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Land use/Land cover (LULC) change seriously affects ecosystem services and
ecosystem functions. In order to maintain ecological security and orderly social
development, habitat quality assessment based on Land use/Land cover change
is worth exploring. Based on multi-source land use data and Google remote
sensing data from 1985 to 2017, land use transfer matrix and habitat quality
index were used to study land use change, spatial-temporal evolution of habitat
quality, and driving factors influencing habitat quality change in Sanjiang Plain.
The results showed that Land use/Land cover changed significantly from
1985 to 2017, especially paddy land increased by 22,184.92 km? while
unutilized land decreased by 11,533.53 km?. The increase of construction
land was mainly at the expense of dry land. There was a polarization in
habitat quality, and the high intensity of land use utilization and
development resulted in a significant decrease in habitat quality. From
1985 to 2017, the largest change in habitat quality was grassland, which
decreased from 0.99 to 0.91.

KEYWORDS

land use transfer, habitat Quality, inVEST model, Sanjiang plain, land use/cover change
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1 Introduction

With the rapid development of cities, there have been negative effects on the global
climate, living environment, and ecological environment (Yang et al., 2019b; Guo et al,
2020; Chen Y. et al., 2022; Zhang et al., 2022b; Ren et al., 2022; Yu et al., 2022), The CPC
Central Committee has given prominence to the construction of ecological civilization,
comprehensively strengthened the construction of ecological civilization, and carried out
a series of efforts to control mountains, rivers, forests, fields, lakes, grass and sand in an
integrated manner (Du et al., 2021; Meng et al., 2021). Therefore, understanding the
changes of habitat quality caused by land use transformation is of great significance for the
construction of ecological civilization.
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Land is the spatial carrier of human economic and social
activities, and the huge transformation of land use/land cover
(LULC) has brought about a series of environmental problems
(Shan et al., 2019; Wang et al., 2019). The development and
utilization of land resources not only affects the ecological
structure and ecosystem services, but also directly affects
habitat quality and biodiversity (Duo et al., 2022; He et al.,
2022), Rational land development can achieve a win-win
situation between human resource demand and sustainable
ecosystem development (Tan et al., 2020). Land use is the
main driving factor of urban landscape pattern change (Feng
et al, 2016; Yang et al, 2019a), and land use type is the
determinant of ecological service value, population growth
and changes in farming methods, is the main driving force of
LULC changes (Liyew et al., 2019), and in the simulation of
different land
returning farmland to forest increases all the Ecosystem

ecological restoration and reclamation,
services, among which the scenario of returning farmland
to grassland has the greatest impact on ecosystem services,
and the natural succession scenario of shrub land has the least
impact on ecosystem services (Yang et al, 2018). The
of land

construction land leads to serious losses of ESV(Chuai

occupation cultivated and grassland for
et al, 2016; Yang et al, 2022), some studies have also
shown that at the economic level, the expansion of
cultivated land will lead to an increase in the value of
ecosystem services, and the loss of services such as climate,
water and air regulation in natural ecosystems may lead to
economic losses, thereby reducing the value of ecological
services (Arowolo et al., 2018). Land development and use
restrictions are conducive to maintaining the stability and
sustainability of ecosystem services (Hu et al., 2019).
Habitat quality refers to the ability of an ecosystem to
the

development of individuals and populations, which can reflect

provide suitable living conditions for sustainable
ecosystem service functions and ecosystem health to a certain
extent (Hall et al., 1997). Habitat quality models are used to
assess overlaps and trade-offs between biodiversity conservation,
ecosystem service provision and land use patterns (Terrado et al.,
2016; Han et al,, 2019). In recent years, with the continuous
development of computer technology, GIS, and remote sensing
technology, and the continuous updating of data acquisition
methods, ecosystem service assessment models have been widely
used to quantitatively assess habitat quality. There are many
factors that affect habitat quality, and changes such as urban
growth, socioeconomic development, and climate can degrade
and lose large amounts of habitat quality, thereby threatening
biodiversity. The natural environment determines the overall
distribution pattern of habitats, while human activities play a
leading role in habitat changes (Bai et al., 2019; Huang et al,,
20205 Song et al., 2020; Zhang H et al., 2020), and nighttime
lighting and land urbanization rates are negatively correlated

with habitat quality. From the perspective of landscape pattern,
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landscape aggregation index was positively correlated with
habitat quality (Zhu et al, 2020). At present, the
used methods for studying ecological services at

commonly
home and
abroad include the Integrated Valuation of
Services and Trade-offs (InVEST) model, the
Suitability model, and the artificial intelligence

Ecosystem
Ecological
ecosystem
assessment model (Artificial Intelligence for
Services (ARIES) model and Social Values for Ecosystem
Services (SolVES) model (Costa et al., 2010; Bagstad et al,
2013; Open-File Report, 2015; Moreira et al., 2018), of which
the InVEST model is the most widely used. A set of model
systems for assessing the capacity and economic value of

Ecosystem

ecosystem services, supporting ecosystem management and
decision-making, including three types of ecosystem service
assessment models: terrestrial, freshwater and marine
(Richard et al.,, 2018; Tang et al., 2020; Zhang X et al., 2020),
the InVEST model is now widely used in Ecological assessment
(Claudia et al., 2020; Hu et al., 2020).

This paper takes the Sanjiang Plain as the research area,
explores the impact of LULC on the habitat quality of the
Sanjiang Plain from 1985 to 2017, quantitatively assessed
habitat quality in Sanjiang Plain, and explored the relationship
between habitat quality and natural and social influencing
factors, so as to provide valuable reference for ecological
civilization construction.

2 Data and methods
2.1 Study area

Sanjiang Plain is located in the northeast of Heilongjiang
Province (45°01'05"N~4827'56"N, 130°12'01"E~135°05'26"E),
“Sanjiang” refers to Heilongjiang, Wusuli River, Songhua River,
the three rivers alluvial formed this piece of flat fertile soil.
Including Jiamusi City, Hegang City, Shuangyashan City,
Qitaihe City, 21 counties (cities) under Jixi City and Yilan
County under Harbin City (Figure 1). The climate type is a
mid-temperate continental monsoon climate, with an average
temperature of 2.5-3.6°C, an accumulated temperature of >10°C
of 2,200-2,500°C, and an annual precipitation of 500-600 mm.
Influenced by comprehensive factors such as topography and
landform, land property differences and social economy,
Sanjiang Plain mainly develops agriculture, with relatively
high land use intensification and serious population loss.
These changes have been accompanied by massive biodiversity
loss and habitat degradation.

2.2 Data sources and pre-processing

Land use data in this paper comes from the project of the
Shenyang Center of China Geological Survey (Table 1). The
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FIGURE 1
The location of the study area.

TABLE 1 Data sources and descriptions.

Data type Time Resolution (m) Data sources

Landsat5 1985 30 USGS

Landsat7 2000 30 USGS

GF-1 2017 8 Program application
Google Map 1985-2017 6 http://www.rivermap.cn/
LULC 1985-2017 6

0 25 50 km

Shenyang Center of China Geological Survey

:l Study area

DEM
wee High: 255

FEE Low 1 0

Explanation

Obtain the original medium and high resolution original image
Obtain the original medium and high resolution original image
Obtain the original medium and high resolution original image
Obtain the original high resolution original image

Obtain LULC

original remote sensing images of landsat5 and landsat7 in
1985 and 2000 were downloaded by USGS, and the GF-1
image in 2017 was obtained through project application. Data
preprocessing is to perform radiometric calibration, atmospheric
correction and image enhancement on the original image, and
destrip the original Landsat7 TM data.

In order to extract LULC data in the research area, remote
sensing images were initially classified by the supervised
classification method in ENVI. Secondly, Google historical
remote sensing images with a scale of 1:1 million and a
spatial resolution of 6m were downloaded from water
micromaps, and the supervised classification results were
corrected by manual visual interpretation and interpretation.
In addition, 300 points were randomly selected for field
verification and field verification, and the LULC data of
Sanjiang Plain in 1985, 2000 and 2017 were finally obtained
(Figure 2, Figure 3).

Frontiers in Environmental Science

2.3 Methodology

2.1.1 Land use transfer change

Land use transition matrix is a quantitative description of the
system state and state transition in the system analysis, which can
reflect the transition of land use types in two periods. The
calculation formula is as follows:

S S
Sp=| o M
Snl Snn

S is the land type area, # is the land use type, i, j are the land
types at the initial and final stages, respectively.

2.1.2 InVEST model habitat quality
The habitat degradation index is used to describe the negative
impact of threat sources on habitats. The habitat quality is mainly
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FIGURE 2

Data pre-processing process.
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TABLE 2 Weight and maximum influence distance of threat sources.

Threat source Maximum influence distance

Irrigated land 1.0
Dry land 1.0
Building 10.0

10.3389/fenvs.2022.1032584

Weight Regression linear correlation
0.2 linear

0.2 linear

1.0 exponent

TABLE 3 Habitat suitability of land use types and their sensitivity to various threat sources.

LULC types Habitat suitability
Grass land 1.0
Forest land 1.0
Waters 1.0
Unutilized 1.0
Dry land 0.0
Irrigated land 0.0
Building 0.0

affected by four factors: the relative impact of each threat, the
relative sensitivity of each habitat to each threat factor, the
distance between the habitat and the threat source, and the
level of legal protection of land. The higher the sensitivity of
the habitat to the threat factor, the greater the habitat degradation
index will be. The calculation formula is as follows:

R Y, Wy .
D=2, 3w TyiryBoSjr )
1- < ddxy ) (linear)
rmax (3)

2.99

irxy =
exp< - <d—>dxy> (exponent)

D is the degree of habitat degradation, R is the total amount
of threat factors, Y, is the sum of the grids in the threat factor r
layer, w, is the normalized threat weight, and ry is used to
determine whether the grid y is the source of the threat factor
1, irxy is the distance function between the habitat and the
threat factor, 3, represents the accessibility level of the threat
source to the grid x under social and legal protection status,
and S;, represents the sensitivity of the land type j to the threat
factor r.

The habitat quality is calculated based on the habitat
degradation index, and the calculation formula is as follows:

z
Dx]

ol o)

4)
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Dry land Irrigated land Building
0.5 0.5 0.6
0.9 0.9 1.0
0.7 0.7 08
0.4 0.4 0.4
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

05

Qy; is the habitat quality index of the grid x in the land category j,
H; is the habitat suitability of the land category j, D,; is the stress
level of the grid x in the land category j, z is a normalized constant,
usually 2.5, K is the half-saturation constant, usually 0.5.

2.3.3 Habitat quality threats

Each habitat quality type is affected by its own habitat
suitability and sensitivity to threat sources, the higher the
habitat suitability, the better the habitat quality, and the
stronger the sensitivity to threat sources, indicating the lower
the anti-disturbance ability and the worse the habitat quality.
Since the Sanjiang Plain is mainly agricultural and animal
husbandry, this study divides the cultivated land into
irrigated land and dry land. There are three types of threat
sources, namely irrigated land, dry land and construction land
(Table 2). Refer to the InVest User Guide for the maximum
impact distance, first set to 0.5 and adjusted by the degradation
index data, the facility is 0.095. The spatial impact of threat was
mainly affected by the distance between threat factor and
habitat and the attenuation mode. The decay mode is
composed of linear decay and exponential decay (Table 2,
Table 3).

3 Results
3.1 Spatial-temporal evolution of land use

By calculating the area change of each LULC type and the
proportion of each type of LULC from 1985 to 2017

frontiersin.org
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FIGURE 5
Land use/cover transfer from 1985 to 2017.
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(Figure 4), it can be seen that land use has undergone huge
changes. In 1985, the Sanjiang Plain occupied the largest area
of cultivated land, including dry land and irrigated land,
covering an area of 34,157.88km> and 9,141.66 km?,
respectively. Dry land accounted for 34.3%, forest land
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accounted for 33.8%, and construction land area was at
least 1,659.53 km®, accounting for 1.7%. In 2000, the
irrigated land area doubled to 24,908.22 km?, accounting
for 25.02%, and unutilized land was greatly reduced. In
2017, dry land continued to decrease, covering an area of
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TABLE 4 Land use transition matrixes between 1985 and 2000.

10.3389/fenvs.2022.1032584

1985 2000 (km?

Grass land Dry land Building Forest land Irrigated land Waters Unutilized Total
Grass land 875.97 1,333.64 237 137.63 2,277.25 25.45 132.40 4,784.73
Dry land 80.71 23,535.69 67.23 581.41 9,390.36 91.60 410.87 34,157.88
Building 0.52 24.30 1,607.04 15.69 11.17 0.59 022 1,659.53
Forest land 212.83 1845.84 1232 28,915.46 2,165.21 24.19 508.87 33,684.73
Irrigated land 6.61 3,121.84 10.51 79.23 5,797.87 51.97 73.63 9,141.66
Waters 11.61 36.78 248 18.93 33.96 2,337.73 211.22 2,652.71
Unutilized 766.76 2,947.85 7.06 204.51 5,232.40 204.75 4,090.90 13,454.24
Total 1955.01 32,845.95 1709.01 29,952.87 24,908.22 273629 5428.11 99,535.47
TABLE 5 Land use transition matrixes between 2000 and 2000.
2000 2017 (km?)

Grass land Dry land Building Forest land Irrigated land Waters Unutilized Total
Grass land 596.61 99.41 1.88 292.06 64151 17.46 306.08 1955.01
Dry land 759.95 13,687.65 511.77 1786.66 15,842.88 128.52 128.53 32,845.95
Building 3115 102.12 1,430.90 42.52 86.83 7.09 8.41 1709.01
Forest land 365.77 734.76 44.68 28,343.06 365.04 46.30 53.28 29,952.88
Irrigated land 841.15 9,036.90 250.64 1,292.55 13,245.17 111.58 131.01 24,909.00
Waters 37.94 62.78 1.62 27.91 65.02 2,465.70 75.33 2,736.29
Unutilized 1,088.35 1,308.58 7.98 35321 1,080.14 371.78 1,218.07 5428.11
Total 3,720.91 25,032.21 2,249.45 32,137.97 31,326.58 3,148.42 1920.71 99,536.26

25,032.21 km?, while irrigated land continued to increase,
increasing to 31,326.58 km?, accounting for 31.47% From
1985 to 2017, irrigated land continued to grow, dry land and
unutilized land continued to decrease, forest land first
decreased and then increased, and other land types did
not change significantly. In 1985 and 2000, dry land
accounted for the largest proportion of land types, but
irrigated land accounted for the largest proportion of land
types in 2017.

It can be seen that the Sanjiang Plain is rich in black soil
resources and water resources, mainly for agricultural
production, so the conversion of LULC shows the continuous
increase of irrigated land. In addition, the growth rate of
construction land is very small, mainly in the west. The
accelerated urbanization process and the continuous growth of
population have led to the growth of construction land. However,
urban expansion is not obvious, and industrial development
is slow.

From the land use matrix (Figure 5), it can be seen that

from 1985 to 2000, the conversion of unutilizedland into
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irrigated land and dry land was the most obvious,
especially in the middle of the study area, followed by the
conversion of grassland into irrigated land, mainly in the
northeast. From 2000 to 2017, it was mainly the mutual
conversion between dry land and irrigated land, which was
distributed in the north and southeast of the study area,
followed by the conversion of dry land to forest land,
which was distributed in the southwest. In addition, it can
be seen that the increase in construction land is mainly due to
the conversion of dry land to construction land. Quantitative
analysis of land use transfer changes (Table 4, Table 5) shows
that from 1985 to 2000, irrigated land increased by
15,766.56 km®* and unutilized land decreased by
8,026.13 km*. From 2000 to 2017, irrigated land increased
by 6,417.58 km? dry landdecreased by 7,813.74 km’, and
unused land decreased by 8,026.13km’. Reduced by
3,507.40 km®. This paper the
information of LULC in the study area in the past 30 years,

analyzes and organizes

and it is of great significance to grasp the changing law and
direction of LULC in the study area.
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TABLE 6 Average habitat quality of different LULC types.

LULC types 1985 2000 2017
Grass land 0.99 0.98 0.91
Dry land 0.00 0.00 0.00
Building 0.00 0.00 0.00
Forest land 0.94 0.92 0.92
Irrigated land 0.00 0.00 0.00
Waters 0.96 0.94 0.91
Unutilized 0.99 0.98 0.97

3.2 Spatial-temporal evolution of habitat
quality

The habitat quality ranges from 0 to 1, and the closer it is
to 1, the higher the habitat quality. From 1985 to 2017, the
habitat quality of the Sanjiang Plain showed a phenomenon
of polarization, and the habitat quality decreased year by
the habitat
significantly from 1985 to 2000, mainly in the northeast
and southeast of the study area, and the habitat quality from
2000 to 2017. The quality change is not obvious, but it can
be seen that the habitat quality in the northeastern part of

year. Among them, quality decreased

the study area is significantly reduced, showing a circular
shape and gradually spreading inward, and the habitat
quality in the southwestern part is significantly increased
(Figure 6).

Quantitative analysis shows that in 1985, the habitat quality
was good, and the habitat quality value was above 0.8, reaching
30%. However, in 2000 and 2017, the habitat quality value was
below 0.2, reaching more than 90%. Due to the high-intensity
development and utilization of land, resulting in a sharp decline
in habitat quality.

10.3389/fenvs.2022.1032584

The assessment of habitat quality by the InVest model
includes many aspects, and the degree of degradation reflects
the degree of habitat quality decline. From 1985 to 2017, the
degree of habitat degradation increased year by year, and the
areas with the highest degree of degradation occurred in the
west and northwest of the study area, near towns, industrial
and mining, residential land, and near various watersheds
(Figure 7). The damage is the worst. The areas with a high
degree of degradation are irrigated land and dry land, and
human activities have had a negative impact on the
ecological environment. The places with low degree of
degradation are forest land and grass land, and the
vegetation cover has a positive impact on the ecological
environment.

3.3 Effects of land use change on habitat
quality

Land use change will have positive and negative impacts on
habitat quality, and the area with obvious changes in habitat
quality is the concentrated area of land use change. Statistical
analysis of the average habitat quality from 1985 to 2017 shows
that the habitat quality of dry land, irrigated land and construction
land is 0, and the habitat quality of grassland, forest land and
unutilized land is above 0.90 (Table 6). In recent years, due to the
development of unutilized land by agricultural production, the
increase of construction land and the loss of grassland, the habitat
quality has been reduced.

Analyzing the changes of habitat quality during different
LULC conversions, it was found that when the land was
converted to urban and rural, industrial and mining, and
residential land, the habitat quality decreased the most,
especially when the unutilized land was converted to
construction land, the habitat quality decreased the fastest,

N

A 1985 I‘

2000

ll Legend
High: 1

2017

0 75 150 km
B Low:0
FIGURE 6
Spatial-temporal changes in habitat quality from 1985 to 2017.
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FIGURE 8
Changes in habitat quality.

followed by the conversion of forest land to construction land.
The habitat quality of irrigated land and dry land also decreased,
and the habitat quality of irrigated land decreased more than that
of dry land. The habitat quality increased when converted to
grassland, unutilized land and forest land, and the grassland
habitat quality increased the most.

In order to further study the effect of LULC change on
habitat quality change, the results of habitat quality from
1985 to 2017 were superimposed and analyzed to obtain the
habitat quality change (Figure 8). From 1985 to 2017, most of
the habitat quality remained unchanged, while a small part of
the habitat quality improved, and more areas of the habitat
quality deteriorated than improved. In the first 15 years, the
habitat quality became worse, and in the last 17 years, the
habitat quality became better. Combined with Figure 4, it
can be seen that the deterioration of habitat quality from
1985 to 2000 was due to the reduction of grass land and
forest land, and the improvement of habitat quality from
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2000 to 2017 was due to the conversion of other land to
forest land.

4 Discussion

4.1 Land use/cover and habitat quality
change driving mechanisms

This paper obtains LULC types in the study area through
remote sensing technology and field verification, which improves
the accuracy of data compared with traditional classification
methods (Xie and Wang, 2015), studies land use transfer and
habitat quality change, quantitatively analyzes the driving
mechanism of habitat quality change, and provides scientific
reference for ecological environment construction in the
Sanjiang Plain. Analyzing the impact of land use change on

habitat quality could provide meaningful reference for
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optimizing habitat quality in the Sanjiang Plain. The LULC
variation in Sanjiang Plain is affected by topography, climate,
social and economic factors (Wang et al., 2015; Chen H. et al,,
2022). In the late 1985s, the domestic industry was transformed,
and the demand for cultivated land increased significantly, which
led to the transformation of LULC type to cultivated land (Yang
et al, 2013, 2000-2009), so irrigated land were gradually
the
environment (Jiang et al, 2021; Hu et al, 2022), grass land

increasing. With China’s emphasis on ecological
and forest land have also increased since 2000. The uncertainty of
LULC type data leads to great differences in ecological
environment results, and this uncertainty also shows great
differences between different biological communities and soil
types (Ouyang et al, 2013; Song, 2018; Wang et al., 2022).
Therefore, LULC change is a direct factor affecting ecosystem
services. LULC change is closely related to national policies and
social and economic development (Yang et al., 2021). In order to
further strengthen the control of LULC spatial conversion, the
speed of LULC conversion should be slowed down, the
conversion of land with good habitat quality should be
reduced, and the degree of landscape fragmentation should be
reduced.

Habitat quality change is affected by many aspects and is a
complex process. LULC change is one of the main driving
factors leading to the change of habitat quality. We found that
construction land was the most threatening to habitat quality,
and human activities seriously damaged urban climate and
ecological environment (Zhang et al., 2022a). Agricultural
activities pose a greater threat due to the effects of
fertilizers and pesticides, mechanical activities during
harvest or human trampling on the land (Yang et al,
2012), but farming is not entirely negative for the
ecological environment (Zhang et al., 2012). In order to
promote the ecological environment, on the premise of
ensuring food security, the use of fallow irrigated land can
protect the ecological environment (Luo et al., 2020). In order
to slow down the degradation of habitat quality, it is necessary
to make reasonable planning for urban expansion and strive
for greater ecological benefits.

With the change of land use pattern, habitat quality also
changed. In the future planning of land use pattern in Sanjiang
Plain, we should pay attention to the protection of grassland and
woodland, rationally control the amount of cultivated land and
construction land, optimize the landscape pattern of woodland,
grassland, cultivated land and construction land, and pay
attention to ecological benefits while pursuing economic
benefits, so as to achieve the coordinated development of

human-land system.
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4.2 Limitation

This paper only analyzes the habitat quality from the
perspective of land use, and draws some conclusions that are
beneficial to the construction of regional ecological civilization.
There are differences in the impact of LULC types on habitat
quality. Due to the aggregation of agricultural production in the
Sanjiang Plain, this paper divides the cultivated land types into
irrigated land and dry land. However, subdividing LULC types
can explore LULC changes more microscopically (Yan and
Zhang, 2019; Luo et al, 2022). In addition, the source of
habitat quality threat is not only the impact of human
economic activities, but also natural disasters under unstable
factors.

5 Conclusion

Sanjiang Plain plays an important role in regional and
national food security. This paper integrates the land use/
cover situation of the Sanjiang Plain in the past 30 years
through remote sensing data, and uses the Invest model to
calculate the habitat quality of the study area and evaluate the
impact of LULC change on the habitat quality, and provide a
scientific basis for ecological protection in the study area. The
conclusion is as follows: 1) From 1985 to 2017, the most obvious
land use changes were irrigated land and unutilized land. The
Sanjiang Plain is rich in black soil resources. With the
breakthrough of rice technology, a large number of farmers
have opened up wasteland and the area of irrigated land has
continued to grow. Due to serious population loss and slow
Northeast China, although
construction land have increased, they are extremely slow.

economic development in
After 2000, China has attached great importance to ecological
protection, and the forest land and grassland have decreased first
and then increased. 2) From 1985 to 2017, the habitat quality
showed a downward trend year by year, and the increase of
urban, industrial and mining, residential land and agricultural
land was the main reason for the change of habitat quality. 3)
Land use change and land development intensity, along with the
change of habitat quality, the habitat quality of the Sanjiang Plain
is getting worse and worse, indicating that agricultural
production has a negative impact on the habitat quality.
LULC and habitat quality were significantly correlated in
Sanjiang Plain. When LULC types were forest land and grass
land, the habitat quality was significantly improved, and with the
social development, the habitat quality was significantly worse
when irrigated land increased.
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