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Abstract: Urbanization-induced land use transition results in a decline in ecosystem services, which
has implications for regional ecological security. In order to explore the relationship between
ecosystem services and land use transition, this paper utilizes the InVEST model, geographically
weighted regression model to examine the impact of land use transition on ecosystem services in
the Dongting Lake area (DLA). The results showed that (1) During the period 2000-2020, the
intensity and motivation of land-use transition showed obvious spatial and temporal heterogeneity
with the variation of urbanization development. (2) Habitat quality and Carbon sequestrations
showed a downward trend. In contrast, food supply followed an upward trend; soil conservation
and water yield services initially increased and dropped later. The overall spatial changes in habitat
quality and Carbon sequestration appear to be insignificant. Food supply shows significant
differences in the plains compared to other areas; while soil conservation and water yield service
shows significant changes in places other than the DLA. (3) From 2000 to 2020, land use transition
dynamics, population density, GDP density, night lighting and transition intensity had mainly
negative effects on ecosystem services. Only the Normalized Vegetation Index (NDVI) showed a
positive effect on ecosystem services. The results of the research will provide valuable references for
the development and implementation of spatial ecological restoration planning and land use
policies in the national territory.

Keywords: ecosystem service; Dongting Lake area; land use transitions; InVEST model; GWR

1. Introduction

Since the 21st century, with growing urbanization and industrialization [1], the large-scale
growth of building land has led to noticeable shifts in land use, in which natural and semi-natural
habitats classes have shifted towards artificial habitats classes. In addition, current research has
identified habitat fragmentation, soil quality deterioration, and increasing environmental
contamination as direct effects of human over-exploitation [2]. These repercussions are
predominantly driven by land use transition (LUT), which considerably alters the balance between
the supply and demand of ESs, leading to changes in their providing ecosystem functions [3].
Therefore, disclosing the impacts on ESs in the process of LUT is vital for the creation and
implementation of ecological restoration planning and land use regulations in the territorial area.

LUT is the result of the interaction between social and natural factors and plays an important
role in regulating socioeconomic development and ecological restoration [4]. The meaning of change,
its effects, and other facets have been the subject of several academic studies.Explicit and implicit
LUT modes are distinguishable among them based on their respective connotations [5]. Implicit LUT,
on the other hand, primarily refers to changes in land use functions, including various land attributes
in terms of property rights, inputs, outputs, production, etc. Among them, explicit LUT refers to
changes in land use structure (i.e., quantitative and spatial structure) [6,7].In terms of effect, LUT has
caused changes in land use structure, which has led to the reduction of ecological land, thus causing
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ecological environment damage [8]. Among them are ESs, which people rely on for direct or indirect
environmental benefits. Research has demonstrated that ESs are a key component of ecological
security [9]. Natural variables like temperature and rainfall, as well as socioeconomic factors like
population growth, construction site expansion, and economic development, all have an impact on
ESs [10]. Of these, land use change has a major impact on ESs [11]. Prior research has mostly examined
how changes in land use structure affect ESs without taking into account how these changes affect
ESs themselves during the LUT process [12]. Furthermore, research on the effects of changing land
use on ESs is primarily conducted at the administrative division level [13-15]. This limits the ability
to suggest relevant planning for the area and makes it challenging to characterize the phenomenon’s
local changes.

The DLA is an important part of the Yangtze River Basin and an important area for ecological
restoration and food supply in China. The urbanization process has led to a drastic transition of land
use in the area and has had a serious impact on area ESs. Therefore, this study takes the DLA as the
research object, reveals the land use transition and ESs on the grid scale from 2000 to 2020 in a multi-
dimensional measurement, and explores the impact mechanism of land use transition on ESs using a
geodetector model, with the aim of answering the following scientific questions: (1) What is the
pattern of change in ESs under the process of land use transition? (2) How does LUT affect ESs? In
order to provide theoretical support for the high-quality development of land space in the DLA. In
order to give theoretical support for the high-quality development of land space in the DLA [16].

2. Materials and Methods

2.1. Study Area

DLA (28°30'N-29°40'N, 113°10'E-114°40'E) is the second largest freshwater lake in China [17]. It
is located in the northern part of Hunan Province and the southern part of Hubei Province, as well
as an essential storage lake and ecological security function area in the Yangtze River basin [18]. This
area is overall dominated by plains, which can be broadly classified into four types: lake water bodies
and shoals, plains around the lake, hills and low mountains around the lake area, valley plains and
hills [19]. The present investigation focused on a subset of 19 counties (cities and districts) from the
three prefecture-level cities of Yueyang, Yiyang, and Changde in the DLA [20]. These included
Yueyang City, Linxiang City, Yueyang County, Huarong County, Miluo City, Xiangyin County,
Yiyang City, Yuanjiang City, Nan County (including the Datong Lake area), Changde City, Hanshou
County, Anxiang County, Li County, Jin City, and Linli County [21]. As shown in Figure 1, the total
area is about 25,800 km? occupying 12.18% of Hunan Province. By the end of 2020, the resident
population is about 10,705,800, which is about 16.11 per cent of the province. The GDP reached 710.44
billion yuan, with approximately 17 % of the province.
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Figure 1. Geographic location and land use classification of DLA (DEM in the figure is a digital

elevation model, which is a discrete mathematical depiction of the topography of the earth’s surface).

2.2. Data Sources and Processing

2.2.1. Data Sources

The data mainly include land use data, food supply, carbon density, night light data, and others,
as shown in Table 1.

Table 1. Data sources.

Data name

Description of the
data

Source of data

Nighttime
Lighting Data

Currently, nighttime
light data (NTL) is
provided by the
Defense
Meteorological
Satellite Program
Operational Line Scan
System (DMSP/OOLS)
and the Defense
Meteorological

Satellite Program

In this paper, the Center for Resource and
Environmental Sciences and Data
(https://www.resdc.cn) of the Institute of Geographic
Sciences and Resources, Chinese Academy of
Sciences (IGSR, CAS) was selected
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Operational Line Scan
System (DMSP/OOLS)
with a spatial
resolution of 1 km x 1
km [22].

Population
density

The population
density datasets for
2000, 2010 and 2020
are available under the
Creative Commons
Attribution 4.0
International License
at a spatial resolution
of 1 km x 1 km.

Taken from ORNL LandScan Viewer - Oak Ridge

National Laboratory (landscan.ornl.gov).

GDP intensity

Gross domestic
product (GDP), as an
essential and
comprehensive
statistical indicator in
the accounting system,
shows the rate of
economic
development of the
new China. Also
known as gross
domestic product
(GDP), itis an
indicator that
measures the results of
productive activities in
resident units. The
spatial resolution of
GDP data for 2000,
2010, and 2020 is 1 km

x 1 km.

Retrieved from Center for Resource and
Environmental Sciences and Data, Institute of
Geographic Sciences and Resources, Chinese

Academy of Sciences (https://www.resdc.cn)

Food supply

Cereals, sugar crops,
oil crops, meat, milk
and fruits were the
major food types used

in this study.

Sourced from China Statistical Yearbook (2001-2020)
and China Rural Statistical Yearbook (2001-2020),
and data on caloric composition of different foods
were obtained from U.S. agricultural databases and

related studies [4].
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Habitat quality

Land use data were
primarily used for the
habitat quality
calculations derived
from the inVEST
Habitat Quality
Module.

Habitat quality related parameter settings are taken

from existing literature [23].

Carbon density
data

Mainly used as a
reference for carbon
density data for

various carbon pools

Data were mainly obtained from the literature [24-
26].

Water yield

services data

Derivation of the
inVEST water

production module.

Precipitation data are from the annual spatial
precipitation interpolation dataset of China since
2000 (http://www.resdc.cn/data.aspx?DATAID=229),
potential evapotranspiration data are from World
Climate
(https://www.worldclim.org/data/worldclim21.html),
watershed and sub-basin boundary data based on
DEM'’s Chinese watershed and river network
extraction dataset
(http://www.resdc.cn/DOI/doi.aspx?DOIid = 44).

Soil data

The soil data
resolution is 1000
meters, and the terrain
ASTER GDEM data

resolution is 30m

National Cryosphere Desert Data Centre
(https://www.ncdc.ac.cn); Geospatial Data Cloud
(http:// www.gscloud.cn).

2.3. Methodology

2.3.1. Land Use Transition Intensity (LUI)

LUI is an important metric of land use function [27]. From a socio-economic standpoint, LUI can

d0i:10.20944/preprints202404.1614.v1

indicate varied degrees of land transitions, development, and exploitation. The study will take each
land raster as a sampling point, generate a 1 km x 1 km grid, and calculate the LUI of each grid
independently. As in Figure 3. Each land use type, It can be defined as the ability of different land
use types to provide products and services to for human beings [22]. Their contribution to LUI is
consistent with their weights. Therefore, by using the grid, LUI can be calculated by the following
formula:

LUI =% (B,/ B)xC,
i=1
Here, B represents the total land area, Mis the number of land use types (n=6 in this study),

B, is the area of each land use type, and G is the value of the degree of exploitation of the land use
type [27]. LUI can be classified into four categories, each of the land use types within each category
has the same value. Specifically, the value of industrial, urban and rural-urban land, which known

M
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as build-up land, is defined as “4”. It is the main carrier of social and economic activities in human
history; Farmland has a value of “3” since this land use type has both socio-economic and natural
attributes. The Chinese Government reinforces the protection of farmland, grassland and woodland
resources owing to their ecological functions [9], which are assigned a value of 2; Bare land is valued
at “1”, as such land has yet to be developed for socio-economic activities.

2.3.2. Land Use Dynamics model (LUD)

LUD can describe the rate and trend of land transition and reflect its overall characteristics
within a region in the time dimension [28]. Similarly, this paper uses the grid as the basic unit for
LUD calculation. The specific equations are given below [29]:

ZB"*-/' 1 @)
LUD =+ X x100%
Bt —t

a

AB,_,;
Here, Bis the total land area; n is the number of land use types (n=6 in this study), and g
is the area where land use type i is transformed into land use type j [31]. The difference between b

and L, represents the time of the study. Broadly speaking, the larger the LUD, the faster and larger
the land use transition. The trend will also be more pronounced, and vice versa.

2.3.3. Methods for Quantifying Ecosystem Services (ESs)

ESs can be categorised into four types: provisioning services (providing food and water),
regulating services (controlling floods and diseases), cultural services (spiritual, entertainment, and
cultural benefits), and supporting services (nutrient cycling that maintains the environment for life
on earth) [32]. In this study, Carbon sequestration, water yield services, food production, habitat
quality, and soil conservation were selected. Among them, Carbon sequestration and soil
conservation are regulating services; Water yield services and food production belong to supply
services; and habitat quality is a supporting service. The specific measurement formula is shown in

Table 2.
Table 2. Formulas and descriptions of ecosystem service calculations.
ESs Calculation formula Description
Carbon Where CS is the total
. CS = Cabove + Cbelow + Csoil + Cdead
sequestration sequestered carbon
(CS) c
supply (t/ha), ~2bove g

above-ground biochar,

C

below g helow-

ground biochar, Cooi

is organic carbon in soil

and Coeas is dead

organic carbon. These

four carbon pools were
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obtained from the
results of a literature
review [26-28].

Water yield

AET,
V==t xE,

X

services

(WY)

Here Yo is the annual

water yield in pixel x in

land use type j; x and j
AET.,

in %J are the

actual annual
evapotranspiration in
pixel x in land use type
j, which was estimated
based on the reference
evapotranspiration
data, land use data, and

related parameter data.

* js the annual

precipitation in pixel x,
which was compiled
using precipitation data
from the study area.
Parameter data for
estimating water yield
such as biophysical
tables and tensor
constants were
obtained through
literature review
[23,33].

(FS) B=) > A,xP,

k=1 c=1

Food supply e

Food availability in a given area c can be calculated

using the following formula:
P Y, xE,
p 1

— i —
cki — k c - k c
Z k=1 c=1 Acki Z k=1 c=1 Acki

Here P’ is the total

food energy produced

in the area (KJ), Ak is

the area occupied by
food C in the area Iin

the land use type K

(HM?2) and P is the
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supply per unit area of
the corresponding food
C. Y. here for a given
area is the yield of the
different food types ¢
(kg) and E, is the

calorie content of the

different foods (kJ/kg).
Habitat D* Here R isthe threat
b
quality (HQ) ij =H J 1-( Z Z ) factor, Y is the
Dy +k

number of image

0 elements of the grid
Here the =4/ series is the habitat quality of the grid
layer cells of the threat

x . . j k . ._ .
in the habitat type 7 ," is a semi-saturation factor 7', Y, is the total

H. o ) number of cells
constant,  ’ the suitability of the habitat for the
occupied by the threat

habitat type / and the Qu series is the degree of factor, ™ is the

disturbance of the habitat type J onthe grid X such weight of the threat

factor 7' taking values
that the

Y,

r

r
R in the range of [0,1]. ”

R Y,
S5 S

r Iy - . .
0Oy, /s seriese 3 ¥ — by B.S) by is the value of the

threat factor of the grid

:1_(d =) Y (0or1), T 1 is the

rmax

degree of disturbance
of the grid threat factor
7' on the habitat grid,

Jris the sensitivity of

the habitat type J to

the threat factor 7, B x

is the availability of the
grid * taking values

in the range [0,1].
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Degree of disturbance

i”‘y Here dxy is the
linear distance between
grids ¥ and Y and
d

rmax - jg the maximum

working distance 7 of

the threat factor [34].

where R is the rainfall

; 1.5xlog;y 22 |-0.8188
ol . R= le 1.735x% 10H o ] } erosion rate,
conservation i
(SC) SIL SIL MJ-mm/(ha‘hr-yr); Pijs
K= {0.2 +0.3exp[0.256SAN(1 - @)]} x (CLA + SIL)”
the monthly
" 0.25C )x(l 0.71-S4N) ) precipitation

CCrexpB.72-295C) © (1-SAN)+expR.2%(1—SAN)]-5.51

(mm/month); and P s
the annual precipitation
(mm/year).

K is the erodibility of
the soil using the
Erosion  Productivity
Impact Calculator
(EPIC) model [35]
where SAN, SIL, CLA,
and C stand for the
proportions of organic
matter, sand, silt, and
clay in the soil,

respectively.

2.3.4. Geographically Weighted Regression (GWR)

GWR model is a classic model for analysing spatial heterogeneity. It captures the effect of
geographical location on the relationship between dependent and independent variables. Compared
with other models GWR has higher accuracy. And the ecosystem service observation data in this
paper are spatially correlated. Therefore, the temporal attributes in the geographically weighted
regression are linked to the spatial attributes, which reflects the spatio-temporal drive mechanism of
the explanatory power of the independent variable on the dependent variable. The specific formula
of the GWR model is presented below:

P
Yij:ﬂo(/ui’vﬂli)+Zﬂk(:uiﬂviﬂti)Xik+gi 3)

k=1

ij
Where, is ecosystem services (ESs) in grid ij, a normalised means of 5 categories of

vy t)

ecosystem services; Cety represents the spatial and temporal coordinates of sampling point
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i; Bolps v 1) is the regression constant for sampling point i; Blps v 1) represents the k

th regression parameter for sample point i; X is the driving factor k for sampling point i; and &
is the residual term of the model.

3. Results

3.1. Characteristics of Spatial and Temporal Changes in LUT

Overall, the LUI fluctuates slightly, with average values of 237.99, 235.82 and 238.92 in 2000,
2010 and 2020, of which the average annual growth rate of the LUI from 2000 to 2010 is -0.22 and that
from 2010 to 2020 is 0.31. On the contrary, LUD shows a trend of increasing and then decreasing, and
the average values of 2000-2010 and 2010-2020 are 5.58 and 5.62, respectively. The spatial land use
dynamics The high value areas in 2000-2010 are mainly around the lake area and in the urban
expansion area; the high value areas in 2010-2020 are mainly dispersed in the urban and rural areas
as well as in the urban expansion area (see Figure 2). The distribution of high value areas of land use
transition intensity in 2000, 2010 and 2020 is concentrated in the DLA, which indicates that the
topography of the region is good and the land resources are fully utilized.

300.00 7.00

250.00 I 6.00

[\
O8]

7.99 i 235.82 562 238.92

F 4.00

2000 2010 2020

- U] LUD

Figure 2. Intensity of land use transition and motivation, 2000-2020.

From 2000 to 2010, the high-value area of LUD for land use transition motivation was mainly
concentrated in the eastern coastal area at the northern end of DLA and in Urban construction areas
around the area; while from 2010 to 2020, the high-value area of LUD for land use transition
motivation is mainly concentrated in the suburbs of the cities and urban and rural areas, especially
the townships and townships around the cities, with a large range of land use changes and slowing
down of the change motivation around the lake area (see Figure 3).
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Figure 3. Intensity of land use transition and dynamics of motivation.

3.2. Characteristics of Spatial and Temporal Changes in ESs

The temporal and spatial variations over the period 2000-2020 for different ESs. As shown in
Table 3 and Figure 4, the mean value of WY increased from 490.18 mm in 2000 to 902.01 mm in 2010.
High-value areas are distributed in the southeastern and southern hilly areas; low-value areas are
spread in the waters of the DLA. The mean value of WY increased from 902.01 mm in 2010 to 690.10
mm in 2020. High-value areas are sporadically scattered; low-value areas are still distributed in the
waters of the DLA. The average value of CS decreases from 2289. 35t/hm? in 2000 to 2255. 01t/hm? in
2010, and the high-value areas are distributed in the hilly areas and the DLA, while the low-value
areas are distributed in the plains. The average value of CS in 2010 decreased from 2255. 01t/hm? to
2247. 46t/hm? in 2020. High values are still distributed in the hilly mountainous areas and the DLA;
low values are distributed in the built-up areas and in part of the waters of the DLA. the average
value of SC in 2000 increased from 1088. 32t/ha*ha? to 1822.64t/ha%/ha? in 2010. High values are
distributed in the mountainous areas at the edges of the study area; low values are distributed in the
DLA. The mean value of SC increased from 1088.32t/ha%/ha? in 2000 to 1822. 64t/ha?/ha? in 2010. High
value areas were distributed in the marginal mountains of the study area; low value areas were
distributed in the watershed of DLA. The mean value of SC decreased from 1822. 64t/ha/ha? in 2010
to 626. 29t/ha*/ha? in 2020. High value areas were distributed in the marginal mountains; low value
areas were distributed in the watershed of DLA. The mean value of HQ decreased from 0.71 in 2000
to 0.71 in 2020. The mean value of HQ decreased from 0.71 in 2000 to 0.697 in 2010. High-value areas
are distributed in the marginal mountains of the study area as well as in the DLA; low-value areas
are distributed in the urban areas. the mean value of HQ decreased from 0.697 in 2010 to 0.695 in 2020.
High-value areas are still distributed in the marginal mountains as well as in the DLA; low-value
areas are still distributed in the urban areas. The mean value of FP decreased from 47,408,555.0 in
2000 to 0.695 in 2020. The average value of FP increased from 4740855.49 K] in 2000 to 6024647.79 K]
in 2010. High-value areas were distributed in the plains and hills of the DLA; low-value areas were
distributed in the marginal mountains of the study area and in the DLA. The average value of FP in
2010 increased from 60246447.79 KJ to 7036502.47 K] in 2020. High-value areas are still distributed in
the DLA. The high-value areas are still distributed in the plains and hills of the DLA; the low-value
areas are still distributed in the mountains at the edge of the study area and in the DLA.

Table 3. Changes in ecosystem services, 2000-2020.

Types of ESs 2000 2010 2020

WYy 490.726 902.007 690.102
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CSs 2289.954 2255.008 2247.457
SC 1088.317 1822.635 929.607
HQ 0.711 0.698 0.695
ES 4740855.28 6024647.791 7036502.467

Note: The unit of WY is mm; the unit of CS is t/hm?; the unit of SC is t/ha*/ha?; the unit of FS is KJ.

o Increase
200Km

S Decrease

Figure 4. Changes in various types of ecosystem services, 2000-2020.

3.3. Spatial and Temporal Correlation between LUT and ESs

The regression parameters of TES between and socio-economics are less variable than those
between natural ecological factors (e.g., Figures 5 and 6). The regression coefficients of NDVI ranged
from -0.097836 to 0.208317, with the largest changes in regression coefficients and significant spatial
heterogeneity. During the period of 2000-2010, 85% of the grids consisted of negative coefficient
spaces, whereas the positive coefficient spaces were distributed in the southwest of DLA; between
2010 and 2020, the proportion of negative coefficient spaces decreased significantly, while positive
coefficient spaces were distributed in the east coast, the western basin and the southern edge of the
study area.

The regression coefficients of LUD ranged from -0.001908 to 0.000521.The magnitude of change
of the regression coefficients varied slightly, and the spatial heterogeneity turned out to be weaker.
During 2000-2010, 60% of the grids were negative coefficient spaces, and relatively positive coefficient
spaces were mainly distributed in the southern part of DLA, the southwestern edge and the
northwestern part of the study area.From 2010 to 2020, the positive coefficient spaces varied


https://doi.org/10.20944/preprints202404.1614.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 May 2024 d0i:10.20944/preprints202404.1614.v1

13

significantly, and the proportion of negative coefficient spaces increased substantially. Positive
coefficient space is mainly distributed in the southwestern part and the northeastern part of the study
area.

In addition, the regression coefficients of LUI ranged from -0.000593 to 0.000370, with small
variations and weak spatial heterogeneity.The positive coefficients for the period of 2000-2010 were
mainly in the southern and eastern parts of DLA, as well as the western and northeastern fringes of
the study area.For the period of 2010-2020, the high value areas were mainly in the northeastern and
southwestern parts of the study area as well as in the south of DLA.

The socio-economic data include population density, GDP density and night light data. The
regression coefficients of the nighttime light data were -0.002690~0.002625. Spatially, the high values
from 2000 to 2010 were mainly concentrated in the east, south and north of DLA, and the southern
part of the western watershed and the northern edge of the study area; Whereas, the high values in
2010-2020 were mainly in the northern, southeastern and southwestern parts of DLA as well as the
northwestern and western edges of the study area. For GDP density, the regression coefficients were
-0.000008~0.000024. The high values in 2000-2010 were distributed in the southern part of the study
area; the high values in 2010-2020 were mainly in the direction of the northwestern part of DLA. The
regression coefficients of population density were -0.000008~0.000011, and the high value areas in
2000-2010 were mainly distributed in the northwestern part of the study area and the western part of
the DLA; the high value areas in 2010-2020 were mainly distributed in the western and northwestern
parts of the study area as well as in the southern part.
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Figure 5. Changes in the coefficients of the role of different influencing factors, 2000-2010.


https://doi.org/10.20944/preprints202404.1614.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 May 2024 d0i:10.20944/preprints202404.1614.v1

14

2010-2020 A

. |
[ —
GWR:LUD

[ [r—

GWR:LUI

water area

GWR:NDVI

I 0.072380 - -0.033832 I -0.000345 - 0.000115 I -0.000557 - -0.000169
I -0.033831 - -0.011914 [ -0.000114 - -0.000041 [ -0.000168 - -0.000024
-0.011913 - 0.002806 -0.000040 - 0.000029 -0.000023 - 0.000116
I 0.002807 - 0.019383 [ 0.000030 - 0.000115 I 0.000117 - 0.000303
I 0.019384 - 0.069122 I 0.000116 - 0.000370 I 0.000304 - 0.000818

- : %‘
[ y—

GWR:GDP

GWR:NLI

9 r R
¥ Bl e
ﬁ g 3 GWR:POP
y v I -0.000008 - -0.000003
I -0.000002 - -0.000001

[ -0.000641 - -0.000216 I -0.000002 - -0.000001
? 2? Kam 0 -0.000215 - -0.000036 0 o.000000
-0.000035 - 0.000123 0.000001 - 0000000 0.000000
[ 0.000124 - 0.000307 [ 0.000001 - 0.000000 [0 0.000001 - 0.000002
[ 0.000308 - 0000786 I 0000001 - 0.000002 I 0.000003 - 0.000008

Figure 6. Changes in the coefficients of the role of different influencing factors, 2010-2020.
4. Discussion

4.1. Impacts of Land Use Transition on Ecosystems under Different Perspectives

The structure of ecosystems (e.g., cropland, woodland, etc.) and processes (e.g., habitat quality)
in the process of land-use transition are affected by human-social factors, which transform natural
ecosystems to maximize human benefits [36]. Meanwhile, the process of land use transition affects
the socio-economic characteristics correspondingly, as demonstrated by the growth of night-time
lighting data, population density and GDP density after the expansion of urban construction land
[37]. As shown in Figure 4, habitat quality and Carbon sequestration show a downward trend, while
food supply trends upward; soil conservation and water yield services initially increase and then
decrease. During the period 2000-2010, the eastern littoral area at the northern of DLA underwent a
dramatic land transition. It is mainly due to the introduction of policies related to the return of
farmland to the lake and forests in 2002, which reduced human occupation of land in the lake area.
This is followed by the expansion of land for urban construction, in which China experienced a high
rate of development in this decade, with rapid growth in urban, rural and city areas.

Land use transition (LUT) has an impact not only on human life and socioeconomic
characteristics, but also on the regional spatial environment [38]. This research used a micro grid scale
to explore the fact that ecosystem services in neighbouring regions are strongly correlated. The
spillover effect makes land use transition affect ecosystem services not only within the same region
but also in neighbouring regions [39]. This study explores the effects of spatial spillovers on
ecosystem service types at a grid scale, with different combinations of influencing factors that
enhance the persuasive power of geographically weighted regression (GWR). The results also
showed that while sensible land use would enhance ESs in nearby areas, socio-economic
development would inevitably lead to a rise in transition intensity. Furthermore, the LUI exhibited a
negative spatial correlation with the majority of ES at the grid scale. After 2013, the area had a sharp
increase in both urban and rural development, and as a result of the loss of forest land and the
accumulation of rural dwelling land, SC services started to diminish. High-value areas of LUD are
primarily concentrated in areas with infrequent human activities, primarily in areas with higher
elevation and lower LUI and LUD. In contrast, the distribution pattern of high-value areas of SC is
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different. These include LUD, which has a negative correlation with it, and the more homogeneous
the land structure with more intact soil, primarily composed of forested land.

4.2. Adjustment of Land Use Transition

In 2000-2010, the central and northern parts of DLA experienced a dramatic land use transition.
It is manifested in the shift of farmland and construction land, followed by a decrease in the intensity
of LUT. This phenomenon is different from the land use transition (LUT) in developed Western
countries, which is mainly driven by market mechanisms [40]. Urbanisation in China, defined by its
scale and efficiency, is dominated by multiple levels of government [41], which leads to the
emergence of clustered spaces. During the period 2010-2020, the transition has slowed down. Thus,
the dynamics of land use declined, spreading in suburban areas. This is the result of industrial
reorganization and competition between ecological and artificial land use. Ultimately, it makes the
land use structure complicated and thus reduces the intensity of LUT. Under the impetus of the rural
revitalization strategy, land-use subjects tend to adjust the land use structure through economic
approaches such as land rent or price to control the speed of agricultural land transition [42], which
could reduce the intensity of LUT. Considering the variability of rural conditions, the transition
should be slow and long-lasting, which is compatible with the general characteristics of transition in
rural areas [43]. The study reveals that land use transition is a mirror of social development. A
comprehensive and scientific LUT system can promote integrated urban-rural development and
provide a reference. In this regard, the land use dynamic model measures the dynamics and trends
of land use transition in the time dimension. It reacts to the efficiency and effectiveness of policy
implementation through the case of ecological protection of DLA. For instance, in the riverfront
development along the Yangtze River in China, the promotion of ecological protection and
remediation of the Yangtze River Basin and the riverfront wetland protection project in the last
decade [44] has provided a rapid improvement in LUT and ESs.

The actual situation of land use can be more realistically reflected in the 1km grid scale. It can
enhance the credibility for the spatial and temporal changes between LUT and various ESs in the
GWR model. Moreover, population density, night light data and GDP density are assessed from a
socioeconomic perspective, which can responds a certain accessibility of human living and
production space. At the same time these anthropogenic factors produce single or multiple impacts
on ecosystem services. The complexity and heterogeneity of anthropogenic disturbances in different
regions further enhance the diversity of ecosystem service distribution patterns and regional
formation mechanisms, especially in urban agglomerations characterised by complex internal
structures [45]. Although this may have been recognised in previous studies, the coexistence of
diversity and heterogeneity of anthropogenic impacts has been overlooked.

4.3. Innovative Points and Outlook

To explore the impact of LUT on the spatial and temporal changes of ecosystem services, this
paper select geographically weighted regression (GWR) to reflect the partial spatial characteristics.
Among them, mountainous areas and waters are intuitively more sensitive than built-up areas, which
makes the variation of ecosystem services related to carbon sequestration and water yield services
different from other areas. This in turn affects the median values of the corresponding coefficients of
variation, which are usually used to characterize the overall GWR results [46]. Future studies should
refine the limitations of quantitative methods for the sake of data accuracy. For example, this study
measured five types of ecosystem services, which cannot fully reflect the regional ecosystem pattern.
In addition, factors such as ecological protection policies should be considered in the future to
improve the mechanism of ecosystem service changes.
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5. Conclusions

In this paper, DLA is selected as the research object. Based on grid scale, we used InVEST and
GWR regression models to analyse the impact of LUT on ESs in the study area from 2000 to 2020.The
main conclusions are as follows:

During the period 2000-2020, the rapid expansion of construction land in the study area led to a
significant LUT. The result demonstrates that the mean value of intensity changed from 237.99 in
2000 to 238.92 in 2020. In particular, The high intensity of LUT is mainly distributed around the DLA,
while the low intensity is mainly distributed in the mountainous areas at the edge of the area.
Additionally, the dynamics of LUT changed from 5.58 in 2000-2010 to 5.62 in 2010-2020. Among them,
the high dynamics in 2000-2010 were mainly distributed in the coastal areas in the northeastern part
of DLA and urban construction areas. Whereas the high dynamics in 2010-2020 were mainly located
in the outskirts of the cities and rural areas.

Different types of ecosystem services displayed spatial and temporal heterogeneity. To be
specific, carbon sequestration services, habitat quality services, and soil conservation have similar
spatial characteristics, and the high values are primarily distributed in high-elevation mountain areas.
In contrast, food production services presented the opposite features, with high values mainly
distributed in plain areas; Soil conservation declined first and then ascended. The low values of water
services are related to the distribution of watersheds.

There are differences in the factors that influence ecosystem services in different periods.
Compared with 2010-2020, NDVI coefficients had the largest value of change in 2000-2010 and the
strongest impact on ecosystem services. Notably, the high values in 2000-2010 converge on the west
side of DLA, while the high value areas in 2010-2020 are scattered all over the research area.
Furthermore, LUI and LUD have more grids with high values in 2000-2010, but the number of grids
with high values decreases in 2010-2020; The NLI has a higher impact coefficient in the high value
range of 2000-2010 compared to 2010-2020. While GDP and POP have the smallest coefficients, which
means that they have the lowest explanatory validity compared to other impact factors. In general,
the findings have significant implications for understanding the relationship and evolutionary
processes between land use transition and ecosystem services.
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