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Abstract: Nanling Mountain region is a typical southern hilly region, which plays an important ecological and
environmental protection role in China's overall land protection pattern. Based on the remote sensing image
data of Longnan City in Nanling Mountain in 2013, 2018 and 2023, this paper interpreted the land use type and
analyzed the land use transfer situation by using Land use transfer flow, and Land use transfer matrix. At the
same time, based on the remote sensing Ecological index (RSEI) model, the ecological environment quality of
Longnan City from 2013 to 2023 was retrieved. The temporal and spatial response model of ecological
environment quality to land use transfer in Longnan City from 2013 to 2023 was discussed based on Spatial
autocorrelation and Geographic detector. The results show that from 2013 to 2023, the decrease of forest land
(16.23km?) and the increase of construction land (13.25km?) were the main land use transfer in Longnan City.
The ecological environment index of Longnan City in 2013, 2018 and 2023 was 0.789, 0.917 and 0.872,
respectively, showing a trend of "first rising and then decreasing". The ecological environment quality in the
north of Longnan City was significantly lower than that in the south, and the poor ecological quality area
appeared in and around the northern main urban area, showing a trend of "inward contraction". Forest land,
garden land, grassland, cultivated land and water area have a positive impact on ecological environment
quality, while traffic land, construction land and other land have a negative impact on ecological environment
quality. The response of ecological environment quality to different land use transfer modes is related to the
change of the overall ecological environment quality. The interaction between LUCC and other factors had a
great impact on the evolution of ecological environment quality in Longnan City.

Keywords: remote sensing ecological index; land use transfer flow; land use transfer matrix; spatial
autocorrelation; geographic detector; nanling mountain

1. Introduction

In 2012, the Chinese government put forward a new type of national space development goal of
"livable and moderate living space, intensive and efficient production space, and beautiful ecological
space". All parts of the country responded positively, and the ecological environment quality in most
areas has improved significantly. In this context, the influence of ecological protection on urban
development and territorial spatial planning has gradually expanded and occupied an irreplaceable
position [1-4]. On the one hand, the development and utilization of territorial space usually lead to
the transformation of land use [5,6]. For example, agricultural land and ecological land are squeezed,
resulting in the gradual deterioration of ecological environment quality. On the other hand, the land
transfer caused by the implementation of measures such as returning farmland to forest (lake) will
improve the quality of the local ecological environment. The effects of the two land use transfer
processes on ecological environment change showed heterogeneity. Therefore, exploring the
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response mode of ecological environment quality change to land use transfer is helpful to improve
the local ecological environment quality. Relevant studies have shown that: land use benefit [7], land
cover change and transformation [8,9] will have a direct impact on ecological benefit and ecological
landscape, and urban expansion [10] will have a negative impact on ecological environment.
Moreover, these effects are often two-way, and the ecological environment quality also has a counter-
effect on the regional economy [11], crop quality [12,13], air quality [14], population distribution [15]
and other social and economic conditions.

The most direct way to evaluate the regional ecological environment quality is to calculate the
ecological index. For example, Ecological Index (EI)[16], Remote Sensing Ecological Index (RSEI)[17],
City Ecological Index (CEI)[18] and other quantitative evaluation methods are used to calculate
regional ecological environment quality. Methods such as analytic hierarchy process [19], geographic
detector model [20], and improved remote sensing ecological index [21] are also widely used to
evaluate ecological environment quality. Because of its objectivity [22], RSEI is widely used in the
study of ecological environmental quality change. Zhang[23], Yuan[24] and Zhang[25] all used RSEI
to study regional eco-environmental quality change and its potential influencing factors, and the
results showed that land use, vegetation cover and urban construction would all affect the eco-
environment. Pai Rihai - Heili [26] and Xu[27] used RSEI to evaluate urban ecological environment
quality, and the research showed that impervious water surface would also have an impact on
ecological environment quality.

Nanling Mountain is an important part of the hilly mountain belt in southern China, mainly
developing subtropical evergreen broad-leaved forest and coniferous forest, with rich biodiversity.
But its artificial forest species is single, forest quality is not good, urban construction and mining
development lead to biodiversity damage, ecological environment quality deterioration. Therefore,
exploring the response mode of ecological environment quality to land use transformation in
Longnan City of Nanling Mountain region is helpful to find out the causes of ecological environment
change in Longnan City, and provide references for ecological protection and restoration in Nanling
Mountain region. However, most current studies take land use as a single factor to explore its impact
model on ecological environment quality [27,35,36], and there are few reports on the response model
of ecological environment quality to land use transformation.

In this study, the ecological environment quality of Longnan City was evaluated by obtaining
three remote sensing images of Longnan City in 2013, 2018 and 2023, and calculating RSEI index. On
this basis, the direction of land use types was divided into: positive land types that promote the
ecological environment and negative land types that hinder the ecological environment. By
calculating Pearson's correlation coefficient, the correlation degree between the evolution of
ecological environment quality and land use transfer was explored. Combined with the results of
field investigation, the temporal and spatial response model of ecological environment quality to land
use transfer in Longnan City was further discussed. The research results provide an important
perspective for understanding the relationship between ecological environment and land use, and
also provide a scientific basis for mountain ecological protection and restoration.

2. Materials and Methods

2.1. Study Area

Longnan City is located in the southernmost part of Jiangxi Province (Figure 1), in the
subtropical humid monsoon climate zone, covering an area of 1641km?. The territory is rich in natural
resources, the forest coverage rate of the whole area is as high as 81.42%, the soil is dominated by red
soil, and there are five first-level tributaries of the Ganjiang River such as Taojiang and Lianjiang.
Longnan City belongs to the soil and water conservation area of Nanling mountains and hills in
Jiangxi Province, with excellent ecological environment. However, in recent years, the urban
expansion of Longnan City inevitably occupied part of the ecological land around the town, which
posed a potential threat to the quality of its ecological environment.
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Figure 1. Schematic diagram of the research area.
2.2. Data Processing

2.2.1. Data

The remote sensing data obtained in this study came from the three phase Landsat 8 OLI/TIRS
image data (March 10, 2013, March 9, 2018 and March 7, 2023) that had been pre-processed for
atmospheric correction by Geospatial data Cloud and Alibaba Cloud Al Earth platform. Among them,
2013 and 2018 are C2 L1 level data, and 2023 is C2 L2 level data, with a spatial resolution of 30m. The
land use data in 2023 were obtained from the National Soil and Water Conservation Survey project,
and the land use data in 2018 and 2013 were visually interpreted by the authors.

2.2.2. Remote Sensing Ecological Index

Remote sensing ecological index (RSEI) is composed of four main indicators: greenness,
humidity, dryness and heat [28]. The calculation process is as follows:
(1) Greenness index. In this study, normalized vegetation index (NDVI) was used to characterize
the greenness index, as shown in formula 1:
NDVI = (Bs — By)/(Bs + Ba) 1
In formula (1), Bs is the near-infrared band and Bs is the red band.
(2) Humidity index. The humidity index was calculated using OLI image calculation method
(obtained by referring to indexdatabase https://www.indexdatabase.de/), as shown in Formula 2.
WET = 0.1511 X B, + 0.1973 X By + 0.3283 x B, + 0.3407 X B — 0.7117 x B, — 0.4559 X B, 2)
In formula (2), Bz, Bs, Bs, Bs, Bs and B are respectively blue band, green band, red band, near
infrared band, short-wave infrared 1 and short-wave infrared 2.
(3) Dryness index. The dryness Index is represented by the average value of Soil Index (SI) and
urban building Index (IBI) [29,30].
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NDBSI = (SI + IBI)/2 3)
SI = [(Bs + By) — (B, + B5)]/[(Bs + By) + (B, + Bs)) 4)
IBI = [2Bs/(Bs + B5) — Bs/(Bs + By) — B3/(Bs + Bs)]/[2Bs/(Bs + Bs) + Bs/(Bs5 + By) + B3/(Bs + Be)]

®)

In formula (4), B2, By, Bs and Bs are respectively blue band, red band, near infrared band and
short wave infrared. In formula (5), Bs, Bs, Bs and Bs are respectively green band, red band, near
infrared band and short wave infrared.

(4) Heat index. According to the inverse function of Planck's formula, the heat index can be
obtained by calculating vegetation coverage and radiative scaling [3], as shown in Equation 6:

LST = k;/In(k,/By + 1) — 273 (6)

In the formula, Bris the blackbody radiation brightness temperature, for OLI image, k1 is 1321.08,
k2 is 774.89.

(5) Remote sensing ecological index. After calculating each indicator according to formula (1)-(6),
resampling of each indicator is processed to 30m. In order to eliminate the influence of indicator
direction, it is necessary to normalize the indicator.

NI; = (I; = Imin) / Umax — Imin) 7)

In formula (7), Nli is the index value after normalization, Ii is the value of this index at pixel i,
Imin is the minimum value of this index, and Imax is the maximum value of this index.

In this study, the RSEI model proposed by Xu Hangiu [4] was adopted to calculate the RSEI
index.

RSEI, = 1 —{PCI[f(NDVI,WET,NDBSI, LST)]} (8)
RSEI = (RSEly — RSEIpmin)/ (RSEIpmax — RSElpmin) 9)

In formula (8) and (9), RSEl is the initial RSEI value synthesized by the main component, and
RSEI is the RSEI index after normalization treatment, ranging from 0 to 1. The higher RSEI index is,
the better the ecological environment quality is. RSElomin is the minimum value of RSEIo, and RSEIomax is
the maximum value of RSEI.

2.2.3. Pearson Correlation Coefficient

Pearson correlation coefficient is used to describe the degree of correlation between two variables.

In this study, Pearson correlation coefficient was used to explore the correlation degree between four

indicators (NDVI, WET, NDBSI and LST) and RSEI. The calculation method was referred to the
explanation of Pearson correlation coefficient by Xu Jianhua [31].

Ty = [2ie1 (i — D) = M/ EL (0 — 02 V2L, 00 — )? (10)

In equation (10), 1 is the correlation index among the factors.

2.2.4. Land Use Change Analysis

(1) Land use transfer matrix

Land use transfer matrix is used to analyze the process of land use transfer [32]. In this study,
the superposition analysis module of ArcGIS software was used to calculate the land use transfer
matrix of Longnan City [33,34].

B = | B21B22 - Bon

(11)

B11Bi12 - Bln]

B-nanZI Bn—n
In formula (11), Bijis the area of land use type i transformed into land use type j; n is the number
of land use types.

(2) Land use transfer flow

Land use transfer flow [37] is a vector attribute used to represent land use change, divided into
"inflow flow" and "outflow flow", and the difference between inflow flow and outflow flow is the net
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value of land transfer flow. When the net value is greater than 0, it means net inflow, and vice versa.
The calculation is as follows:
Ly = Lin + Loue 11)
Ly = Lin = Lout (12)
In formula (11) and (12), Lyis the land use transfer flow, Loutis the transfer flow, Lix is the transfer
flow, and Lisis the net value of land transfer flow.

(3) Single land use dynamic attitude

By calculating the dynamic attitude of single land use, it can reflect the change of the quantity of
certain land use type in a certain time in the study area. See the following formula:

K =22 x 1% 100% (13)

In equation (13), K is the dynamic attitude of single land use, Ui is the land use area of a certain
type in year A, and T is the time period of land use change. In this study, T value is 5.

2.2.5. Spatial Autocorrelation Analysis

(1) Global spatial autocorrelation

The global Moran's I is used to reflect the similarity of the attribute values of the unit in the space
region [31]. -1 <Moran's I <1, when Moran's I is less than 0, indicating a negative correlation; A value
equal to 0 indicates no correlation; A positive correlation greater than 0.

_" STy By wij (= %) (- %)

nEL, By wij(a—5)2

(15)

(2) Local spatial autocorrelation

The local Moran's I describes the degree of correlation between local spatial units in a region. As
follows:

n(x;—x) X jwij(x;—%)
Ti(xi—%)?
In equations (15) and (16), wi is the space weight, n is the total number of space units, xi and x;
are the observed values of region 7 and region j, and X is the average value of attributes of all space
units.

I = (16)

2.2.5. Geographic Detector

Geodetector is a statistical method to explore spatial differentiation and explain the driving
factors behind it [38]. In this study, factor detector and interactive detector were used to explore the
relationship between the evolution trend of ecological environment quality and land use transfer in
Longnan City. The value of g indicates the extent to which attribute Xi explains the spatial
differentiation of attribute Y [39]. The larger the value of g, the more obvious the spatial differentiation

of Y. Its calculation is shown in the following formula:
LhoaNnoh _ o _ SSW
N - SST

q=1- (17)

a2

In formula (17), g €[0,1]; SSW and SST are the sum of intra-layer variance and the total variance
of the whole region, respectively. k=1, L is the number of layers of influence factor X in the study
area; Ni is the number of units in layer /i, and N is the number of units in the whole area. of is the
variance of Yin layer i, and ¢? is the variance of Y in the study area.
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3. Results
3.1. Temporal and Spatial Changes of Ecological Environment Quality

3.1.1. Interannual Change of Ecological Environment Quality

According to the ecological environment quality classification standard issued by the National
Environmental Protection Standard (HJ192-2015), the ecological environment quality of Longnan
City is divided into five levels, as shown in Table 1:

Table 1. Ecological Environment Quality Classification in Longnan City.

Ecological environment Ecological environment

Ecological index

quality quality grade
Poor r<0.2 \Y
Fair 0.2<r<0.35 v
Moderate 0.35<r<0.55 I
Good 0.55<r<0.75 I
Excellent r>0.75 I

According to the classification standard, the ecological environment quality of Longnan City
was classified and counted, and the results were shown in Table 2. The mean values of remote sensing
ecological index of Longnan City in 2013, 2018 and 2023 were 0.789, 0.917 and 0.872, respectively, and
the ecological environment quality showed a trend of "first rising and then decreasing". In general,
from 2013 to 2023, the poor ecological environment area, poor ecological environment area and
general ecological environment area of Longnan City showed a downward trend. The area of good
ecological environment and excellent ecological environment showed an increasing trend. The peak
values of the area with poor ecological environment quality and the area with excellent ecological
environment quality appeared in 2013 and 2018 respectively.

Table 2. Statistics on Ecological Environment Quality Grade of Longnan City from 2013 to 2023.

Ecological 2013 2018 2023
environme Area(km? Proportion( Area(km? Proportion( Area(km? Proportion(
nt quality ) %) ) %) ) %)
grade

\ 144.181 8.759 6.815 0.414 18.48 1.123

v 73.1 4.441 31.223 1.897 49.46 3.005

11 221.634 13.464 79.431 4.825 130.89 7.951

II 498.371 30.274 403.883 24.535 570.077 34.63

| 708.894 43.063 1124.827 68.330 877.273 53.291

3.1.2. Temporal and Spatial Evolution of Ecological Environmental Quality

The spatial distribution of ecological and environmental quality in Longnan City from 2013 to
2023 is shown in Figure 2. The ecological and environmental quality in the northern part of Longnan
City is significantly lower than that in the southern part in the three periods. The area of poor
ecological environment quality is concentrated in the main urban area and its surrounding area. From
2013 to 2023, the scope of this area shows the characteristics of "inward contraction". The regions with
good ecological environment quality are distributed in the southwest and central regions with wide
forest cover, but the ecological environment quality of the two regions increases first and then
decreases due to the influence of human activities.
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Figure 2. Spatial distribution of ecological environment quality in Longnan.

In order to explore the change of ecological environment quality in Longnan City, this study
processed the difference between the two periods of data before and after, and obtained the spatial-
temporal differentiation of ecological environment change in the two periods (from 2013 to 2018 and
from 2018 to 2023), as shown in Figure 3. As can be seen from Figure 3, the change of ecological
environment quality in Longnan City showed a strong spatial difference between the two periods.
The change of ecological environment quality in the north was significantly greater than that in the
south, and the change was mainly distributed in the main urban area of Longnan City and its
surrounding areas. From 2013 to 2018, the ecological environment quality of Longnan City showed
an overall trend of improvement, and there were two obvious improvement areas in the southern
and northern regions respectively. From 2018 to 2023, the ecological environment quality of Longnan
City remained unchanged on the whole, but the ecological environment quality of the northern main
urban area showed obvious deterioration, which may be related to the expansion of the main urban
area and the occupation of ecological land.

>z

2018-2023

2013-2018

0 10 km
Legend [ significant deterioration [ Obvious deterioration [0 Slight deteriorati [ Insignificant deteriorati L |

I 1nsignificant im I stight imp I Obvious imp: I significant imp [ Not change

Figure 3. Types of spatial and temporal evolution of ecological environment quality in Longnan.

It is not difficult to see from the global Moran's I index of Longnan City (Table 3) and the local
spatial autocorrelation LISA clustering diagram (Figure 4) in the two time periods calculated by
spatial autocorrelation: (1) The RSEI global Moran's I index of Longnan City in the two periods was
-0.13 and 0.28, respectively, and both passed the P < 0.05 test. The results showed that the change
pattern of ecological environment quality in Longnan City showed negative spatial correlation from
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2013 to 2018, and positive spatial correlation from 2018 to 2023. The global Moran's I index increased
significantly, indicating that from 2013 to 2023, the spatial agglomeration of ecological environment
quality in Longnan City increased significantly. (2) From 2013 to 2018, the changes of ecological
environment quality in Longnan City were mainly high-high clustering (ecological environment
quality improved) and low-low clustering (ecological environment quality did not change
significantly). The high-high cluster area is concentrated in and around the northern main urban area,
and the low-low cluster area is distributed in most forest covered areas of Longnan City. (3) From
2018 to 2023, the changes of ecological environment quality in Longnan City are mainly high-high
clustering (ecological environment quality becomes better), low-low clustering (ecological
environment quality becomes worse) and not significant (no significant changes). Low-low cluster
areas are concentrated in and around the main urban area, while high-high cluster areas are
distributed in a few areas in the north, east and south of Longnan City. The non-obvious area is
almost all over the whole area of Longnan City, and the area is mostly forest covered area.

Table 3. Global Moran’s I Index of Changes in Ecological Quality in Longnan.

Period Moran’s 1 Z P
2013-2018 -0.13 -2.60 0.009
2018-2023 0.28 3.95 0.000

N
2013-2018 A 2018-2023 “fﬁf-

Legend I 0 II-L L LL Not significant ?—‘mkm
Figure 4. LISA cluster diagram of changes in ecological quality in Longnan.

3.2. Land Use Transfer Characteristics

According to the national land classification standard, the land use type of Longnan City is
divided into 8 types: cultivated land, garden land, forest land, grassland, construction land, traffic
land, water body and other land (mainly man-made disturbance land). The following results are
obtained by calculating the land use transfer matrix (Tables 4 and 5 and Figure 5) of the two periods.

Table 4. Statistics on Land Use in Longnan Ciyt from 2013 to 2023.

Land-use 2013 2018 2023
type Area(km?) Proportion(%) Area Proportion Area Proportion
(km?) (%) (km?) (%)
Cultivated 147.84 8.981 146.31 8.888 142.12 8.633
land
Crop land 80.14 4.868 86.36 5.246 85.77 5.210
Frostland 1308.32 79.476 1296.87 78.781 1292.29 78.502

Grassland 4.57 0.277 3.98 0.242 3.08 0.187
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Built-up land 43.83 2.662 46.36 2.816 57.08 3.467
Traffic land 16.16 0.982 18.00 1.093 224 1.361
Water area 19.02 1.155 19.14 1.163 19.33 1.174
Other land 26.31 1.598 29.15 1.771 24.10 1.464
Table 5. Land Use Transfer Matrix in Longnan City from 2013 to 2018 (unit:km?).
2018 Positive land use type Negative land use type
O
Cultivate Crop Forestlan Water Traffic Built-up Other
201
013 dland land d Grassland area land land land All
Cultivated land 143.20  0.61 0.79 0.26 0.72 0.59 0.07 1.58 147.84
Crop land 0.19 79.18 0.15 0 0.05 0.06 0 0.51 80.14
Positive land ~ Forestland 1.23 5.07 1291.56 0.15 1.17 2.54 0.03 6.56 1308.32
use type Grassland 0 0 0.06 2.96 0.20 0.26 0 1.09 4.57
Water area 0.32 0.00 0.35 0.31 39.27 0.06 0.05 3.46 43.83
Negative Traffic land 0.35 0.17 1.68 0 0.01 13.91 0 0.04 16.16
land gse e Built-up land 0.15 0.09 0.02 0 0.01 0.01 18.73 0.01 19.02
MAUEYPE Otherland 086 124 226 030 49 057 025 1590 2631
All 146.31 86.36 1296.88 3.98 4636  18.00 19.14 29.15 1646.18

2013 2018 2023

IN\

Legend Cultivated land Crop land I Forestiand Grassland W Builtupland W Otherland [ Worerarea [ Traffic land

Figure 5. Spatial distribution of land use in Longnan City.

10km

The transfer of the above 8 types of land use types in the 10 years from 2013 to 2023 is as follows:
(1) A total of 5.72km? of cultivated land was transferred in Longnan City, of which
4.64km?(mainly transferred to other land) was transferred from 2013 to 2018, and 3.11km?(mainly
transferred to grassland) was transferred from 2013 to 2018; From 2018 to 2023, a total of 4.64km? is
transferred out (mainly to other land), and a total of 0.45km? is transferred in (mainly to other land).
(2) A total of 5.64km? of garden land in Longnan City was transferred, of which 7.18km?(mainly
transferred from forest land) and 0.96km?(mainly transferred to other land) from 2013 to 2018; From
2018 to 2023, a total of 0.6km? will be transferred (mainly from other land) and a total of 1.19km? will

be transferred (mainly from other land).

(3) A total of 16.03km? of forest land was transferred out of Longnan City, of which
16.76km?(mainly transferred out of garden land and other land) and 5.32km?(mainly transferred into
other land) from 2013 to 2018; From 2018 to 2023, a total of 6.7km? of forest land will be transferred
(mainly to other land), and a total of 2.12km? will be transferred (mainly from cultivated land).

(4) A total of 1.49km? of grassland in Longnan City was transferred, of which 1.61km?2(mainly
transferred to other land) and 1.02km?(mainly transferred to building land and other land) from 2013
to 2018; From 2018 to 2023, grassland will be transferred to 1.11km?(mainly transferred to other land)

and 0.21km?(mainly transferred to other land).
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(5) The building land of Longnan City increased by 13.25km?, of which 7.09km? was transferred
from 2013 to 2018 (mainly transferred from other land) and 4.56km? was transferred from 2018 to
2023 (mainly transferred from other land). A total of 11.07km? of building land was transferred
(mainly from other land), and a total of 0.35km? was transferred (mainly from other land).

(6) The transportation land of Longnan City increased by 6.24km?, of which from 2013 to 2018,
the transportation land was transferred to 4.09km?(mainly transferred to forest land) and
2.25km?(mainly transferred to forest land); From 2018 to 2023, a total of 4.53km? of transportation
land will be transferred (mainly from forest land), and a total of 0.13km? will be transferred (to other
land).

(7) The water area of Longnan City has increased by 0.21km?. From 2013 to 2018, the water area
has been transferred to 0.41km?(mainly transferred from other land) and 0.29km?(mainly transferred
from cultivated land). From 2018 to 2023, the water area has been transferred to 0.22km?(mainly
transferred from cultivated land). A total of 0.03km? is transferred out (transferred out to other land).

(8) Other land use in Longnan City decreased by 2.21km?, of which 10.41km? was transferred
from 2013 to 2018 (mainly transferred from construction land) to 13.25km?(mainly transferred from
forest land). From 2018 to 2023, A total of 11.99km? of other land is transferred out (mainly for
building land), and a total of 6.94km? is transferred into (mainly from forest land).

Table 6. Land Use Transfer Matrix in Longnan City from 2018 to 2023 (unit:km?).

2023 Positive land use type Negative land use type
018 Cultivat Crop  Forestla Grassla Water | Traffic Built- Other All
edland  land nd nd area | land up land
land
Cultivated 141.67 0.17 1.09 0 0.65 1.00 0 1.73 14631
Positive land land
use type Crop land 0 85.17 0.03 0 0.05 0.32 0 0.79 86.36
Forestland 0.03 0 1290.17 0.02 0.64 2.72 0 330 1296.87
Grassland 0 0 0 2.87 0 0.02 0.45 0.65 3.98
Water area 0 0 0 0 19.11  0.00 0 0.03 19.14
Traffic land 0 0 0 0 0 17.87 0 0.13 18.00
Negative Built-up land 0.03 0 0.01 0 0.01 0.01  46.01 0.31 46.36
land use type ~ Other land 0.40 0.43 0.99 0.20 0.00 0.47 950 1716  29.15
All 142.12 85.77  1292.29 3.08 2046 2240 55.96 24.10 1646.18

3.3. Temporal and Spatial Response of Ecological Environment Quality Evolution to Land Use Transfer

3.3.1. Correlation between Ecological Environment Quality Evolution and Land Use Type

In order to explore the correlation degree between ecological environment quality and land use
in Longnan City, this study conducted a field investigation of Longnan City, and selected 114 points
containing eight typical land classes (Figure 6) to calculate their ecological index. The results are
shown in Table 7.

Table 7. Ecological Environment Quality Grade of Field Study Sites.

Land-use type  Cultivated = Crop  Forest Grass  Built-up Traffic Water Other

land land land land land land area land
RSEI 0.6 0.725 0.724 0.6 0.4 0.25 0.567 0.235
Ecological Good Good Good Good moderate Fair Good Fair

environment

quality grade
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Figure 6. The route of field trip.

In order to explore the spatiotemporal response mode of ecological environment evolution to
land use transfer in Longnan City, based on Table 7, the study divided five land types (forest land,
garden land, water area and cultivated land) with good ecological environment quality into positive
factors, and three land types (construction land, transportation land and other land) with average
and poor ecological environment quality into negative factors. According to whether the land use
type is a positive factor or a negative factor before and after the change, land use transfer is divided
into four transfer modes: "positive" (from positive factor to positive factor), "positive" (from positive
factor to negative factor), "negative” (from negative factor to negative factor), and "negative" (from
negative factor to positive factor). On this basis, the temporal and spatial response model of ecological
environment quality to land use transfer in Longnan City was explored. Among the four indexes of
NDVI, WET, NDBSI and LST, NDVI and WET have a positive impact on ecological environment
quality, while NDBSI and LST have a negative impact on ecological environment quality [4].

Based on this, on the basis of land use transfer mode, this study determined the correlation
coefficient between RSEI and NDVI, WET, NDBSI and LST by creating fishing nets (extracting 6586
sets of data points in the study area), and explored the response mode of ecological environment
quality to different land use transfer modes. The measurement results are shown in Table 8.

Table 8. Correlation Between RSEI and The Four Factors under Different Land Use Transfer

Patterns.
Factors NDVI WET NDBSI LST
Land-use
transition type
positive-positive 0.523 0.408 -0.268 -0.241
positive-negative 0.767 0.337 -0.479 -0.528
negative-positive 0.741 0.521 -0.121 -0.472
negative-negative 0.561 0.5 -0.523 -0.511

On the whole, NDVI, WET and RSEI were positively correlated, while NDBSI and LST were
negatively correlated. The correlation coefficient changes with the change of land transfer type, which
is manifested in: (1) The correlation coefficients of positive indicators NDVI, WET and RSEI increased
with the difference of land use transfer mode. In other words, the correlation coefficient is small when
the land use transfer mode is "homotropic", while the correlation coefficient is large when the land
use transfer mode is "heterotropic”. The results showed that the land types representing the positive
indicators (forest land, garden land, cultivated land, grassland and water area) had a positive impact
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on the ecological environment quality. (2) The correlation coefficients of negative indicators NDBSI,
LST and RSEI change with the change of land use transfer results, that is, when the land use transfer
results are positive, the correlation coefficient is small, and when the land use transfer results are
negative, the correlation coefficient is large. It shows that the land types (construction land,
transportation land and other land) representing negative indicators have negative effects on
ecological environment quality.

3.3.2. Temporal and Spatial Response Model of Ecological Environment Quality Evolution to Land
use Transfer

In this study, the changes of ecological environment quality under different land use transfer
modes were divided into two periods, and the changes of ecological environment quality were
classified according to national standards, as shown in Table 9. On this basis, the response of
ecological environment quality to the four land use transfer modes was further explored, and the
statistical results were shown in Figure 7 and Table 10.

Table 9. Grading degree of Ecological Environment Quality Change.

Change degree ~ No significant Slight change ~ Obvious change Significant
change change
Changing [AET <1 1<IAETI <3 3<IAETI<8 |AET|>8
value
Description No significant Slightly better Obviously Significantly
change in or worse in better or worse  better or worse

ecological ecological in ecological in ecological

environment environment environment environment
quality quality quality quality

Proportion(?4)

100.00

2013-2018

2018-2023

80.00

60.00

40.00

20.00

0.00

negative-negative negative-positive positive-nsgative positive-positive negative-negative negative-positive positive-negative positive-positive

Figure 7. Statistics on changes in the quality of the ecological environment.

m Significant improvement

= Obvious improvement

®5light improvement

m[nsignificant improvement
Insignificant deterioration
Slight deterioration

= Obvious deterioration

m Significant deterioration

Land use transform pattern

Table 10. Statistics on Changes in Ecological Quality Qnder Different Land Use Transfer Patterns.

and-use transfer negative- negative- positive- positive-positive
attern negative positive negative
2013- 2018- 2013- 2018- 2013- 2018- 2013- 2018-
Proportion{%) 2018 2023 2018 2023 2018 2023 2018 2023
Change trend
Significant
deterioration 0.002 0.517 0.061 0.028 6.079 1.024 0.024 0.043
Obvious
deterioration 0331 12.073 1.029 29.097 17.444 50.101 0415 1.821
Slight
deterioration 1435 26202 2892 22714 13284 20.746 5535  14.809
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Insignificant

deterioration 2257 33268 5.69 15303 14588 16.612 17.100  49.690
Insignificant

improvement 3908  22.001 22449 13,554 30921 8791  27.129 28514
Slight

improvement 27905  5.636  66.091 14799 17.652 2509  37.442  4.790
Obvious

improvement 63.962  0.304 1.782 4.505 0.033 0.219 11.883  0.318
Significant

improvement 0.202 0.000 0.000 0.000 0.000 0.000 0.472 0.015

From 2013 to 2018: (1) The response of ecological environment quality change to the "negative-
negative" land use transfer pattern is as follows: The area of obvious improvement of ecological
environment quality is relatively large, followed by the slightly improved area, there are a small
number of areas with no obvious deterioration, no obvious improvement and slight deterioration,
there are very few areas with obvious deterioration and significant improvement, and almost no
significant deterioration. (2) The response of the change of ecological environment quality to the
"negation-positive" land use transfer mode is as follows: the area of slightly improved ecological
environment quality is relatively large, followed by the area of not obviously improved, with a few
areas of obvious improvement, not obviously worse, slightly worse and obviously worse, with a few
areas of significant deterioration and no significant improvement. (3) The response of the change of
ecological environment quality to the "position-negative" land use transfer mode is as follows: the
area of the ecological environment quality is not significantly improved, and the area of the ecological
environment quality is slightly improved, not significantly deteriorated, slightly deteriorated and
significantly deteriorated is equal in proportion. There are a few areas of significant deterioration, a
few areas of significant improvement, and no areas of significant improvement. (4) The response of
the change of ecological environment quality to the "positive-positive" land use transfer mode is as
follows: The area of the ecological environment quality is significantly improved, followed by the
area of not significantly improved, and then the area of obviously improved and not significantly
deteriorated. There are a few areas of slight deterioration, a few areas of significantly improved and
significantly deteriorated, and almost no significant deterioration.

From 2018 to 2023: (1) The response of the change of ecological environment quality to the
"negative-negative" land use transfer pattern is as follows: The proportion of areas with slightly worse,
not obviously worse and slightly better ecological environment quality is the same, followed by the
obvious worse area, there are a few slightly better areas, there are a few significant worse and
significantly better areas, and there are no significant better areas. (2) The response of the change of
ecological environment quality to the "negative-positive" land use transfer mode is as follows: The
area of obvious deterioration of ecological environment quality is relatively large, followed by the
slightly deterioration area, the area of no obvious deterioration, no obvious improvement and slightly
improvement is the same, there are a few obvious improvement areas, almost no significant
deterioration area, no significant improvement area. (3) The response of the change of ecological
environment quality to the "position-negative" land use transfer mode is as follows: the area with
obvious deterioration of ecological environment quality accounts for a large proportion, the area with
no obvious deterioration and the area with slight deterioration accounts for the same proportion,
there are a few areas with slight improvement and significant deterioration, a few areas with obvious
improvement and no significant improvement. (4) The response of the change of ecological
environment quality to the "positive-positive" land use transfer mode is as follows: The area of the
ecological environment quality is not significantly worse, followed by the area of not significantly
better, and the area of slightly worse again, there are a small number of significantly worse and
slightly better areas, there are very few significantly better areas, and almost no significantly better
and significantly worse areas.
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3.4. Analysis of Temporal and Spatial Evolution Factors of Ecological Environment Quality in Longnan City

The geographic detector was used to analyze the driving factors for the spatial heterogeneity of
the evolution of ecological environment quality in Longnan City. The inter-annual changes of NDVI,
WET, NDBSI, LST and LUCC (reflected by a single dynamic attitude of land use) were taken as Xi,
X2, X3, X4 and X5, and the inter-annual changes of RSEI were taken as Y for detection. As shown in

Table 11 and Figure 8.
0714 0944
. 0.433 0.559 X3 0.788 0.944 0.838 X3
0358 0.714 0.534 0.599 X2 . 0.871 0.825 0.651 X2
|
0273 0.647 0.688 0.492 0.558 X1 ' 0.594 0.897 0.629 0.52 X1 h
0.142 0.12

X1 X2 X3 X4 X5 X1 X2 X3 X4 X5
(a) 2013-2018 (b) 2018-2023

Figure 8. Driving factors for the ecological environment quality in Longnan for each phase using the
interaction detector.

Table 11. Results of Ecological Environment Euality Evolution Factor Detrction in Longnan City.

Driving factors Period
2013-2018 2018-2023
Xa 0.27* 0.12%
X2 0.36** 0.18*
X3 0.14* 0.79**
X4 0.18* 0.27*
Xs 0.21* 0.35**

* means P <0.05, ** means P <0.01.

The results of interaction detection are both double factor enhancement or nonlinear
enhancement, indicating that the impact of interaction between factors on ecological environment
quality in Longnan City is stronger than that of single factor. From 2013 to 2018, the combination of
X4, X2 and Xs was the main factor affecting the change of ecological environment quality in Longnan
City during this period. From 2018 to 2023, the four combinations of X3 and X1, Xz, X4 and Xs and the
combination of X4 and X5 are the main factors affecting the change of ecological environment quality
in Longnan City during this period.

4. Discussion

In this study, spring images were selected to calculate the RSEI index of Longnan City to reflect
the ecological environment quality of Longnan City. (1) Due to the influence of seasons, some
cultivated land is in a state of "barren species”, which will lead to a low RSEI index of this land type.
In this study, cultivated land is classified into land types that are beneficial to ecological environment
quality, which may have little interference with the measurement results. (2) In this study, only some
data points were selected for the detection of Pearson correlation coefficient, which may lead to
differences between the calculated results and the actual results. (3) Due to equipment limitations,
most of the land classes investigated in this study were distributed along roads and did not enter the
land class center for sampling. The calculated RSEI index may be affected by the road RSEI index,
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and the solution to such problems will be improved in the future research. (4) The size of the fishing
net sampled in the study area is 500x500, and only 6586 sets of data are extracted. The sampling
points are not comprehensive enough, which may cause errors in the detection results.

>z

2013 2018 2023

NDBSI

Figure 8. RSEI and its main indicators.
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5. Conclusions

1. The RSEI index retrieved from remote sensing images can comprehensively reflect the
ecological environment quality of Longnan City. The ecological environment index of Longnan City
in 2013 was 0.789. In 2018, the ecological environment index was 0.917; The ecological environment
index in 2023 is 0.872, and the results of the three phases all show that the ecological environment
quality of Longnan City is higher.

2. From 2013 to 2018, the transfer of forest land (16.67km?) and the transfer of other land
(13.25km?) dominated Longnan City; From 2018 to 2023, Yongnam City will mainly transfer other
land (11.99km?) and transfer construction land (11.07km?). Over the past 10 years, Yongnam has been
dominated by the transfer of forest land (16.03km?) and construction land (13.25km?). Combined with
Figure 2, it can be clearly observed that the ecological environment quality in the main urban area
gradually deteriorates and shows an "inward contraction” trend.

3. By measuring the correlation coefficient between ecological environment quality and land use
transition mode in Longnan City, it is indicated that the proposed method is more accurate to
characterize the land types that positively and negatively affect ecological environment quality;
Combined with the results of field investigation, it is proved once again that the two types of land
types have different effects on ecological environment.

4. The temporal and spatial responses of ecological environment quality to different land use
transition modes are highly correlated with the changes of overall ecological environment quality.
The results showed that from 2013 to 2018, under different land use transfer modes, the area of
ecological environment quality improvement was always larger than that of ecological environment
quality deterioration. From 2018 to 2023, under different land use transfer modes, the area of
ecological environment quality deterioration is always larger than the area of ecological environment
quality improvement.

5. Through the exploration of the driving factors of the temporal and spatial evolution of
ecological environment quality in Longnan City, it is not difficult to find that LUCC always exerts a
heavy influence on the ecological environment quality of Longnan City in two periods. Specifically,
from 2013 to 2018, the interaction between LUCC and LST had a greater impact on the change of
ecological environment quality than the interaction between other factors. From 2018 to 2023, the
impact of LUCC interaction with NDBSI and LST on the change of ecological environment quality
during this period is also stronger than the interaction between other factors.

Author Contributions: Conceptualization, Q.X. and Q.H.; methodology, Q.H.; software, Q.H.; validation, Q.X.
and Q.H.; formal analysis, Q.H.; investigation, Q.X. and Q.H.; resources, Q.X.; data curation, Q.H.; writing—
original draft preparation, Q.H.; writing—review and editing, Q.X. and W.C,; visualization, Q.H.; supervision,
Q.X.; project administration, Q.X.; funding acquisition, Q.X. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by National Natural Science Foundation of China (No: 42107274),Natural
Science Foundation of Jiangxi Province (No: 20202BABL213030) and Open Foundation of Jiangxi Provincial
Technology Innovation Center for Ecological Water Engineering in Poyang Lake Basin (No: 2022SKLS03), all
granted to Q.X. and the APC was funded by Q.X.

Data Availability Statement: The datasets used and/or analyzed during the current study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Chen, X.H; Xu, X.Q,; Liu, Y.J.; Wang, Y.; Zhang, M.X.; Ma, L.Y,; Liu,S. Patterns and Driving Forces of the
Temporal-Spatial Evolution of Urban Vulnerability in Harbin-Changchun Urban Agglomeration based on
the production-living-ecological Spatial Quality. Acta Ecol.Sin. 2022, 42, 6395-6405.

2. Jiang, Z.Y.; Song, ].P.; Zhao, X.D. Spatial Spillover and Threshold Characteristics of Ecological Effects of
High-quality Development of New-type Urbanization. Inquiry into Econ.Issues. 2023, 97-112.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 April 2024 d0i:10.20944/preprints202404.0206.v1

17

3. Zhu, C.M,; Yuan, S.F.; Yang, L.X. Evolution of territorial spatial pattern and associated eco-environmental
effects from the perspective of major functional zones: a case study of Zhejiang Province. Acta Ecol.Sin.
2023, 43, 4488-4501.

4. Yang, S.; Zheng, X.Z.; Zhao, G.P. Spatial ecological effects of ecological-production-living spaces in the
Guanzhong Plain Agglomeration and influencing factors. J.Arid Land. 2023, 37. 26-35.

5. Ye, J.A. ECONOMIC RESTRUCTURING AND LAND USE PLANNING IN HONGKONG. Acta
Geogr.Sinica, 1997. 39-51.

6. Long, H.L.; Chen, K.Q. Urban-rural integrated development and land use transitions: A perspective of land
system science. Acta Geogr.Sin, 2021, 76. 295-309.

7.  Chen, Y.,;Cai, H.S.,, Chen, Y.R. Spatial correlation and interaction effect intensity between territorial spatial
ecological quality and new urbanization level in Nanchang metropolitan area, China. Ecol.Indic. 2023, 156,
111163.

8. Yohan, S.; Céline, C.; J'Christophe, F. A metrics-based approach for modeling covariation of visual and
ecological landscape qualities. Ecol.Indic. 2021, 123, 107331.

9.  Zhai, Y.X;; Zhang, F.Y,; Ma, L.N. Changes of Production-Living-Ecology Land Transformation and Eco-
environmental Effects in Xinjiang in Last 40 years. Chin J. Soil Sci, 2022, 53, 514-523.

10. An, H.; Xiao, W.D.; Huang, J. Relationship of construction land expansion and ecological environment
changes in the Three Gorges reservoir area of China. Ecol.Indic. 2023, 157, 111209.

11. Sami, U,; Tang, S.L.; Muhammad, Y.R. How the energy depletion rate and financial structure can promote
environmental sustainability: Empirical evidence from Pakistan using ecological footprints. Energy Strateg
Rev. 2023, 50, 101208.

12.  Luo, TH.; Wang, X.W.; Ma, Z.A.; Zhang, R.L.; Zhang, X.L. Relationship between Quality of Fructus Amomi
from Yunnan and its Ecological Environment. J.Yunnan Univ TCM. 1992, 12, 2-8.

13. Ding, D.R,; Chen, X.F,; Lu, J.; Huang, W.X,; Liu, S.R. Influence of Eco-environment on the Yield and Quality
of Ligusticum chuanxiong Hort. J.Chin Ecol. 1994, 13, 57-59.

14. Qin, C.H. Correlation Analysis on Airborne Microbial Pollution and Environmental Quality in Chongging.
CHONGQING Environ Sci. 1996, 18, 50-53.

15. Gao, Z.Q,; Liu, J.Y,; Zhuang, D.F. The Relations Analysis Between Ecological Environmental Quality of
Chinese Land Resources and Population. J.Remote Sens. 1999, 3, 67-71

16. Yang, J,Q.; Zhu, Y.G,; Song, W.P.; Zhang, J.; Zhang, L.J.; Luo, X.X. The eco-environmental evaluation based
on habitat quality and ecological response of Laizhou Bay. Acta Ecol.Sinica. 2014, 34, 105-114.

17. Xu, H.Q. A remote sensing urban ecological index and its application. Acta Ecol.Sinica. 2013, 33, 7853-7862.

18. Yue, A.; Zhang, Z. Research on Urban Ecological Environment Evaluation Based on Remote Sensing
Analysis. ].Green Sci. and Tech. 2018, 12, 126-127.

19. Li, S; Qiu, W.,; Zhao, Z.L.; Liu, ZM. Applying Analytical Hierarchy Process to Assess Eco-Environment
Quality of Heilongjiang Province. Environ Sci. 2006, 5, 1031-1034.

20. Wang, Y.X; Xu, Y.Y,; Yang, ].J.; Chen, Y.X,; Wei, ].X;; Zhou, ].; Zhang, W.L.; Cheng, W.X. Dynamic
monitoring and spatio-temporal pattern evolution analysis of eco-environmental quality in Chongqing
based on remote sensing. Acta Ecol.Sin. 2023, 43, 6278-6292.

21. Zhang, W.; Du, P.J.; Guo, S.C,; Lin, C.; Zheng, H.R.; Fu, P.]. Enhanced remote sensing ecological index and
ecological environment evaluation in arid area. ].Remote Sens. 2023, 27, 299-317.

22. Xu, H.Q. A remote sensing index for assessment of regional ecological changes. Chin Environ Sci. 2013, 33,
889-897.

23. Zhang, Y. She, J.Y,; Long, X.R,; Zhang, M. Spatio-temporal evolution and driving factors of eco-
environmental quality based on RSEI in Chang-Zhu-Tan metropolitan circle, central China. Ecol.Indic. 2022,
144, 109436.

24. Yuan, B.D.; Fu, L.N,; Zou, Y.A,; Zhang, S.Q.; Chen, X.S.; Li, F.; Deng, Z.M.; Xie, Y.H. Spatiotemporal change
detection of ecological quality and the associated affecting factors in Dongting Lake Basin, based on RSEI.
J.Cleaner Prod. 2021, 302, 126995.

25. Zhang, X.Y.; Jia, WW.; He, ].Y. Spatial and temporal variation of ecological quality in northeastern China
and analysis of influencing factors. J.Cleaner Prod. 2023, 423, 138650.

26. Helili, P.R.H.; Mei, Z. Spatio-temporal chenges and influencing factors of ecological environments in oasis
cities of arid regions. Remote Sens for nat res. 2023, 35, 201-211.

27. Xu, H.Q.; Wang, M.Y.; Shi, T.T.; Guan, H.D.; Fang, C.Y.; Lin, Z.L. Prediction of ecological effects of potential
population and impervious surface increases using a remote sensing based ecological index (RSEI).
Ecol.Indic. 2018, 93, 730-740.

28. Huang, H.P.; Chen, W.; Zhang, Y.; Qiao, L.; Du, Y.Y. Analysis of ecological quality in Lhasa Metropolitan
Area during 1990-2017 based on remote sensing and Google Earth Engine platform. J.Geogr Sci. 2021, 31,
265-280.

29. Xu, H.Q. Spatiotemporal dynamics of the bare soil cover in the Hetian basinal area of County Changting,
China, during the past 35 years. Acta Ecol.Sin. 2013, 33, 2946-2953.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 April 2024 d0i:10.20944/preprints202404.0206.v1

18

30. Liu, J.R; Lin, X.F.; Wang, HW.; Wang, C.P. Ecological quality differentiation of the environment and
impacts of port development on both coasts of the Taiwan Strait. Acta Ecol.Sin. 2024, 44, 1-17.

31.  Xu, J.H. Quantitative Geography, Higher Education Press, Beijing, China, 2014; pp.84-160.

32.  Shi, P.J.; Chen, J.; Pan, Y.Z. Landuse Change Mechanism in Shenzhen City. Acta Geogr.Sin. 2000, 55, 151-
160.

33. Jenson] Q, Cowen D. Principles of change detection using digital remote sensor data. In integration of GIS
and remote sensing. Cambridge University Press: Cambridge, UK, 1997; pp.1-25.

34. Zheng, B.H,; Tian, Z.Q.; Wang, W.J.; Li, Z.C. Analysis of recent land usage and survey in Western China.
Acta Ecol.Sin. 2004, 24, 1078-1085.

35. Pir, M,; Ajanta, G.; Sarthak, C.; Shailesh, N. Machine learning algorithm based prediction of land use land
cover and land surface temperature changes to characterize the surface urban heat island phenomena over
Ahmedabad city, India. Urban Climate. 2022, 42, 101116.

36. Shi, T.T.; Xu, H.Q.; Tang, F. Built-up land change and its impact on ecological quality in a fast-growing
economic zone: Jinjiang County, Fujian Province, China. Chin.].Appl.Ecol. 2017, 28, 1317-1325.

37. Ma, C.H;;Ren, Z.Y,; Li, X.Y. Land use change flow and its spatial agglomeration in the loess platform region.
Acta Geogr.Sin. 2013, 68, 257-267.

38. Wang, ].F.; Xu, C.D. Geodetector: Principle and prospective. Acta Geogr.Sin. 2017, 72, 116-134.

39. Wang, J.F; Li, X.H.; George, C.; Liao, Y.L.; Zhang, T.; Gu, X.; Zheng, X.Y. Geographical Detectors-Based
Health Risk Assessment and its Application in the Neural Tube Defects Study of the Heshun Region, China.
Int | Geogr Inf Sci. 2010, 24, 107-127.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.



