997 (units: ◦C); (f)
distribution of stations. 1: Wuxi; 2: Changshu; 3: Suzhou; 4: Jiaxing; 5: Pinghu;
6: Qingpu; 7: Jinshan; 8: Jiading; 9: Songjiang; 10: Chongming; 11: Baoshan; 12:
Minhang; 13: Fengxian; 14: Chuansha; 15: Nanhui. ?: Longhua station (in the urban
district of Shanghai).

ban station) and Chongming (suburban station) in-
creased rapidly after 1975. Especially in summer, it
increased 0.7◦C during the last twenty years. Further-
more, Deng et al. (2002) analyzed the characteristics
of the urban heat island of Shanghai using the 30-
minute interval heat data from six automatic stations
installed in the urban area of Shanghai during the pe-
riod from December 1997 to March 1999. The results

show that the occurrence frequency of the urban heat
island in Shanghai is 87.8% and the monthly mean ur-
ban island intensity is greater than 0.8◦C. The mean
intensity is stronger at night and in autumn/winter
than during the day and in summer. The position of
the heat island core has a daily displacement. The
core position will leave the city center whenever the
weather is cloudless, calm, and has stable stratifica-
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Fig. 2. Change in surface soil temperature (units: ◦C).

tion. Besides, many scholars have studied the circu-
lation change caused by the urban heating using nu-
merical models. So far, most of the analytic results
have come from the few and short-range observations
and their merits are a particularity, but the long-range
characteristics of climate change and its mechanism
need further study. In fact, there are enough stations
in Shanghai City (including Longhua, Chongming,
Baoshan, Jiading, Qingpu, Songjiang, Jinshan, Fengx-
ian, Chuansha, Nanhui, and Minhang) and its adjacent
area (Nantong, Changshu, Dongshan, Pinghu, and Ji-
axing) which can provide enough long-range observa-
tion datasets to analyze the climate change of the heat

island in detail. The monthly mean of ten elements
of the 16 station mentioned above during 1961–1997
are collected, and the annual and seasonal linear trend
of the elements and their possible mechanism are dis-
cussed in this paper. We propose some new facts and
views about the linear trend of climate change and its
possible mechanism based on the approval of conclu-
sions reached by previous studies (Zhou, 1984, 1991;
Zhou and Wu, 1987; Zhou and Shu, 1994). The re-
sults indicate that compared with the adjacent area,
Shanghai City has the characteristics of a heat island
of air temperature and maximum and minimum air
temperature, a cold island of surface soil temperature,



994 ADVANCES IN ATMOSPHERIC SCIENCES VOL. 20

 
 
 
 
 
 
                               ★                                    ★                          
 
 
 
 
 
 
 
 
 
 
 
                              ★                                     ★ 
 
 
 
 
 
 
 
 
 
 
                                                   
                                                 ★ 
 
 
 
 
 
 
 
Fig. 3 
 
 
 
 
 

Fig. 3. Change in annual precipitation (units: mm yr−1).

a rainy and cloudy island of precipitation and total
cloud cover, a turbid island, and an island of poor
visibility and sunshine duration. These effects grow
as the economic development goes up. We suppose
that the main mechanism of the enhancement of the
heat island effect is the increase of energy consump-
tion caused by economic development, and the cooling
mechanism is the increase of turbidity.

2. Climate change of meteorological elements
in the ground layer

The heat island effect is mainly revealed in the

variation of the ground layer air temperature. Fig-
ures 1a–e show the distribution of annual air tempera-
ture in Shanghai and its adjacent areas for the periods
of 1961–1967, 1968–1977, 1978–1987, 1988–1997, and
1961–1997, respectively. Figure 1f shows the distribu-
tion of stations used in this paper. Longhua station is
located in the southwestern part of the urban district
of Shanghai City and is selected to represent the ur-
ban station. The other stations shown in the figure are
defined as suburban stations. It can be seen that the
urban district of Shanghai (Longhua station) is an ob-
vious warm center surrounded by a relative cold belt.
Shanghai City can be treated as a big heat island in
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Fig. 4. Annual total cloud cover and sunshine duration
(1961–1997), (a) total cloud (units: 1/10); (b) sunshine
duration (units: h d−1).

relation to its suburban areas, with a 0.6◦C mean
temperature difference between the warm center and
cool belt (it may be 5◦C in some instantaneous situa-
tions). For the different periods, the heat island effect
is weak during 1968–1977, and afterwards increased
rapidly during 1978–1987. The heat island effect is
strongest during 1988–1997 with the difference in air
temperature between the warm center and cool cen-
ter exceeding 1◦C. From the above discussion, we can
conclude that Shanghai exhibits an obvious heat is-
land effect and which gets weak after 1968 and strong
after 1978. The intensity of the heat island may be
associated with increasing energy consumption caused
by economic development. The climate change char-
acteristics of maximum and minimum air temperature
are consistent with those of air temperature. The fig-
ures of these elements are not shown here due to the
limitation of space.

It is worth noticing that the distribution of soil
temperature is opposite to air temperature: surface
soil temperature in the urban area is 1◦C lower than
that in the suburbs (Fig. 2a–e). It is obvious that
the urban area of Shanghai is a soil cold island com-
pared with the suburban stations. The intensity of
the soil cold island has an obvious decadal variation.
The cold center is located at the urban station during

1961–1987, and it moves northwestward from the ur-
ban center to Jiading station during 1988–1997. The
value of the difference between the cool center and
the suburbs is 1.2◦C, 1.0◦C, 1.0◦C, and 1.3◦C during
four decadal periods, respectively. It can be concluded
that the possible formation mechanism of the soil cold
island may be associated with the decreasing of soil
temperature which is caused by the strengthening of
convection and precipitation.

The distribution of annual precipitation is shown in
Fig. 3. For the climatic distribution during 1961–1997
(Fig. 3e), the precipitation decreased from the south-
ern suburb to the northern suburb. There is a weak
center located in the urban area. The rainy island has
become stronger in recent decades. The precipitation
difference between Longhua station and the northern
suburb is 50 mm during 1968–1977, and it is more than
100 mm after the period of 1978–1987.

The climate distributions of total cloud and sun-
shine duration during 1961–1997 are shown in Figs.
4a–b. Figure 4b shows that there is a low center
of sunshine duration located in the southwest urban
district and adjacent suburbs (Longhua and Minhang
stations). Minhang station is about 5 km southwest
of Longhua. The climate distribution of total cloud
(Fig. 4a) also shows a high center located in the urban
area. The center of severe pollution is located in the
urban area of Shanghai (Deng et al., 2002). This phe-
nomenon is named the turbid island. In fact, there is
also a low visibility center in the urban area (figure
not shown).

The above results indicate that Shanghai City has
the climatic characteristics of a heat island of air tem-
perature and maximum and minimum air tempera-
ture, a cold island of surface soil temperature, a cloudy
and rainy island, and a turbid island of visibility and
aerosols. Besides these, a low center of sunshine dura-
tion is located at the southwest urban border and sub-
urbs. These properties are enhanced with the devel-
opment of the economy in Shanghai. In the last forty
years, these characteristics are weak during 1968–1977
but become stronger after 1978.

Figure 5 shows the difference of annual air temper-
ature between the stations of Longhua (urban center)
and Songjiang (southern suburb), which is defined as
the intensity index of the Shanghai heat island in Zhou
et al. (1984), Zhou and Wu (1987), and Zhou (1991).
It can be seen from the figure that the intensity in-
dex increased during the period before 1966, decreased
during 1966–1978, and rapidly increased during the
period after 1978. The intensity of the heat island in-
creases with the economic development, which may be
associated with increasing energy consumption. How-
ever, the enhancement of the heat island effect only
affects the low layer atmosphere. The soil tempera-
ture cools caused by the increase of precipitation and
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Fig. 5. Intensity index of the Shanghai heat island: the difference in annual air temper-
ature between Longhua (urban) and Songjiang (suburban) (units: ◦C).
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Fig. 6 
 

                                                                           

Fig. 6. Linear trend distribution of annual air temperature during 1961–1995 (units:
0.01◦C yr−1).
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  Fig. 7 
 
 
 
 

Fig. 7. Linear trend distribution of annual and seasonal soil temperature during
1961–1995 (units: 0.01◦C yr−1).

decrease of visibility and sunshine duration as the
economy develops.

3. Linear trend of climate change in the Shang-
hai area

In order to analyze the climate change in the
Shanghai area since 1961, the linear trends of annual
and seasonal meteorological elements are calculated
during 1961–1995; all trend values pass the 95% con-
fidence level. It can be seen from the linear trend of
annual and seasonal air temperature shown in Fig. 6

that the urban district is a positive center for annual
and seasonal change; the positive value is largest in
winter and smallest in summer. The linear trends of
maximum and minimum air temperature are consis-
tent with those of air temperature, but the maximum
value of the minimum temperature trend is larger than
that of the maximum temperature. For example, the
center value of the annual trend of the former is 0.4◦C
(10 yr)−1 and that of the latter is 0.2◦C (10 yr)−1. The
seasonal change of the trend of maximum and mini-
mum air temperature is also consistent with that of
air temperature, being largest in winter and smallest
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Fig. 8. Linear trend distribution of annual and seasonal precipitation during 1961–
1995 (units: mm yr−1).

in summer.
The linear trends of annual and seasonal surface

soil temperature are shown in Fig. 7. For the values of
annual trend, they are negative in the southern part
of the urban area and for the southern suburban sta-
tions. However, they are positive for the Qingpu and
Jiading stations (western and northern suburban sta-
tions). For the seasonal trends, the trend distributions
are negative in summer and autumn, and positive in
winter and spring. In other words, the cold island is
getting stronger in the southern urban area of the city
and the southern suburbs, but is getting weaker in the

northern urban areas and western suburbs.
For the linear trend distribution of annual precip-

itation shown in Fig. 8, the positive trend covers the
entire Shanghai City and has a positive center located
in the urban district of Shanghai. It also has a low belt
surrounding the suburbs. The precipitation trends of
winter, spring, and summer are also positive, but it is
feeble in winter. The trend of autumn precipitation
is negative but it cannot compensate for the positive
trend in summer, so the trend of annual precipitation
is mainly attributed to that of summer.



NO. 6 CHEN LONGXUN, ZHU WENQIN, ZHOU XIUJI ET AL. 999

 
 
 
 
 

★ ★          
 

 

               
 
 
 
 
 
 
 

★                                    ★ 

    
 
 
 
 
 
 
 
 
 
                                               ★ 
 
 
 
 
 
 
 
 
 
  Fig. 9 
 
 
 
 

Fig. 9. Linear trend distribution of annual and seasonal sunshine duration during
1961–1995 (units: h yr−1).

The linear trend distribution of sunshine duration
is shown in Fig. 9. All the trends in the urban area
and suburbs are negative with a center in the north-
ern suburb. There is also a negative center located
in the western suburb in summer, which is consistent
with the increasing annual precipitation trend. The
linear trend distributions of annual and seasonal visi-
bility (figure omitted) are negative, which is in agree-
ment with that of sunshine duration, but their centers
are located in the urban area. These results imply
that Shanghai is a turbid island, which is becoming
stronger and stronger. The linear trend distribution of

total cloud cover (figure omitted) also indicates that
the urban area is an increasing center of cloud.

4. Possible mechanism for the heat island in
Shanghai City

From the above discussions, Shanghai City has an
obvious heat island effect of air temperature and max-
imum and minimum air temperature, a cold island of
soil temperature, a weak rainy island of precipitation,
and a turbid island of visibility and aerosols. Besides
these, Shanghai City also has the characteristics of a
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cloudy island and sunshine duration island, but their
centers are located in the southern part of the city
district and suburbs. Based on the linear trends, it
is shown that all the effects become enhanced during
the period of 1961–1995 although the trend centers of
several elements are not exactly located in the urban
area. For the sunshine duration, the trend of the ur-
ban station (Longhua) is negative, but its trend center
is located in a region about 5 km south of Longhua.
Furthermore, the intensity of the heat island effect
weakens and is enhanced with the economic devel-
opment, slowly during 1968–1977 and quickly during
1988–1997.

Based on the above, we can conclude that the
main factor causing the intensity of the heat is-
land in Shanghai is associated with the increasing
energy consumption due to economic development.
It weakens (strengthens) as the economy develops
slowly (quickly). The Environment Research Center
of Peking University collected the energy consumption
due to human activities in the Yangtze Delta and its
adjacent area during 1995* and made a distribution
map of annual heating intensity (W m−2) for 1995. It
shows that the heating intensity is 25 W m−2 in the
urban area of Shanghai and 0.5 W m−2 in the suburbs.
A numerical simulation was made by Chen (2002)**
using a regional model forced by the heating of 1995.
The result shows that the heating can cause more than
1◦C warming in the urban area. On the other hand,
the effect of the heat island will strengthen the con-
vection and then increase the cloud cover and precip-
itation caused by the thermal difference. Besides the
heating effect, the increase of aerosols caused by city
development will strengthen the intensity of the tur-
bid island, decrease the sunshine duration, and cause
climatic cooling. Deng et al. (2002) analyzed the dis-
tribution of pollution aerosols in Shanghai by using
satellite remote sensing data for 1987 and 1997. They
showed that the distribution of pollution aerosols in
Shanghai were enhanced and extended, and most of
the urban district varied from light to serious pollu-
tion. The seriously polluted areas increased 51% from
August 1987 to October 1997 (530 km2 during 1987
to 801 km2 during 1997), which is consistent with our
conclusion.

The results by Deng R. R. et al. (2002) show that
the aerosols can cause climate cooling in this area. The
heat island in Shanghai is a result of a balance between
the atmospheric heating and aerosol cooling. Accord-
ing to the results of our analysis, the heating caused

by the increase of energy consumption is stronger than
the cooling caused by the increase of pollution aerosols.
Chen et al. (2002) studied the climate change in the
Yangtze Delta and its adjacent area. The basic fac-
tors which caused the climate change are the same as
those in Shanghai. The heating caused by the increase
of energy consumption due to economic development is
stronger than the cooling caused by the of increase pol-
lution aerosols in the Yangtze Delta, but it is weaker
than the aerosol effect in the adjacent area. It caused
warming in the Yangtze Delta and cooling in the ad-
jacent area, and then formed a regional heat island in
the Yangtze Delta. The difference between the Shang-
hai and the Yangtze Delta heat islands is that the for-
mer in the urban area has combined effects which are
stronger than that in the suburban area.
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