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Abstract: The change of spatial and temporal distribution of precipitation has an important impact
on urban water security. The effect of land cover land use change (LCLUC) on the spatial and
temporal distribution of precipitation needs to be further studied. In this study, transfer matrix,
standard deviation ellipse and spatial autocorrelation analysis techniques were used. Based on the
data of land cover land use and precipitation, this paper analyzed the land cover land use change
and its influence on the spatial and temporal distribution pattern of precipitation in the Guangdong–
Hong Kong–Macao Greater Bay Area (GBA). The results showed that from 2001 to 2019, the area of
cropland, water, barren, forest/grassland in the GBA decreased by 44.03%, 8.05%, 50.22%, 0.43%,
respectively, and the area of construction land increased by 20.05%. The precipitation in the GBA
was mainly concentrated in spring and summer, and the precipitation in spring tended to increase
gradually, while the precipitation in summer tended to decrease gradually, while the precipitation in
autumn and winter has no obvious change. It was found that with the change of land cover land use,
the spatial distribution of precipitation also changed. Especially in the areas where the change of
construction land was concentrated, the spatial distribution of precipitation changed most obviously.

Keywords: precipitation dynamics; land cover land use change; urban water security; the Guangdong–
Hong Kong–Macao Greater Bay Area

1. Introduction

The change of the spatial and temporal distribution of precipitation has an important
impact on urban water security, and it is of great significance to discuss the change trend of
precipitation center in the future to guarantee urban water security [1]. It has been showed
that the temporal and spatial variation of precipitation was affected by many factors, among
which land cover land use change (LCLUC) was an important influencing factor [2,3]. The
impact of LCLUC on climate, especially precipitation, cannot be ignored. At present, many
studies have been done on the impact of LCLUC [2,4], including temperature, circulation,
carbon emissions, runoff–sediment [5], and other aspects [6–8]. However, there have also
been studies on the negative environmental effects of anthropogenic LCLUC to improve
crop production [9]. Some scholars have studied the effects of climate and LCLUC on water
security in watersheds [1], while few studies specifically focus on the impact of LCLUC
on precipitation.

LCLUC could affect the exchange of water, energy, greenhouse gases, non-greenhouse
gases and aerosols between the land system and the atmosphere [10–12]. Albedo changes
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and greenhouse gas caused by these impacts will drive global climate change, while on a
regional scale, the redistribution of energy and water vapor between land and atmosphere
will contribute to regional climate change and affect precipitation distribution. At the same
time, the ultrafine aerosol generated in the region will develop into cloud condensation
nuclei, and can lead to the regional scale change of precipitation, so any change in aerosol
source strength caused by man-made and climate change will generate feedback to the
water budget [13]. Previous studies have suggested that the impact of LCLUC on the
global average climate was not obvious, but that climate change on the regional scale
was significant and varies with different types of land cover land use conversion [14,15].
Bounoua et al. indicated that judging from the average global temperature and precipitation
caused by LCLUC, they can offset each other. Yan et al. found that worldwide, LCLUC
via the biological effect of geophysics can offset the warming caused by greenhouse gases
increase. At the same time, two studies that caused LCLUC on a regional scale climate
change were significant [14,16].

Most of the studies focused on the impact of urbanization on urban precipitation and
the impact of forest or farmland on regional precipitation, while there were few studies on
the underlying surface structure and the change of regional water resources in the water–air
cycle [17–19]. It was found that the change of urban construction land has an important
influence on the change of regional precipitation, vegetation, and land surface temperature,
but it failed to quantitatively express the influence among them [20–22]. By analyzing
long-term precipitation data, Zhang et al. found that the rapid expansion of urban land in
Beijing since 1981 was statistically correlated with the decrease of summer precipitation
in the northeast of Beijing from 1981 to 2005, and that the rise of surface temperature and
the decrease of evaporation caused by urban expansion were the possible reasons for the
change of summer rainfall [23]. In addition, the change in the spatial and temporal pattern
of precipitation caused by the change of single land cover land use type has been observed
and simulated by many scholars [24–26]. In terms of the change of forest types, some
scholars found that deforestation and large-scale deforestation would lead to a significant
decrease of average precipitation in all regions, and the conversion of tropical forests to
barren would lead to a greater regional precipitation reduction than the conversion of
grasslands. Large-scale afforestation in the pan-tropical and western European regions
would increase precipitation [27,28]. In East Asia, Madi et al. used the CCSM (Community
Climate System Model) to study and find that with the increasing of forest coverage in east
Asian monsoon areas, the annual average precipitation increased, and the precipitation in
April increased the most significantly, reaching 7% [29]. Precipitation and the variations of
land cover land use type considered the influence of each other, and most of the simulations
showed that the farmland and pasture expanded at the expense of the trees and shrubs, and
precipitation and surface temperature rise in the resulting Sahel region fell [30]. Studies
have shown that when crops in the underlying surfaces of urban agglomerations in different
regions in eastern China were changed to bare soil, evaporation reduced local water vapor
significantly, which ultimately led to a decrease in precipitation [31]. In addition to the
above studies, there were also studies on the change of land cover land use caused by a
certain event and its influence on regional climate and precipitation. The construction of
dams for agricultural irrigation affected the distribution of precipitation in the region [32].
The change of land cover land use did not exist in isolation but was accompanied by
the mutual transformation of different land cover land use types. These transformation
processes were often complex and difficult to distinguish separately, and their impacts on
regional climate and precipitation were also different.

Therefore, the effect of LCLUC on the spatial and temporal distribution of precipitation
needs to be further studied. In this study, transfer matrix, standard deviation ellipse
and spatial autocorrelation analysis techniques were used to analyze the impact of land
cover land use change, especially construction land and cropland change on regional
precipitation.
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2. Study Area

The Guangdong–Hong Kong–Macao Greater Bay Area (GBA) is located between
111◦21′E and 114◦53′E and between 21◦28′N and 24◦29′N (Figure 1). It consists of Hongkong,
Macao, and nine cities in Guangdong Province, covering a total area of 56,000 square kilo-
meters. Affected by the subtropical humid climate, the GBA is warm and humid all year
round, cloudy, and rainy, with an average annual precipitation of 1800 mm and an average
annual temperature of 21.4–22.4 ◦C [33]. Most of this region is lower than 200 m above sea
level. Land cover land use types in the area include forest and grass land, water, cropland,
construction land and other unused land. In the central Pearl River Delta alluvial plain,
urbanization is highly concentrated and surrounded by cropland, with hills and mountains
as the main three sides. Since 2000, the urbanization in the study area has developed
rapidly, the land cover land use structure has undergone drastic changes, and the area of
construction land has increased rapidly.
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Figure 1. Map of study area. The elevation data are provided by International Scientific and Technical Data Mirror Site,
Computer Network Information Center, Chinese Academy of Sciences.

3. Data and Methods
3.1. Land Cover Land Use Data

For the study of LCLUC, this study uses MODIS product data, which is the MCD12Q1v006
dataset. The MCD12Q1v006 dataset supplies global maps of land cover land use at annual
time steps and 500 m spatial resolution from 2001–present. The data include the land cover
land use maps set up by five different types of classification. Also included are a Quality
Assurance (QA) layer, the posterior probabilities for the land cover land use classification
system layers, and the binary land water mask used by the product. And in this study area,
according to the results of the QA layer, the data quality is high.

In this paper, the global land cover land use classification scheme of the International
Geosphere Biosphere Program (IGBP) is used. In the MCD12Q1v006 dataset, the annual
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IGBP classification contains a total of 17 land cover land use subcategories, which is a
classification system based on global land cover land use. However, some taxonomic
categories, such as permanent snow and ice cover, do not exist in the climatic conditions in
the study area. In addition, this study focuses on revealing the influence rules of land cover
land use change on precipitation on the background of rapid urbanization. Therefore, the
original 17 land cover land use subcategories were reclassified, which mainly included
forest and grass land, water, cropland, construction land and barren.

3.2. Precipitation Data

The Precipitation data used in this paper are the Integrated multi-satellite Retrievals for
Global Precipitation Measurement (IMERG). It is also the successor of the Tropical Rainfall
Measurement Mission (TRMM). The United States and Japan have jointly proposed a new
global precipitation monitoring program. The IMERG Final Run data set is obtained by
calibrating, merging, and interpolating all satellite microwave precipitation estimates. In
this study, the inverse distance weight method is used to carry out spatial interpolation,
and the accuracy of the result is 99%. Its spatial resolution is 0.1◦ by 0.1◦.

3.3. Methods
3.3.1. Land Cover Land Use Data and Precipitation Data Processing

Based on the obtained land cover land use data and precipitation data, to complete the
research objectives proposed in this paper, the land cover land use data and precipitation
data are processed, respectively. The detailed processing process is shown in Figure 2.
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Firstly, the land cover land use data are preprocessed, which mainly includes projec-
tion conversion, image mosaic and data format conversion. Secondly, the existing land
cover land use classification is combined with the needs of this study into forest/grassland,
water, cropland, construction land and barren, as shown in Table 1. Then, the land cover
land use data in the research area is clipped based on pretreatment, and raster data is
converted into vector data. Finally, the transfer matrix was used to analyze the spatial
transformation relationship of land cover land use types in different periods in 2001, 2004,
2008, 2011, 2016 and 2019.

Table 1. Land cover land use types and reclassification.

Land Cover Land Use Types Reclassification

Evergreen Needleleaf Forests, Evergreen Broadleaf Forests, Deciduous
Needleleaf Forests, Deciduous Broadleaf Forests, Mixed Forests, Closed

Shrublands, Open Shrublands, Woody Savannas, Savannas,
Grasslands, Cropland/Natural Vegetation Mosaics

Forest/grassland

Water Bodies, Permanent Wetlands Water

Croplands Cropland

Urban and Built-up Lands Construction land

Barren, Permanent Snow and Ice Barren

3.3.2. Analysis Method of Temporal and Spatial Change of Land Cover Land Use
and Precipitation

The land cover land use transfer matrix [34,35] reflects the dynamic process informa-
tion of the mutual transformation between different land cover land use types and areas in
a certain period, and reflects the direction of land cover land use change guided by human
activities. In this study, a total of 6 time periods of land cover land use transfer matrix
statistical analysis, namely 2001–2004, 2004–2008, 2008–2011, 2011–2016, 2016–2019 and
2001–2019. The spatial autocorrelation method is used to analyze the spatial and temporal
variation of precipitation.

3.3.3. Elliptic Analysis of the Standard Deviation of Precipitation Data

The standard deviation ellipse [36,37] is useful to analyze the spatial and temporal
variation of precipitation centers and the trend of spatial distribution of precipitation
regions. The long axis and the short axis of the ellipse surface were output, as well as
the direction of the ellipse. The direction represents the rotation angle of the long axis
measured clockwise from the vertex. Many scholars have used this method to carry out
research on spatial change [38–41].

In this study, spatial interpolation is first carried out according to the value of each
pixel of precipitation satellite data, and then resampling is conducted based on the interpo-
lation results. After resampling, the spatial resolution of precipitation data is 500 m, which
is consistent with the spatial resolution of land cover land use data.

4. Results
4.1. Spatial and Temporal Change Analysis of Land Cover Land Use from 2001 to 2019
4.1.1. Analysis on the Characteristics of Land Cover Land Use Time Change

From 2001 to 2019, land cover land use in the GBA has undergone great changes
(Figure 3). The area of cropland has been decreased; the area of construction land has been
increased significantly. The area of forest/grassland and water area fluctuated slightly
around the average line. Among them, the cropland area showed a linear downward trend
(R2 was 0.92), and the construction land area showed a linear upward trend (R2 was 0.80).
Compared with 2001, in 2019, the area of cropland in the GBA decreased by 44.03%, the
area of water area decreased by 8.05%, the area of barren decreased by 50.22%, the area of
forest/grassland decreased by 0.43% and the area of construction land increased by 20.05%.
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From the analysis of inter-annual changes (Table 2), the area of forest/grassland, water
and barren decreased sharply, the area of construction land increased rapidly, and the area
of cropland basically remained unchanged during 2001–2004. The change of land cover
land use structure was mainly the transformation of forest/grassland, water, and barren
into construction land, with the construction land area increasing by 635.73 km2, water area
decreasing by 229.47 km2, forest/grassland area decreasing by 209.08 km2 and barren area
decreasing by 203.06 km2. From 2004 to 2008, the area of water and cropland continued to
decrease while the area of construction land continued to increase. The construction land
area increased by 451.66 km2, the water area decreased by 218.95 km2, and the cropland
area decreased by 273.28 km2. From 2008 to 2011, the area of barren and cropland decreased
by 104.60 km2 and 248.67 km2, respectively, while the area of construction land, water and
forest/grassland increased by 132.05, 96.03 and 125.19 km2, respectively. From 2011 to
2016, the cropland area continued to decrease at a high rate. In this stage, the cropland area
decreased by 199.37 km2, and the water area continued the growth trend of the previous
stage, with the area increasing by 106.69 km2, and the construction land area’s increased
speed further slowed down. From 2016 to 2019, land cover land use changes were mainly
concentrated in construction land, with an increase of 108.95 km2.



Remote Sens. 2021, 13, 1135 7 of 16

Table 2. Land cover land use changed for different types in the GBA (km2).

2001–2004 2004–2008 2008–2011 2011–2016 2016–2019 2001–2019

Land cover
land use

Cropland −5.88 273.28 248.67 199.37 −4.81 710.63
Barren 203.06 -42.05 104.60 −26.63 −11.96 227.02

Construction land −635.73 −451.66 −132.05 −87.00 −108.95 −1415.39
Water 229.47 218.95 −96.03 −106.69 63.10 308.80

Forest/grassland 209.08 1.48 −125.19 20.95 62.62 168.94

Note—greater than 0 means an increase in area, and less than 0 means a decrease in area.

4.1.2. Analysis of Spatial Variation Characteristics of Land Cover Land Use

The land cover land use types of GBA were mainly forest/grassland, accounting for
about 70% of the total land area, mainly distributed in Zhaoqing city, Jiangmen City and
Huizhou city. Construction land was mainly concentrated in the Plain area of the Pearl
River Delta (Figure 4). In 2001, cropland was mainly distributed in Zhaoqing city, Jiangmen
City and Huizhou city, while construction land was mainly distributed in Guangzhou
city, Dongguan City, Shenzhen City and Foshan City (Figure 4a). During 2001–2008,
with the development of the social economy, the construction land area increased rapidly
(Figure 5a,b). At the same time, the area of cropland continued to decreased, which was
mainly concentrated in Zhaoqing City, Huaiji County, Jiangmen Enping City, Kaiping City,
Taishan City, Boluo County, Huizhou City and Huicheng City. From 2008 to 2019, the
area of construction land continued to increase, but the space changed, radiating from the
concentrated and contiguous Pearl River Delta to the surrounding cities (Figure 5c–e).
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4.2. Spatial and Temporal Change Analysis of Precipitation from 2001 to 2019

According to the monthly scale precipitation data of IMERG Final Run V06B data
set, the annual cumulative total precipitation was obtained by adding the monthly scale
data of each year. The annual cumulative precipitation in the research area was clipped.
Then, based on the measured precipitation data and satellite precipitation data from
26 observation stations in the GBA, the correlation was established to conduct spatial
calibration of satellite precipitation data. The analysis results (Figure 6) showed that the
absolute value of the annual scale data of the IMERG Final Run V06B data set in the GBA
was about two times smaller overall, but the linear correlation between the measured value
and the satellite rainfall data was high, and the value of R2 was 0.94.
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4.2.1. Analysis of Annual Precipitation Change

From 2001 to 2019, the annual precipitation in the GBA fluctuated around the mean
line (Figure 7). Among them, there was a great variation among years, with a difference of
more than 1000 mm/year between the year with extremely little rain and the year with
an extreme amount of rain. The year with extremely little rain mainly included 2004 and
2011, with precipitation around 1400 mm. The year with an extreme amount of rain mainly
included 2001, 2008 and 2016, with annual precipitation around 2400 mm. Among them,
from 2001 to 2004, the annual precipitation decreased sharply, by about 50%. From 2004 to
2008, the annual precipitation showed a fluctuating upward trend, increasing by about 50%.
From 2008 to 2011, annual precipitation showed a fluctuating downward trend, decreasing
by about 50%. From 2011 to 2016, the annual precipitation showed a fluctuating rising
trend, increasing by about 50%. It showed an upward trend from 2016 to 2019.
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During the period from 2001 to 2019, the spatial distribution of precipitation in the
GBA also changed greatly and showed certain regularities. In the years with sufficient
precipitation, the spatial distribution of precipitation was wide and mainly concentrated
in the coastal areas within the GBA, such as 2001 (Figure 8a), 2008 (Figure 8c) and 2016
(Figure 8e). In the years with relatively low precipitation (Figure 8b), the spatial distribution
range of precipitation was small, mainly concentrated in the central part of the study area,
which was the region with the highest degree of urbanization.



Remote Sens. 2021, 13, 1135 10 of 16

Remote Sens. 2020, 12, x FOR PEER REVIEW 10 of 16 

 

 
Figure 8. Spatial distribution of precipitation in the GBA, 2001–2019. 

At the same time, the central position of precipitation has also changed. During the 
period of 2001–2019, the precipitation centers in the GBA were mainly concentrated in the 
Nanhai District of Foshan (2004, 2005, 2008, 2011, 2012, 2016), Shunde District (2002, 2010, 
2018), Haizhu District of Guangzhou (2006, 2015) and Panyu District of Guangzhou (2001, 
2003, 2007, 2013, 2014, 2017, 2019), as shown in Figure 9. 

 
Figure 9. Spatial distribution of precipitation centers in the GBA from 2001 to 2019. 

The elliptic analysis of standard deviation (Figure 10) showed that the spatial distri-
bution of precipitation was mainly south to the east (from Zhaoqing to Foshan to Guang-
zhou to Dongguan) and north to the east (from Jiangmen to Foshan to Guangzhou). The 
spatial distribution of precipitation in 2003, 2009, 2010, 2013 and 2019 was east-by-north, 

Figure 8. Spatial distribution of precipitation in the GBA, 2001–2019.

At the same time, the central position of precipitation has also changed. During the
period of 2001–2019, the precipitation centers in the GBA were mainly concentrated in the
Nanhai District of Foshan (2004, 2005, 2008, 2011, 2012, 2016), Shunde District (2002, 2010,
2018), Haizhu District of Guangzhou (2006, 2015) and Panyu District of Guangzhou (2001,
2003, 2007, 2013, 2014, 2017, 2019), as shown in Figure 9.
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Figure 9. Spatial distribution of precipitation centers in the GBA from 2001 to 2019.

The elliptic analysis of standard deviation (Figure 10) showed that the spatial distribu-
tion of precipitation was mainly south to the east (from Zhaoqing to Foshan to Guangzhou
to Dongguan) and north to the east (from Jiangmen to Foshan to Guangzhou). The spatial
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distribution of precipitation in 2003, 2009, 2010, 2013 and 2019 was east-by-north, and that
in 2001, 2002, 2004, 2005, 2006, 2007, 2008, 2011, 2012, 2014, 2015, 2016, 2017 and 2018 was
east-by-south.
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4.2.2. Variation Trend of Precipitation in Different Seasons

According to the monthly precipitation data of the GBA from 2001 to 2019, the precip-
itation of the four seasons of spring, summer, autumn and winter was obtained (Figure 11).
In this paper, spring refers to March, April and May, summer refers to June, July, August, au-
tumn refers to September, October and November, and winter refers to December, January,
and February. The results showed that in the past 18 years, the precipitation in the GBA
was mainly concentrated in spring and summer, and the precipitation in spring tended to
increase gradually, while the precipitation in summer tended to decrease gradually, while
the precipitation in autumn and winter had no obvious change.
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4.3. The Relationship between Land Cover Land Use Change and Precipitation Change

The annual cumulative precipitation decreased dramatically during 2001–2004, by
about 50 percent, reaching its lowest point in 2004 (Figure 7). During this period, the area
of forest/grassland, water and barren decreased sharply, the area of construction land
increased rapidly, and the area of cropland basically remained unchanged (Figure 3). The
maximum extreme precipitation occurred in 2002 and 2003, and the minimum extreme
precipitation occurred in 2004 (Figure 7). In terms of space, the cumulative precipitation
reduction during 2001–2004 was mainly concentrated in Jiangmen, Foshan, Zhongshan,
Zhuhai, Macao Special Administrative Region, Guangzhou, Dongguan, Shenzhen, Hong
Kong Special Administrative Region and Huizhou, and the annual cumulative precipi-
tation reduction exceeded 1000 mm. The annual cumulative precipitation in Zhaoqing
decreased by about 500 mm, which was relatively small (Figure 12a). During this period,
the land cover land use change on the space was mainly concentrated in the reduced pre-
cipitation area of the pearl river delta plain, and the land cover land use structure changed
mainly forest/grassland and water, barren into construction land, as construction land area
increased by 635.73 km2, then reduced by 229.47 km2, water area and forest/grassland area
reduced 209.08 km2, and barren area by 203.06 km2.
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The annual cumulative precipitation decreased dramatically during 2001–2004, by
about 50 percent, reaching its lowest point in 2004 (Figure 7). During this period, the area
of forest/grassland, water and barren decreased sharply, the area of construction land
increased rapidly, and the area of cropland basically remained unchanged (Figure 3). The
maximum extreme precipitation occurred in 2002 and 2003, and the minimum extreme
precipitation occurred in 2004 (Figure 7). In terms of space, the cumulative precipitation
reduction during 2001–2004 was mainly concentrated in Jiangmen, Foshan, Zhongshan,
Zhuhai, Macao Special Administrative Region, Guangzhou, Dongguan, Shenzhen, Hong
Kong Special Administrative Region and Huizhou, and the annual cumulative precipitation
reduction exceeded 1000 mm. The annual cumulative precipitation in Zhaoqing decreased
by about 500 mm, which was relatively small (Figure 12a). During this period, the land
cover land use change on the space mainly concentrated in the reduced precipitation
area of the pearl river delta plain, and the land cover land use structure changed mainly
forest/grassland and water, barren into construction land, construction land area increased
by 635.73 km2, then decreased by 229.47 km2, water area and forest/grassland area reduced
209.08 km2, and barren area by 203.06 km2.

From 2004 to 2008 (Figure 12b), the annual cumulative precipitation showed an in-
creased trend, and the spatial increase was mainly in Jiangmen City, Zhongshan City,
Zhuhai City, Macao Special Administrative Region, Shenzhen City, Hong Kong Special Ad-
ministrative Region and Huizhou city, with the annual cumulative precipitation increasing
between 1000 and 1442 mm. The annual cumulative precipitation increased in Zhaoqing
city, Guangzhou City and Foshan city was between 454 and 1000 mm. During this period,
the area of water and cropland continued to decrease, while the area of construction land
continued to increase. The land cover land use structure transformation was mainly con-
centrated in the central region of the GBA, included Guangzhou, Foshan, Dongguan, and
other places.

From 2008 to 2011 (Figure 12c), the annual cumulative precipitation showed a decreas-
ing trend. In 2009 and 2011, extreme precipitation occurred, and the spatial reduction areas
were mainly concentrated in Jiangmen city, Zhuhai City, Zhongshan City, Dongguan City,
Shenzhen City, Huizhou City, Macao Special Administrative Region and Hong Kong Spe-
cial Administrative Region. The annual cumulative precipitation decreased was between
800 and 1401 mm. The annual cumulative precipitation in Zhaoqing city and the northern
part of Guangzhou decreased by 459 to 800 mm. During this period, the cropland area
decreased significantly, by 248.67 km2, and the land cover land use change was mainly
distributed in the areas with a large decreased in precipitation. The research showed that a
significant decrease in cropland area will reduce precipitation.

From 2011 to 2016 (Figure 12d), the annual cumulative precipitation showed an
increasing trend, and the spatial increased was mainly in Huizhou, Dongguan, Shenzhen,
Hong Kong Special Administrative Region and Guangzhou, with the annual cumulative
precipitation increasing between 1400 and 1710 mm. During this period, the water area
continued the growth trend of the previous stage, with the area increasing by 106.69 km2

and the construction land area increasing at a slower rate.
There were differences in the spatial variation of annual cumulative precipitation from

2016 to 2019 (Figure 12e). Except for the increased of precipitation in the west of Jiangmen
city, precipitation in other regions has decreased to different degrees. The change of land
cover land use in the west of Jiangmen city was mainly the conversion of forest/grassland
to cropland, while the water area in other areas was further reduced. The conversion of
forest/grassland to cropland has an increased effect on regional precipitation.

5. Discussion

Studies have shown that LCLUC not only affected the energy exchange between
land and atmosphere, but also affected the carbon and water cycle, changed the precip-
itation spatial pattern, and had a significant impact on urban waterlogging and flood
frequency [42,43]. In this study, it was found that with the change of land cover land use,
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the spatial distribution of precipitation also changed. Especially in the areas where the
change of construction land was concentrated, the spatial distribution of precipitation
changed most obviously.

The GBA unique topography (Figure 1), with the east, west, north three sides sur-
rounded by mountains, south facing the sea, over the years precipitation has generally been
sufficient. In recent years, the spatial and temporal distribution of GBA precipitation has
undergone some changes, and extreme rainfall has become more frequent [44]. According
to the spatial and temporal distribution of precipitation from 2001 to 2019, it can be found
that the spatial distribution of precipitation has changed (Figure 8). Before the high level
of urbanization, precipitation was mainly concentrated in the southern coastal area of the
study area. In this stage, the spatial distribution of precipitation was mainly affected by
topography. With the development of urbanization, land cover land use changed dramat-
ically in space, and the spatial distribution of precipitation began to change, mainly in
highly urbanized areas.

Studies have shown that LCLUC has a certain impact on climate and regional precipi-
tation, and many scholars have carried out related studies in this regard [1–3,10,12]. Some
scholars have analyzed the influence of cropland, forest, and urban change on precipitation
in specific regions [13,14,17,19,20]. However, there have been no reports on the spatial–
temporal effects of LCLUC on precipitation in the GBA, especially construction land and
cropland change on regional precipitation. What characteristics exist in this region need to
be studied. The change of land cover land use in the GBA was mainly the decreasing of
cropland and the increasing of construction land (Figure 3). At present, existing studies
have found that the change of construction land has different effects on precipitation in
different regions.

According to the analysis results in this study, in the GBA, in the early stage of ur-
banization, the impervious area of the city is small, the LCLUC is little, and the spatial
distribution of precipitation was greatly affected by the topography. After high urbaniza-
tion, the concentration of atmospheric aerosol over cities increased, which was more likely
to lead to the occurrence of short-term heavy precipitation due to the overall sufficient
precipitation in this region. This was consistent with the research conclusions of other
scholars [45]. However, the results of this study showed that there was a certain statis-
tical correlation between LCLUC and the temporal and spatial changes of precipitation.
However, the precipitation is a complex process, and several factors affect the spatial and
temporal changes. Therefore further studies are needed to understand changing trends.

6. Conclusions

From 2001 to 2019, both land cover land use and precipitation in the GBA have
undergone drastic changes. Compared with 2001, in 2019, cropland area decreased by
44.03%, water area decreased by 8.05%, barren area decreased by 50.22%, forest/grassland
area decreased by 0.43%, and construction land area increased by 20.05%.

The precipitation in the GBA was mainly concentrated in the spring and summer,
and the precipitation in spring tended to increase gradually, while the precipitation in
summer tended to decrease gradually, while the precipitation in autumn and winter had
no obvious change.

The spatial distribution of precipitation changes with the continuous enhancement of
human activities, with topographic factors and LCLUC as the main influencing factors.
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