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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 region 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 a land use transfer matrix. At the same time, based on the remote sensing
ecological index (RSEI) model, the ecological environmental quality of Longnan City from 2013 to
2023 was retrieved. The temporal and spatial response model of the ecological environmental quality
to land use transfer in Longnan City from 2013 to 2023 was discussed based on spatial autocorrelation
and a geographical detector. The results show that from 2013 to 2023, the decrease of forest land
(16.23 km2) and the increase of construction land (13.25 km2) were the main land use transfers in
Longnan City. The ecological environment indexes of Longnan City in 2013, 2018 and 2023 were 0.789,
0.917 and 0.872, respectively, showing a trend of “first rising and then decreasing”. The ecological
environmental 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 environmental quality, while traffic land, construction
land and other land have a negative impact on ecological environmental quality. The response of
ecological environmental quality to different land use transfer modes is related to the change of the
overall ecological environmental quality. The interaction between land use and land cover change
(LUCC) and other factors had a great impact on the evolution of ecological environmental quality in
Longnan City.

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

1. Introduction

The impact of climate change and strong human activities on the ecological envi-
ronment is enormous [1,2], China’s complex topography and climate system, which is
greatly affected by climate change, coupled with a large population, the pressure on the
ecosystem has subsequently increased, and the strengthening of ecological governance is
an important measure to slow down the ecological pressure and improve the quality of the
ecological environment. In order to promote the construction of an ecological civilization
and the efficient and rational allocation of national land space, ecological restoration has
been implemented in most areas of China, and the quality of the ecological environment
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has significantly improved [3]. In this context, the influence of the ecological environment
in the new urbanization, land space planning and other aspects gradually expand and
account for the formation of constraints on it [4–7]. On the one hand, the development and
utilization of national land space usually cause land use transfer [8,9], land types such as
agricultural land and ecological land are squeezed, resulting in the gradual deterioration
of ecological environmental quality [10,11]. On the other hand, the land transfer caused
by the implementation of measures such as returning farmland to forests and lakes will
improve the local vegetation cover and ecological environmental quality [12–14]. The
impacts of the two land use transfer processes on ecological environment changes show
heterogeneity. Therefore, exploring the response mode of ecological environmental quality
change to land use transfer can help the adjustment of local land use structure and improve
regional ecological environmental quality. Relevant studies have proved that land use effi-
ciency [15,16] and land cover change [17] will have a direct impact on ecological efficiency
and the ecological landscape, and urban expansion [18] will have a negative impact on the
ecological environment. And these effects tend to work in both directions, with ecological
quality also reacting to socio-economic factors such as regional economy [19], residents’
well-being [20], and urban development [21].

The most direct way to evaluate the regional ecological environmental quality is to
calculate the ecological index. For example, ecological index (EI) [22], remote sensing eco-
logical index (RSEI) [23], city ecological index (CEI) [24] and other quantitative evaluation
methods are used to calculate regional ecological environmental quality. Methods such as
principal component analysis [25], geo-detector model [26], and improved remote sens-
ing eco-index [27] are also widely used to evaluate the ecological environmental quality.
Yan et al. [25] applied the PCA method to detect the factors influencing the ecological
environmental quality of the urban agglomerations in the northern slopes of Tianshan
Mountain, and the results showed that the degree of influence of land use/land cover
(LULC) is high. Lai et al. [26] applied the geo-detector model with the RSEI model to
Pingtan Island, Songming County (China), and Yoshkar-Ola (Russia), to analyze and con-
struct the ecological security pattern, and the results showed that drought is the biggest
factor affecting the ecological environmental quality, and that it influences the ecological
security pattern. Zhang Wei and other scholars [27] introduced the salinity index (CSI)
and water network density (WND) ecological environment evaluation model to evaluate
the ecological environment of China’s arid zones, which showed that the improved ERSEI
can fully characterize the surface details of arid zones. RSEI has been widely used in the
study of changes in ecological environmental quality because of its objectivity [28], and
Zhang [29], Yuan [30], Zhang [31], Yuan [32] have used RSEI to analyze the changes of
regional ecological environmental quality and its potential influencing factors, and the
study shows that natural factors such as elevation, slope, vegetation cover, and average
annual temperature, and anthropogenic factors such as land use and town construction
have an impact on the ecological environment. Li [33] and Xu [34] used RSEI to evaluate
urban ecological environmental quality, and the study shows that impermeable surfaces
are not the most important factors for urban ecological environment quality. This study
also showed that impervious surfaces have an impact on the quality of the urban ecological
environment and the living environment.

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. Artificial forests account for a high percentage of the area, with a single
forest species and low forest quality, and urban construction and mining development
have led to biodiversity damage and deterioration of ecological environmental quality.
Longnan City is an important part of Jiangxi Province’s soil-preservation and water-source
conservation area, with rich vegetation types, forming a distinctive comparison with the
single plantation forest species in the Nanling Mountains. Previously, few studies have
been conducted on the relationship between ecological quality and land use transfer in
the Nanling Mountain area, especially in Longnan City. Therefore, exploring the response
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pattern of ecological environmental quality to land use transfer in Longnan City can help
to map out the causes of ecological environment changes in Longnan City, with a view
to providing reference for ecological protection and restoration in other counties of the
Nanling Mountainous Region. However, most of the current studies explore the pattern
of land use as a single factor on ecological environmental quality [35–37], explaining the
mechanism of action between the two at a qualitative level, and reporting the response
pattern of ecological environmental quality to land use transfer in the study area; few
scholars have conducted fieldwork in the study area, explored ecological environment
indices of different land classes, and classified the land classes into directions.

In this study, the ecological environmental quality of Longnan City was evaluated
by obtaining three remote sensing images of Longnan City in 2013, 2018 and 2023, and
calculating the RSEI index. On this basis, combined with the results of fieldwork, the
land use types were divided into two directions: positive land types that promote the
ecological environment and negative land types that hinder the ecological environment.
By calculating the Pearson’s correlation coefficient to explore the degree of correlation
between the evolution of ecological environmental quality and land use transfer, and using
a geo-detector to explore the spatio-temporal relationship between land use transfer and
ecological environment evolution, the spatio-temporal response pattern of the ecological
environmental quality of Lonan City to land use transfer was further explored. 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 1641 km2. 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, for example the Taojiang and the Lianjiang. Longnan City belongs to the soil and
water conservation area of the Nanling mountains and hills in Jiangxi Province, which
has an excellent ecological environment. Unlike other areas in the Nanling Mountains
where there is a single species of plantation forest, Longnan City is characterized by
evergreen broad-leaved forests, mixed coniferous and broad-leaved forests, coniferous
forests, thickets, mountain meadows and other natural vegetation, and has a favorable
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.

2.2. Data Processing

In this study, through the preprocessing of remote sensing images, combined with
machine learning and visual interpretation, the land use is classified, the RSEI is calculated
by ENVI 5.3 software, and the spatio-temporal response pattern of ecological environment
quality to land use transfer in Longnan City is comprehensively analyzed through the
test of Pearson’s correlation coefficient and the geodetector model. The specific process is
shown in Figure 2.
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Figure 2. Study technical flow chart.2.2.1. Data.

Remote sensing data acquired in this study (Table 1) were obtained from Geospatial
Data Cloud (https://www.gscloud.cn/search accessed on 16 March 2018) and Alibaba
Cloud AI Earth Platform (https://engine-aiearth.aliyun.com accessed on 21 March 2023).
Three-phase Landsat 8 OLI/TIRS image data, of which the C2 L1 level data are for 2013 and
2018, and the C2 L2 level data are for 2023, and the spatial resolution of all of them is 30 m,
the cloudiness of all of them is lower than 10%. The 2023 land use data were obtained from

https://www.gscloud.cn/search
https://engine-aiearth.aliyun.com
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the National Soil and Water Conservation Survey Project, and the 2018 and 2013 land use
data were obtained from supervised classification (Random Forest Algorithm [38]) with
visual interpretation, based on random sampling, 70% of the samples were used for training,
and 30% were used for the confusion matrix to compute the classification accuracy [39],
with Kappa coefficients in 2018 and 2013 being 0.92 and 0.88 respectively, both of which
meet the required accuracy. In this study, the first-level land class classification system
was adopted, and combined with the actual situation of the study area, the land use types
were divided into eight categories of cultivated land, garden land, forest land, grassland,
built-up land, traffic land, water area and other land (Table 2).

Table 1. Description of data sources.

Data Sources

Remote sensing imagery 2013 https://www.gscloud.cn/search (accessed on 16
March 2018)Remote sensing imagery 2018

Remote sensing imagery 2023 https://engine-aiearth.aliyun.com (accessed on 21
March 2023)

LULC of 2013 Random Forest Classification and Visual Interpretation
LULC of 2018

LULC of 2023 National Soil and Water Conservation Survey Project
2023

Table 2. Description of land-use classifications.

Land Use Type Specific Meaning

Cultivated land
Includes ripe land, rotational land; land used mainly for

growing gardens for agriculture, fruit, mulberry, agriculture
and forestry.

Garden land Including orchards, tea gardens, other gardens.
Forest land Forest land with trees, shrubs, bamboos, etc.
Grassland Includes natural and planted grasslands.

Built-up land Refers to urban land, rural settlements and other building land.
Traffic land Including railroads, highways and rural roads.
Water area Land-based natural waters, reservoirs, artificial surface waters.

Other land Mainly composed of human-disturbed land, unutilized land
and bare rock and gravel land.

2.2.1. Remote Sensing Ecological Index

The remote sensing ecological index (RSEI) is composed of four main indicators:
greenness, humidity, dryness and heat [23]. The results of the calculation of ESRI and its
related indicators are shown in Figure 3. The calculation process is as follows:

(1) Greenness index. In this study, the normalized vegetation index (NDVI) was used to
characterize the greenness index, as shown in Formula (1):

NDVI = (B 5 − B4)/(B5 + B4 ) (1)

In Formula (1), B5 is the near-infrared band and B4 is the red band.

(2) Humidity index. The humidity index was calculated using the OLI image calculation
method [40] (obtained by referring to indexdatabase https://www.indexdatabase.de/,
accessed on 12 October 2023), as shown in Formula (2).

WET = 0.1511 × B2 + 0.1973 × B3 + 0.3283 × B4 + 0.3407 × B5 − 0.7117 × B6 − 0.4559 × B7 (2)

In Formula (2), B2, B3, B4, B5, B6 and B7 are respectively blue band, green band, red
band, near infrared band, short-wave infrared 1 and short-wave infrared 2.

https://www.gscloud.cn/search
https://engine-aiearth.aliyun.com
https://www.indexdatabase.de/
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(3) Dryness index. The dryness Index is represented by the average value of soil index
(SI) and urban building index (IBI) [41,42].

NDBSI = (SI + IBI)/2 (3)

SI = [(B6 + B4)− (B2 + B5)]/[(B6 + B4) + (B2 + B5)) (4)

IBI = [2B6/(B6 + B5)− B5/(B5 + B4)− B3/(B3 + B6)]/[2B6/(B6 + B5) + B5/(B5 + B4) + B3/(B3 + B6)] (5)

In Formula (4), B2, B4, B5 and B6 are respectively blue band, red band, near infrared
band and short-wave infrared. In Formula (5), B3, B4, B5 and B6 are respectively green
band, red band, near infrared band and short-wave infrared.

(4) Heat index. In this study, the inverse function of Planck’s formula is utilized to
calculate the heat metrics for the Landsat 8 B10 band [36,37], as shown in the following
equations:

Lλ = [ε·B(TS) + (1 − ε)L ↓]·τ + L ↑ (6)

TS = K_2/[K_1·B_i (TS) + 1] (7)

In Formulas (6) and (7), Lλ is the radiant brightness value in the thermal infrared band,
ε is the surface emissivity, B(TS) is the thermal radiant brightness of the blackbody at the
true temperature of the surface (TS) derived from Planck’s law, τ is the transmittance rate
of the atmosphere in the thermal infrared band, and L↑ and L↓ are the atmospheric upward
radiant brightness and atmospheric downward radiant brightness, respectively (available
on the official website of NASA at https://www.nasa.gov/ accessed on 11 November 2023)
the imaging time and the center latitude and longitude can be checked) for OLI images: K1
is 1321.08 W/m2, K2 is 774.89 W/m2.

εsur f ace = 0.9625 + 0.0615FV − 0.0461FV2 (8)

εbuilding = 0.9589 + 0.086FV − 0.0671FV2 (9)

In Formulas (8) and (9), εsurface and εbuilding are the ratio radiation of natural
surfaces and towns, respectively, and FV is the vegetation cover.

FV = (NDVI − NDVIS)/(NDVIV − NDVIS) (10)

In Formula (10), NDVIS = 0.00 and NDVIV = 0.70; and the FV value is taken to be 1
when the NDVI value of an image element is greater than 0.70, and the FV value is taken to
be 0 when the NDVI value of an image element is less than 0.00.

(5) Remote sensing ecological index. After calculating each indicator according to Formu-
las (1)–(10), resampling of each indicator is processed to 30 m. In order to eliminate
the influence of indicator direction, it is necessary to normalize the indicator.

NIi = (Ii − Imin)/(Imax − Imin) (11)

In Formula (11), NIi 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 [28] was adopted to calculate the
RSEI index.

RSEI0 = 1 − {PCI[ f (NDVI, WET, NDBSI, LST)]} (12)

https://www.nasa.gov/


Land 2024, 13, 675 8 of 23

RSEI = (RSEI0 − RSEI0min)/(RSEI0max − RSEI0min) (13)

In Formulas (8) and (9), RSEI0 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 the RSEI index is, the better the ecological environmental quality is. RSEI0 min is
the minimum value of RSEI0, and RSEI0 max is the maximum value of RSEI0.

2.2.2. Pearson Correlation Coefficient

The Pearson correlation coefficient is used to describe the degree of correlation between
two variables. In this study, the 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 the Pearson correlation coefficient by
Xu Jianhua [43].

rxy =

[
∑n

i=1 (xi − x)(yi − y)]/
√

∑n
i=1(xi − x)2

√
∑n

i=1(yi − y)2 (14)

In equation (14), rxy is the correlation index among the factors.

2.2.3. Land Use Change Analysis

(1) Land use transfer matrix

The land use transfer matrix is used to analyze the process of land use transfer [44]. In
this study, the superposition analysis module of ArcGIS 10.6 software was used to calculate
the land use transfer matrix of Longnan City [45,46].

B =


B11
B21

...
Bn1

B12
B22

...
Bn2

. . .

. . .
. . .
. . .

B1n
B2n

...
Bnn

 (15)

In Formula (15), Bij is 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

The land use transfer flow [47] 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 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:

L f = Lin + Lout (16)

Ln f = Lin − Lout (17)

In Formulas (16) and (17), Lf is the land use transfer flow, Lout is the transfer flow, Lin
is the transfer flow, and Lnf is 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 types in a certain time in the study area. See the following
formula:

K =
Ln f

Uai
× 1

T
× 100% (18)

In Equation (18), K is the dynamic attitude of single land use, Uai 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 has
a value of 5.
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2.2.4. Spatial Autocorrelation Analysis

(1) Global spatial autocorrelation

The global Moran’s I index is used to reflect the similarity of the attribute values of
the unit in the space region [43]. It takes values in the following range: −1 < Moran’s I < 1.
When the Moran’s I index is less than 0, it indicates a negative correlation; a value equal to
0 indicates no correlation; a value greater than 0 indicates a positive correlation.

I =
n∑n

i=1 ∑n
j=1 wij(xi − x)

(
xj − x

)
n∑n

i=1 ∑n
j=1 wij(xi − x)2 (19)

(2) Local spatial autocorrelation

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

Ii =
n(xi − x)∑j wij

(
xj − x

)
∑i(xi − x)2 (20)

In Equations (19) and (20), wij is the space weight, n is the total number of space units,
xi and xj are the observed values of region i and region j, and x is the average value of
attributes of all space units.

2.2.5. Geographical Detector

Geodetector is a statistical method to explore spatial differentiation and explain the
driving factors behind it [48]. In this study, factor detector and interactive detector were
used to explore the relationship between the evolution trend of ecological environmental
quality and land use transfer in Longnan City. The value of q indicates the extent to which
attribute Xi explains the spatial differentiation of attribute Y [49]. The larger the value of q,
the more obvious the spatial differentiation of Y. Its calculation is shown in the following
formula:

q = 1 − ∑L
h=1 Nhσ2

h
Nσ2

= 1 − SSW
SST

(21)

In Formula (21), q ∈ [0,1]; SSW and SST are the sum of intra-layer variance and the
total variance of the whole region, respectively. h = 1,. . . L is the number of layers of
influence factor X in the study area; Nh is the number of units in layer h, and N is the
number of units in the whole area. σ2

h is the variance of Y in layer h, and σ2 is the variance
of Y in the study area.

3. Results
3.1. Temporal and Spatial Changes of Ecological Environmental Quality
3.1.1. Interannual Change of Ecological Environmental Quality

According to the ecological environmental quality classification standard issued by the
National Environmental Protection Standard (HJ192-2015), the ecological environmental
quality of Longnan City is divided into five levels, as shown in Table 3.

Table 3. Ecological environmental quality Classification in Longnan City.

Ecological Environmental
Quality Ecological Index Ecological Environmental

Quality Grade

Poor r < 0.2 V
Fair 0.2 ≤ r < 0.35 IV

Moderate 0.35 ≤ r < 0.55 III
Good 0.55 ≤ r < 0.75 II

Excellent r ≥ 0.75 I
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According to the classification standard, the ecological environmental quality of
Longnan City was classified and measured, and the results are shown in Table 4. The
mean values of the remote sensing ecological index of Longnan City in 2013, 2018 and 2023
were 0.789, 0.917 and 0.872, respectively, and the ecological environmental quality showed
a trend of “first rising and then decreasing”.

Table 4. Statistics on Ecological environmental quality Grade of Longnan City from 2013 to 2023.

Ecological Environmental
Quality Grade

2013 2018 2023

Area (km2) Proportion (%) Area (km2) Proportion (%) Area (km2) Proportion (%)

V 144.181 8.759 6.815 0.414 18.48 1.123
IV 73.1 4.441 31.223 1.897 49.46 3.005
III 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
I 708.894 43.063 1124.827 68.330 877.273 53.291

The areas of poor ecological environment of Longnan City in 2013, 2018 and 2023
were 144.81 km2 (accounting for 8.759%), 6.815 km2 (0.414%) and 18.48 km2 (1.123%),
respectively. The areas of fair ecological environmental quality were 73.1 km2 (4.441%),
31.223 km2 (1.897%) and 49.46 km2 (3.005%), respectively. The areas of the region with mod-
erate ecological environmental quality were 221.634 km2 (13.464%), 79.431 km2 (4.825%)
and 130.89 km2 (7.951%), respectively. The areas of the region with good ecological and
environmental quality were 498.371 km2 (30.274%), 403.883 km2 (24.535%) and 570.077
km2 (34.63%), respectively. The areas with excellent ecological environmental quality were
708.894 km2 (43.063%), 1124.827 km2 (68.33%) and 877.273 km2 (53.291%), respectively.

In general, from 2013 to 2023, the poor ecological environment area, poor ecologi-
cal 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 ecolog-
ical environmental quality and the area with excellent ecological environmental quality
appeared in 2013 and 2018 respectively.

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 4. 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 environmental 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 environmental
quality are distributed in the southwest and central regions with wide forest cover, but the
ecological environmental quality of the two regions increased first and then decreased due
to the influence of human activities.

In order to explore the change of ecological environmental quality in Longnan City,
this study processed the difference between the two periods of data before and after, and
obtained the spatio-temporal differentiation of ecological environment change in the two
periods (from 2013 to 2018 and from 2018 to 2023), as shown in Figure 5. As can be seen
from Figure 4, the change of ecological environmental quality in Longnan City showed a
strong spatial difference between the two periods. The change of ecological environmental
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 environmental 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 environmental quality of
Longnan City remained unchanged on the whole, but the ecological environmental quality
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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.
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It is not difficult to see from the global Moran’s I index of Longnan City (Table 5)
and the local spatial autocorrelation LISA clustering diagram (Figure 6) in the two time
periods calculated by spatial autocorrelation: (1) The RSEIi global Moran’s I index of Long-
nan City in the two periods were −0.13 and 0.28, and both passed the p < 0.05 test. The
results showed that the change pattern of ecological environmental quality in Longnan
City showed negative spatial correlation from 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 environmental quality in Longnan
City increased significantly. (2) From 2013 to 2018, the changes of ecological environmental
quality in Longnan City were mainly high-high clustering (ecological environmental quality
improved) and low-low clustering (ecological environmental quality did not change signif-
icantly). 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 environmental quality in Longnan
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City are mainly high-high clustering (ecological environmental quality becomes better),
low-low clustering (ecological environmental 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 5. Global Moran’s I Index of Changes in Ecological Quality in Longnan.

Period Moran’s I Z P

2013–2018 −0.13 −2.60 0.009
2018–2023 0.28 3.95 0.000
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3.2. Land Use Transfer Characteristics

According to the national land classification standard, the land use type of Longnan
City is divided into eight types: cultivated land, garden land, forest land, grassland,
construction land, traffic land, water body and other land (mainly man-made disturbance
land). By counting the area of each category in each year (Table 6) and calculating the land
use transfer matrix for the two time periods (Tables 7 and 8, Figure 7), the following results
were obtained.

Table 6. Statistics on Land Use in Longnan City from 2013 to 2023.

Land-Use Type 2013 2018 2023
Area (km2) Proportion (%) Area (km2) Proportion (%) Area (km2) Proportion (%)

Cultivated land 147.84 8.981 146.31 8.888 142.12 8.633
Garden 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

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 22.4 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
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Table 7. Land Use Transfer Matrix in Longnan City from 2013 to 2018 (unit:km2).

2013

2018 Positive Land Use Type Negative Land Use Type

Cultivated
Land

Garden
Land Forestland Grassland Water

Area
Traffic
Land

Built-Up
Land

Other
Land All

Positive
land use

type

Cultivated land 143.20 0.61 0.79 0.26 0.72 0.59 0.07 1.58 147.84
Garden land 0.19 79.18 0.15 0 0.05 0.06 0 0.51 80.14
Forestland 1.23 5.07 1291.56 0.15 1.17 2.54 0.03 6.56 1308.32
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
land use

type

Traffic land 0.35 0.17 1.68 0 0.01 13.91 0 0.04 16.16
Built-up land 0.15 0.09 0.02 0 0.01 0.01 18.73 0.01 19.02

Other land 0.86 1.24 2.26 0.30 4.92 0.57 0.25 15.90 26.31
All 146.31 86.36 1296.88 3.98 46.36 18.00 19.14 29.15 1646.18

Table 8. Land Use Transfer Matrix in Longnan City from 2018 to 2023 (unit:km2).

2018

2023 Positive Land Use Type Negative Land Use Type

Cultivated
Land

Garden
Land Forestland Grassland Water

Area
Traffic
Land

Built-Up
Land

Other
Land All

Positive
land use

type

Cultivated land 141.67 0.17 1.09 0 0.65 1.00 0 1.73 146.31
Garden 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 3.30 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

Negative
land use

type

Traffic land 0 0 0 0 0 17.87 0 0.13 18.00
Built-up land 0.03 0 0.01 0 0.01 0.01 46.01 0.31 46.36

Other land 0.40 0.43 0.99 0.20 0.00 0.47 9.50 17.16 29.15
All 142.12 85.77 1292.29 3.08 20.46 22.40 55.96 24.10 1646.18
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The transfer of the above eight types of land use types in the 10 years from 2013 to
2023 is as follows:

(1) A total of 5.72 km2 of cultivated land was transferred in Longnan City, of which
4.64 km2 (mainly transferred to other land) was transferred from 2013 to 2018, and
3.11 km2 (mainly transferred to grassland) was transferred from 2013 to 2018; from
2018 to 2023, a total of 4.64 km2 was transferred out (mainly to other land), and a total
of 0.45 km2 was transferred in (mainly to other land).

(2) A total of 5.64 km2 of garden land in Longnan City was transferred, of which 7.18 km2

(mainly transferred from forest land) and 0.96 km2 (mainly transferred to other land)
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from 2013 to 2018; From 2018 to 2023, a total of 0.6 km2 was transferred (mainly from
other land) and a total of 1.19 km2 was transferred (mainly from other land).

(3) A total of 16.03 km2 of forest land was transferred out of Longnan City, of which
16.76 km2 (mainly transferred out of garden land and other land) and 5.32 km2 (mainly
transferred into other land) from 2013 to 2018; from 2018 to 2023, a total of 6.7 km2

of forest land was transferred (mainly to other land), and a total of 2.12 km2 was
transferred (mainly from cultivated land).

(4) A total of 1.49 km2 of grassland in Longnan City was transferred, of which 1.61 km2

(mainly transferred to other land) and 1.02 km2 (mainly transferred to building land
and other land) from 2013 to 2018; from 2018 to 2023, grassland was transferred to
1.11 km2 (mainly transferred to other land) and 0.21 km2 (mainly transferred to other
land).

(5) The building land of Longnan City increased by 13.25 km2, of which 7.09 km2 was
transferred from 2013 to 2018 (mainly transferred from other land) and 4.56 km2

was transferred from 2018 to 2023 (mainly transferred from other land). A total of
11.07 km2 of building land was transferred (mainly from other land), and a total of
0.35 km2 was transferred (mainly from other land).

(6) The transportation land of Longnan City increased by 6.24 km2, of which from 2013
to 2018, the transportation land was transferred to 4.09 km2 (mainly transferred to
forest land) and 2.25 km2 (mainly transferred to forest land); from 2018 to 2023, a total
of 4.53 km2 of transportation land was transferred (mainly from forest land), and a
total of 0.13 km2 was transferred (to other land).

(7) The water area of Longnan City has increased by 0.21 km2. From 2013 to 2018, the
water area was transferred to 0.41 km2 (mainly transferred from other land) and
0.29 km2 (mainly transferred from cultivated land). From 2018 to 2023, the water area
has been transferred to 0.22 km2 (mainly transferred from cultivated land). A total of
0.03 km2 is transferred out (transferred out to other land).

(8) Other land use in Longnan City decreased by 2.21 km2, of which 10.41 km2 was
transferred from 2013 to 2018 (mainly transferred from construction land) to 13.25 km2

(mainly transferred from forest land). From 2018 to 2023, a total of 11.99 km2 of other
land was transferred out (mainly for building land), and a total of 6.94 km2 was
transferred into (mainly from forest land).

3.3. Temporal and Spatial Response of Ecological Environmental Quality Evolution to Land
Use Transfer
3.3.1. Correlation between Ecological Environmental Quality Evolution and Land Use Type

In order to explore the correlation degree between ecological environmental 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 8) to calculate their
ecological index. The results are shown in Table 9.

In order to explore the spatio-temporal response mode of ecological environment
evolution to land use transfer in Longnan City, based on Table 9, the study divided five
land types (forest land, garden land, water area and cultivated land) with good ecological
environmental quality into positive factors, and three land types (construction land, trans-
portation land and other land) with average and poor ecological environmental 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–to–positive” (from positive factor to positive factor), “positive–to–negative” (from
positive factor to negative factor), “negative–to–negative” (from negative factor to negative
factor), and “negative–to–positive” (from negative factor to positive factor). On this basis,
the temporal and spatial response model of ecological environmental 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 environmental quality, while
NDBSI and LST have a negative impact on ecological environmental quality [28].
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Table 9. Ecological environmental quality Grade of Field Study Sites.

Land-Use Type Cultivated
Land

Garden
Land

Forest
Land Grass Land Built-Up

Land Traffic Land Water
Area Other Land

RSEI 0.6 0.725 0.724 0.6 0.4 0.25 0.567 0.235
Ecological

environmental
quality grade

Good Good Good Good moderate Fair Good Fair

Based on this, on the basis of the 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 environmental quality to different land use transfer modes. The measurement
results are shown in Table 10.

Table 10. Correlation Between RSEI and the Four Factors under Different Land Use Transfer Patterns.

Transition Type

Factors
Land-Use NDVI WET NDBSI LST

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”.
This suggests that land classes characterizing positive indicators have a greater impact
on ecosystem quality in areas of anisotropic change than in areas of isotropic change. (2)
The correlation coefficients of negative indicators NDBSI, LST and RSEI change with the
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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. This suggests that land classes characterizing negative
indicators have a greater impact on the quality of the ecosystem when the transfer outcome
is negative.

3.3.2. Temporal and Spatial Response Model of Ecological Environmental Quality
Evolution to Land Use Transfer

In this study, the changes of ecological environmental quality under different land use
transfer modes were divided into two periods, and the changes of ecological environmental
quality were classified according to national standards, as shown in Table 11. On this basis,
the response of ecological environmental quality to the four land use transfer modes was
further explored, and the statistical results are shown in Figure 9 and Table 12.

Table 11. Grading Degree of Ecological environmental quality Change.

Change Degree No Significant Change Slight Change Obvious Change Significant Change

Changing value |∆EI | < 1 1 ≤ |∆EI | < 3 3 ≤ |∆EI | < 8 |∆EI | ≥ 8

Description
No significant change

in ecological
environmental quality

Slightly better or worse
in ecological

environmental quality

Obviously better or
worse in ecological

environmental quality

Significantly better or
worse in ecological

environmental quality

Land 2024, 13, x FOR PEER REVIEW 17 of 24 
 

 

Figure 9. Statistics on changes in the quality of the ecological environment. 

Table 12. Statistics on Changes in Ecological Quality Under Different Land Use Transfer Patterns. 

Land-Use Transfer  

Pattern 

 
Proportion(%) 

 

Change Trend 

Negative–Negative Negative–Positive Positive–Negative Positive–Positive 

2013–2018 2018–2023 2013–2018 2018–2023 2013–2018 2018–2023 2013–2018 2018–2023 

Significant deterioration 0.002 0.517 0.061 0.028 6.079 1.024 0.024 0.043 

Obvious deterioration 0.331 12.073 1.029 29.097 17.444 50.101 0.415 1.821 

Slight deterioration 1.435 26.202 2.892 22.714 13.284 20.746 5.535 14.809 

Insignificant deteriora-

tion 
2.257 33.268 5.696 15.303 14.588 16.612 17.100 49.690 

Insignificant improve-

ment 
3.908 22.001 22.449 13.554 30.921 8.791 27.129 28.514 

Slight improvement 27.905 5.636 66.091 14.799 17.652 2.509 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 environmental quality change to 

the “negative–negative” land use transform pattern is as follows: The area of obvious im-

provement (63.962%) of ecological environmental quality is relatively large, followed by 

the slight improvement area (27.905%), there are a small number of areas with insignifi-

cant deterioration (2.257%), insignificant improvement (3.908%) and slight deterioration 

(1.435%), there are very few areas with obvious deterioration (0.331%) and significant im-

provement (0.202%), and almost no significant deterioration (0.002%). (2) The response of 

the change of ecological environmental quality to the “negative–positive” land use trans-

form pattern is as follows: the area of slight improvement (66.091%) ecological environ-

mental quality is relatively large, followed by the area of insignificant improvement 

(22.449%), with a few areas of insignificant deterioration (5.696%), obvious improvement 

(1.782%), slight deterioration (2.892%) and obvious deterioration (1.029%), with a few ar-

eas of significant deterioration (0.061%) and no significant improvement. (3) The response 

of the change of ecological environmental quality to the “position–negative” land use 

transform pattern is as follows: the area of the ecological environmental quality is insig-

nificant improvement (30.921%), and the area of the ecological environmental quality is 

slight improvement (17.625%), insignificant deterioration (14.588%), slight deterioration 

(13.284%) and significant deterioration (17.444%) is equal in proportion. There are a few 

areas of significant deterioration (6.079%), a few areas of obvious improvement (0.033%), 

and no areas of significant improvement. (4) The response of the change of ecological en-

vironmental quality to the “positive–positive” land use transform pattern is as follows: 

Figure 9. Statistics on changes in the quality of the ecological environment.

Table 12. Statistics on Changes in Ecological Quality Under Different Land Use Transfer Patterns.

Land 2024, 13, x FOR PEER REVIEW 17 of 24 
 

 

Figure 9. Statistics on changes in the quality of the ecological environment. 

Table 12. Statistics on Changes in Ecological Quality Under Different Land Use Transfer Patterns. 

Land-Use Transfer  

Pattern 

 
Proportion(%) 

 

Change Trend 

Negative–Negative Negative–Positive Positive–Negative Positive–Positive 

2013–2018 2018–2023 2013–2018 2018–2023 2013–2018 2018–2023 2013–2018 2018–2023 

Significant deterioration 0.002 0.517 0.061 0.028 6.079 1.024 0.024 0.043 

Obvious deterioration 0.331 12.073 1.029 29.097 17.444 50.101 0.415 1.821 

Slight deterioration 1.435 26.202 2.892 22.714 13.284 20.746 5.535 14.809 

Insignificant deterioration 2.257 33.268 5.696 15.303 14.588 16.612 17.100 49.690 

Insignificant improvement 3.908 22.001 22.449 13.554 30.921 8.791 27.129 28.514 

Slight improvement 27.905 5.636 66.091 14.799 17.652 2.509 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 environmental quality change to 

the “negative–negative” land use transform pattern is as follows: The area of obvious im-

provement (63.962%) of ecological environmental quality is relatively large, followed by 

the slight improvement area (27.905%), there are a small number of areas with insignifi-

cant deterioration (2.257%), insignificant improvement (3.908%) and slight deterioration 

(1.435%), there are very few areas with obvious deterioration (0.331%) and significant im-

provement (0.202%), and almost no significant deterioration (0.002%). (2) The response of 

the change of ecological environmental quality to the “negative–positive” land use trans-

form pattern is as follows: the area of slight improvement (66.091%) ecological environ-

mental quality is relatively large, followed by the area of insignificant improvement 

(22.449%), with a few areas of insignificant deterioration (5.696%), obvious improvement 

(1.782%), slight deterioration (2.892%) and obvious deterioration (1.029%), with a few ar-

eas of significant deterioration (0.061%) and no significant improvement. (3) The response 

of the change of ecological environmental quality to the “position–negative” land use 

transform pattern is as follows: the area of the ecological environmental quality is insig-

nificant improvement (30.921%), and the area of the ecological environmental quality is 

slight improvement (17.625%), insignificant deterioration (14.588%), slight deterioration 

(13.284%) and significant deterioration (17.444%) is equal in proportion. There are a few 

areas of significant deterioration (6.079%), a few areas of obvious improvement (0.033%), 

and no areas of significant improvement. (4) The response of the change of ecological en-

vironmental quality to the “positive–positive” land use transform pattern is as follows: 

The area of the ecological environmental quality is slight improvement (37.442%), fol-

lowed by the area of insignificant improvement (27.129%), and then the area of obvious 



Land 2024, 13, 675 17 of 23

From 2013 to 2018: (1) The response of ecological environmental quality change to
the “negative–negative” land use transform pattern is as follows: The area of obvious im-
provement (63.962%) of ecological environmental quality is relatively large, followed by the
slight improvement area (27.905%), there are a small number of areas with insignificant de-
terioration (2.257%), insignificant improvement (3.908%) and slight deterioration (1.435%),
there are very few areas with obvious deterioration (0.331%) and significant improvement
(0.202%), and almost no significant deterioration (0.002%). (2) The response of the change
of ecological environmental quality to the “negative–positive” land use transform pattern
is as follows: the area of slight improvement (66.091%) ecological environmental quality
is relatively large, followed by the area of insignificant improvement (22.449%), with a
few areas of insignificant deterioration (5.696%), obvious improvement (1.782%), slight
deterioration (2.892%) and obvious deterioration (1.029%), with a few areas of significant
deterioration (0.061%) and no significant improvement. (3) The response of the change of
ecological environmental quality to the “position–negative” land use transform pattern is
as follows: the area of the ecological environmental quality is insignificant improvement
(30.921%), and the area of the ecological environmental quality is slight improvement
(17.625%), insignificant deterioration (14.588%), slight deterioration (13.284%) and signif-
icant deterioration (17.444%) is equal in proportion. There are a few areas of significant
deterioration (6.079%), a few areas of obvious improvement (0.033%), and no areas of signif-
icant improvement. (4) The response of the change of ecological environmental quality to
the “positive–positive” land use transform pattern is as follows: The area of the ecological
environmental quality is slight improvement (37.442%), followed by the area of insignif-
icant improvement (27.129%), and then the area of obvious improvement (11.883%) and
insignificant deterioration (17.1%). There are a few areas of slight deterioration (5.535%),
a few areas of significant improvement (0.219%) and obvious deterioration (0.219%), and
almost no significant deterioration (0.024%).

From 2018 to 2023: (1) The response of the change of ecological environmental quality
to the “negative–negative” land use transform pattern is as follows: The proportion of
areas with slight deterioration (26.202%), insignificant deterioration (33.268%) and slight
improvement (22.001%) ecological environmental quality is the same, followed by the
obvious deterioration (12.073%) area, there are a few slight improvement (5.636%) areas,
there are a few significant deterioration (0.517%) and obvious improvement (0.304%)
areas, and there are no significant improvement areas. (2) The response of the change of
ecological environmental quality to the “negative–positive” land use transform pattern
is as follows: The area of obvious deterioration (29.097%) of ecological environmental
quality is relatively large, followed by the slight deterioration (22.714%) area, the area
of insignificant deterioration (15.303%), insignificant improvement (13.554%) and slight
improvement (14.799%) is the same, there are a few obvious improvement (4.505%) areas,
almost no significant deterioration (0.028%) area, no significant improvement area. (3)
The response of the change of ecological environmental quality to the “positive–negative”
land use transform pattern is as follows: the area with obvious deterioration (50.101%) of
ecological environmental quality accounts for a large proportion, the area with insignificant
deterioration (16.612%) and the area with slight deterioration (20.746%) accounts for the
same proportion, there are a few areas with slight improvement (8.791%) and significant
deterioration (2.509%), a few areas with obvious improvement (0.219%) and no significant
improvement. (4) The response of the change of ecological environmental quality to the
“positive–positive” land use transform pattern is as follows: The area of the ecological
environmental quality is not significant deterioration (49.69%), followed by the area of
insignificant improvement (28.514%), and the area of slight deterioration (14.809%) again,
there are a small number of slight improvement (4.79%) and obvious deterioration (1.821%)
areas, there are very few significant improvement (0.318%) areas, and almost no obvious
improvement (0.318%) and significant deterioration (0.043%) areas.
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3.4. Analysis of Temporal and Spatial Evolution Factors of Ecological Environmental Quality in
Longnan City

The geographical detector was used to analyze the driving factors for the spatial
heterogeneity of the evolution of ecological environmental 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 X1, X2, X3, X4 and X5, and the inter-annual changes of
RSEI were taken as Y for detection. As shown in Table 13 and Figure 10.

Table 13. Results of Ecological Environment Equality Evolution Factor Detection in Longnan City.

Driving Factors
Period

2013–2018 2018–2023

X1 0.27 * 0.12
X2 0.36 ** 0.18 *
X3 0.14 0.79 **
X4 0.18 * 0.27 *
X5 0.21 * 0.35 **

* means p < 0.05, ** means p < 0.01.
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From 2013 to 2018, the q-values of X1, X2, X3, X4 and X5 were 0.27, 0.36, 0.14, 0.18 and
0.21 respectively, indicating that changes in WET have the greatest impact on changes in
ecological quality, followed by NDVI; LUCC ranked third in terms of its influence; LST had
less influence; and the NDBSI had virtually no impact. From 2018 to 2023, the q-values of
the indicators were 0.12, 0.18, 0.79, 0.27 and 0.35, indicating that changes in NDBSI had
the greatest impact on changes in ecological quality, followed by LUCC; LST had the third
highest impact; WET had a low impact; and NDVI had virtually no impact.

The results of interaction detection are both double factor enhancement or nonlinear
enhancement, indicating that the impact of interaction between factors on ecological envi-
ronmental quality in Longnan City is stronger than that of any single factor. From 2013 to
2018, the two combinations of X4 with X2 and X5 were the main factors influencing the
changes in ecological environmental quality in Longnan City, which means that the inten-
sity of changes in ecological environmental quality under the influence of the interaction
of LST with WET and the interaction of LST with LUCC is greater than the intensity of
changes in the three factors when they act alone. From 2018 to 2023, the four combinations
of X3 with X1, X2, X4, X5 and the combination of X4 and X5 were the main factors causing
changes in ecological environmental quality in Longnan City. That is, the intensity of
changes in ecological environmental quality under the influence of the interaction of NDBSI
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and NDVI, NDBSI and WET, NDBSI and LST, NDBSI and LUCC and LST and LUCC is
greater than the intensity of changes when these five factors act alone.

4. Discussion
4.1. Spatio-Temporal Response Mechanism of Ecological Environmental Quality to Land Use
Transfer in Longnan City

Most of the previous studies explored the impact of land use on ecological environ-
mental quality [26,36,37]. There are relatively few studies on the response of ecological
environmental quality to land use transfer, especially in the Nanling mountainous area.
Based on a comprehensive analysis of the previous research of LUCC’s effect on the change
of ecological environmental quality, this study aims to explore the spatio-temporal response
mechanism of ecological environmental quality to land use transfer, by using the RSEI
model, land use dynamic attitude, spatial autocorrelation analysis, Pearson’s correlation
analysis, and geodetic detector model, combined with the fieldwork to distinguish the real
impact of land use transfer. This work expands the perspective of the research field.

From 2013 to 2023, the ecological environmental quality of Longnan City shows a
trend of “rising and then declining”, and the rising trend is obviously greater than the
declining trend, which is the same as the conclusion of Ouyang [50] and others. The reason
may be related to the implementation of engineering measures such as returning farmland
to forest and grassland in the study area [12], which led to an increase in the area of
forest and grassland in the region, and counteracted the negative impacts on the ecological
environmental quality caused by urban expansion [18]. The ecological environmental
quality of the study area is highly correlated with the land use status. The southern part of
Longnan City is dominated by forests, while the northern part is an urban construction
area, indicating that the ecological environmental quality in the southern part is better than
that in the northern part. Human activities in the southern region are not active, coupled
with ecological protection measures [14], so that the quality of its ecological environment
has been maintained at a good level. Human activities are strong in the construction area
in the northern part of the city, and the development and utilization of the surrounding
areas lead to the transfer of forest land and grassland to the construction land, which is the
main reason for the poor ecological environment in the northern part of the city [51].

This study conducted a field investigation of 114 points containing eight typical land
classes in Longnan City to calculate their RSEI indexes. Based on the RSEI index, the study
divided five land types (forest land, crop land, grassland, water area and cultivated land)
with good ecological environmental quality into positive factors, and three land types
(built-up land, traffic land and other land) with average and poor ecological environmen-
tal 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 modes “positive–to–positive”, “positive–to–negative”, “negative–to–positive” and
“negative–to–negative”. Based on land use transfer mode, the response mechanism of
ecological environmental quality change to land use transfer was explored by calculating
the Pearson correlation coefficients between each ecological indicator with RSEI under
different land use transfer modes [23]. And the response mechanism of each ecological
indicator and LUCC to land use transfer was further explored by geo-detectors. RSEI’s
response mechanism fills the gap left by previous studies that did not involve fieldwork
to improve the credibility of the impact of land use transfer direction on ecological
environmental quality. It was found that the positive and negative land uses in this study
were more reliable. Firstly, the correlation coefficients between the negative indicators
NDBSI and LST and RSEI were larger when the land uses shifted in the negative direction,
and the correlation coefficients between the positive indicators NDVI and WET and RSEI
were larger when the land uses were shifted in the same direction. Secondly, the correlation
coefficients of the positive indicators NDVI and WET were larger when the land uses were
shifted in the same direction in Longnan City between 2013 and 2018. Thirdly, from 2013 to
2018, the ecological environmental quality in Longnan City improved significantly, and



Land 2024, 13, 675 20 of 23

the interaction effect of LST with WET and LUCC on the ecological environmental quality
was larger than that of other factors, and from 2018 to 2023, the ecological environmental
quality in Longnan City deteriorated a little bit, and the interaction effect of LUCC, LST
and NDBSI with LST was larger than that of other factors.

4.2. Shortcomings and Prospects of the Study

The evolution of ecological environmental quality and land use change is a com-
plex synthesis of natural and anthropogenic systems acting together [52], involving soil
quality [53], water environment [54], air pollution [55], etc. In this study, we only chose
Landsat remote sensing imagery to calculate the RSEI index of Longnan City to reflect the
ecological environmental quality and the trend of spatial and temporal evolution in the
period of 2013–2023, which would inevitably produce deviation with the actual situation.
The combination of machine learning [38,39] and manual interpretation were used to accu-
rately classify and recognize the LULC in the study area and improve the interpretation
accuracy. Fieldwork improved the credibility of the influence of land use transfer directions
on ecological environmental quality, and the drivers of ecological environmental quality
evolution were explored more intuitively with the help of the geo-detector. However, there
are still some areas that need further study.

Cultivated land was classified as a positive land category in the study was reliable,
because related studies also showed that the comprehensive ecological effect of conver-
sion to cultivated land was positive [56], and farmland was an area of ecological quality
improvement [57]. However, due to the seasonal influence, part of the cultivated land is in
the state of “barren planting”, which will lead to the low RSEI of this type of land, and the
classification of the cultivated land into land that is positive to the ecological environmental
quality may cause less interference with the results of the measurements. The Pearson
correlation coefficient is reliable for detecting the correlation degree between regional eco-
logical quality and other factors [58,59]. However, there are differences between different
ecological indicators in urban and rural areas. Therefore, comprehensive consideration of
the impact of differences in urban and rural areas is also needed in detecting the correlation
degree between regional ecological quality and other factors.

Under the guidance of the 14th Five-Year Plan for ecological restoration of territorial
space in Jiangxi Province, the future ecological environment protection and restoration of
Longnan City mainly points to the rational and efficient allocation of territorial space. On
the one hand, the protection of forest resources, grassland resources, water resources and
arable land resources should be strengthened. In the core area of ecological restoration,
except for ecological construction, landscape protection and ecological tourism projects, no
other construction projects will be carried out. In the protected farmland areas, except for
the normal agricultural production activities with the high-standard farmland construction
activities, there will be no transformation or encroachment of farmland in any form. On
the other hand, the planning and control of urban development boundaries should be
strengthened and complied with the strictest ecological protection system and arable land
protection system. In the process of urban development, both economic and ecological
benefits should be taken into account, and ecological space should not be occupied. The
three zones and three lines should be strictly delineated, urban construction land manage-
ment should be strengthened, and the construction of blue and green spaces should be
incorporated into town development plans, minimizing the construction of industrial and
other projects that cause serious pollution to the ecological environment.

5. Conclusions

Based on RSEI index, geo-detector, the field observation and LUCC mapping by
remote sensing, this paper evaluated the ecological environmental quality of Longnan
City in 2013, 2018 and 2023, divided land use types into two directions (positive and
negative), studied the correlation degree and the spatio-temporal relationship between the
ecological environmental quality evolution and land use transfer, and further explored the
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spatio-temporal response pattern among them. The RSEI of Longnan City in 2013, 2018 and
2023 were 0.789, 0.917 and 0.872, respectively. There were large spatial differences in the
ecological quality of Longnan City, and that of the northern part was significantly worse
than that of the southern part, with the northern main urban area gradually deteriorating
in the trend of “inward contraction”. From 2013 to 2023, Longnan City was dominated by
the transfer out of forest land (16.03 km2 transferred out) and the transfer in of construction
land (13.25 km2 transferred in).

The correlation coefficients between the NDVI, WET, NDBSI, LST and the RSEI under
the positive–positive transform pattern were respectively 0.523, 0.408, −0.268, −0.241;
0.767, 0.337, −0.479, −0.528 in positive–negative transform pattern; 0.741, 0.521, −0.121,
−0.472 in negative–positive transform pattern; 0.561, 0.5, −0.523, −0.511 in positive–
positive transform pattern. When the land category is transferred in the same direction,
the correlation between positive indicators NDVI, WET and RSEI is higher than that of
heterogeneous transfer. While the land use type is transferred to the negative land category,
the correlation between the negative indicators NDBSI, LST and RSEI is higher than that
of the transfer to the positive land category. The method proposed in this study for
characterizing the positive and negative impacts on the ecological environmental quality of
the land classes is accurate.

The spatial and temporal responses of ecological environmental quality to different
land use transform patterns are highly correlated with the changes in ecological environ-
mental quality. From 2013 to 2018, the area with better ecological environmental quality
was always larger than that with worse ecological environmental quality under different
land use transform patterns. From 2018 to 2023, the area with worse ecological environ-
mental quality was always larger than that with better ecological environmental quality
under different land use transform patterns. LUCC always had a strong impact on the
ecological environmental quality in Longnan City in both periods. Specifically, from 2013
to 2018, the interaction between LUCC and LST (q = 0.4) had a greater impact on the
ecological environmental quality change than the interaction between other factors in this
period; from 2018 to 2023, the interaction between LUCC and both NDBSI and LST (LST ∩
LUCC = 0.567, NDBSI ∩ LUCC = 0.838) also had a greater strength of influence on changes
in ecological quality during this period than the interactions among other factors. The
interaction between LUCC and other indicators has a greater effect on the evolution of
ecological environmental quality in Longnan City than the single factor effect.
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