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Land-use/land cover change (LUCC) is one of the fundamental causes of global environmental change. In recent years,
understanding the regional climate impact of LUCC has become a hot-discussed topic worldwide. Some studies have explored
LUCC impact on regional climate in speci	c cities, provinces, or farming areas. However, the quick-urbanized areas, which are
highly in
uenced by human activities, have the most severe land-use changes in developing countries, and their climatic impact
cannot be ignored. �is study aims to identify the impact of land-use change coupled with urbanization on regional temperature
and precipitation in the metropolitan areas of middle and lower reaches of the Yangtze River in China by means of spatial analysis
and numeric methods. Based on the exploration of land-use change and climate change during 1988–2008, the impact of land-
use transition from non-built-up area to built-up area on temperature and precipitation was analyzed. �e results indicated that
the land-use conversion has aected the regional temperature with an increasing eect in the study area, while the in
uence on
precipitation was not so signi	cant. �e results can provide useful information for spatial planning policies in consideration of
regional climate change.

1. Introduction

It is widely recognized that land-use/cover change (LUCC) at
local, regional, and global scales is one of the crucial driving
factors of global climate change [1, 2]. According to the fourth
assessment report of Intergovernmental Panel on Climate
Change (IPCC) in 2007, human activities, such as urbaniza-
tion and agriculture, accounted for 90% of global warming
[3].�is has been of great concern because innumerable con-
sequent changeswere produced on the earth. Some important
researches showed that human-induced LUCC was one of
the key factors which in
uence the regional climate [4–8].
LUCC exerts in
uences on the local and regional climate
systems via biogeochemical and biogeophysical feedback
mechanisms [9, 10]. �e biogeochemical impact of land-use
change on the climate is produced by changing atmospheric
concentrations of greenhouse gases (GHGs). In this way of
feedback mechanism, LUCC mainly changes the carbon and

nutrient cycling in the terrestrial ecosystem and aects the
GHGs and aerosol exchange between surface and atmosphere
[11]. �e GHGs from agricultural land-uses, for instance, are
estimated to account for 10–20% of the total global anthro-
pogenic emissions, which has raised a wide range of concern
about LUCC impact on climate change [12]. Besides, land-
use change also plays an important role in climatic system
bymeans of biogeophyisical eects.�e biogeophyisical feed-
back mechanism basically manifests the changes of physical
features of the earth’s surface such as roughness, surface
albedo, soil moisture, and vegetation coverage and structure,
which in
uence the radiation, heat, and moisture exchange
process between the surface and the atmosphere [13]. �ese
eects directly result in the changes of surface temperature,
humidity, wind speed, and precipitation, accordingly bring-
ing more complex climate at large scales [14, 15]. As the direct
indicators of biogeophyisical feedback mechanism, land sur-
face temperature and precipitation are useful observational
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evidence, so that they are widely applied to measure the
climate changes [16–19]. And the land-use change data also
produces great eect in the climate change assessment.

As an important source of considerable human activities,
urbanization causes changes of the land-use/cover over the
urban areas [20]. Many experiments have been conducted to
understand that there is close relationship between urbaniza-
tion and climate change [21].�e research by Kalnay and Cai,
for instance, suggested that half of the observed decrease in
diurnal temperature range is due to urban and other land-
use changes [6]. Zhang et al. [22] simulated the in
uence
of urbanization on climate in the Yangtze River Delta by
the application of weather research and forecasting (WRF)
model and found out that the conversion of rural land (mostly
irrigated cropland) to urban land cover results in signi	cant
changes to the near-surface temperature, humidity, wind
speed, and precipitation. Observations by Liao et al. [23]
revealed that, by utilizing WRF/Chem model and MODIS
data, intensive building clusters in mega cities in the Yangtze
River Delta form the urban canopy layers and modify the
surface energy budgets and surface roughness, which change
thermal and dynamic characteristics of the surface layer.
Both simulative and numerical analysis suggest that urban
growth-driven land-use change signi	cantly in
uences the
surface heat balance, exchange of water vapor, and momen-
tum between the atmosphere and the surface layer and
consequently results in the changes of regional weather,
especially the rainfalls [24–27]. But arguments on the eects
of urban development on large-scale warming climate still
exist [28]. At local scales, a lot of researches have been
implemented focusing on urban heat island (UHI), which is
a widely concerned issue [29]. Case studies by observations
and remote sensing images such as Miao et al. [30] and Wu
et al. [31] on Chinese cities and Singh et al. [20] on Delhi of
India showed that the UHI generally took place in various
types of cities in dierent regions, and the cases of extreme
rainfall weather got increased [32, 33].

Although there have been considerable reports of current
researches, there is still much unknown about the impact
of regional land-use change and urbanization on climate
change. As the surface physical, chemical, and biological
characters vary greatly across regions, the climatic in
uences
of urbanization and land-use change vary correspondingly
[14]. Due to the lack of data and knowledge, it has beenwidely
recognized that this issue is of great importance for further
exploration and discussion [34].

Since the overall economic reforms in the mid-1980s,
China has experienced unprecedented urbanization. Cities in
China started to face increasing climate risks [35, 36]. �e
middle and lower reaches of the Yangtze River are one of the
most developed regions across the country. Tens of big and
medium sized cities are located along or near the Yangtze
River, which are interconnected to consist of a considerable
“Yangtze River Economic Belt” in the eastern and central
China. �ere have been studies on the impact of LUCC
on regional climate [22, 23, 37], in some speci	c cities like
Wuhan [31] and speci	c provinces like Jiangxi [38]. However,
some physical characteristics such as elevation, latitude, or
landforms may be ignored when investigating a speci	c city

or province. In this study, we selected the metropolitan areas
along the middle and lower reaches of the Yangtze River as
the study area. �e research would be of great signi	cance
because, on one hand, it could provide regional comparison
analysis of climate changes resulting from land-use changes;
on the other, it could be a guide to alleviating the climatic
risks in the rapid urbanization process.

2. Data and Methodology

2.1. Study Area. �e metropolitan area in the middle and
lower reaches of the Yangtze River is located in 110∘15� ∼
123∘25�E, 26∘03�∼33∘25�N with a total area of 4.82 × 105 km2.
It stretches across seven provincial regions from west to east,
covering the central and east ofHubei, the northeast ofHunan,
the north of Jiangxi, the central and south of Anhui, the south
of Jiangsu, the north of Zhejiang, and entire Shanghai. In this
region, there are tens of big cities such as Yichang, Yueyang,
Nanchang, Hefei, Nanjing, Suzhou, andHangzhou, involving
Wuhan metropolitan, Changsha metropolitan, Poyang Lake
metropolitan, Yangtze-side metropolitan Region of Anhui,
and Yangtze River Delta metropolitan (Figure 1).

Mainly located in the Yangtze Plain with part of South
Yangtze hills at this latitude, this area belongs to subtropical
monsoon climate and subtropical moist monsoon climate
region. Owing to moderate rainfall and sunlight, and with
abundant amount of water resources, it is a fertile region
which is famous for rice cultivation and 	shery. It is an
important grain producing area in China that plays a key
role in the national agricultural industry. In addition, with
the obvious locational superiority and favorable industrial
and commercial basis, it is also one of the most dynamic
economic regions across the country. Demographically, the
proportion of urban population to permanent population
in the study area also increased at an unprecedented speed
since it rose from 19.8% in 1990 to 38.9% in 2000,and then to
49.3% in 2008 in the seven provinces, according to the o�cial
statistical data launched by National Bureau of Statistics of
China and the involved provinces. At the same time, the
regional land-use has changed severely. According to the
land-use data extracted from remote sensing images, the total

area of cultivated landwas 215913 km2 in the late 1980s, which
decreased by 13292 km2 to 202621 km2 in the year of 2008.
In contrast, the amount of built-up area grew signi	cantly

from 19135 km2 to 30008 km2 during this period, which was
almost 56.8%more than that in the year of 1988. Except for the

water bodies increasing from 36654 km2 to 38528 km2 during
1988–2008, the areas of forestry, grassland, and unused area
all slightly decreased. Consequently, it is of great signi	cance
to explore the changes of built-up area and their in
uence on
regional climate.

2.2. Data and Methods. �e data used in this paper was col-
lected from the data center of Chinese Academy of Sciences
(CAS). It mainly included land-use data and meteorological
data of the study area.

Land-use data was extracted from the Chinese subset of
the Global Land Cover Characteristics database. �e dataset
is on the basis of land-use maps at the scale of 1 : 100 000,



Advances in Meteorology 3

0 2,0001,000

(km)

0 400200

(km)

Cultivated land

Forestry

Grassland

Water bodies

Built-up area

Unused land

112
∘E 116

∘E 120
∘E

112
∘E 116

∘E 120
∘E

124
∘E

34
∘N

32
∘N

30
∘N

28
∘N

32
∘N

30
∘N

28
∘N

26
∘N

26
∘N

60
∘E 80

∘E 100
∘E 120

∘E

80
∘E 100

∘E 120
∘E

140
∘E

50
∘N

40
∘N

30
∘N

20
∘N

50
∘N

40
∘N

30
∘N

20
∘N

Figure 1: Location of the study area and the land cover, 2008.

using the classi	cation system of 6 classes of 	rst level and
25 classes of second level, which relied on interpretation
of Landsat TM imagery and ground survey of 2000 with
high level of accuracy (about 98.7% of the average degree of
interpretation accuracy and 97.6% of comparing the changing
patches of land-use between two periods) [39]. �e land-use
data involved in this study was originally generated with 1 km
grid scale in the years of 1988, 1995, 2000, 2005, and 2008with
Albers projection, which is believed to be an eective kind of
data that can provide su�cient information for the regional
land-use change monitoring [40].

�e meteorological data during 1988–2008 was col-
lected from meteorological stations of China Meteorologi-
cal Administration, including the annual near-surface tem-
perature and annual average precipitation. Based on the
observational data acquired from the 756 observation sta-
tions distributed across China’s mainland (Figure 2), the 3-
year average data was calculated to represent the tempera-
ture/precipitation in the speci	c time points including 1988,
1995, 2000, 2005, and 2008. �en the observational data
were interpolated into 1 km resolution grid data with Kriging
Interpolation algorithm and were uniformly projected with
Albers projection so that they could be spatiallymatchedwith
land-use change data. During interpolation with temperature
data, terrain conditions of the study area were taken into con-
sideration. �erefore, the temperature data was 	rst adjusted
to the sea level. A�er interpolation, the digital elevation
model (DEM) was applied to correct the data by 0.6∘C per
100m in height.

In order to explore the climatic impact of land-use change
during the fast urbanization process, the land-use conversion
matrix was 	rst applied to calculate the total amount of
conversion from non-built-up area to built-up area in each
period of time. It is a fundamental tool in analysis of land-
use change [41]. �e conversion matrix was simpli	ed here
because only the changes from non-built-up area to built-up
area were discussed in this paper (Table 1).

A�er the land-use conversions and the changes of tem-
perature and precipitation during the study period were eval-
uated by gird on the ArcINFO platform, numerical analysis

Table 1: Land-use conversion matrix for non-built-up area to built-
up area.

�1
CU FO GR WA UN

�2 BU
�CU2BU �FO2BU �GR2BU �WA2BU �UN2BU
�CU2BU �FO2BU �GR2BU �WA2BU �UN2BU

Note: CU, FO, GR, WA, UN, and BU refer to cultivated land, forestry,
grassland, water bodies, unused land, and built-up area, respectively. � and �
refer to the area and proportion of conversion from each land cover to built-
up area, respectively, during�1 to�2.Hence, �CU2BU represents the amount
of conversion from cultivated land to built-up area during the time�1 to�2,
and�CU2BU refers to the conversion rate from cultivated land to built-up area
during the time �1 to �2, and so on, which is calculated with the following
equation: �CU2BU = (�CU2BU − �CU)/�CU × 100%.

was applied to examine their relationship. �e parameter
of � could be used to describe the responses of climate
changes to the land-use conversion. For each type of land-use
conversion, consider the following:

�� =
∑�1 Δ	�

 ,

�	 =
∑
1 Δ		
� ,

(1)

where � refers to the eects of land-use conversion to built-
up area on temperature and precipitation, � and  refer to
temperature and precipitation, respectively,Δ	 represents the
changes of the temperature/precipitation where conversion
from non-built-up area to built-up area occurred, � and �
mean the number of temperature/precipitation that changed,
and
 and � are the total amount of each land-use conver-
sion type.

�e research diagram for data handling and analysis is
shown in Figure 3.
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Figure 2: Distribution of the meteorological stations used for interpolation within and around the study area.

Table 2: Land-use conversion from non-built-up to built-up area, 1988–2008 (area unit: ten thousand hectares).

Period/land-use conversion CU2BU FO2BU GR2BU WA2BU UN2BU

1988–1995
Area

Proportion
147.62
6.84%

16.12
0.84%

1.65
1.02%

12.08
3.30%

0.30
1.47%

1995–2000
Area

Proportion
134.27
6.33%

12.53
0.65%

0.85
0.52%

7.70
2.12%

0.13
0.66%

2000–2005
Area

Proportion
161.13
7.62%

18.62
0.97%

1.81
1.12%

11.40
3.04%

0.18
0.88%

2005–2008
Area

Proportion
170.91
8.28%

26.71
1.39%

2.48
1.54%

19.09
4.93%

0.37
2.11%

Note: the data was calculated according to land-use conversion matrix introduced in Table 1.

3. Results and Discussion

3.1. Spatiotemporal Changes of Built-Up Area Expansion dur-
ing 1988–2008. According to the land cover data, the amount
of built-up areas and the conversion from other land cover
types could be calculated. �e overall area of built-up areas
in the metropolitans of the middle and lower reaches of
the Yangtze River grew from 19135 km2 to 30008 km2. It can
obviously be seen that the main conversion type to built-up
area in the region was the conversion from cultivated land
(Table 2).

Temporally, despite the areas of land cover conversion

uctuating in 1995–2005, the annual conversions of each type

in the four periods were speeding signi	cantly except for the
conversion of grassland, water bodies, and unused land in
1995–2000.�e years of 2005–2008 were themost prominent
time that built-up area expanded while occupying other 	ve
land covers. During these three years, about 8.28% of the
cultivated land and 4.93% of the water bodies were lost and
the proportion of built-up area increased from 5.64% in 2005
to 6.24% in 2008. In the year of 1988, however, the percentage
of the built-up area was just 3.97% (Figure 4).

Spatially, most of the built-up areas were distributed in a
zigzag manner along with the Yangtze River, with Shanghai
metropolitan as the center (Figure 5). Another part of the
built-up areas was located in the south of the Yangtze River,
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Figure 4: Structures of land-use in the middle and lower reaches of
the Yangtze River, 1988–2008.

with Changsha and Nanchang as the centers. By dividing
the study area into two parts including the middle reaches
metropolitan region and the lower reaches metropolitan
region, we could make out that approximately 64% of land-
use conversionswere found in the lower reachesmetropolitan
region, even though the area accounted for about 42% of the
overall region. In the middle reaches metropolitan region,
the average proportion of cultivated land conversion in the
total conversion types was 72.8%, followed by 16.8% of
forestry conversion and about 9% of water bodies conversion,
respectively, whose trends were on the rolling rise. In the
lower reaches metropolitan region, the average proportion
of cultivated land conversion in the total conversion types
dominated in 88.3% with a descending trend since 2000.�e
ratios of conversion fromwater bodies and forestry were both
about 5% before 2005, but with a slight increasing trend to
over 7% during 2005–2008.

3.2. Spatiotemporal Changes of the Regional Climates during
1988–2008. Generally, there were distinct changes in annual
average temperature and precipitation in the metropolitans

Built-up area in 1988

Growth of built-up area, 1988–2008
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of middle and lower reaches of the Yangtze River from 1988
to 2008. �e temperature showed an increasing trend in

uctuations in the study area, with the average temperature
rising from 13.3∘C in 1988 to 14.1∘C in 2008 (Figure 6).Most of
the regions had an increase of the annual temperature, except
a tiny part of the hilly areas such as the north of Yichang
and the south of Zhuzhou having a slight decrease of 0–
1.5∘C. �e maximal rise of temperature that almost reached
6.7∘C took place in the Hangzhou metropolitan, the west
part of Yichang in Hubei Province, and the southeast corner
of Shangrao in Jiangxi Province. Besides, the temperature
basically increased 2.4–4.9∘C in the majority of other parts
of the region, including Shanghai, Nanjing, Wuhan, and
Changsha metropolitans (Figure 7(a)).

At the same time, the annual precipitation in the study
area did not show a signi	cant rising or descending trend
(Figure 6). �e peak with 1713.7mm appeared in the year of
2002, and then the amount of rainfall 
uctuated at a relatively
lower level from 2003 to 2008. In addition, the changes of
precipitation varied greatly across the area. On one side,
the rainfalls showed a rising trend in the majority part of
the region, with the maximum increase of 76.7mm in the
north-central part of Huangshan. On the other side, they
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Figure 7: Changes in spatial distribution of annual average temperature (a) and precipitation (b) in the middle and lower reaches of the
Yangtze River, 1988–2008.

showed a downward variation in the north part of Hunan,
the southeast of Hubei, the southwest of Anhui, the east
of Jiangxi, and east areas of Hangzhou, with the maximal
decrease of 34.8mm. According to the results mentioned
above, it can be concluded that the process of urbanization
in this region has aected the regional climate to a certain
extent (Figure 7(b)).

3.3. E
ects of Land-Use Conversion on Temperature and
Precipitation. We overlaid the built-up area growth maps
with the climate change maps, and the variations of the
climate responses to the land-use change showed signi	cant
dierences in spatial distribution (Figure 8). Most of the
metropolitan areas including the interior of Jianghan Plain,
Wuhan, Changsha, Nanchang, Hefei, and the Yangtze River
Delta Region got warmer in 1995 than in 1988 while a mass
of cultivated land surrounding these cities and towns was
lost due to urbanization. Part of the nearby water bodies,
especially in Wuhan and so forth, was also turned to built-
up area. When the trends of built-up area expansion and
cultivated land loss kept going on for the next over 10 years,
the changes of the temperature varied across the region.
�e urbanized areas with upward temperatures were not
as concentrated as they were in the late 1980s; besides,

uctuations with downward temperatures occurred in some
of the metropolitans such as Shanghai (Figures 8(a), 8(b),
8(c), and 8(d)).

�e precipitation in spatial distribution signi	cance
across the region was not very obvious compared to the
match of temperature with land-use change. �e amounts of
rainfall increased around Shanghai but decreased in Nanjing
and Hefei metropolitans in 1988–1995. Another typical 
uc-
tuation was found in Nanchang metropolitan, the north of
Jiangxi.�e precipitation in this region went up in 1988–1995

and 2000–2005 but sharply cut down in 1995–2000 and 2005–
2008 (Figures 8(e), 8(f), 8(g), and 8(h)).

�e calculation results of� showed the relativity of urban-
izing land-use change with regional climate which matched
the spatial layout analysis above (Figure 8). During the four
time periods, the changes of regional average temperature
were basically in accordance with the impact of other four
types of conversion, especially with the grassland conversion
and forestry conversion, except that of unused land turning
to built-up areas, but the in
uence of the conversions got
smaller (Figure 9(a)). �ese observations indicated that each
type of conversion from non-built-up to built-up area had a
positive in
uence on temperature changes. Aswehave known
thatwhen land-use cover such as natural vegetation and crops
is replaced with the nonevaporating and nontranspiring
built-up areas, surface properties such as albedo and soil
moisture generally become lower. �ese changes may have
an in
uence on heat and moisture exchange process between
the surface and atmosphere and thus result in the rise of
temperature.

According to the numeric observations, the land-use
conversion from non-built-up to built-up areas did not
have particular signi	cance on precipitation changes in the
study area during 1988–2008 (Figure 9(b)). �ere were both
increase and decrease in precipitation when the built-up area
expanded. �e changing trends of rainfall almost reacted in
the opposite directions between the four periods. Among the
four types of land-use change, conversion from unused land
to built-up area had the most severe impact on precipitation
both in positive and in negative directions during the four
periods, while conversion from cultivated land to built-up
areas had the least in
uence on it. �ese dierences in time
sequence and land conversion types indicated that there
is still uncertainty about the impact of LUCC on surface
climate in this region, even though there is reduction in
evapotranspiration due to urbanization [20].
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Figure 8: Continued.
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Figure 8: Variations of the temperature and precipitation response to land-use conversion from non-built-up to built-up area in periods
1988–1995 (a, e), 1995–2000 (b, f), 2000–2005 (c, g), and 2005–2008 (d, h).
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Figure 9: Changes of temperature (a) and precipitation (b) upon land-use conversions from non-built-up to built-up area.

4. Conclusions

In this paper, the impact of the land-use conversion from
non-built-up areas to built-up areas on surface temperature
and precipitation in the middle and lower reaches of the
Yangtze River during 1988–2008 was examined by using spa-
tial and numeric analysis.�e results showed that conversion
from cultivated land to built-up area was the most important
type of land-use change in the region under the rapid
urbanization process, which was recognized as “urbanization
of land” and concentrated much of focuses from academia.
�e loss of water bodies was another important source that
made the growth of built-ups.

�e numeric results indicated that the transitions from
non-built-up areas to built-up areas had positive relationship
with the rising trend of regional temperature in the study
area, but the eects of dierent conversion types in dierent
periodswere varied obviously. All the conversion types except
the unused land transition have very similar impact on the
changes of temperature. Within the 20-year time period,

the upward and downward changing trend of regional tem-
perature was quite in accordance with that where grassland
and forestry were changed to built-up areas. �ese trends
were increasing 	rst and then went down signi	cantly. �e
change of regional climate slightly went up from 0.28∘C in
1988–1995 to 0.3∘C in 1995–2000, but both the warming
eects of conversion from cultivated land and from water
bodies on temperature change decreased steadily in this
period of time, which kept on going downwards signi	cantly
to the bottom of 0.05∘C during 2005–2008. As to the regional
precipitation, the results did not show much signi	cant
impact of land-use conversions from non-built-up areas to
built-up areas, even though there were some researches that
indicate it could result in either increasing or decreasing eect
on precipitation [27, 42].

Generally, we have only focused on the physical climatic
impact of transition from non-built-up to built-up areas in
the urbanized area of the middle and lower reaches of the
Yangtze River in this paper.�e land-use change of transition
from non-built-up to built-up areas in
uences the regional
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temperature mainly by altering the land surface net radiation
and latent heat 
ux. �e results are of great value for the
state governments to guide land resource distribution and
urbanization policies that respond to the regional climate
changes.

Although the precipitation eect was also under con-
sideration in this research, either the positive or negative
in
uence was observed, probably due to the limited annual
statistical data or the numeric methods involved. However,
trapped by the limitations and the uncertainties of full
understanding of the procedure mechanisms, the regional
climate change is a very complicated process and there are
many other factors that may take eect. As a consequence, it
is a rather challenging goal to assess and quantize the climatic
eects of land-use change since various biogeophysical and
biogeochemical processes interact or even oset each other
on the climate change [43]. Besides, the lack of forecasting
climate changes in future under the land-use change was
another inadequacy of the research. And the explorations
would be more notable if the simulation was added by
socioeconomic indicators such as population and industries.
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