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The climate impacts of future urbanization in the Pearl River Delta (PRD) region in China were simulated with the Dynamics of
Land Systems (DLS) model and the Weather Research and Forecasting (WRF) model in this study. The land use and land cover
data in 2000 and 2020 were simulated with the DLS model based on the regional development planning. Then the spatial and
temporal changes of surface air temperature, ground heat flux, and regional precipitation in 2020 were quantified and analyzed
through comparing simulation results by WRF. Results show that the built-up land will become the dominant land use type in the
PRD in 2020. Besides, the near-surface air temperature shows an increasing trend on the whole region in both summer and winter,
but with some seasonal variation. The urban temperature rise is more apparent in summer than it is in winter. In addition, there is
some difference between the spatial pattern of precipitation in summer and winter in 2020; the spatial variation of precipitation is
a bit greater in summer than it is in winter. Results can provide significant reference for the land use management to alleviate the
climate change.

1. Introduction

Urbanization can lead to massive loss of cultivated land,
forestry area, and grassland and pose a threat to national food
security and ecological safety [1]. More importantly, it can
change the land surface properties and consequently influ-
ence the regional climate [2, 3].The urban areas have a higher
heat-storage capacity, Bowen ratio, and surface roughness in
comparison to the rural areas [4].These differences lead to the
change of dynamic processes in the atmospheric boundary
layer and the surface energy budget, which ultimately affect
the regional climate in and around the urban areas [5].

More attention should be paid to the climate effect of
urbanization since more than half of the world’s population
resides in the urban areas, which is expected to continue

to increase [6–8]. The research on the climate impacts of
urbanization can help to predict and solve the problems
caused by climate change more scientifically and efficiently.
For example, Seto and Shepherd [9] indicated that the land
use and land cover changes in the urban area exerted great
impacts on the climate. Stone Jr. [10] suggested that the
climate change could be more efficiently mitigated through
regulating the land use change than only controlling the
greenhouse gas emission. Besides, Stone et al. [11] recom-
mended that the municipal and state governments should
broaden climate action plans to include the urban-scale heat
management strategies in addition to imposing greenhouse
gas emission controls.

There is still very limited knowledge on the impacts
of rapid urbanization on the future regional climate [3].
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Although it has been easier to detect the regional effect
of urbanization with the help of a series of regional cli-
mate models, the effects of these actions on future climate
are still far from well understood since the anthropogenic
impacts on Earth’s surface continue to increase [11, 12].
A well-acknowledged phenomenon of the climate effect of
urbanization is the urban heat island effect (UHI), which is
characterized by the temperature contrast between the city
and its surrounding areas [13]. UHI can influence the local
circulation patterns, which may further have some effects on
the precipitation [14].

It is necessary to implement valid prediction of the chang-
ing trend of the future urbanization in order to forecast the
climate effects of future urbanization more reasonably. In
other words, it is necessary to take into account the proposed
framework of the development planning of a specific region.
Therefore this study analyzed the potential climate effects of
the future land use decisions on the assumption based on the
regional development planning.The reasonable prediction of
the climate effects of urbanization can provide the basis and
guidelines for the land use structure optimization, which is of
great significance to the determination of the reasonable city
scale.

The remainder of this paper is organized as follows.
Section 2 introduces the background of the study area, espe-
cially its characteristics of urbanization. Section 3 describes
the two main models used in this study, Dynamics of Land
Systems (DLS) andWeather Research and Forecasting (WRF)
model, and explains themodel experiments performed in this
study. Section 4 shows the result of the model performance
and outlines the effects of the future urbanization on the
regional climate projected by the high-resolution simulation.
Finally, Section 5 shows the discussion and conclusion.

2. Study Area

The Pearl River Delta (PRD), located in the southern part of
Guangdong Province in China (111.5–115.5∘E, 21.5–25∘N), has
been one of the fastest developing regions in the world since
the 1980s (Figure 1). There has been phenomenal economic
and industrial growth in the PRD since the economic reform
at the end of the 1970s in China, and this region has been one
of the world’s largest manufacturing and industrial bases. It
accounts for 30% of the population of Guangdong Province,
but it creates the 77% of the province’s GDP. This region is
experiencing rapid urbanization (Figure 2), and there have
been many large cities in the region, that is, Hong Kong,
Guangzhou, Shenzhen, Dongguan, Zhongshan, Foshan, and
Macau. According to the data issued by National Bureau
of Statistics of China, proportion of Urban Population to
Permanent Population by city of the PRDwas 71.59% in 2000
and 82.72% in 2010.

As one of three major economic corridors of China,
PRD has received great attention of the urban climatologists.
Previous researches show that urbanization in this region
contributes to the increase of surface temperature due to
the land use change [15, 16]. Some researches on the urban
land change over PRD also found that the urban heat
island effect (UHI) increased the air temperature gradient
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Figure 1: Land use/cover types of the USGS classification system in
the PRD in year 2000.

between the urban area and the nearby ocean, leading to
an enhancement of the land-sea breeze circulation [17]. The
PRD experiences more heavy precipitation but less slight
precipitation compared to the surrounding nonurban regions
[13]. In addition, there is some relationship between the urban
land use and the reduced rainfall over the urban area in the
dry winter seasons, but not in summer [18]. In other words,
there is some seasonal variation in the effects of urbanization
on the rainfall over PRD region.

The reasonable and orderly regional development heavily
depends on the development planning. The National Devel-
opment and Reform Commission have issued “Skeleton of
the Reform and Development Planning in Pearl River Delta
(2008–2020)” on April 4, 2010, which has been implemented
very well. Beside, Guangdong Provincial Government has
issued “Territorial Planning of Guangdong Province (2006–
2020)” on 18 April 2013, in order to formulate the reasonable
planning of expansion of regional built-up land. According
to this planning, the built-up land in Guangdong Province
will reach 2.0060 million ha in 2020, which is 10% more
than that in 2010, and the land use intensity in the optimized
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Figure 2: Proportion of urban population to permanent population
by city of the PRD. Note: the data in 2000 and 2005 in this figure
are calculated according to Interim Regulations on Statistical Clas-
sification of Urban and Rural Population issued by National Bureau
of Statistics in 1999. The 2006 data are calculated according to
Provisional Regulations on Statistical Classification of Urban and
Rural Population issued by National Bureau of Statistics in 2006.

and improved area of Pearl River Delta will reach 40.52%.
Besides, the land use intensity of the optimized development
region of Pearl River Delta (fringe area), the coastal key
development region at the sides, and Shaoguan-Shanwei-
Yangjiang moderate development region will reach 12.94%,
19.12% and 10.59%, respectively, which will lead to well-
bedded gradients of the land use intensity.

The pace of urban expansion, which is one of the major
indicators of the urbanization, will continue to increase in
the study area, and therefore this region is an ideal area to
analyze the urbanization and its climate effects in China. In
this study, the future urbanization in the PRD was first pre-
dicted according to the regional development planning, and
subsequently the regional climate effect of the urbanization
was further analyzed, which is of great importance to the
research on the influence of urbanization on the climate. In
order to give full consideration to the integrity of regional
development, this study has simulated the change of urban
land in the whole Guangdong Province with the DLS model.
Given the potential changes in the area and land use intensity
of built-up land in the PRD, we initiated a study to investigate
the potential impacts of the implementation of “Territorial
Planning of Guangdong Province (2006–2020)” strategy on
local climate through examining the surface energy balance
across a range of urban residential densities.
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Figure 3: Space spatial distribution pattern of various land use types
under the regional planning.

3. Data and Methodology

3.1. Dynamic Simulation of City Expansion. To predict the
future urbanization, the Dynamics of Land System (DLS)
model was used in this study, which is capable of solving the
problems existing in the currently available methods and of
integrating multiple data sources to simulate the dynamics of
land systems [19]. There are two special features in the DLS
model. On the one hand, it reaches a balance by incorporating
a dual-level strategy: a scenario analysis of land demand at
a regional level and a spatial desegregation of land uses at a
detailed pixel level. On the other hand, it takes into account
the interaction among influencing factors of land use and
the interaction between neighbor pixels for these influencing
factors.

There are four major modules in the DLS model, includ-
ing scenario analysis module, spatial analysis module, the
conversion rules module, and spatial analysis module. In
this study, scenario analysis module is used to express urban
land change as well as other land types need under regional
planning. Spatial analysis module is used to calculate the
probability values of various land use types in each grid unit
through spatial regression analysis for driving factors which
are emphasized in the next paragraph. Transfer rules module
is used to express possibility of a certain type of land transfer
to urban land on each grid cell. Space allocation module
implements spatial distribution pattern of various land use
types especially urban land under regional planning on the
grid. Space allocation module takes land uses into account
in both sector and pixel scale. In this study, we first allocate
area demand of different land types to various industries
according to supply-demand situation of different industries
on land under the regional planning. Then, we forecast the
spatial distribution of land use in the grid scale by supply and
demand balance analysis (Figure 3).
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Table 1: Influencing factors of land uses considered in the DLS model in the case study.

Influencing factors Variables Unit Definitions

Natural conditions
DEM M Elevation
Slope Degree Slope
Splain % Proportion of Plain

Traffic variables RoadDEN km/km2 Density of traffic route

Proximity variables

DpvCap km Distance to province capital
DHYW km Distance to the highway
D2provw km Distance to the province way
D2port km Distance to the port

Socioeconomic variables

NonAgr Nonagricultural labor force
ArgProp % Proportion of agricultural population in the later period
POP1 Person Total population in the later period
GDP1 Hundred million Yuan GDP by primary industry
GDP2 Ten thousand Yuan GDP by secondary industry
GDP3 Ten thousand Yuan GDP by tertiary industry
FDI Ten thousand Yuan Foreign investment

TranInvest Ten thousand Yuan The number of transportation and telecommunications investment zones
DevelopZone The number of development zones

Note: (1) variables in the later period is represented by the average values over the past 3 years; (2) the price for GDP in the Socio-economic variable is calculated
according to the price in year 2000.

Table 2: Major control indicators of land use in Guangdong Province.

Index 2005 2010 2020 Index property
Inventory of cultivated land 295.27 291.40 290.87 Obligatory
Area of basic farmland 284.67 255.60 255.60 Obligatory
Area of garden-plot 92.48 88.86 93.08 Prospective
Area of forests 1015.74 1024.68 1026.16 Prospective
Area of grasslands 2.76 2.77 2.74 Prospective
Total area of built-up land 171.53 182.61 200.60 Prospective
Area of urban and rural built-up land 131.88 140.00 152.30 Prospective
Area of land for mining and industry 66.58 75.00 91.30 Prospective
Area of land for transportation, water conservancy and other purposes 39.65 42.61 48.3 Prospective
Area of land for mining and industry per capital (m2/person) 119 118 118 Obligatory
Note: the data is from territorial planning of Guangdong Province (2006–2020) and the data is measured by ten thousand ha.

The dynamics of a land system are actually influenced
by a couple of factors. In this study, the influencing factors
can generically be categorized into four kinds: geophysical,
climatic, proximity, and socioeconomic variables (Table 1). In
this study, the scenario of land use in 2020 was derived by
an interpolation process based on a reference condition in
“Territorial Planning of Guangdong Province (2006–2020)”
from the Government of Guangdong Province and “Reform
and Development Plan of the Pearl River Delta Region
(2008–2020)” from the national development and Reform
Commission.

The overall objective in this region is mainly to protect
the farmland in order to guarantee the total area of the
basic cultivated land, adjust the structure and layout of land
use, and implement the optimal and intensive land use. The
two plans regulated the main indictors of land use (Table 2).

The urbanization level in Guangdong Province will reach
71%–73% by 2020. Besides, the population in Guangdong
Province will increase from one hundred and ten million
to one hundred and twenty million by 2020, among which
the population in the PRD will account for 45%–50% of the
provincial total population, and about 80 million people will
live in the cities and towns.

The targets of the adjustment of the land use structure
and layout and optimal and intensive land use are as fol-
lows: raising the proportion of the land for mining and
industry in the built-up land; promoting regional coordi-
nated development and making the proportion of the newly
increased built-up land in the plain region of PRD in the
total newly increased built-up land decrease from 74.1%
during 1996–2005 to 47.46% during 2006–2020 so as to
promote the industrial upgrading and transfer in the PRD;



Advances in Meteorology 5

0

10

20

30

40

50

60

(%
)

G
ua

ng
zh

ou

Sh
en

zh
en

Zh
uh

ai

Fo
sh

an

H
ui

zh
ou

D
on

gg
ua

n

Zh
on

gs
ha

n

Jia
ng

m
en

Zh
ao

qi
ng

Q
in

gy
ua

n

2005
2020

Figure 4: Proportion of built-up land in the total land area in major
cities.

strictly controlling the unordered expansion of the land
for mining and industry, and making the area of land for
mining and industry per capital during the planning period
decrease from 119m2/person in 2005 to 118m2/person in
2020; making the total built-up land area show significant
regional heterogeneity (Figure 4).

3.2. Numerical Simulation Model. WRF is a next-generation,
limited-area, nonhydrostatic, and mesoscale modeling sys-
tem with a terrain-following eta coordinate [20]. The newest
version of WRF has been coupled with the Noah land
surface and UCM. The UCM is a single-layer model used
to parameterize the effects of urban canopy geometry on
the surface energy balance and low level wind shear [21]. It
estimates both the surface temperature and heat flux from
three surface types: roof, wall, and road, and accurately
reproduces the characteristics of the diurnal range and
nocturnal cooling rates on surface air temperature [22].Many
studies have verified that the WRF model coupled with the
simple urban canopymodel has good ability to capture urban
heat islands, boundary layer structures, and urban plume for
several metropolitan areas [23–25].

A Lambert conformal conic projection is used for the
model’s horizontal coordinates. The main physical parame-
terizations used include the new version of rapid radiative
transfer model (RRTMG) [26], the WRF single-moment
three-class scheme microphysical parameterization (WSM3)
[27], the newKain-Fritsch convective parameterization (K-F)
[28], and the Yonsei University (YSU) planetary boundary
layer (PBL) scheme [29].

4. Result

4.1. Urban Expansion by 2020. The simulation result of
the urban expansion indicated that the built-up area will

Table 3: Schemes of the simulation experiment.

Experiment Simulation period Land cover data used in the
WRF model

case CURURB 2001.01–2010.12 Land cover data of 2000
case FUTURB 2010.01–2020.12 Land cover data of 2020

continually expand as the time goes by, but the pace of
expansion will gradually slow down (Figure 5). The regional
heterogeneity of the built-up land expansion indicated that
the newly increased built-up land will mainly concentrate in
the regions where the urbanization level is relatively high,
for example, PRD, Zhanjiang, and Chaoshan. The built-up
landwill have been approximately the dominant land use type
in the PRD by 2020. There is also some increase of urban
land in other regions, but the increment is relatively small.
This suggests that the large cities have a better economic
foundation and can attractmore foreign investment and labor
force, which can further accelerate the development of these
cities.

4.2. Experiment Design. Themain objective of this study is to
explore the effects of the future urban expansion on regional
climate, and two experiments with different land cover data
were used to evaluate the impacts of future urbanization.The
sensitivity experiment (case FUTURB) represents the future
urban expansion, and the land cover data for the FUTURB
were updated with the output of the DLS model. The control
experiments (case CURURB) represent the current land
cover conditions, with the land cover data updated with
the data extracted from the MODIS satellite observations in
2000. The experiments were designed and run for the entire
year in order to determine the impacts of future urbanization
on the regional climate in different seasons and months. The
two experiments were carried out in both the summer (June
to August, JJA) and winter (December to February, DJF)
in order to determine the impacts of future urbanization
on the regional climate in different seasons. Besides, the
first month was considered as the spin-up period so as to
minimize the influence of the initial conditions. Finally, the
simulation results were integrated for 20 years from January
1 2001, to December 31, 2020 (Table 3), and the differences
in simulation results between FUTURB and CURURB were
used to analyze the impacts of urbanization on the climate.

4.3. Model Validation. The ability of the WRF model to
simulate the climate change in the study area was vali-
dated through comparing the simulation results of the case
CURURB in 2005with the observation data from the national
standard meteorological observation dataset provided by
China meteorological administration (http://www.cma.gov
.cn/2011qxfw/2011qsjcx/). Table 4 shows the comparison
between simulated and observed annual average temperature
and precipitation. The errors between the simulations and
observations of mean of 2m temperature (𝑇

2m) are less than
1.0∘C in the study area except a few stations. The simulation
results of the average monthly precipitation agree with the
observations very well, with the relative errors less than 10%.
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Figure 5: The simulation result of the urban expansion under the regional planning: (a) 2010, (b) 2015 and (c) 2020.

Table 4: Comparison of nine urban meteorological stations observed (OBS) and model simulated (SIM) mean air temperature (𝑇
2m, degree

Celsius) and precipitation (P, millimeters) of the year 2005 over the 16 observation sites.

Site name 𝑇
2m Precipitation

SIM OBS Error SIM OBS Error
Lianxian 20.05 19.08 0.97 1636.0 1560.7 75.3
Shaoguan 20.50 21.64 −1.14 1772.2 1669.4 102.8
Fogang 21.42 19.74 1.68 1937.2 1780.3 156.9
Lianping 20.38 18.56 1.82 1834.3 1665.5 168.8
Guangning 21.43 21.92 −0.49 2013.4 2063.7 −50.3
Gaoyao 22.53 21.48 1.05 1905.2 1825.2 80.0
Guangzhou 22.78 22.5 0.27 1986.2 2012.0 −25.8
Dongyuan 22.17 21.7 0.47 2044.4 2005.6 38.8
Zengcheng 22.14 21.38 0.76 2278.3 2205.4 72.9
Huiyang 22.38 21.37 1.01 1709.2 1630.6 78.6
Luoding 22.98 21.76 1.22 1156.5 1092.9 63.6
Taishan 22.46 23.06 −0.60 1776.1 1724.6 51.5
Shenzhen 23.23 21.77 1.46 2143.6 2002.1 141.5
Shanwei 22.40 21.84 0.56 2093.3 2151.9 −58.6
Yangjiang 22.26 21.26 1.00 1644.9 1565.9 79.0
Shangchuandao 22.88 22.1 0.77 2608.8 2522.7 86.1

The simulated temperatures presented a positive bias in all the
observation sites except Shaoguan, Guangning, and Taishan.
Overall, the WRF model simulates the seasonal variation of
temperature in the PRD quite well. However, compared to
the observation data, the simulated temperature has roughly
a small positive bias and the precipitation is overestimated in
some months. Besides the intrinsic limitations of the WRF
model, the simulation errors are possibly related to the lack
of parameterization of anthropogenic heat release, aerosol
influence, and the ideal and uniform urban parameters [30].
Although there are some errors in the simulation result,
the bias between simulated and observed results is still
acceptable since this study focuses on the difference between
two experiments.

4.4. Urbanization Effects on Surface Temperature and Energy
Budget. The simulation results indicate that 𝑇

2m will show an
increasing trend on thewhole in both the summer andwinter,
with some seasonal variation (Figure 6). Compared to the
result in case CURURB, the summer temperature increment
over thewhole simulation domain is about 0.012∘Con average
in case FUTURB. The urban temperature will increase more
obviously in the summer (by 0.014∘C on average) than in
the winter (by 0.010∘C on average), which is consistent with
the result of previous researches. For example, Cheng and
Chan found that spatial and temporal features of the effects
of urbanization on the temperature and precipitation are
different between summer and winter since the 1980s [31].
It can be found that the warming trend is consistent with
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Figure 6: Spatial patterns of the change of𝑇
2m in JJA andDJF from the year 2000 to the year 2020.The unit for temperature is degrees Celsius.

(a) JJA; (b) DJF.

previous researches even though the temperature increment
is lower than that in the historical period. One reason is that
this study involved the whole Pearl River Delta rather than
the urban area. Another reason is that the urbanization rate
of the PRD is lower in the next decade than it was in the past
30 years.

The spatial pattern of seasonal temperature indicates that
there is more significant spatial heterogeneity of the impacts
of land surface on the temperature change in the winter than
in the summer (Figure 6). Overall, the temperature rise due
to urbanization shows some obvious spatial heterogeneity in
the summer, while it shows no obvious spatial heterogeneity
in the winter. Besides, the temperature rise is more obvious
in the inland of the PRD than it is in the coastal area
in the winter (Figure 6). This tendency is consistent with
the simulation result of the urban expansion under the
regional planning shown in Figure 5 since the inland of
the PRD will experience more rapid urbanization by 2020.
The higher the urbanization level is, the more obviously the
temperature increases, especially in the summer. In addition,
the urbanization may exert influence on 𝑇

2m in the summer
in two ways. First, there will be no obvious urban expansion
in the coastal regions where the cities have covered the whole
regions and the afforestation may be even better, while the
urban expansion will mainly occur in the regions close to
the inland. Second, the specific heat of sea water exerts less
influence on the inland than on the coastal regions. The
result agrees with the conclusion of previous studies that
the temperature increases over the PRD region as well as
the Yangtze River Delta, which is also a subtropical climate
region located in southeast China, owing to urbanization in
the history [31, 32].

The surface energy balance plays a key role in influencing
the dynamics and thermodynamics above the land surface,

and the changes of surface energy balance provide an explicit
explanation of the climate effects of urbanization [33]. The
simulation results indicate that the urbanization effects on
the surface variables are consistent in both the summer and
winter. The simulation results show that the sensible heat
flux increases while the latent heat flux decreases slightly in
the whole year of 2020. The changes in the sensible heat
and latent heat mainly result from the increased shortwave
absorption and reduced longwave emission in the urban area.
In addition, the ground heat flux shows a slightly increasing
trend and without significant season variation (Figure 7).
The stronger influence on the thermodynamic field in the
summer is mainly caused by the greater modification of
surface radiation parameters of the urban land use.

The ground heat flux will increase on the whole over
the whole simulation domain in both summer and winter
compared to that in 2000.The underlying surface will convert
from irrigated cropland or grassland into waterproof surface
which is mostly made up of cement during the urbanization
processes. The limited availability of surface water due to
the change of land surface property will reduce evaporative
cooling in urban areas, which limits the heat released from
the surface to the atmosphere andmakes the ground heat flux
increase accordingly. Besides, the variation of ground heat
flux is higher and the variation range is wider in the summer
than in the winter (Figure 7(b)). It may be because the
incident shortwave radiation, which dominates the energy
budget of the land surface, is the highest in the summer.

4.5. Urbanization Effects on Precipitation. Precipitation is a
key factor in the global water cycle and a proxy for climate
change. Estimation of the effect of urbanization on precipita-
tion becomes increasingly important for both climate change
research and for its impact on human lives. On the other
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Figure 7: Annual variation of the ground heat flux in JJA and DJF from the year 2000 to the year 2020. The unit is W⋅m−2. (a) JJA; (b) DJF.
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Figure 8: Spatial patterns of the change of precipitation in JJA and DJF from the year 2000 to the year 2020.The unit for precipitation is mm.
(a) JJA; (b) DJF.

hand, local forcing aswell as synoptic forcing has complicated
effects on rainfall, which can enhance the uncertainties of
future rainfall prediction.

There is some difference between the spatial patterns of
precipitation in the summer and winter of 2020; the spatial
variation of precipitation is slightly greater in the summer
than that in the winter (Figure 8). For example, there will
be slight increase of the precipitation in the inland urban
area in the summer of 2020, while the precipitation will
increase significantly in thewestern coastal region of the PRD

(Figure 8(a)). However, the spatial pattern of precipitation
change is consistent in the entire PRD region in winter in
2020. In other words, there is slight increase of rainfall in
both the inland urban area and the coastal area (Figure 8(b)).
In the summer, the prevailing wind enhances the moisture
level, which plays an important role in increasing the rainfall
over the urban area. Particularly, the strong positive moisture
advection makes great contribution to the increase of rainfall
over the coastal areas in summer. The increased low-level
vertical velocity over the urban area increases the convection
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and consequently leads to more rainfall in the urban areas. In
addition, the increased convergence and/or cyclonic anomaly
due to urban roughness can increase the precipitation in these
areas even when there is little change in the water vapor in
lower troposphere. There is a similar mechanism that can
contribute to the slight increase of rainfall in the entire PRD
in the winter.

The mechanism of urbanization impacts on the precip-
itation can also help to explain the seasonal variation of
precipitation. First and foremost, local forcing has an effect
on the precipitation, for example, the prevailing south wind
brings more moisture from the sea to the urban area in
summer, which leads to the increase of rainfall over the
coastal area in summer. Besides, urbanization has greater
impacts on the surface variables in the summer than in the
winter. For example, the results mentioned above show that
𝑇
2m has a positive change in urban area in both the summer

and winter; the urban area will become a low-pressure area
since the land cover change increases the surface temperature
in the urban area. The urbanization increases the surface
roughness and consequently reduces the wind speed over
the urban area, which will lead to convergence and rising
motion of air in the urban area. In fact, the simulation
results of this study as well as other numerical experiments
all indicate that the surface pressure in the urban area has
a decreasing tendency due to urbanization and UHI. In
addition, the decreased surface pressure and the increased
surface roughness in the urbanized areas lead to the higher
surface convergence over the urban area, which increases the
risingmotion in the urbanized areas.What ismore, the urban
areas apparently have less vegetation, which is closely related
to the higher surface sensible heat and plays an important role
in enhancing the convective circulation over the PRD.

5. Discussion and Conclusion

This study analyzed the impacts of future urbanization on the
regional climate in the PRD of China. The main conclusions
could be summarized as follows. The pace of urban expan-
sion, which is one of themajor indicators of the urbanization,
will continue to increase in the PRD. As the urbanization
continues, the land surface energy budget in the cities will
change, which plays an important role in influencing the
urban climate. Besides, there are various factors that influence
the regional precipitation, and the complicated effects of the
local and regional influencing factors on the precipitation
lead to some uncertainties in the rainfall prediction.

The urban areas over the PRD region apparently have
less vegetation, which is closely related to the greater surface
sensible heat and will enhance the convective circulation. On
the other hand, the less vegetation can definitely decrease
the surface latent heat flux, which can reduce the amount of
moisture available for cloud formation. In addition, further
analyses should be conducted so as to reveal the underlying
processes associated with the impacts of urbanization on the
rainfall in different seasons.

This study has only analyzed the physical impacts of
urban expansion, but the urbanization process is a very

complicated process influenced by many factors, and it has
various influences on the climate. Pollutant release is another
important factor that influences the radiation process over
urban areas [34]. It is necessary to carry out more studies
that utilize a wide range of scenarios of climate change, land
use change, and realistic urban parameters to quantify the
effects of different factors on regional climate in the future.
Additionally, with the increasing available computational
resources, the long-term simulation would be an optimal way
to assess the large-scale climate effects of urbanization.
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