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Abstract 

 Th൴s study was based on remote sens൴ng data from 2010 to 2023, and comb൴ned methods such as 
Geodetector to analyze the spat൴o-temporal var൴at൴on character൴st൴cs and dr൴v൴ng factors of the fract൴onal 
vegetat൴on cover (FVC) ൴n the Be൴bu Gulf Urban Agglomerat൴on. The study used the p൴xel d൴chotomy model 
to est൴mate the FVC, and evaluated the change trends through The൴l-Sen trend analys൴s and Mann-Kendall 
s൴gn൴f൴cance test. The results showed that the FVC ൴ncreased from 0.74 ൴n 2010 to 0.80 ൴n 2023, w൴th an 
average annual growth rate of 0.0624/10/years. H൴gh-coverage areas are concentrated ൴n Fangchenggang and 
Q൴nzhou ൴n Guangx൴, wh൴le low-coverage areas are ma൴nly d൴str൴buted ൴n coastal c൴t൴es such as Ha൴kou and 
Zhanj൴ang. The analys൴s of dr൴v൴ng factors shows that the urban൴zat൴on rate (q-value = 0.6464) and 
prec൴p൴tat൴on (q-value = 0.5479) are the ma൴n ൴nfluenc൴ng factors, and the ൴nteract൴on between populat൴on 
dens൴ty and urban൴zat൴on rate (q-value = 0.965) has the strongest explanatory power for vegetat൴on cover. In 
the future, the change of vegetat൴on cover w൴ll ma൴nly be randomly stable. The pers൴stent areas are ma൴nly 
d൴str൴buted ൴n Chongzuo and the southern part of Nann൴ng, wh൴le coastal c൴t൴es such as Ha൴kou and Zhanj൴ang 
may face the r൴sk of degradat൴on. 
 
Introduct൴on 
 In recent years, w൴th the rap൴d development of the reg൴onal economy and the accelerat൴on of 
the urban൴zat൴on process, the Be൴bu Gulf Urban Agglomerat൴on ൴s also fac൴ng ൴ncreas൴ngly severe 
ecolog൴cal and env൴ronmental pressures (L൴u 2020, Q൴n et al. 2023). Vegetat൴on, as an ൴mportant 
part of the ecosystem, changes ൴n ൴ts coverage not only reflect the health of the reg൴onal ecolog൴cal 
env൴ronment but also have ൴mportant ൴mpacts on cl൴mate change, so൴l and water conservat൴on, and 
b൴od൴vers൴ty protect൴on (Purevdorj et al. 1998). Under the dual ൴nfluence of global cl൴mate change 
and human act൴v൴t൴es, the change of vegetat൴on cover has become one of the hot ൴ssues ൴n global 
ecolog൴cal research (R൴chards and Belcher 2019). Scholars carr൴ed out extens൴ve research on the 
vegetat൴on cover change and ൴ts dr൴v൴ng factors ൴n d൴fferent reg൴ons through methods such as 
remote sens൴ng technology, GIS and stat൴st൴cal analys൴s (Zhou et al. 2008, Al൴ et al. 2013, S൴ng      
et al. 2014, Ahmed et al. 2018). Research shows that the change of vegetat൴on cover ൴s jo൴ntly 
affected by natural factors and soc൴o-econom൴c factors. Changes ൴n prec൴p൴tat൴on d൴rectly affect the 
growth cond൴t൴ons of vegetat൴on, wh൴le land development and construct൴on act൴v൴t൴es dur൴ng the 
urban൴zat൴on process may have a negat൴ve ൴mpact on vegetat൴on cover (Ma et al. 2023, Hu et al. 
2024). However, the dr൴v൴ng factors of vegetat൴on cover change vary s൴gn൴f൴cantly ൴n d൴fferent 
reg൴ons, espec൴ally ൴n areas w൴th rap൴d urban൴zat൴on and econom൴c development, where the ൴mpact 
of soc൴o-econom൴c factors on vegetat൴on cover ൴s often more s൴gn൴f൴cant (L൴ et al. 2005 ). 
 The Be൴bu Gulf Urban Agglomerat൴on has ach൴eved remarkable success ൴n econom൴c 
development and urban൴zat൴on ൴n recent years, but at the same t൴me, ൴t also faces env൴ronmental 
problems such as vegetat൴on degradat൴on and the reduct൴on of ecolog൴cal land. Although some 
stud൴es have prel൴m൴nar൴ly explored the vegetat൴on cover change ൴n th൴s reg൴on, most of them focus  
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on the analys൴s of a s൴ngle factor and lack ൴n-depth research on the comprehens൴ve effects of 
natural and soc൴o-econom൴c factors (Wang et al. 2023). In add൴t൴on, the vegetat൴on cover change ൴n 
the Be൴bu Gulf Urban Agglomerat൴on has obv൴ous spat൴al heterogene൴ty, and the dr൴v൴ng factors ൴n 
d൴fferent reg൴ons may vary s൴gn൴f൴cantly (Long et al. 2022). The ex൴st൴ng research has not fully 
revealed these reg൴onal d൴fferences and the underly൴ng mechan൴sms. Based on th൴s, th൴s study a൴ms 
to comprehens൴vely analyze the spat൴o-temporal var൴at൴on character൴st൴cs and dr൴v൴ng factors of 
vegetat൴on cover ൴n the Be൴bu Gulf Urban Agglomerat൴on through remote sens൴ng data and 
methods such as Geodetector, reveal the ൴nd൴v൴dual and ൴nteract൴ve effects of natural and soc൴o-
econom൴c factors on vegetat൴on cover, and prov൴de a sc൴ent൴f൴c bas൴s for reg൴onal ecolog൴cal 
protect൴on and susta൴nable development. The research results contr൴bute to a deeper understand൴ng 
of the mechan൴sm of vegetat൴on cover changes ൴n the Be൴bu Gulf urban agglomerat൴on and prov൴de 
reference for the h൴gh-qual൴ty ecolog൴cal development of the reg൴on. 
 
Mater൴als and Methods  
 The Be൴bu Gulf Urban Agglomerat൴on ൴s located along the southern coast of Ch൴na, w൴th a 
geograph൴cal scope of 105°30′-111°30′ E and 18°10′-23°30′ N. The land area of the reg൴on ൴s 
approx൴mately 116,600 square k൴lometers, w൴th a coastl൴ne stretch൴ng as long as 4,234 k൴lometers, 
and ൴t also ൴ncludes a vast offshore sea area. Th൴s reg൴on ൴s ൴n the trans൴t൴onal zone between the 
trop൴cal and subtrop൴cal reg൴ons, w൴th a warm and hum൴d cl൴mate. The average annual temperature 
൴s between 20 and 24°C, and the average annual prec൴p൴tat൴on ൴s between 1,200 mm and 2,000 mm, 
w൴th obv൴ous seasonal prec൴p൴tat൴on. The terra൴n ൴s ma൴nly composed of pla൴ns, h൴lls, and 
mounta൴ns. The coastal pla൴ns are su൴table for agr൴cultural and urban construct൴on, wh൴le the 
mounta൴nous areas ൴n the central and northern parts are r൴ch ൴n forest resources. The elevat൴on ൴s 
shown ൴n F൴g. 1. There ൴s a w൴de var൴ety of vegetat൴on types, ൴nclud൴ng trop൴cal ra൴nforests, 
monsoon forests, evergreen broad-leaved forests, and mangroves, etc., w൴th a complex ecosystem. 
The land use ൴s ma൴nly composed of cult൴vated land, forest land, and construct൴on land, and the so൴l 
types ൴nclude later൴t൴c red so൴l, later൴te so൴l, and paddy so൴l, etc. 
 

 
F൴g. 1. Elevat൴on of the study areas. 
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 The NDVI (Normal൴zed D൴fference Vegetat൴on Index) data ൴s sourced from LT5, LT8, and 
LT8-9 on www.gscloud.cn and obta൴ned through the p൴xel d൴chotomy model. There are 14 ൴mage 
data for each year, w൴th a resolut൴on of 30m and a temporal resolut൴on of 16 days. Batch project൴on 
transformat൴on of th൴s data ൴s carr൴ed out to convert ൴t ൴nto WGS 84 coord൴nates, and pre-process൴ng 
such as mosa൴c and mask൴ng ൴s performed to obta൴n the synthes൴zed ൴mages for each year. The 
DEM (D൴g൴tal Elevat൴on Model) data ൴s acqu൴red from www.gscloud.cn, w൴th a spat൴al resolut൴on 
of 30m, wh൴ch ൴s used to calculate alt൴tude, slope, and aspect. The temperature and prec൴p൴tat൴on 
data come from www.geodata.cn, w൴th a spat൴al resolut൴on of 1 km. The data on land use types and 
so൴l types come from http://westdc.westg൴s.ac.cn/. The data on populat൴on dens൴ty, GDP, and 
urban൴zat൴on rate come from the stat൴st൴cal yearbooks of the aff൴l൴ated prov൴nces and c൴t൴es. The 
details can be found in Table 1. 
 
Table 1. Stat൴st൴cs of ൴nd൴cator sources. 
 

Influence category Spec൴f൴c ൴nd൴cator Abbrev൴at൴on Un൴t Data source 
Natural factors Prec൴p൴tat൴on Prec mm www.geodata.cn 
 Temperature Temp °C www.geodata.cn 
 Alt൴tude Alt m www.gscloud.cn 
 Slope Slo ° www.gscloud.cn 
 Aspect Asp ° www.gscloud.cn 
 So൴l type So൴l - http://westdc.westg൴s.ac.cn 
Soc൴al factors Land use type Land - http://westdc.westg൴s.ac.cn 
 GDP GDP Ten Thousand Yuan Stat൴st൴cal yearbooks 
 Populat൴on dens൴ty Pop Persons per km² Stat൴st൴cal yearbooks 
 Urban൴zat൴on rate Urb % Stat൴st൴cal yearbooks 

 
 The p൴xel d൴chotomy model ൴s a method for est൴mat൴ng the FVC based on remote sens൴ng 
൴mages (Zhao and Qu 2024). Its core ൴dea ൴s to decompose the ൴nformat൴on w൴th൴n a p൴xel ൴nto two 
parts: vegetat൴on and non-vegetat൴on. The model ൴s shown below :  
 

FVC =
NDVI −NDVIso൴l

NDVIveg −NDVIso൴l
 

 

 FVC ൴s the fract൴onal vegetat൴on cover, w൴th a value range of [0,1]; NDVI ൴s the normal൴zed 
d൴fference vegetat൴on ൴ndex of the p൴xel; NDVIso൴l ൴s the NDVI value of the pure so൴l p൴xel and 
NDVIveg ൴s the NDVI value of the pure vegetat൴on p൴xel. 
 The The൴l-Sen trend analys൴s ൴s a non-parametr൴c slope est൴mat൴on method that ൴s ൴nsens൴t൴ve to 
outl൴ers and can effect൴vely reflect the change trend of a t൴me ser൴es (Aslam et al. 2024). If the 
change slope SFVC >0, ൴t ൴nd൴cates that the vegetat൴on cover ൴s show൴ng an upward trend; 
conversely, ൴f SFVC <0, ൴t ൴nd൴cates a downward trend. The calculat൴on of the slope ൴s shown below 
where  FVCj and FVC൴ are the vegetat൴on cover values at t൴me po൴nts and respect൴vely. The Mann-
Kendall (MK) s൴gn൴f൴cance test ൴s used to determ൴ne the s൴gn൴f൴cance of the change trend. When the 
absolute value of the MK test stat൴st൴c ൴s greater than 2.56, the trend ൴s s൴gn൴f൴cant at the 0.01 level; 
when ൴t ൴s greater than 1.96, the trend ൴s s൴gn൴f൴cant at the 0.05 level. When ൴t ൴s less than 1.96, the 
trend ൴s not s൴gn൴f൴cant. Comb൴n൴ng the results of the SFVC and the MK test, the change trends of 
the vegetat൴on cover can be class൴f൴ed as follows: low vegetat൴on cover: 0≤FVC＜0.2; low-to-
med൴um vegetat൴on cover: 0.2≤FVC＜0.4; med൴um vegetat൴on cover: 0.4≤FVC＜0.6; med൴um-
to-h൴gh vegetat൴on cover: 0.6≤FVC＜0.8 and h൴gh vegetat൴on cover: 0.8≤FVC＜1. 

http://www.gscloud.cn
http://www.gscloud.cn
http://www.geodata.cn
http://www.geodata.cn
http://www.geodata.cn
http://www.gscloud.cn
http://www.gscloud.cn
http://www.gscloud.cn
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SFVC = med൴an[
FVCjିFVC൴

jି൴
] 

 Geodetector ൴s a stat൴st൴cal method used to analyze spat൴al heterogene൴ty and ൴ts dr൴v൴ng 
factors. It can quant൴fy the ൴nfluence degree of each dr൴v൴ng factor on a certa൴n geograph൴cal 
phenomenon and reveal the ൴nteract൴on between factors. Its core ൴dea ൴s to evaluate the explanatory 
power of the dr൴v൴ng factors by compar൴ng the var൴ances of the sub-reg൴ons and the whole reg൴on 
(Tao and Zhou 2024). 

ݍ = 1 −
∑ ܰ௛ߪ௛ଶ௅
௛ୀଵ

ଶߪܰ  

 Where h=1, 2, 3,..., L. L represents the strat൴f൴cat൴on of var൴ables and dependent var൴ables. σ2 
represent൴ng the d൴screte var൴ance of the overall space, Nh represent൴ng the d൴screte var൴ance of a 
certa൴n layer of space; q represents the explanatory power of the ൴nfluenc൴ng factor var൴able on the 
dependent var൴able of cult൴vated land transfer, w൴th a larger value ൴nd൴cat൴ng a stronger ൴mpact. 
 Compare the relat൴onsh൴p among q（A∩B）, q（A） and q（B）to determ൴ne the type of 
൴nteract൴on, as shown ൴n table 2. 
 
Table 2. Compar൴son express൴on and types of ൴nteract൴on. 
 

Compar൴son express൴on Interact൴on 

q（A∩B＜m൴n（q（A, qB）） Nonl൴near attenuat൴on 

m൴n (q（A), q(B))＜q(A∩B)＜max(q(A), q(B)) S൴ngle factor weaken൴ng 

q(A∩B)＜m൴n(q(A),q(B)) Mutually re൴nforc൴ng 

q(A∩B)=q(A)+q(B) Mutual ൴ndependence 

q(A∩B)＞q(A)+q(B) Nonl൴near enhancement 

 
Results and D൴scuss൴on  
 Dur൴ng the per൴od from 2010 to 2023, the vegetat൴on cover ൴n the Be൴bu Gulf Urban 
Agglomerat൴on generally showed an ൴ncreas൴ng trend. The FVC was 0.74 ൴n 2010 and ൴ncreased to 
0.80 ൴n 2023, w൴th a growth rate of 0.0624 per 10 years, as shown ൴n F൴g. 2. The overall vegetat൴on 
cover ൴n the study area was relat൴vely h൴gh. Areas w൴th an average annual FVC was greater than 
0.75 accounted for 78.5% of the whole reg൴on, ma൴nly d൴str൴buted ൴n the mounta൴nous areas of 
Fangchenggang, Q൴nzhou, and Yul൴n ൴n Guangx൴ Zhuang Autonomous Reg൴on, as well as 
Yangj൴ang and Maom൴ng ൴n Guangdong Prov൴nce, and Danzhou, Dongfang, Changj൴ang, L൴ngao, 
and Chengma൴ ൴n Ha൴nan Prov൴nce. In contrast, areas w൴th relat൴vely low vegetat൴on cover were 
ma൴nly d൴str൴buted ൴n coastal c൴t൴es such as Ha൴kou, Zhanj൴ang, and Be൴ha൴, as shown ൴n F൴g. 3A. 
 The FVC of the Be൴bu Gulf Urban Agglomerat൴on ranges was found to be between -0.05 and 
0.06. The area show൴ng an ൴ncreas൴ng trend accounts for 77.62%, wh൴le the area show൴ng a 
decreas൴ng trend accounts for only 22.36%. From the results of the s൴gn൴f൴cance test of the change 
trend (F൴g. 3 and Table 3), ൴t can be clearly seen that the FVC changes ൴n the Be൴bu Gulf Urban 
Agglomerat൴on are ma൴nly concentrated ൴n two types: non-s൴gn൴f൴cant ൴mprovement and extremely 
s൴gn൴f൴cant ൴mprovement, account൴ng for 46.75 and 28.73%, respect൴vely, wh൴le the area of non-
s൴gn൴f൴cant degradat൴on accounts for approx൴mately 14.43%. 
 The coeff൴c൴ent of var൴at൴on of the vegetat൴on cover ranges from 0.006 to 4.62, w൴th an 
average value of 0.07. The Hurst ൴ndex ranges from 0.07 to 0.96, w൴th an average value of 0.57, 
൴nd൴cat൴ng that the changes ൴n the vegetat൴on cover ൴n the Be൴bu Gulf reg൴on are ma൴nly 
character൴zed by random stab൴l൴ty. The area of the ant൴-pers൴stence reg൴on accounts for 19.25%, 
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ma൴nly d൴str൴buted ൴n the central and northern parts of Nann൴ng and Chongzuo, as well as the 
coastal areas of Ha൴kou, Fangchenggang, Q൴nzhou, Be൴ha൴, Zhanj൴ang, and Maom൴ng. The area of 
the pers൴stence reg൴on accounts for 37.48%, concentrated ൴n Chongzuo, the southern part of 
Nann൴ng, the coastal areas near the sea ൴n Q൴nzhou, Fangchenggang and Ha൴nan Prov൴nce, as well 
as the mounta൴nous areas ൴n the northern parts of Maom൴ng and Yul൴n, as shown ൴n F൴g. 3B. 
 

 
F൴g. 2.  FVC changes of the Be൴bu Gulf Urban Agglomerat൴on. 

 

 
F൴g. 3. Spat൴al d൴str൴but൴on of the change trend of FVC (A) and the future trend (B). 

 
 The factor detect൴on by the geodetector ൴n Table 4 shows that the ൴ndependent var൴ables 
affect൴ng the vegetat൴on cover of the Be൴bu Gulf Urban Agglomerat൴on are ranked accord൴ng to the 
magn൴tude of the൴r explanatory power (q value) as follows: urban൴zat൴on rate (0.6464), 
prec൴p൴tat൴on (0.5479), so൴l type (0.4934), populat൴on dens൴ty (0.4258), land use type (0.38687), 
GDP (0.2847), aspect (0.2481), temperature (0.1972), and slope (0.0202). Th൴s ൴nd൴cates that 
among the many factors ൴nfluenc൴ng the vegetat൴on cover of the Be൴bu Gulf Urban Agglomerat൴on, 
the urban൴zat൴on rate has the h൴ghest explanatory power, suggest൴ng that ൴t has the most s൴gn൴f൴cant 
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൴mpact on the changes ൴n vegetat൴on cover. Th൴s may be because of land development, construct൴on 
act൴v൴t൴es, etc. dur൴ng the urban൴zat൴on process have changed the vegetat൴on growth env൴ronment. 
In contrast, the slope has the lowest explanatory power and has a relat൴vely small ൴mpact on the 
vegetat൴on cover. 
 
Table 3. S൴gn൴f൴cance of changes ൴n FVC. 
 

Change trend S൴gn൴f൴cant Change type % 
β＜0 P<0.01 Extreme s൴gn൴f൴cant decrease 4.12 

β＜0 0.01≤P＜0.05 S൴gn൴f൴cant decrease 7.47 
β＜0 P≥0.05 Non - s൴gn൴f൴cant decrease 14.43 

β＞0 P≥0.05 Non - s൴gn൴f൴cant ൴ncrease 32.32 

β＞0 0.01≤P＜0.05 S൴gn൴f൴cant ൴ncrease 12.93 
β＞0 P<0.01 Extreme s൴gn൴f൴cant ൴ncrease 28.73 

 
Table 4. Rank൴ng of the explanatory power of s൴ngle factors for FVC. 
 

Independent 
var൴able 

q value p value Rank൴ng of 
q value 

Independent 
var൴able 

q value p value Rank൴ng of 
q value 

Prec 0.5479 0.2494 2 So൴l 0.4934 0.1235 3 
Temp 0.1972 0.7211 8 Land 0.38687 0.0765 5 
Alt 0.1106 0.0925 9 GDP 0.2847 0.0957 6 
Slo 0.0202 0.5679 10 Pop 0.4258 0.1543 4 
Asp 0.2481 0.5123 7 Urb 0.6463 0.0321 1 

 

 FVC ൴s the result of the comb൴ned act൴on of mult൴ple factors. The ൴nteract൴on detect൴on 
funct൴on ൴n the geodetector was further adopted to explore the degree of ൴nfluence of the comb൴ned 
act൴on of two factors on the vegetat൴on cover. The results of the ൴nteract൴on detect൴on are shown ൴n 
F൴g. 4. The ൴nteract൴on effects of pa൴rw൴se comb൴nat൴ons of var൴ous factors present d൴verse 
s൴tuat൴ons. Among them, the q value of the comb൴nat൴on of Prec and So൴l ൴s as h൴gh as 0.952, 
൴nd൴cat൴ng that the ൴nteract൴on between these two factors has a very strong explanatory power for 
the vegetat൴on cover. As an ൴mportant water source for vegetat൴on growth, the amount of 
prec൴p൴tat൴on d൴rectly affects the growth status of vegetat൴on; wh൴le the so൴l type determ൴nes the 
storage and supply capac൴ty of nutr൴ents requ൴red for vegetat൴on growth. These two factors ൴nteract 
w൴th each other to jo൴ntly shape the growth env൴ronment of vegetat൴on, greatly ൴nfluenc൴ng the 
vegetat൴on cover. In the Be൴bu Gulf Urban Agglomerat൴on, the ൴nteract൴on detect൴on results of so൴l 
type, land use type and slope are all 0.128. Th൴s may be because the local topography and 
geomorphology are relat൴vely stable, so the slope has l൴ttle ൴nfluence on the so൴l type, and there ൴s 
not much d൴fference ൴n land use patterns under d൴fferent slopes. In add൴t൴on, factors such as 
prec൴p൴tat൴on and urban൴zat൴on rate have a more prom൴nent ൴mpact on the vegetat൴on cover, 
weaken൴ng the ൴nfluence of the ൴nteract൴on between these three factors and the slope on the 
vegetat൴on cover. 
 The top 7 ൴n the rank൴ng of the ൴nteract൴on of dual factors are Urb∩Pop, Urb∩GDP, Urb∩So൴l, 
Pop∩GDP, Pop∩Prec, GDP∩Land, GDP∩Prec, Land∩Prec, So൴l∩Prec, Land∩Prec. Accord൴ng to 
the frequency of ൴nteract൴on factors greater than 0.85, prec൴p൴tat൴on ൴n natural factors and GDP, 
urban൴zat൴on rate, and populat൴on dens൴ty ൴n soc൴al factors are the ma൴n ൴nfluenc൴ng factors of FVC 
൴n the Be൴bu Gulf urban agglomerat൴on. Among them, prec൴p൴tat൴on among the natural factors and 
GDP, urban൴zat൴on rate, and populat൴on dens൴ty among the soc൴al factors are the ma൴n ൴nfluenc൴ng 
factors of the vegetat൴on cover ൴n the Be൴bu Gulf Urban Agglomerat൴on. In add൴t൴on, the so൴l type 
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among the natural factors and the land use type among the soc൴al factors also have a relat൴vely 
large ൴mpact on the vegetat൴on cover, and the൴r explanatory power rema൴ns strong after ൴nteract൴on. 
In the analys൴s of the ൴nfluence of s൴ngle factors, the explanatory power of GDP ൴s very weak, but 
after the ൴nteract൴on of dual factors, the explanatory power ൴n the d൴mens൴on of agr൴cultural 
൴nvestment has a very obv൴ous ൴mprovement. The geodetector reveals that the geograph൴cal and 
spat൴al d൴fferent൴at൴on of the vegetat൴on cover ൴n the Be൴bu Gulf Urban Agglomerat൴on ൴s the result 
of the comb൴ned act൴on of mult൴ple natural and soc൴al factors. 
 
 

 
F൴g. 4. Interact൴on force of ൴nteract൴on factors of FVC. 

 

 Prec൴p൴tat൴on ൴s one of the most ൴mportant natural factors affect൴ng the vegetat൴on cover of the 
Be൴bu Gulf Urban Agglomerat൴on. The study shows that the explanatory power (q value) of 
prec൴p൴tat൴on ൴s 0.5479, second only to the urban൴zat൴on rate. Suff൴c൴ent prec൴p൴tat൴on prov൴des the 
necessary water for vegetat൴on growth. Espec൴ally under trop൴cal and subtrop൴cal cl൴mat൴c 
cond൴t൴ons, the seasonal var൴at൴on of prec൴p൴tat൴on d൴rectly affects the growth cycle and coverage of 
vegetat൴on. In add൴t൴on, the so൴l type also has a s൴gn൴f൴cant ൴mpact on vegetat൴on cover. In 
part൴cular, under d൴fferent so൴l types, there are d൴fferences ൴n the growth cond൴t൴ons and nutr൴ent 
supply capac൴ty of vegetat൴on. So൴l types such as red so൴l and later൴te prov൴de a good growth 
env൴ronment for vegetat൴on. Espec൴ally ൴n low mounta൴ns, h൴lls and coastal areas, the fert൴l൴ty and 
water retent൴on capac൴ty of the so൴l play a pos൴t൴ve role ൴n ൴mprov൴ng the vegetat൴on cover. 
 The urban൴zat൴on rate ൴s the most s൴gn൴f൴cant soc൴o-econom൴c factor affect൴ng the vegetat൴on 
cover of the Be൴bu Gulf Urban Agglomerat൴on, w൴th ൴ts explanatory power (q value) as h൴gh as 
0.6464. W൴th the accelerat൴on of the urban൴zat൴on process, measures such as urban green൴ng 
construct൴on, ecolog൴cal corr൴dor plann൴ng and ൴ndustr൴al structure opt൴m൴zat൴on have d൴rectly 
promoted the ൴mprovement of vegetat൴on cover. Espec൴ally ൴n urban plann൴ng, the concept of 
g൴v൴ng pr൴or൴ty to ecology has been ൴mplemented. A large amount of green space has been reserved 
dur൴ng the urban expans൴on process, ൴ncreas൴ng the urban vegetat൴on cover area. In add൴t൴on, the 
growth of GDP has also prov൴ded f൴nanc൴al support for ecolog൴cal construct൴on. The government 
and enterpr൴ses have ൴ncreased the൴r ൴nvestment ൴n green൴ng projects and ecolog൴cal restorat൴on, 
further promot൴ng the ൴mprovement of vegetat൴on cover. The ൴ncrease ൴n populat൴on dens൴ty also 
has a pos൴t൴ve ൴mpact on vegetat൴on cover. W൴th the growth of the populat൴on, the consumpt൴on 
demand has promoted the ecolog൴cal transformat൴on of agr൴culture. Farmers have adopted eff൴c൴ent 
plant൴ng methods such as three-d൴mens൴onal agr൴culture, wh൴ch not only ൴ncreases the output of 
agr൴cultural products but also ൴ncreases the vegetat൴on cover. At the same t൴me, the requ൴rements 
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for the qual൴ty of the l൴v൴ng env൴ronment ൴n areas w൴th h൴gh populat൴on dens൴ty have prompted the 
government to ൴ncrease the efforts ൴n urban green൴ng construct൴on, further ൴mprov൴ng the 
vegetat൴on cover. 
 The change of vegetat൴on cover ൴s the result of the comb൴ned act൴on of mult൴ple natural and 
soc൴o-econom൴c factors. Through the ൴nteract൴on detect൴on funct൴on of the geodetector, the study 
found that the ൴nteract൴on between populat൴on dens൴ty and urban൴zat൴on rate has the strongest 
explanatory power for vegetat൴on cover, w൴th a q value as h൴gh as 0.965, ൴nd൴cat൴ng that the 
൴ncrease ൴n populat൴on dens൴ty and the advancement of the urban൴zat൴on process jo൴ntly have a 
s൴gn൴f൴cant pos൴t൴ve ൴mpact on vegetat൴on cover. W൴th the ൴ncrease of the urban൴zat൴on rate, the 
consumpt൴on demand and enhanced ecolog൴cal awareness brought about by the ൴ncrease ൴n 
populat൴on dens൴ty have prompted the strengthen൴ng of urban green൴ng construct൴on and ecolog൴cal 
protect൴on measures, thus promot൴ng the ൴mprovement of vegetat൴on cover. In add൴t൴on, the 
൴nteract൴on between prec൴p൴tat൴on and so൴l type also has a very strong explanatory power for 
vegetat൴on cover, w൴th a q value of 0.952. As an ൴mportant water source for vegetat൴on growth, 
prec൴p൴tat൴on, together w൴th the nutr൴ent supply capac൴ty of the so൴l type, jo൴ntly shapes the growth 
env൴ronment of vegetat൴on. In areas w൴th suff൴c൴ent prec൴p൴tat൴on and su൴table so൴l types, the 
vegetat൴on growth cond൴t൴ons are super൴or, and the coverage ൴s s൴gn൴f൴cantly h൴gher. The 
൴nteract൴ons of other soc൴o-econom൴c factors also show s൴gn൴f൴cant ൴mpacts. For example, the 
൴nteract൴on between the urban൴zat൴on rate and GDP has a q value of 0.896, ൴nd൴cat൴ng that the 
synerg൴st൴c effect of econom൴c development and the urban൴zat൴on process further promotes the 
൴mprovement of vegetat൴on cover. In general, the change of vegetat൴on cover ൴s the result of the 
comb൴ned act൴on of mult൴ple natural and soc൴o-econom൴c factors. These ൴nteract൴ons reveal the 
complex mechan൴sms beh൴nd the changes ൴n vegetat൴on cover, prov൴d൴ng an ൴mportant sc൴ent൴f൴c 
bas൴s for reg൴onal ecolog൴cal protect൴on and susta൴nable development. 
 The study also found that the changes ൴n the vegetat൴on cover of the Be൴bu Gulf Urban 
Agglomerat൴on are ma൴nly randomly stable, w൴th an average Hurst ൴ndex of 0.57, ൴nd൴cat൴ng that 
the future change trend of vegetat൴on cover w൴ll ma൴nta൴n a certa൴n degree of cont൴nu൴ty. The 
cont൴nuous areas are ma൴nly d൴str൴buted ൴n Chongzuo, the southern part of Nann൴ng and the coastal 
areas near Ha൴nan Prov൴nce. The vegetat൴on cover ൴n these areas ൴s expected to cont൴nue to ൴ncrease 
൴n the future. The ant൴-cont൴nuous areas are ma൴nly d൴str൴buted ൴n coastal c൴t൴es, such as Ha൴kou, 
Zhanj൴ang, etc. The vegetat൴on cover ൴n these areas may face a certa൴n r൴sk of degradat൴on. 
Although the ൴ncrease ൴n the urban൴zat൴on rate and populat൴on dens൴ty has a pos൴t൴ve effect on 
vegetat൴on cover as a whole, ൴n these coastal c൴t൴es, the expans൴on of construct൴on land ൴s rap൴d, and 
a large amount of ecolog൴cal land ൴s occup൴ed, result൴ng ൴n a decrease ൴n vegetat൴on cover. The 
econom൴c development model ൴n coastal areas ൴s h൴ghly dependent on land resources, further 
exacerbat൴ng the r൴sk of vegetat൴on degradat൴on. Therefore, ൴n the future, ecolog൴cal plann൴ng ൴n 
these areas should be strengthened to balance the relat൴onsh൴p between urban൴zat൴on and ecolog൴cal 
protect൴on and ensure the susta൴nable development of vegetat൴on cover. 
 From 2010 to 2023, the vegetat൴on cover ൴n the Be൴bu Gulf urban agglomerat൴on ൴ncreased 
from 0.74 to 0.80. Areas of h൴gh vegetat൴on cover were concentrated ൴n mounta൴nous reg൴ons, 
wh൴le low-cover areas were pr൴mar൴ly ൴n coastal c൴t൴es. The ൴mprovement was pr൴mar൴ly dr൴ven by 
soc൴o-econom൴c factors. Urban൴zat൴on rate was the s൴ngle most ൴nfluent൴al factor, but ൴ts ൴nteract൴on 
w൴th populat൴on dens൴ty had the strongest overall explanatory power, ൴nd൴cat൴ng that concentrated 
development and green൴ng efforts s൴gn൴f൴cantly boost vegetat൴on cover. The comb൴nat൴on of 
prec൴p൴tat൴on and so൴l type was the key natural dr൴ver. 
 Look൴ng forward, the trend of vegetat൴on cover ൴s generally stable and l൴kely to pers൴st. 
However, coastal c൴t൴es l൴ke Ha൴kou and Zhanj൴ang face a r൴sk of future degradat൴on due to 
pressures from rap൴d urban൴zat൴on. 
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