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multi-scenario prediction of the
Gansu-Qinghai section of the
Yellow River Basin based on the
FLUS-InVEST model

Jie Yang1*, Baopeng Xie2, Degang Zhang1,
Erastus Mak-Mensah1 and Tingting Pei2

1College of Pratacultural Science, Gansu Agricultural University, Lanzhou, China, 2School of
Management, Gansu Agricultural University, Lanzhou, China
Research on the impact of land use change on regional habitat quality, in various

future scenarios, can effectively aid planning and decision-making for sustainable

development at a regional level. The study conducted its research in the Gansu-

Qinghai Yellow River section and used ArcGIS and a land use transfer matrix to

analyze the spatiotemporal pattern of land use and land cover changes. The

study assessed the changes in habitat quality in the Gansu-Qinghai Yellow River

region between 1990 and 2020, using the Integrated Valuation of Ecosystem

Services and Trade-offs (InVEST) model, by evaluating the gains and losses.

Simultaneously, 15 elements of the natural economy were chosen and examined

for their temporal and spatial impact on habitat quality using the random forest

model and spatially weighted regression model. To forecast land use changes in

the Gansu-Qinghai Yellow River section for 2030, the Future Land Use

Simulation Model (FLUS) model was utilized and a series of four scenarios

(cultivated land protection scenario, ecological protection scenario, natural

development scenario, and rapid development scenario) were employed. The

research results indicate that over 70% of the Gansu-Qinghai Yellow River is

occupied by grasslands, and only a small portion of the area, about 0.22%, is

developed for construction purposes. The quality of the habitat in the Gansu-

Qinghai Yellow River had a minor drop between 1990 and 2020, followed by an

improvement. Habitat quality changes are primarily attributed to improvements,

with variations across different areas, i.e., enhanced in the east and reduced in the

central and western parts. The habitat quality of the Gansu-Qinghai Yellow River

has improved in all four scenarios compared to 2020, as evidenced by the

decrease in low-value habitats and increase in high-value areas. The ecological

protection scenario has the highest average habitat quality value. These research

results can be used to support policy development and ecological restoration

initiatives in the Gansu-Qinghai Yellow River.

KEYWORDS

Gansu-Qinghai section of the Yellow River Basin, habitat quality, land use change,
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1 Introduction

Human survival and development are guaranteed by

biodiversity, which also serves as a major engine for ecosystem

services (Zhang et al., 2022). The quality of habitat represents the

ecosystem’s ability to provide suitable conditions for the survival of

individuals and populations. Land use change is a major threat to

habitat quality, and biodiversity is declining at an alarming rate,

according to Bongaarts, (2019).Such as rapid urbanization and

large-scale agricultural development activities, have exacerbated

species extinction, habitat fragmentation, and habitat degradation,

as biodiversity has been destroyed to varying degrees, thereby

changing the habitat distribution pattern of habitats. The

connectivity of habitat patches is increasingly reduced and

fragmented, altering the habitats’ structure and composition will

ultimately have an impact on how energy and materials move

between various ecological fragments (Liu et al., 2014; Wilson et al.,

2016). Thoroughly researching the impacts of changes in land use

on habitats is crucial for developing effective policies that protect

biodiversity and promote coordinated development between

humans and ecology, according to Yohannes et al. (2021).

The Maxent model (Wu et al., 2016), Artificial intelligence for

ecosystem services (ARIES) model (Vigerstol and Aukema, 2011),

Social values for ecosystem services (SoLVES) model (Wang et al.,

2016), Habitat suitability index (HSI) model (Liu et al., 2017), and

InVEST model are just a few of the current methods for evaluating

ecosystem services. The InVEST model is frequently used in habitat

quality assessments because of its ease of use, minimal data

requirements, and potent spatial expression capabilities (Karimi

et al., 2018). Yohannes et al. (2021) explored the habitat quality of

Beresa Basin in Ethiopia.Gomes et al. (2021) investigated

Lithuania’s habitat quality using the InVEST model and

examined the effects of various scenarios on land use change.

Based on simulating various scenarios during a certain

historical period, land use and regional habitat quality evaluation

can obtain the evolution laws of habitat quality over a long time.

The evaluation of future habitat quality can better propose

ecological environment protection strategies and has extremely

important significance for the construction of ecological

civilization. Because land use changes are affected by human

activities, which are crucial when evaluating habitat quality. The

most widely used simulation models, including the Cellular

Automata (CA) model, are previously employed to imitate or

replicate spatial layout both domestically and internationally

(Tang et al., 2022), Markov Model (Liang et al., 2021), Artificial

Neural Network (ANN) model, Multi-Agent-System (MAS) model

(Gao et al., 2022), system simulation (System Dynamics, SD) model,

and effects of changing land use Model (CLUE-S: Conversion of

Land Use and its Effects at Small Region Extent) (Bai et al., 2019),

but there are certain deficiencies in many of these models. Among

them, the system simulation (SD) model does not reflect the spatial

elements. Emphasis on the impact of economic benefits and the

selection of network structure of the neural network model is

different. the influence of various macro factors of the cellular

automaton (CA) model on the simulation results is insufficient. The

multi-scenario model overemphasizes the impact of actions carried
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out by humans on the simulation results and ignores the influence

of natural elements, although there is still a significant dissimilarity

between the outcomes obtained through simulation and those

obtained in reality (Yu et al., 2014; Bai et al., 2019).

The FLUS model uses a combination of the CA model and

ANN algorithm to demonstrate the spatial paths of different land

use categories in different situations while considering both natural

environmental and human-related impacts. It incorporates adaptive

inertia and competition mechanisms and performs better in model

simulations. Future land use patterns have been simulated in several

studies using the FLUS model.

The Gansu-Qinghai Yellow River region is unique. It is located

in the middle and upper sections of the Yellow River Basin. It is

dominated by mountains and has large terrain fluctuations. The

Qinghai-Tibet and Loess Plateaus meet in the Gansu-Qinghai

Yellow River region. It is also one of the areas that are relatively

vulnerable to climate change on a global scale. The special

geographical location makes it a key area for ecological

restoration (Yang et al., 2020). There are ecological and

environmental issues in this region, such as soil erosion,

biodiversity loss, a reduction in the area of wetlands, and

degradation of grasslands, due to the interplay between elements

of nature and actions taken by humans. Huge pressure is put on

quality. To analyze the spatiotemporal pattern of land use change in

the watershed. Exploring the spatiotemporal changes of habitat

quality in the region and predicting future trends can provide

important references for regional sustainable development and

habitat protection.

This study used the InVEST (Integrated Valuation of Ecosystem

Services and Trade-offs) model to evaluate the habitat quality of the

Gansu-Qinghai Yellow River basin from 1990 to 2020. The impact

of each factor on habitat quality was analyzed using both random

forest models, taking into account temporal and spatial changes. A

total of 15 factors were selected for analysis, such as the natural

economy; and used the FLUS model, four set scenarios of cultivated

land protection scenario, natural development scenario, rapid

development scenario, and predicted the habitat quality of the

above four scenarios.
2 Materials and methods

2.1 The study area

The Gansu-Qinghai Yellow River section can be found in the

upper reaches of the Yellow River Basin (Figure 1), with a total area

of 29.31 × 104 km2, accounting for 39.0% of the total area of the

Yellow River Basin. The total area of the Gansu section is 14.30 ×

104 km2 and includes Lanzhou City, Wuwei City, Baiyin City,

Dingxi City, Linxia Prefecture, Longnan City, Gannan Prefecture,

Qingyang City, Tianshui City, Pingliang City and other 10 cities

(prefectures). While the total area of the Qinghai section is 15.01 ×

104 km2, including Xining City, Haibei, Haidong area, Huangnan,

Guoluo, Hainan, Yushu, Haixi Mongolian and 5 Tibetan

autonomous prefectures, and Tibetan Autonomous Prefecture

and other 8 cities (prefectures). The altitude of the Gansu-
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Qinghai Yellow River section is 3 000~5 000m, the terrain is high in

the west and low in the east across the Qinghai-Tibet Plateau and

Loess Plateau, belonging to the continental climate area.

D010100: Heyuan to Maqu D010200: Maqu to Longyangxia

D020100: Above the Xiangtang of Datong River D020200:

Huangshui D020300: Daxia River and Taohe River D020400:

Main stream section of Longyangxia to Lanzhou D030100:

Lanzhou to the Xiaheyan D030200: Qingshui River and Kushui

River D050200: Above the Zhuangtou of Beiluo River D050300:

Above the Zhangjiashan of Jinghe River D050400: Above the Baoji

Gorge of Weihe River.
2.2 Data sources

The first annual China Land Cover Dataset (CLCD) from

Landsat (Yang and Huang, 2021), created by Professors Yang and

Huang of Wuhan University on the GEE platform, was used to

obtain the land use data for the years 1990 to 2020. It covered

30 continuous years. The 30 m × 30 m represented the

spatial resolution.

Selected normalized different indices were, vegetation,

precipitation, temperature, elevation, slope, aspect, terrain relief,

topographic position index, distance from the river, soil type, gross

domestic product, population density, distance from railway, and

road. The distance from the government residence and the

nighttime light index included 10 natural factors and 6

socioeconomic factors as the driving factors of habitat quality and

the factor data of the model simulation. For the data sources of

specific factors, refer to Table 1. The data on China’s nature reserves

came from the Environment Data Sharing Center of the Chinese

Academy of Sciences (http://www.resdc.cn/) and Resource.
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2.3 Methods

2.3.1 Habitat quality analysis
This study assessed the habitat quality index using the InVEST

model’s Habitat Quality module. This module is a map that was

created by combining different land use types with threats to

biodiversity in the habitat with the degree of habitat degradation

and habitat quality in a given area. According to this model, habitat

quality is a continuous variable that can be anywhere between low

and high (Hall et al., 1997). In general, habitat quality is influenced

by how close it is to human land use, whereas habitat degradation is

influenced by how intense nearby land use is (Nellemann, 2001).

The more severe the danger to the natural environment posed by

the threat factor and the greater the degree of habitat degradation,

the higher the score. Calculated as follows:

oR
r=1oyr

y=1
wr

oR
r=1Wr

 !
ryirxybxSjr (1)

In the formula, D xj, R, w x, Y r and ry represent the habitat

degradation degree, (degradation risk index), the number of stress

factors, the weight of stress factor r, and the weight of stress factor

and the number of grids and the value of the stress factor on the

grid, respectively; the distance between the habitat and the source of

danger, as well as the effect of the danger on the environment, are

represented by the variable “i rxy”. Meanwhile, the mitigating effect

of protective measures on the impact of the threat on the habitat is

indicated by the factor “b x” (that is, legal degree of protection, the

range is 0–1, 1 is complete accessibility); the measure of howmuch a

particular stress factor r affects the habitat type j is indicated by Sjr.

irxy = 1 −
dxy
drmax

� �
(linear decay) (2)
FIGURE 1

The location of the research area.
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irxy = exp
−2:99dxy
drmax

� �
(exponential decay) (3)

The equation involves the measurement of dxy, which

represents the straight-line distance between the x and y

coordinates on the grid. Additionally, the maximum distance of

potential danger from the threat source r is referred to as drmax.

Therefore, the habitat quality in grid cell x in land use type j is:

Qxj = Hj 1 −
Dz
xj

Dz
xj + k2

 ! !
          (4)

The equation uses various parameters. Qxj represents the quality

of the habitat in a specific location and land use, while Hj is the

suitability of the habitat type, ranging from 0 to 1. The half-

saturation constant, denoted as k, is typically equal to half of the

highest possible habitat value. Another parameter, z, is a

normalization constant and is usually set to 2.5.
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In this paper, the parameters of the model are set by referring to

the InVEST model User Guide manual (Sharp et al., 2015) and

existing literature (Zhang et al., 2020; Zhang et al., 2020), including

land use type map and threat source factors (based on the actual

land cover situation in the study area, construction land is the most

disturbed type by human activities, and cultivated land is the type

with more concentrated human activities.

The unused land is basically uncovered by vegetation and has a

bad ecological environment. Therefore, the three categories are

defined as threat sources and threat factor weights (Table 2) and

sensitivity index (Table 3).

2.3.2 Scenario simulation of land use pattern
In 2017, the FLUS model was introduced by Liu et al. (2017).

This model is founded on the Geo-SOS theory and utilizes data on

land use and its determinants to forecast the future spatial

arrangement of land utilization, taking into account both natural
TABLE 2 The weight and the maximum influence distance of the threat source.

Threat factor
Longest threat
distance (km)

Weight Spatial decay type

Cultivated land 8 0.7 linear

Construction land 10 0.9 exponential

Unused land 5 0.2 exponential
TABLE 1 Driving factors of habitat quality.

Driving factor Data sources

Natural factor

NDVI
Normalized Difference Vegetation

Index
National Qinghai-Tibet Plateau Scientific Data Center (https://data.tpdc.ac.cn)

PRE Precipitation NASA Dataset (https://appeears.earthdatacloud.nasa.gov/)

TEM Temperature NASA Dataset (https://appeears.earthdatacloud.nasa.gov/)

DEM Elevation
Resource and Environmental Data Sharing Center of Chinese Academy of Sciences (http://

www.resdc.cn/)

Slope Slope Elevation data was obtained after slope processing in GIS

PX Aspect Elevation data was obtained after slope processing in GIS

TR Terrain relief Elevation data was obtained after slope processing in GIS

TI Topographic index Elevation and slope data were obtained after slope processing in GIS

DFR Distance from river
Resource and Environmental Data Sharing Center of Chinese Academy of Sciences (http://

www.resdc.cn/)

ST Soil type
Resource and Environmental Data Sharing Center of Chinese Academy of Sciences (http://

www.resdc.cn/)

Socioeconomic
factors

GDP Gross domestic product
Resource and Environmental Data Sharing Center of Chinese Academy of Sciences (http://

www.resdc.cn/)

POP Population density
Resource and Environmental Data Sharing Center of Chinese Academy of Sciences (http://

www.resdc.cn/)

DFRO Distance from road Openstreetmap dataset (https://www.openstreetmap.org)

DFR Distance from railway Openstreetmap dataset (https://www.openstreetmap.org)

OLS DMSP-OLS night light data
Resource and Environmental Data Sharing Center of Chinese Academy of Sciences (http://

www.resdc.cn/)
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and human factors. This approach has been further explored by

Liang et al. (2018) and by Liu et al. (2017). The driving factors

selected in this paper include normalized difference vegetation

index, precipitation, temperature, elevation, slope, aspect, terrain

relief, distance from river, soil type, GDP, population density,

distance from road, and railway. There are 15 natural economic

factors in total, including distance, distance from the government

residence, and night light index. The simulation process primarily

entails scenario setting, adaptive inertia coefficient calculation,

model testing, neighborhood factor setting, comprehensive

probability calculation, and suitability probability calculation

as follows.

2.3.2.1 Suitability probability calculation

Neural networks are the foundation for suitability probability

calculations. The probability of a k-type land use type occurring on

a particular grid p at time t is calculated using an artificial neural

network (ANN) with multiple input and output neurons as p(p,k,t)

(Liu et al., 2017):

p(p, k, t) =ojwj,k �
1

1 + e−netj (p, t)
         (5)

The suitability probability of land use type k on grid p at time t

is given by the formula: p(p,k,t). The adaptive weight between the

output layer and hidden layer is given by the formula: w j,k. The

signal that neuron j receives from all of the input neurons on grid

cell p at time t in the hidden layer is given by the formula: net j(p,t).

The neural network-based probability-of-occurrence

calculation module was used to determine the driving force

behind land use change. Using this module, the probability of

each type of land use in every pixel of the study area was calculated

through the neural network algorithm (ANN). The suitability

probability calculation module was selected based on the neural

network by the startup model. This study used a uniform sampling

strategy as its sampling method. The multi-layer feedforward neural

network algorithm’s hidden layer count was set to 12, and the

sampling parameter’s value was 20. Then import the variables that

may affect changes, like the terrain and the location of traffic, and
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determine the likelihood of various events occurring in each pixel of

the Gansu-Qinghai Yellow River region. and the root mean square

error (RMSE) of this model training is 0.153201.

Different colors were selected to represent the probability of

occurrence. When the color of suitability probability is closer to

blue, it means that the probability of occurrence is higher.

Consequently, cultivated land is suitable for distribution in low-

slope areas, forest land is suitable for distribution in high-lying

mountainous areas, shrub land is suitable for distribution in

middle-level terrain and interspersed with grassland, grassland is

suitable for distribution in flat areas, and construction land is

suitable for distribution in flat terrain and close to the river zone,

water areas are suitable for distribution in low-lying areas, unused

land is suitable for distribution in soil desertification desert areas,

and wetlands are suitable for distribution near water sources. From

the adaptive probability distribution, it can be seen that it is

consistent with the natural conditions of the Gansu-Qinghai

Yellow River, and the result is more reasonable.

The change of land use type is easily affected by many aspects

such as nature, society and economy. Generally speaking, the

factors affected by the outside world can be classified into three

types, namely, natural factors, socioeconomic factors and

accessibility factors. Natural factors represent the impact of the

natural environment on land use types; socioeconomic factors

represent the impact of social and economic development on land

use type changes; and accessibility factors refer to the impact of

traffic location factors on land use type changes. For urban form and

its development, this paper selects 15 driving factors, as shown

in Figure 2.

2.3.2.2 Neighborhood factor setting and model testing

The simulation accuracy is evaluated by the kappa coefficient.

Closer to 1 signifies higher consistency. The predictions are

regarded as credible when the kappa coefficient exceeds 0.75. The

neighborhood factor’s parameters range from 0 to 1, and a value

that is closer to 1 indicates that the land type has a greater capacity

for expansion. According to the findings of previous studies, water

area, forest land, shrubs, grassland, and cultivated land had the
TABLE 3 Sensitivity index of land use type to habitat threat factors .

Land use type Habitat adaptability

Sensitivity index

Urban land Rural land
Construction

land
Cultivated

land
Unused
land

Cultivated
Land

0.4 0 0.7 0.5 0.4 0

Forest land 1 0.8 0.5 0.2 1 0.8

Shrub 1 0.6 0.6 0.3 1 0.6

Grassland 0.8 0.5 0.6 0.4 0.8 0.5

Water 1 0.7 0.9 0.1 1 0.7

Unused land 0 0 0 0 0 0

Construction land 0 0 0 0 0 0

Wetland 0.9 0.5 0.8 0.2 0.9 0.5
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greatest potential for expansion. The unused land, construction

land, and wetland neighborhood factors are set at 0.7, 0.7, 0.6, 0.4,

0.6, 0.5, 0.8, and 0.7. The outcomes of the simulation regarding the

utilization of land in 2020 using the neighborhood factor simulation

had a Kappa coefficient of 84.88%.

2.3.2.3 Calculation of adaptive inertia coefficient

The inertia coefficient, which is capable of adapting to changes,

modifies itself throughout the iterative process. Its purpose is to

minimize the difference between the actual supply and expected

demand for each type of land use. Consequently, it increases the

quantity of land use towards the target value and facilitates the

simulation of spatial changes in land use. The equation reads as follows:

Interiatk

  Interiat� 1
k     jDt� 2

k j ≤ Dt−1
k

�� ��
Interiat−1k � Dt−2

kj j
Dt−1

kj j   0 > Dt−2
k

�� �� > Dt−1
k

�� ��
  Interiat−1k � Dt−1

kj j
Dt−2

kj j    D
t−1
k

�� �� > Dt−2
k

�� �� > 0

8>>>>><
>>>>>:

(6)
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In the formula: Interiatk is the inertia coefficient t of type k land

during iteration; at iteration t−1, Dt−1
k denotes the discrepancy

between the requested land quantity for a specific type of land (k)

and the actual amount of that land available.

2.3.2.4 Scenario setting

The Gansu-Qinghai Yellow River section has diverse natural

conditions, as well as economic and social development, which has

led to different control modes for various development and

utilization. To simulate the future land under various scenarios

based on the traits of each scenario model, we use the scenario

analysis method using the present state of social progress as a

reference point.

Changes in utilization: Four scenarios were created for land use

change simulation in this research based on various development

objectives and potential disturbance scenarios in the watershed.

These scenarios include rapid development, cultivated land

protection, ecological protection, and natural development.

Additionally, this setup was created to give managers a guide for
FIGURE 2

Driving factors of land use types in the Gansu-Qinghai section of the Yellow River Basin in 2010.
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determining the equilibrium of sensible utilization of land in these

situations. Here are the 4 possible scenarios for changing land use:

Natural development scenario (NADS): The Markov model is

utilized to simulate the land demand, and all land types are

convertible to each other, under the assumption that the future

land change rate is consistent with the change from 2000 to 2015

and that the natural conditions and economic development

conditions of the study area remain unaltered.

Cultivated land protection scenario (COPS): Focusing on the

protection of basic farmland, it is strictly forbidden to transfer out

cultivated land, except for construction land, which can be used as

agricultural land.

Ecological protection scenario (ECPS): sort according to the

ecological benefits of various types of land; water area, forest land,

wetland, shrub land, cultivated land, construction land, grassland,

and unused land.

Rapid development scenario (RADS): Sorted according to

development needs; water area, construction, shrub, cultivated,

forest land, grassland, wetland, unused land, the conversion

principle is not to allow the change of land categories with a high

ranking to low ranking.

2.3.2.5 Comprehensive probability calculation

The overall conversion probability of units occupied by the

specified land type is estimated using the aforementioned factors,

including suitability probability, neighborhood influence factor,

suitability matrix, and inertia coefficient, and the formula is as

follows:

TPt
p,k = Pt

p,k �W t
p,k � Itk � (1 − scc→k)                 (7)

In the formula: TPt
p,k represents the comprehensive probability

that element p changes from initial land use type to land use type k

at time t; Pt
p,k represents the suitability probability of converting

pixel p to land type k at time W t
p,kt; The conversion of cell p to land

type k is affected by the neighborhood factor. The inertia coefficient

of type k at time t is denoted by I. The conversion cost from land

type c to land type k is represented by SCc→k. The land use data for

different scenarios is obtained by calculating the probability of each

iteration, and the accuracy is verified to finalize the results.

2.3.3 Random forest model
Multiple decision trees are used in the Random Forest (RF) classifier,

and themajority of the individual output categories determine the output

category (Liu et al., 2020). To classify or regress through repeated binary

data in the 1980s, Breiman and others used the classification tree

algorithm, which significantly decreased the amount of calculation.

According to Mansoor et al. (2013), Breiman combined the

classification tree into a random forest in 2001. The technique entails

creating multiple classification trees randomly from data rows and

variables columns, followed by summarizing the outcomes.

Typically, a random forest creates hundreds to thousands of

classification trees at random before choosing the tree with the

highest level of repetition as the outcome. The random forest

algorithm evaluates the impact of each variable on the dependent

variable by measuring the increase in the mean square error as a
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percentage at every level (% Inc MSE). Consequently, greater value

implies greater importance of the variable. First, construct the ntree

decision tree model and estimate the OBB mean square error of

random replacement (ntree out-of-bag data composed of

unsampled samples), and construct the following matrix:

MSE11 MSE12 ⋯ MSE1ntree

MSE21 MSE22 … MSE1ntree

⋮ ⋮ ⋮ ⋮

MSEm1 MSEm2 … MSEmntree

2
666664

3
777775           (8)

Then calculate the importance score using the following

formula:

scoreXj = S−1E
ontree

r=1MSEr −MSEpr
ntree

,   (1 ≤ p ≤ mÞ (9)

The formula involves two variables, namely m which represents

the number of variables, and n which represents the number of

original data samples.
3 Results and analysis

3.1 Spatiotemporal changes of land use
from 1990 to 2020

Grassland dominates the land use in the Gansu-Qinghai Yellow

River region, making up more than 70% of the total area. Figure 3

shows that during the 30 years (1990–2020), the variation trend of

different regions in the Ganqing section of the Yellow River Basin is

shown in Figure 3. The cultivated land increases first and then

decreases. In 2000, the cultivated land area is the largest, 434.35 ×

104 km2, and in 2017, the area is the least, 358.44 × 104 km2. The area

of forest land increased steadily in the past 30 years, with a total increase

of 40.03 × 104 km2. The overall shrub land showed a trend of

fluctuation decline, the largest in 1990, and the least in 2016 was

29.97 × 104 km2. The area of grassland fluctuated and then decreased

significantly. In 2017, the area of grassland was the largest (2281.58 ×

104 km2), and in 2000, the area of grassland was the smallest

(2233.12 × 104 km2). During the past 30 years, the water area has

shown a fluctuating upward trend. In 2020, the area was the largest at

25.01 × 104 km2, and in 1997 the area was the smallest at

20.13 × 104 km2. Unused land showed a fluctuating upward trend.

The amount of unutilized land was the greatest in the year 2020,

measuring 56.71 × 104 km2, and the area was the lowest in 1992 at

39.43 × 104 km2. The area of water has increased by 17.27 × 104 km2 in

30 years. From 1990 to 2020, construction land increased year by year.

In 2020, the largest area was 6.43 × 104 km2, and the lowest area was

2.74 × 104 km2 in 1990, for 30 years, there was a net growth of

3.68 × 104 km2. The area of wetlands fluctuated first and then increased.

In 1993, the area of wetlands was the largest at 1.98 × 104 km2. In 2015,

the area of wetlands was the smallest at 0.22 × 104 km2. In 2000, the

area of wetlands decreased the most at 0.63 × 104 km2.

As shown in Figure 4, the main transfer direction and types of land

use categories between years are depicted in the Sangki diagram. The
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area of land use types moved outward by a total of 2.45 × 104 km2

between 1990 and 2000 (Figure 4A), making up 8.36% of the total area.

With a total transfer area of 9.19 × 103 km2, the conversion of grassland

into agricultural land was the most significant in terms of size. The

conversion of farmland to a grassy area came after that, with a total

transfer area of 6.08 × 103 km2. The transfer from wetland to forest

land had the smallest total transfer area, at 0.08 km2. From 2000 to

2010 (Figure 4B), a total of 1.89 × 104 km2 of various types of land were

transferred outward, accounting for 6.46% of the total area, and the

largest transferred area was still uncultivated land transferred to

grassland, with a total transfer of 8.73 × 103 km2, and the transfer
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area from water to wetland was the smallest, with a total transfer of

0.04 km2. From 2010 to 2020 (Figure 4C), a total of 2.22 × 104 km2 was

transferred outward, accounting for 7.57% of the total area. This

showed that grassland area transferred from cultivated land was the

largest, with a total transfer of 8.18 × 103 km2, then the process of

transforming a grassy terrain into an area suitable for agriculture, with

a total transfer of 6.88 × 103 km2, and the conversion of land from

construction to forest was the least significant, with a total transfer of

0.04 km2.

Between 1990 and 2020 (Figure 4D), there was a transfer of

different types of land use amounting to 3.36 × 104 km2, which is
A B

DC

FIGURE 4

Sangki map of land use transfer in the Gansu-Qinghai section of the Yellow River Basin from 1990 to 2020 (A. land use transfer of 1990–2000;
B. land use transfer of 2000–2010; C. land use transfer of 2010–2020; D. land use transfer of 1990–2020).
FIGURE 3

Area of land use types in the Gansu-Qinghai section of the Yellow River Basin from 1990 to 2020.
frontiersin.org

https://doi.org/10.3389/fevo.2023.1228558
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Yang et al. 10.3389/fevo.2023.1228558
equivalent to 11.48% of the total area. The largest area that was

transferred was cultivated land, measuring 1.14 × 104 km2, while the

smallest area was undeveloped land converted to construction land,

which was only 0.04 km2.

According to Figure 5, the Gan-Qing section of the Yellow River

Basin is divided by the Qinghai-Tibet Plateau and the Loess Plateau

excess zone. The main land use type in the west is forest and grass

land, and the main land use type in the east is cultivated land and

construction land. From 1990 to 2020, the construction land

exhibited a point-line expansion trend, mainly concentrated in in

Lanzhou and Xining, the provincial capitals of Gansu and Qinghai

provinces The cultivated land is mainly distributed in the Loess

Plateau area of Gansu Province. It is concentrated in the Above the

Baoji Gorge of Weihe River basin and Above the Zhangjiashan of

Jinghe River and the east area of Daxia River and Taohe River. In

the past 30 years, the cultivated land showed a decreasing trend, this

was because urban construction land was rapidly expanding,

causing a substantial amount of cultivated land to be occupied,

and significant changes in land use patterns. The main land use type

in the Ganqing section of the Yellow River Basin is grassland. It is

widely distributed in Heyuan to Maqu basin, Maqu to Longyangxia

basin, Above the Xiangtang of Datong River basin, Huangshui River

basin, Daxia River and Taohe River basin The River basin. The

forest land is distributed in the form of sheet or line. It is mainly

located in the Above the Xiangtang of Datong River basin,

Huangshui River basin, Daxia River and Taohe River basin, and

the Main stream section of the transitional zone between the

Qinghai-Tibet Plateau and the Loess Plateau Longyangxia to
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Lanzhou and Above the Zhuangtou of Beiluo River basin, mainly

distributed in Heyuan to Maqu Basin and Maqu to Longyangxia

Basin, Qinghai Province. It mainly includes Qinghai Lake, Zhaling

Lake, Eling Lake, Longyangxia Reservoir and Liujiaxia Reservoir.

The unused land is mainly distributed in the Maqu to

Longyangxia basin.
3.2 Temporal and spatial changes of
habitat quality in the Ganqing section of
the Yellow River Basin from 1990 to 2020

The average values of habitat quality from 1990 to 2020 were

obtained by using the weighted average, which was 0.745, 0.744,

0.741, 0.743, 0.747, 0.748, and 0.747 (Table 4). This result showed

that the overall habitat quality in the Gansu-Qinghai Yellow River is

constantly increasing, and the changing trend is initially decreasing,

then increasing, and subsequently decreasing. According to

research, the habitat quality in various years is categorized into

five grades based on the InVEST model: higher (0.8–1), high (0.6–

0.8), medium (0.4–0.6), low (0.2–0.4), and lower (0–0.2). The

overall habitat quality in the Ganqing section of the Yellow River

Basin was in a higher grade (> 0.7). From 1990 to 2020, the ratios of

lower, low, and high-grade habitat quality in the Gansu-Qinghai

Yellow River have been increasing, with an increase of 0.579%,

2.615%, and 2.105%, respectively, in the past 30 years. The ratios of

medium and high grades of habitat quality decreased continuously,

by 3.568% and 1.740%, respectively. Among them, the areas with
A B
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FIGURE 5

Land use types in the Gansu-Qinghai section of the Yellow River Basin from 1990 to 2020.(A. land use type of 1990–2000; B. land use of type of
2000–2010; C. land use type of 2010–2020; D. land use type of 1990–2020).
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low habitat quality continue to increase, indicating that with the

intensification of urbanization, the habitat quality in some areas

continues to deteriorate. In addition, the continuous increase of

higher-level areas shows that China’s conversion of farmland to

forests and grassland projects and other ecological restoration

projects have achieved significant results.

In terms of time (Figure 6), the general habitat quality of the

Gansu-Qinghai Yellow River showed a fluctuating upward

movement from 1990 to 2020, with the lowest habitat quality in

2000 at 0.741 and the highest in 2017 at 0.751. Within the tertiary

river systems of the Yellow River Basin (as depicted in Figures 6B–

D), the watershed with the highest habitat quality is above the

Beiluo River Zhuangtou, with a habitat quality of around 0.9,

whereas the watershed with the lowest habitat quality is the
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watershed above the Baoji Gorge of the Weihe River, with habitat

quality around 0.6. The watersheds of Qingshui River and Kushui

River had obvious habitat quality modifications that occurred 30

years ago, and the transformation pattern was fluctuating initially

and then increased with an obvious rising trend. The habitat quality

of the watershed from Lanzhou to Xiaheyan and the watershed

above Zhangjiashan of the Jinghe River showed a fluctuating

upward trend, while the habitat quality of the other sub-basins

did not change much in the past 30 years.

In terms of space, the overall habitat quality of the study area

presents a spatial feature of high in the west and low in the east, with

the transitional zone between the Qinghai-Tibet Plateau and the

Loess Plateau as the dividing line. The overall habitat quality of the

east region is lower, while that of the west region is higher
A

B
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FIGURE 6

Habitat quality in the Gansu-Qinghai section of the Yellow River Basin from 1990 to 2020 (A) and habitat quality changes in different sub-basins (B–E).
TABLE 4 Ratio of Habitat quality Grade in Gansu-Qinghai Reach of the Yellow River Basin from 1990 to 2020 (%).

Grade Domain
1990 1995 2000 2005 2010 2015 2020

ratio/% ratio/% ratio/% ratio/% ratio/% ratio/% ratio/%

Low 0–0.2 1.56 1.51 1.61 1.62 1.66 1.82 2.14

Lower 0.2–0.4 6.97 7.69 7.78 8.11 8.63 8.93 9.59

Medium 0.4–0.6 6.71 6.37 6.93 5.76 4.64 3.80 3.14

Higher 0.6–0.8 45.30 44.75 44.96 44.87 45.10 46.13 47.40

High 0.8–1 38.79 39.00 38.04 38.96 39.29 38.63 37.05

Mean 0.745 0.744 0.741 0.743 0.747 0.748 0.746
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(Figure 7), which is basically consistent with the spatial

characteristics of land use type. The low grade habitat quality

areas were concentrated in Lanzhou City of Gansu Province and

Xining City of Qinghai Province. This region is the capital city of

Gansu Province and Qinghai Province, with high population and

economic density, frequent human activities, large construction

land area, and poor habitat quality. The lower grade and medium

grade habitat quality areas were concentrated in the northeast of the

study area. Including the Above the Zhangjiashan of Jinghe basin,

the Above the Baoji Gorge of Weihe River basin and the area east of

the Daxia River and Taohe River, The overall level of economic

development in this region is relatively high, the main land type is

cultivated land, and human activities have a great disturbance to the

habitat. The regions with high habitat quality are mainly distributed

in the Heyuan to Maqu and Maqu to Longyangxi basins in the

upper reaches of the Yellow River Basin, and the distribution is

relatively concentrated. In the Maqu to Longyangxia Basin, there

are scattered areas with lower grade habitat quality. The ecological

fragility in this region makes the habitat quality easily disturbed and

destroyed, especially the distribution of unused land in this region,

which is the main reason for the low habitat quality. In this region,

the quality of habitat changed from higher grade to high grade and

from lower grade to middle and high grade.

From 1990 to 2020, habitat quality change in the Gansu-Qinghai

Yellow River section showed that the gain area was slightly

smaller than the loss area. The gain area was 12.55 × 104 km2
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and the loss area was 16.76 × 104 km2. There is a lot of spatial

heterogeneity as evidenced by the alteration in the quality of the

living environment. While the quality of habitat in the central and

western regions is declining, it has improved significantly in the east

(Figure 8D). the areas with significant loss of habitat quality were

mainly distributed in the Daxia River and Taohe River basins and

Above the Baoji Gorge of Weihe River basins, which were the areas

with faster urbanization. Loss predominated the alteration in the

quality of the living environment between 1990 and 2000

(Figure 8A), with the loss area reaching 20.27 × 104 km2 or

75.31% of the total area. It was concentrated in Gansu Province

in space, including the southern part of the Lanzhou to the

Xiaheyan Basin, the eastern part of the Daxia River and Taohe

River basin, and most of the Above the Baoji Gorge of Weihe River

basin. The gain area is scattered., with a total area of 9.04 × 104 km2.

Habitat quality increased significantly between 2000 and 2010

(Figure 8B), with a gain area of 20.38 × 104 km2 compared to a

loss area of 8.93 × 104 km2. It is distributed in the upper reaches of

the Yellow River basin, Huangshui Basin, Above the Baoji Gorge

of Weihe River basin and other river basins. From 2010 to 2020

(Figure 8C), the habitat quality declined significantly, with the

gain area reaching 10.41 × 104 km2 and the loss area reaching

18.90 × 104 km2. From a spatial point of view, the western portion of

the study region’s overall habitat quality is declining, but the degree

of loss is not high, as the loss in the central area is relatively high and

mainly concentrated in the surrounding cities of Lanzhou City,
A B
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FIGURE 7

Spatial distribution of habitat quality in Gansu-Qinghai section of theYellow River Basin from 1990 to 2020 (A. spatial distribution of habitat quality
1990–2000; B. spatial distribution of habitat quality 2000–2010; C. spatial distribution of habitat quality 2010–2020; D. spatial distribution of habitat
quality 1990–2020)
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Gansu Province. Areas with obvious gains include Tianshui City

and the eastern part of Qinghai Province.
3.3 Simulation of land use change in the
Gansu-Qinghai section of the Yellow River
Basin under multiple scenarios

The simulation effect of land use change in the Gansu-Qinghai

Yellow River section in 2020 was enhanced. As a result, the spatial

distribution pattern of land use in Gansu-Qinghai Yellow River in

2030 was simulated using the land use types in the Gansu-Qinghai

Yellow River in 2020.

Therefore, construct natural development scenarios (NADS),

cultivated land protection scenarios (COPS), ecological protection

scenarios (ECPS), and rapid development scenarios (RADS),

respectively set up different transition matrices, and combine the

land use type files of the Gansu-Qinghai Yellow River in 2020 to

conduct cellular automaton analysis, and then predict 2030 Spatial

pattern of land use in the Gansu-Qinghai Yellow River.

Based on the settings of the above four development scenarios,

the land use distribution in the Gansu-Qinghai Yellow River in 2030

was simulated, and the land use structure in 2030 and the difference

between the land use area in 2020 and the land use area in 2020

under the four scenarios were obtained through the spatial module

of ArcGIS. It can be seen from Table 5 that under the natural

development scenario, the area of simulated grassland, shrubland,
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and unused land in 2030 decreased by 1321.72 km2, 254.62 km2,

and 256.23 km2 compared to 2020; the area of construction land

decreased by 99.72 km2, and the wetland area decreased by

1.08 km2. The areas of water area, forest land, and cultivated land

increased by 1171.30 km2, and 82.81 km2, 679.26 km2, respectively,

and the condition of the ecosystem in the river basin appeared to

have been enhanced.

According to the scenario of protecting cultivated land, the area

of cultivated land increased by 679.34 km2, with a corresponding

increase in its proportion by 1.80%. Moreover, there were increases

in the areas of forest and water by 82.81 km2 and 1097.63 km2

respectively. However, the area of construction land only slightly

increased by 28.49 km2. Grassland, water area, wetland, and

shrubland all saw decreases in the area of 822.88 km2,

1321.72 km2, 310.68 km2, and 1.27 km2, respectively.

In the scenario of ecological protection, the protection of

ecological land (that is, forest land, water area, grassland, and

wetland) is the most important goal, thus the simulated forest

land area in 2030 increased by 1675.83 km2, and grassland, water

area, and wetland increased by 448.32 km2, 82.81 km 2, and

3.25 km2, and in total, there was a reduction of 257.08 km2 in the

amount of land designated for construction. The primary reason for

the expansion of ecological land was the transfer of farmland and

undeveloped land, which decreased by 1358.55 km2 and

546.67 km2, respectively.

Under the scenario of rapid development, the extension of

construction land is the basic symbol of rapid economic
A B

DC

FIGURE 8

Spatial distribution of habitat quality changes in the Gansu-Qinghai section of the Yellow River Basin from 1990 to 2020. (A. habitat quality change of
1990–2000; B. habitat quality change of 2000–2010; C. habitat quality change of 2010–2020; D. habitat quality change of 1990–2020).
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development. Construction land now covers a larger area of

13.83 km2. The arable land area increased by 679.35 km2, while the

shrub land area shrank by 254.60 km2. Wetland area and undeveloped

land area both fell by 546.68 km2 and 1.53 km2, respectively.

The Gansu-Qinghai Yellow River’s land use simulation results

for 2030 under each of the four scenarios revealed an increase in the

area of ecologically beneficial land, such as water area, forest land,

and wetland, while a decrease in the area of economically beneficial

land, such as cultivated land and unused land. The river basin’s

ecological environment is steadily improving into a healthy state.
3.4 Characteristics of habitat quality
changes in the Gansu-Qinghai section of
the Yellow River Basin under multiple
scenarios

With regards to the process of growth that occurs without

human intervention, the mean values of habitat quality in 1990,

2020, and 2030 are 0.745, 0.747, and 0.748, showing a rising trend.

Compared with 2020 (Table 6), the ratios of lower, low, and high

grades of habitat quality in the Gansu-Qinghai Yellow River section

have been decreasing and then increased by 0.27%, 0.10%, and

2.00% respectively in the past 10 years. The ratios of medium and
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high grades increased continuously, increasing by 0.49% and 2.56%

respectively. The area with low habitat quality has increased,

suggesting that the natural environment in the majority of the

watershed’s locations tends to be better as time goes by, indicating

that various ecological restoration projects in China will achieve

significant results in the study area. Compared with 1990, the ratios

of low, lower, higher, and high grades are all increasing by 0.31%,

2.52%, 0.10%, and 0.82%, respectively. The proportion of the

middle class is decreasing, by 3.08% in 40 years.

The average habitat quality values for the three scenarios—

cultivated land protection, ecological protection, and rapid

development—were, in that order, 0.748, 0.753, and 0.748. On

average, the ecological protection scenario had the best quality of

habitat, whereas the rapid development and cultivated land protection

scenarios had the lower average quality of habitat. The mean value of

habitat quality under the protection of cultivated land scenario and the

rapid development scenario is not significantly different because, under

the rapid development scenario, the demand for cultivated land is

second only to that of construction land, and the area of construction

land in the study area is small. According to the ecological protection

scenario, only 9.01% of the watershed’s total area is made up of low

and lower grades in the study area, while 39.53% of the watershed’s

total area is made up of high grades. Under the ecological protection

scenario, the watershed has a high level of habitat quality.
TABLE 6 Ratio of habitat quality levels (%) in Gansu-Qinghai section of the Yellow River Basin under four scenarios.

Grade Domain
1990 2020 NADS COPS ECPS RAPS

ratio/% ratio/% ratio/% ratio/% ratio/% ratio/%

Low 0–0.2 1.56 2.14 1.87 1.9 1.72 1.89

Lower 0.2–0.4 6.97 9.59 9.49 9.91 7.29 9.85

Medium 0.4–0.6 6.71 3.14 3.63 3.21 5.13 3.29

Higher 0.6–0.8 45.3 47.4 45.4 45.46 46.11 45.47

High 0.8–1 38.79 37.05 39.61 39.53 39.75 39.5

Mean 0.74503 0.7468 0.74829 0.74802 0.75287 0.74817
TABLE 5 Land use area under four scenarios in the Gansu-Qinghai section of the Yellow River Basin in 2030 and the difference between land use area
in 1990 and 2020/km 2.

Land use type
NADS COPS ECPS RAPS

2030 2020–2030 2030 2020–2030 2030 2020–2030 2030 2020–2030

Cultivated land 38465 679.26 38465.12 679.34 36427.23 −1358.55 38465.13 679.35

Forest land 19543.1 1171.3 19469.44 1097.63 20047.64 1675.83 19791.63 1419.82

Shrub 3029.44 −254.62 3029.46 −254.6 3236.16 −47.9 3029.46 −254.6

Grassland 223944 −1321.72 223943.84 −1321.72 225713.88 448.32 223943.77 −1321.78

Water 2626.11 82.81 2626.11 82.81 2626.11 82.81 2554.89 11.6

Unused 4934.94 −256.23 4880.48 −310.68 4644.49 −546.67 4644.48 −546.68

Construction land 550.74 −99.72 678.95 28.49 393.38 −257.08 664.3 13.83

Wetland 87.8 −1.08 87.62 −1.27 92.14 3.25 87.35 −1.53
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Under the four scenarios from 2020 to 2030, habitat quality

changes in the Gansu-Qinghai Yellow River section showed that the

gain area is greater than the loss area. In the NADS (Figure 9A), the

gain area occupies 57.23% of the entire watershed area, totaling

16.77 × 104 km2, while the loss area accounts for 42.77% of the

watershed area, amounting to 12.54 × 104 km2. Significant spatial

heterogeneity in habitat quality was evident. While it decreased in

the western and central regions, habitat quality in the northeast was

noticeably improved. The habitat quality of Above the Baoji Gorge

of Weihe River basin, Daxia River and Taohe River basin have

significant loss. This area is a densely populated area in Gansu and

Qinghai provinces, and the increase of construction land is

relatively obvious, which reduces the quality of habitat. In the

COPS (Figure 9B), the change in habitat quality was dominated

by gain, and the gain area accounts for 53.49% of the total area. The

change in habitat quality under the ECPS (Figure 9C) was a result of

all gains. In terms of space, the areas with a higher degree of gain is

the Loess Plateau region. Including Lanzhou to the Xiaheyan Basin,

Above the Baoji Gorge of Weihe River basin, Above the

Zhangjiashan of Jinghe basin, Huangshui basin. During the fast

development period depicted in Figure 9D, 80.27% of the entire

watershed area experienced an improvement in habitat quality,

while the remaining 19.73% suffered a decline in habitat quality.

From a spatial point of view, although most regions within the

examined territory are experiencing growth, the degree of gaining is

not high. The areas with the most obvious gains is in the northern

part of Lanzhou to the Xiaheyan Basin.
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4 Discussion

4.1 Analysis of influencing factors of
habitat quality

In this paper, 10 natural factors and 6 socioeconomic factors

were selected, and the influence degree of 16 factors on habitat

quality was explored through a random forest model, and the spatial

resolution of each factor and habitat quality was unified as 100 m ×

100 m. According to Figure 10, the Gansu-Qinghai Yellow River

region is more affected by natural factors than socioeconomic ones

when it comes to habitat quality. The most significant factor that

affects habitat quality is NDVI, and its impact is significantly greater

than other factors. In addition to NDVI, the higher degree of impact

on habitat quality was as follows: PRE, DEM, DFG, TEM, POP, TR,

DFRL, DFRO, GDP, TI, ST, Slope, and the degree of influence was

not much different. Factors with low impact on habitat quality are

slope, PX and OLS.
4.2 Comparative analysis of the results of
related studies

To solve the ecological problems of the Gansu-Qinghai Yellow

River section, China has introduced many policies and renovation

projects. For example, in 2005, the State Council approved the

implementation of the “Overall Plan for Ecological Protection and
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FIGURE 9

Changes in habitat quality in Gansu-Qinghai section of the Yellow River Basin from 2020 to 2030. (A. habitat quality of Natural development
scenario; B. habitat quality of Ecological protection scenario; C. habitat quality of Ecological protection scenario; D. habitat quality of Rapid
development scenario).
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Construction of the Sanjiangyuan Nature Reserve in Qinghai” to

rectify the ecological problems in the Sanjiangyuan area. The

implementation of the “Three North Project” on the Loess

Plateau (LP) has improved the natural environment of the LP

area, increased forest coverage, and solved ecological problems such

as soil erosion on the LP. It is precise because of the implementation

of these renovation projects and the continuous strengthening of

human protection of the ecological environment that the habitat

quality of the Gansu-Qinghai Yellow River section has been

significantly improved, which is the lowest inflection point of

habitat quality in 2000 in this study. This is consistent with the

improved results and also reflects the significant achievements

China has made in the governance of the region. The findings are

comparable to the study conducted by Zhang et al. (2021) that

examined the changes in the ecological conditions within the

Yellow River Basin.

According to the results of this investigation, it was observed

that there was a noteworthy reduction in the standard of living in

the research zone during 2017 and that the change in habitat quality

from 1990 to 2020 generally showed that the area of the degraded

area was greater than that of the gaining area, and the area of the

habitat degraded area was higher than that of the optimized area.

This research result is similar to the result that Ren et al. (2022)

pointed out that the habitat quality will decline from 2015 to 2020 in

the study of ecosystem services in the Yellow River Basin’s middle

reaches. The reason for this phenomenon may be that although

projects such as returning farmland to grasslands and forests have

played a crucial part in enhancing the ecological environment’s
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quality in the early stage, as time goes by, some disadvantages will

also occur. Excessive vegetation restoration may not bring

continuous optimization of the ecological environment but will

cause unfavorable competition among various vegetation types,

resulting in the death of a large number of understory vegetation

and the reduction of habitat quality according to Lin et al. (2020).

This study also confirmed that ecological environmental problems

may occur in the long-term project of converting farmland to grass

(forest). As a result, it’s crucial to develop a sensible plan for land

use that is founded on the utilization of land, to enhance the quality

of the Gansu-Qinghai Yellow River’s habitat, reduce the damage to

natural landscapes such as grassland, forest land, and lake

wetlands, increase investment in wetland restoration, and form a

scientific effective ecological protection mechanism, but at the same

time, it is necessary to eliminate the negative effects caused by

over-protection.

The habitat quality level in 2030 under the four scenarios of

the Gansu-Qinghai Yellow River section will be ECPS > NADS >

RADS > COPS. The variation in land use within the study area

could be responsible for the slightly higher average habitat quality

in the fast-paced development scenario compared to the scenario

where land is protected for cultivation. Conversely, 0.22% of the

Yellow River Basin’s total area is made up of construction land in

the Gansu-Qinghai section, while 10% of the basin’s total area is

made up of cultivated land. Thus, the expansion of the RADS is

not strong. Judging from the coupling results of habitat quality

and land use change in various simulated scenarios, the ECPS has

the best coupling and coordination improvement effect. The

RADS can be selected for the development model of the stage,

but the conversion of different land uses must be strictly

implemented according to the conversion principle matrix

established in the simulation scenario; if the future policy

guidance of the basin focuses on ecological benefits, the ECPS

can be selected.
4.3 The limitations of this research

This study has shortcomings. First of all, it is the first attempt to

estimate the habitat quality based on the annual China Land Cover

Dataset (CLCD) produced by two professors Yang and Huang of

Wuhan University on the GEE platform. The determination of the

sensitivity coefficient of the threat source is obtained by referring to

several works of literature, and it is not a specific coefficient

obtained for this research area. Additionally, the intricate

procedure of altering the purpose of the land is impacted by

various natural and socio-economic factors that propel it forward.

Even though a variety of land use types are affected significantly by

these factors, in this study, a total of 15 natural socio-economic

factors were chosen as the driving factors for simulating the future

land use pattern. The final simulation result is highly accurate and

the land use type has a good fitting effect, but it ignores the influence

of policy factors like the ecological protection red line, the

permanent basic farmland boundary, and the urban development

boundary on land use change.
FIGURE 10

Extent of impact of habitat quality drivers.
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5 Conclusions

This study investigates the characteristics of land use change

and spatial and temporal patterns of habitat quality in ecologically

fragile areas on a long-term scale. At the same time, 15 factors such

as natural society are selected to influence the habitat quality, and

finally explore the features of future land use and habitat quality

changes in the study area from four perspectives: cultivated land

protection scenario, natural development scenario, rapid

development scenario, and ecological protection scenario. The

main conclusions obtained were:

(1) Grassland is the main land use type in the Ganqing section

of the Yellow River Basin, accounting for over 70% of the total area.

Cultivated land and forest land respectively account for about 13%

and 6% of the basin. From 1990 to 2020, the area of construction

land and forest land showed an increasing trend year by year, while

the area of unused land and water area showed a fluctuating

increasing trend. The overall area of cultivated land, wetlands,

grasslands, and shrublands showed a fluctuating decreasing trend.

The Ganqing section of the Yellow River Basin is roughly divided by

the transitional zone between the Qinghai Tibet Plateau and the

Loess Plateau in space. The main land use types to the west are

forests and grasslands, and to the east are farmland and

construction land.

(2) The habitat quality of forests, grasslands, and water bodies in

the Ganqing section of the Yellow River Basin is high, while the

habitat quality of cultivated land and construction land is low. From

1990 to 2020, the habitat quality of the Ganqing section of the

Yellow River Basin decreased slightly and then increased. Over the

past 30 years, the change in habitat quality showed that the gain

area was slightly smaller than the loss area, and the overall habitat

quality improved, showing spatial heterogeneity of “enhanced in the

east and weakened in the central and western regions”.

(3) Compared to 2020, under the four scenarios, the area of

arable land, forest land, and water area significantly increased in

2030, while the area of grassland and unused land decreased.

Among them, the increase in construction land was significant

under the scenarios of arable land protection and rapid

development. Under the four scenarios, the habitat quality of the

Ganqing section of the Yellow River Basin continues to improve,

manifested as a decrease in the area of low value areas and a

significant increase in the area of high value areas. Among them, the
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average habitat quality is the highest under the ECPS, while it is

relatively low under the COPS and the RAPS.
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