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ABSTRACT

This study aims to realize that the relationshipaeen Land Use/ Cover Change (LUCC), human aasjitand natural
environment in Liuxi River Basin, thus the causkesuorent ecological problems are analyzed. In tbéper, hence, the
Landsat 8 Remote Sensing (RS) images of Guangamawf13 to 2021 were collected and processed, thelUCC
maps of 2013, 2019 and 2021 were obtained. Baseth@mabove purpose, the Land Use Transfer Matrl¥TM) and
Land Use Degree Analysis (LUDA) were used for aialyFinal, studies have shown that LUCC in theirbatanged
significantly from 2013 to 2021, specifically, thenstruction land increased significantly, with aoctrease of 7.16 %.
LUCC not only changed the natural landscape oftthsin, but also affected the four environmentaldies; specifically in
the atmosphere, water, soil and biology. Based han analysis this study can provide a referencetiier ecological
environmental protection of the Liuxi River Basin.

KEYWORDS:Liuxi River Basin; Land Use/Cover Change (LUCC)nHaJse Transfer Matrix (LUTM); Environmental
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INTRODUCTION

With the continuous expansion and deepening of uataivities, nature is undergoing significant ojees The people
and natural environment are coexisting, a parthef¢hange in nature will bring the correspondingngfes to human
production and life, and this two-way impact hathbedvantages and disadvantages. Generally, thisddienvironmental
impact and change caused by human activities liscc&invironmental Effect, which has both positiviel megative effects.
According to the formation reason, it can be didid®o natural environmental effects, environmentamical effects and
environmental physical effects. Most of them hawenprehensive effects. For example, a large amotimdustrial

wastewater directly discharged into rivers, laked aceans can change the physical, chemical ahopi@al conditions of

the water, cause changes in the species and pioputdtaquatic organisms, and have an impact onamuoeings.

In order to further realize this relationship ofeirest and how to better transform nature to sémgdiuman itself,
hence Land Use/Cover Change (LUCC) research aais#f®e historic moment is an important realms aibgl change
research (Yu and Yang, 2002; Liu et al.,2009; Sgdaat al., 2017), it is also increasingly becomanigotspot issue. Since
the 1990s, LUCC research has been paid more aneé mibention, and it has become an important proggct
environmental change research (Li, 1996). Due t&€Clhaving a significant impact on the global enmim@nt, human
beings through the transformation of the earthi$ase, not only is causing the local and domestigrenmental change,

but even involving the whole world.
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In terms of LUCC research, foreign countries sthrearlier than China, such as Sweden's monitoring o
desertification and vegetation in Africa, the pajbas carried out long-term research since 197 2812). In1995, the
International Geosphere-Biosphere Programme (IGB#) the International Human Dimensions Programméstmial
Environmental Change (IHDP) jointly proposed “Ladde and Land-Cover Change (LUCC)” research plamn@iull et

al., 1995). After 30 years of development, LUCGesrsh has made remarkable achievements.

In China, the main research directions of LUCC learroughly divided into the following categoriestsHy, it is
to analyze the LUCC of the watershed, that is, foglysng the land use in a certain period of timel amalyzing its
changes. Secondly, it is to analyze the drivingdiecof the change based on the LUCC of the wagelsFhirdly, it is to
analyze the environmental effect of one side caumsethe change of land use/erosion in the watershedummary,
despite the rapid development of LUCC research,iaritle above aspects have made remarkable achimisnbut for
now, for a watershed land use/cover change anabsisfurther study of its overall environmentdkef is still relatively
rare. Meanwhile, some achievements have been nmatteeiresearch on the ecological environment chaagsed by

urban LUCC, and the research mainly focuses ondtjienal and local scales (Lu et al., 2006).

Guangzhou is one of the most economically develap®l the fastest urbanized cities in Guangdongifre.
The Liuxi River runs through Guangzhou and is thenary river of Guangzhou. However, there is littesearch on the
river and its adjacent areas. Thus, the study Ipflieto analyze the reasons for the thorny proldesnch as the
deterioration of water quality and the reduction édiversity in recent years, and guiding the clien for the

construction of green cities in Guangzhou.

In recent years, with the continuous developmenirbfinization in Guangzhou City, the urban popatatias
surged, and the industrial scale of both sidesefriver basin has also been expanding. The forpeople changing the
earth's surface is becoming more and more divedsifind the changing depth is further increasedinStance, the water
quality of the Liuxi River Basin is deterioratintpe river discharge capacity is reduced, and tbdibérsity is damaged.
Thus, a series of ecological and environmental lprab such as agricultural non-point source poliutionders the healthy
development of the city (Zhang, 2018). Thus, thiglg by studying the LUCC in Liuxi River Basin, thpatial change of
land use in the basin is revealed, and a seriesnpficts on various aspects of regional developraeatanalyzed.
Meanwhile, the relationship between LUCC and theraction and restriction of ecological environmisnalso analyzed
(Du et al., 2011). The effect of land use on fonvinmental factors, including atmosphere, waseil and biologyis
studied, in order to construct the mechanism aof lase on ecological environment and provide a #tesal basis for the

future planning and development of cities.

The significance of this study lies in as fellovfisstly, Liuxi River is the Pearl River Delta rivaretwork,
abundant in water resources, that plays an impbrtde in coastal regional economic developmentictvlis one of the
important drinking water sources in Guangzhou Cltlge study of LUCC in Liuxi River Basin is helpftd reveal the
thorny ecological problems and Environmental EBextich as water pollution and biodiversity reductiorivers in recent
years, and provide direction guidance for solvimgse problems and better guarantee the safetynidry water sources.
Meanwhile, the current research on Liuxi Riverdarse, and the updated data is not in time. Alse,gtudy is helpful to
fill the gaps in the study of land use change aménvironmental Effects in Liuxi River Basin of &wzhou City, and to
enrich and update the research database of LUG&u&angzhou City. Secondly, through the analysis WEC data, the

trend of land use in Liuxi River Basin in the futucan be further predicted by establishing a moahbich provides a
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reference for the future planning and managemetiteobasin, and promotes the sustainable develapoh&uangzhou’s

economy and ecology while realizing the harmonicassxistence between man and nature.
STUDY AREA

Liuxi River Basin is located in the north of Guahgm, covering Conghua District, Huadu District é@aiyun District.

The Liuxi River is one of the North River tributesi of the Pearl River. It originates from the GogfeMountain to the
Dalingtou area at the junction of Lutian Town ammhgmen County in Conghua District. Its main strgzamsses through
the Pearl River Delta river network and finally enst the South China Sea. Liuxi River is the firger developed and
utilized in Guangzhou, and it is also an impori@nking water source protection area and greeridsan the city, shown

as Figure 1 and Figure 2.

The river basin ranges from 23° 130" ~23° 57’ 36" N, 113° 10’ 12"~114° 2' 00" E. The river is 156 km
long and covers an area of 2300%kaxccounting for 80.2 % of the total land area ira@gzhou. The whole basin presents
a narrow shape in the northeast-southwest direcfitve terrain is high in northeast and low in saght, and the
fluctuation is large. The Liuxi River flows througbuangzhou from north to south. The main tributagé Liuxi River
pass through three administrative districts inalgdConghua, Huadu and Baiyun,which flows throughtdBnships in
Guangzhou with about 300,000 people in the basin.
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Figure 1. The Distribution area of Liuxi River  Figure 2.The water distribution map of Liuxi
Basin in Guangzhou. River Basin.

METHODOLOGY

Data Source and Processing

In this study, the Remote Sensing (RS) and Geogrdpformation System (GIS) technology is used (Wanmal., 2022)
for the analysis pre-processing. Thus, the landdase of Liuxi River Basin in Guangzhou City frof13 to 2021 that is
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using the RS image data, and which is derived ftioenGeospatial Data Cloud(GDC) platforhitp://www.gscloud.cn/).
The data collected is mainly the original RS imagiekandsat 8 in Guangzhou City from 2013 to 208&luding the data
of 2013, 2019 and 2021. The township administratiivsion data of Guangdong Province is obtainenfithe Gaode
vector data, and the data year is 2015. The cleatifn standard of land use is based on the stdnofathe Chinese
Academy of Sciences (CAS), which is divided into tyipes of land use, namely forests, grasslandivetéd land, water,

construction and unused land.

In addition, the data of population, social econoamd climate factors in Guangzhou are derived ftbm
statistical data of Guangzhou Statistics BureauNB8G, 2020), as well as the statistical data ofgboia District, Baiyun
District and Huadu District in the basin over theags, including the concentration of common potitdaatmospheric
environment-related indicators, monthly averagepterature (°C), city (urban section) water suppigustrial solid waste
and other data. The intensity of urban heat islanginates from the “Guangzhou Urban Heat IslanchiMwing Bulletin
2021" issued by Guangzhou Municipal MeteorologiBaleau (GMMB), the data of water quality and saillption are
derived from the environmental bulletin of Guangziunicipal Ecological Environment Bureau (GMEER)2021 and

the list of key monitoring units of soil pollutidn 2021.

By collecting the RS image data of Landsat 8 int@@z&ou from 2013 to 2021 in 2013, 2019 and 2021VEN
5.3 software and ArcGIS 10.1 software were useghtdyze the land use situation, and then the LUTéthiod and LUDA
method were used to analyze the transformatioaraf Lise types and the change of utilization deigré®e basin. On this
basis, through literature comparative analysis, moed with the actual Liuxi River Basin, the impadtLUCC on four
environmental factors of atmospheric, water, sod hiological in the basin and its surrounding argeanalyzed, and then

the conclusion is drawn. The processing framewétkis study is shown in Figure 3.

| Remote Sensing images collection |

l Remote Sensing images processing ‘

| Mosaicing two images I

Making Vector Boundary of N
Liuxi River Basin by ArcGIS v

| Clipping image boundary by ENVI |

l

‘ Supervision Classification (Maximum Likelihood Method) |

|

| Obtaining the LUCC map of the watershed for accuracy verification. |

l

Analyzing land use change. including Land Use Transfer Matrix
(LUTM) and Land Use Degree Analvsis (LUDA)

l

The evaluation of environmental effect of LUCC |

Figure 3: The Framework of this Study.
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Theoretical Basis
Land Use and Land Cover Change (LUCC)

Since the 1990s, LUCC research has been paid morenare attention, and it is an important projectédnvironmental
change research (Li, 1996). Land cover refers metation on the surface and artificial buildingscts as woodland,
housing, bare ground, etc., which belong to onéhefspecific forms of land cover (FAO, 1994).Larsk uncludes the
purpose of changing the way of land use and produitiis way of use (Turner Il et al., 1995), sushaaimal husbandry,
returning farmland to forest and so on. Thus, LUGS an important impact on the global environmieahd use reflects
the active role of human transformation of natland cover is the result of land use, and its chalegds to global
environmental problems.

Environmental Effect

The earliest study on the relationship between LUS@ the environment was in 1865. Marsh and Lovantho65)
systematically expounded the relationship betweid luse and ecological environment in the book “Mad Nature”.
Which refers to the LUCC affects environmental dastin the region such as atmosphere, water, @il biology. There
is a complex relationship between these factord, their cumulative effect can lead to correspondihgnges in the

ecosystem (Lu et al., 2006).
Land Use Transfer Matrix (LUTM)

The LUTM (Liuand Zhu, 2010; Lu and Wang, 2022; Clem Wang, 2022; Liu and Wang, 2022) is a speuifiy of
using Markov model in land use change. By using tmodel, it is helpful to quantitatively analyzeethand use

transformation in the region and the transformatibdifferent types of land use. The expressiomfes shown as Table 1.

Table 1: Land Use Transfer Matrix (LUTM)
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The row represents the land use type impdriod, and the column represents the land useityf,. In the above
table, A and A represent different land types; Bepresents the area of land type J transformedl lartd type i, S
represents the area of land typetrnsformed from Tto T,, § represents the area of land typdransformed from Tto
T,, and S generally represents all land types thaé Hreen transformed. This method can quantitatieslglyze the
transfer state of land use and reflect the tempordlspatial change process of LUCC (Wu et al.420he mathematical
expression is:
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Land Use Degree Analysis (LUDA)

The comprehensive intensity index of land use (Ziguand Liu, 1997; Liu and Wang, 2022) can reflée tand use
degree of people in a region, which can be mamifest two aspects: breadth and depth. This pagkusé this method to
analyze the degree of land use change in Liuxi RBasin. Referring to the research results of sisokix first-class land
types can be divided into four land use levels. Aghthem, the index of unused land is 1, the indegrassland, forest
land and water area is 2, the index of cultivateadlis 3, and the index of construction land idt¢.mathematical

expression is:

L=100x¥" B;xD; Le[100, 400] 2)(

In the formula, L represents the comprehensiveategrdex of land use in the study area, the hitferalue of
L is, the greater the intensity is; Bpresents the classification index of the i-lda@ld class in the region,; Bepresents

the percentage of the area corresponding to teel-land class, and n represents the fractiomtror
ANALYSIS AND RESULT

Analysis of Land Use Change Characteristics in LiuxRiver Basin

According to the division of the upper, middle doder reaches of Liuxi River Basin, it can be sé®m Figure 4 that
from 2013 to 2021, the LUCC of Liuxi River Basin Guangzhou City changed significantly. On the whtthe area of
water, forests land and cultivated land decreattedarea of grassland decreased to a certain esteatthe unused land
showed a stable state of change. While the urbastaection land increased significantly, it was niiconcentrated in
the middle and lower reaches of the basin. Indigathat the human development activities of foreggetation in the
upper reaches were less, and the appropriate gemelt and utilization activities were mainly basednatural ecological
protection. The middle reaches are affected bydtheslopment of urbanization in urban areas, theease of population
and the increase of land demand, and the landhasessobvious changes in construction land. As &eoimated area of
human activities, the lower reaches of the riverehaarly human activities. With the advancemenindtstrialization,

human beings have deeper transformation of therlymag surface of the surface.
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Figure 4: Land Use Map of Liuxi River Basin in 20132019 and 2021.
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Transformation of Land Use Types

In this paper, the LUCC map and change data ofillRixer Basin are processed by ENVI 5.3 softwarel the data of
different years are processed by ArcGIS 10.1so#wahe transfer of land use types in each yeanebasin is obtained,
and then the area of each conversion is calcul&edher data collation is carried out to obtaia thJTM of Liuxi River

Basin in Guangzhou from 2013 to 2019 and from 2012021, respectively, as shown in Table 2 and & 38bl

On the whole, since 2013, the water area, cultizéad and grassland area in Liuxi River Basin hdeereased,
and these land types are mainly transferred tota@i®n land, forests and unused land. Among thbmarea transferred

to construction land is the largest, which canectfthe increase of land demand for urban develaptoea certain extent.

From 2013 to 2021, the construction of land intibsin increased significantly. The reason is ttatsfer from a
large number of cultivated land and forests larsdwall as some water and unused land. The traasfer of these land
types from 2013 to 2019 was 90.75%$9.62 krf, 13.38 knd and 19.32 krf) respectively. The transfer area from 2019 to
2021 was 126.5 km134.36 km, 4.05 knf and 12.49 ki respectively.

Table 2: LUTM of the Basin from 2013 to 2019 (Unitkm?)

2019

WEED SEE IC_;;?IZS Cull_té\fged Construction | Forests | Water ULn:ns(;ad Total
Grass Land 0.04 0.12 0.52 0.00 0.31 0.02 1.00
Cultivated Land 0.03 163.02 90.75 77.20 0.23 4.15 335.38

2013 Construction 0.18 64.57 408.15 79.85 2.79 10.48 566.01
Forests 0.01 46.14 59.62 1147.51| 0.22 4.15 1257.64
Water 0.08 1.71 13.38 3.58 32.71 0.48 51.93
Unused Land 0.00 1.27 19.32 0.47 0.05 2.77 23.88
Total 0.30 113.69 591.73 1308.60| 36.30 22.04 | 2235.84

Table 3: LUTM of the Basin from 2019 to 2021 (Unitkm?)

2021
Year Land Type Grass | Cultivated Construction | Eorests | Water Unused Total
Land Land Land
Grass Land 0.00 0.23 0.11 0.00 0.00 0.01 0.34
Cultivated Land 0.08 114.50 126.5 30.65 0.06 4.97 276.76
Construction 0.09 103.04 448.43 24.74 1.26 13.83 591.40
2019 | Eorests 0.00 42.86 13436 | 1127.39| 0.15 3.34 1388'1
Water 0.01 8.86 4.05 0.28 22.91 0.18 36.29
Unused Land 0.00 2.75 12.49 0.11 0.05 6.64 22.03
Total 0.19 272.23 725.93 1183.17| 24.43 28.96 22i4'9

Analysis of Land Use Intensity

By using the land use data of Liuxi River BasinGmangzhou and the vector boundary of the interdepiltages and
towns in the basin, ArcGIS 10.1 was used to protiesslata. According to the four land use levéis (hdex of unused
land is 1, the index of grassland, forests and maatea is 2, the index of cultivated land is 3, #m&lindex of construction
land is 4), the comprehensive intensity index ofllaise in each village and town was calculateddiyguthe calculation
formula, and then the map was producing, shownge& 5.
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It can be seen from the comprehensive intensityilligion map that whether in 2013, 2019 or 202, land use
intensity of Liuxi River Basin in Guangzhou was lawthe upper reaches, medium in the middle readres$ showed an
increasing trend. The utilization of the lower feas was the highest, and the intensity index waisehithan that in 2013
and 2019. In Figure 5, it can be observed thattimeprehensive utilization intensity of the uppexatges in 2013 and 2019
is more prominent than that in the correspondiraygiemainly due to the increase of human activigash as the increase
of residential areas and the implementation of rrigckevelopment and construction projects, which maltee

comprehensive intensity index of land use of soreasin the upper reaches of the two years higher.

From the specific values, in 2013, the average cehmgmsive strength index of the upstream region 282s06,
that of the middle region was 277.79, and thahefdownstream region was 314.89. In 2019, the geecamprehensive
strength index of the upstream region was 229Ht,df the middle region was 272.62, and that efdbwnstream region
was 326.86. In 2021, the average comprehensivagitréndex was 237.72 in the upper reaches, 29ih.7be middle
reaches and 327.54 in the lower reaches. It caapéeulated that the land use intensity in the fextyears will continue
to be basically stable in the upper reaches, rgpth in the middle reaches, stable developmemihénlower reaches,

and deepening intensity and high index value.

N 2013 2019 2021

A

Integrative Intensity Index Integrative Intensity Index Integrative Intensity Index

[ J221.84 - 220.32 [ ]224.99 - 227.49 [ ]231.15 - 245.60
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I 313,47 - 35133 I 31511 - 362.9% I 24,45 - 357.5%
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Figure 5: Distribution Map of Comprehensive Land U® Intensity of Watershed from 2013 to 2021.
Analysis of Environmental Effects of LUCC in Waterded

Through the analysis of land use in Liuxi River Ba# can be seen that in the short eight years1f2013 to 2021, land
use in the basin has changed significantly. Froenpérspective of the whole environmental system,léind use of the
watershed and the land cover change caused byl inationly bring significant indigenous changegshe natural surface
environment, but also affect the land productivtyd people’s daily working and living conditionsthe region. Human
production and living activities will also affedid watershed LUCC and constitute its driving fagtevhich constitutes a
complete LUCC Environmental Effect mechanism (Wdnak, 2017). Based on the four environmental fiesctof

atmosphere, water, soil and biology, this papetyara the Environmental Effects caused by LUCC iiumxLRiver Basin

of Guangzhou.
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The Environmental Effects of LUCC on the atmospherkiuxi River Basin are described as follows.sfly, in
the regional climate change, according to the daliected by Guangzhou Statistics Bureau (SONBSZ) 20 with the “
ambient air quality standard ” (GB3095 - 2012) ks standard, the single factor index method is isevaluate the four
indicators including S¢ NO,, inhalable particles and PM2.5, shown as TablEhé. results showed that the single factor
index of each common pollutant decreased year hyfyem 2013 to 2020, and the concentration of &@ched the first-
level standard since 2014. The single factor inggxe was lower than 1, indicating that the pohatdid not exceed the
standard. The first-level standard of N®as not exceeded for the first time in 2020. Thacentration of inhalable
particles remained below the second-level standenck 2014, and the single factor index value desgre year by year,
but there was still a certain distance from thetfievel standard. This overall reflected that #ie environment in
Guangzhou was generally improving, but it was warthing that the concentration of PM2.5 had not rgeiched the

second-level standard. Therefore, attention mugidietto improving air quality in the future.

Table 4: Single Factor Index of Common Pollutant Cocentrations

Year Index :

SO, NO, Inhalable Particles PM2.5
2013 1.00 1.30 1.03 1.51
2014 0.85 1.20 0.96 1.40
2015 0.65 1.18 0.84 1.11
2016 0.60 1.15 0.80 1.60
2017 0.60 1.30 0.80 1.60
2018 0.50 1.25 0.77 1.54
2019 0.35 1.13 0.76 1.51
2020 0.35 0.90 0.61 1.23

Secondly, in terms of Urban Heat Island Effect, barad with LUCC in Liuxi River Basin from 2013 t®21,
the urban construction land in the basin increasgudificantly, while the water area, forest landi anultivated land that
can improve the microclimate decreased relativalgking the temperature in densely populated andibgiconcentrated
areas higher than that in suburbs. According tontloaithly average temperature report of Guangzhatis8ts Bureau
from 2013 to 2020 (SONBSG, 2020), shown as Figuréhé monthly average temperature of Guangzhou shew
relatively obvious upward trend, especially thergf@of urban area. Both reflect the temperatureghaf Guangzhou,
which is consistent with its urbanization processcording to the “Guangzhou City Heat Island Mornitg Bulletin
2021" issued by the Guangzhou Meteorological Buréaa urban heat island intensity of Guangzhoudg12was 1.3 °C,
which was 0.2 °C higher than last year. In termsspdtial distribution, the western Baiyun Distrithe central and

southern Huadu District and the central Conghu#ridisvere rated as areas with strong heat islatehsity.
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Figure 6: Average Temperature (°C) and Relative Huridity (%) in Guangzhou from 2013 to 2020.

The Environmental Effects of LUCC on the water badLiuxi River Basin are shown as follows. Firstin
terms of water area change, combined with the LUCIGuxi River Basin from 2013 to 2021, it can kees that the water
area within the basin shows a downward trend. Thé meason is that more water land use types aresf@rred to
construction land, which is closely related to hanaativities. According to the statistical data@fiangzhou Statistics
Bureau (SONBSG, 2020 ), shown as Figure 7, dure dight years from 2013 to 2021, the urban wateply in
Guangzhou showed a trend of substantial increaae lyg year, and the growth rate was amazing. fir&diminarily
expected that the water consumption of the city vdach a higher value in the future. Due to urlievelopment
promoting the increase of water demand in all walkéfe in people's lives and industrial productiactivities. While

increasing the pressure of urban water supply aatdnvproduction, it also reduces the amount of miataver basins.

300000.00

250000.00

200000.00
150000.00
100000.00
50000.00
0.00

2013 2014 2015 2016 2017 2018 2019 2020

B Annual Water Supply ™ Annual Water Sales
Figure 7: Urban Water Supply in Guangzhou from 20130 2020 (Unit; 10000 r#).

Secondly, on the impact of water quality, Liuxi BivBasin in 2013 - 2021 LUCC shows that urban consbn
land continues to increase, along with the redactidé water quantity in Liuxi River Basin, hence fieasing human
activities have a certain impact on the water duali the river. According to the Environmental QuaBulletin of 2021
issued by GMEEB, although the data show that skddl, the water quality of urban centralized dmgkivater sources in

Guangzhou has reached the standard rate of 10&%&rtieless, the water quality of the main rivargte surface shows
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that class Il water quality accounts for 42.8 %ssl Il water quality accounts for 37.5 %, and <Ih$ water quality
accounts for 18.7 %. Class Il water quality haselesed, and the water quality of the upper reachése Liuxi River is
better. Meanwhile, the middle reaches of the LRixier show slight pollution to some improvementeT™aater quality of
the upper and middle reaches of the Liuxi Rivesvialuated as excellent, and the water quality @fdibwnstream reaches
such as Bainihekou is still polluted. Accordingthe existing research results, specifically, theewgollution degree in
the upper reaches of Liuxi River Basin is low, @nel water pollution degree in the middle and lovearches is high ( Jia
etal., 2018).

The Environmental Effects of LUCC on soil in LiuRiver Basin are shown as follows. Firstly, in teraissoil
pollution, combined with the LUCC in Liuxi River Ban from 2013 to 2021, it shows that with the dexdpg of human
activities and the expansion of urban land demémal area of cultivated land, water area and fdeest has decreased.
From the GMEEB, it is known that the list of key mitoring units of soil pollution in Guangzhou in 2D (including 29
companies), Baiyun District accounted for 5 companHuadu District accounted for 5 companies, amagBua District
accounted for 4 companies. The main business ptedfithese companies are chemical industry, cemertronmental
protection energy, automobile accessories, leatret,hardware and so on. These companies in tige @nLiuxi River
Basin accounted for nearly half, and the situaisoworrying. The data obtained from Guangzhou S$tias Bureau (2000)
show that the production of general industrial deliaste in Guangzhou from 2013 to 2021 shows a danah and then
upward trend, while the overall utilization rateéatively stable. Except for 81.10 % in 2018, ttieer years are all above
94 %, as shown in Figure 8. In terms of the praduacof hazardous waste, the overall performanca $teady growth
state, shown as Figure 9, related research (Danlebudl., 2012) shows that human activities haveeased the
accumulation of heavy metals in soil. Thereforea@rhou needs to continue to improve the abilitysalfd waste

treatment and comprehensive utilization, in orddoétter cope with the increasing industrial emissiin the future.
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—o— General Industrial Solid Waste Production
Comprehensive Utilization Amount of General Industrial Solid Waste

Figure 8: General Solid Waste Production and Comprieensive Utilization in Guangzhou from 2013 to
2020 (Unit: 10000t).
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Figure 9: Production of Hazardous Waste in Guangzhe from 2013 to 2020 (Unit: 10000t).

Secondly, in terms of soil degradation, the LUCQLinixi River Basin from 2013 to 2021 shows that #rea of
cultivated land and forest land shows a downwagddy while the increasing and intensive artifigialldings may make
the soil erosion within the basin more serious.xLiRiver Basin is located in the humid region ofueern China,
especially in the upper and middle reaches. Thentaimous and hilly areas are wide, while most efrtiountains belong
to relatively barren latosol with a thin soil layém the season of concentrated rainfall, the ser&oil is easy to lose with
water, thereby aggravating or causing soil degradgShi et al., 2000). Soil degradation referdhte decrease of land
quality, which is manifested in the decrease ofcaffural production or the decrease of agricultyr@duct quality. The
direct reason for soil degradation is the lossurfase soil, the reduction of soil quantity, quakind ecological function.
Facts have proved that among the factors that csaibdegradation, the human factor is the mosiamis/and main one.
Human production and living activities continueexert pressure on land, so that the fragile ecoldgnvironment is

destroyed, and then adverse changes occur.

The Environmental Effect of LUCC on organisms inutii River Basin is manifested in the following asfse
The change of land use / grassland directly affdotsnatural appearance of the regional surfacéchwvill have a
corresponding impact on the survival and reproduactif organisms in the region. On the one handj thi¢ expansion of
urban land use, humans occupy and transform a laugsoer of original natural surfaces, making thedbiersity and
richness of regions with intensive human activitess than those with sparse human activities,uaneéasonable land use
patterns have a serious adverse impact on biodiy€ts, 2007). On the other hand, human activitfesse an impact on
the transformation of habitats and the environmiatcumulative effect not only makes the regionalural landscape

change significantly, but also affects the struetand function of the ecosystem.

Combined with the LUCC situation of Liuxi River Basrom 2013 to 2021, it can be seen that withgregress
of human science and technology, the ability todfarm nature has been continuously improved, atificel buildings
continue to expand outward, making many organisepeddent on the natural ecological environment ntove more
suitable living space far from human beings, redgithe regional biodiversity and species richnAssong them, Liuxihe
National Forest Park is worthy of attention, thatat area of the park is 8813knwhich has rich animals and plant

resources, and the coverage rate of forests is §662006). It integrates ecotourism, sightseegsuigntific research,
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popular science education and other functions,paodides 60% of drinking water for Guangzhou. Tlfene we should
adhere to the policy of “giving priority to protém and supplemented by development “, make ratiose of and give

full play to its maximum ecological function, angimtain a good habitat for organisms in the basin.
CONCLUSION

In general, this study’s analysis result indicatteat the LUCC of Liuxi River Basin changed sigréfitly from 2013 to
2021. On the whole, the water area, forest landcaifitvated land is decreased, and the grasslasal also decreased to a
certain extent. The unused land showed a stalile stachange, while the urban construction landeased significantly
and was mainly concentrated in the middle and loweaches of the basin. Meanwhile, the intensityaofl use in the
study period was low in the upper reaches, mediuthé middle reaches, and showed an increasind.tfidre utilization
in the lower reaches was the highest, and the sitteimdex was high. The main reason was that teadth and depth of

human activities were more obvious in the loweches.

In terms of the Environmental Effects of LUCC iretlwatershed, LUCC has a profound impact on the four
environmental factors of atmosphere, water, sail biology in the watershed. It can be divided ittte following four

aspects:

* In the aspect of atmosphere, it mainly displayscéising regional climate change, changing the otemi

composition and concentration of the atmosphengsing regional air pollution and urban heat islaffdct.

* In terms of water, mainly in two aspects of wataaigtity and water quality, one is the increasingaed for
water intensifies the pressure of river water sypgécond, surface pollutants enter the river thhothe water

cycle, thereby affecting the river water quality.

» Interms of soil, it mainly causes soil pollutiondasoil degradation. Human activities aggravateatt@imulation
of heavy metals in soil, which is easy to causé poilution. The increasing number and density wffiaial

buildings may make soil erosion more serious inbhgin.
* Interms of biology, it mainly adversely changesdiversity and species richness, and affects theystem.

Overall, this paper is of great significance to tmalysis of the complex relationship between LU&W
environment, and there is still much research aadeldpment space for this topic. The study of LU@d its
Environmental Effects is of constructive significanfor guiding more scientific urban planning antdban sustainable

development.
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