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The effects of geohazards on the ecological environment and ecological spatial

pattern have received wide attention from scholars. However, the positive role

played by ecological restoration projects on the environment and in the

reduction of geohazards has usually been neglected. Jiuzhaigou Valley

Scenic Area is a world natural heritage area, has a high incidence of

geohazards, and is a demonstration area for ecological restoration projects.

Based on remote sensing technology, this paper adopted an InVEST model

(Integrated Valuation of Ecosystem Services and Tradeoffs) and ecological

landscape index to extract information about spatio-temporal changes in

Jiuzhaigou from 2013 to 2020. This study utilized a quantitative analysis of

the ecological recoverability of Jiuzhaigou in cases of artificial restoration and

spontaneous restoration under different types of geohazards. Results showed

that forests play a vital role in maintaining and controlling habitat quality;

artificial restoration can significantly ameliorate the impact of geohazards on

the scenic area. As of 2020, the forested scenic area recovered 3.868 km2, and

the habitat quality index rebounded to 98.88% of the historical high. The

ecological restoration project significantly shortened the scenic area recover

time of its ecosystem service capability.
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Introduction

The evaluation of ecosystem services has guiding significance in promoting the

coordinated development of regional construction and ecological environmental

protection. Nature reserves are effective in maintaining biodiversity, improving the

ecological environment and enhancing ecosystem service function (Maes et al., 2012;

Van Vooren et al., 2018; Melzer and Bellingrath-Kimura, 2021). But natural reserves are

vulnerable to human factors and geohazards. Among them, human impacts include the

deterioration of the ecological environment caused by human disturbance; however, there

is a benefit of human scientific management in ecological restoration. Therefore,

analyzing the spatial and temporal evolution of regional ecosystem service functions
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not only helps to quantitatively assess the role of anthropogenic

management after geohazards, which relates to the natural

evolution of the gain, but also clarifies the value and

significance of the scientific management system for

ecosystem service functions.

Habitat quality is an essential condition in measuring

ecosystem service functions within the environment. The

InVEST model is widely used in the quantitative assessment

of ecosystem services such as habitat quality, carbon storage, soil

conservation, and water supply. Scholars have completed many

regional habitat quality assessments based on the InVEST model.

For example, Li Mengyao used the habitat quality module of the

InVEST model and a GIS spatial analysis method to assess the

spatial and temporal differences in habitat quality in Shiyan City

to provide a theoretical basis for ecological restoration in

earthquake-damaged areas (Li et al., 2021). Based on the

InVEST HQ model, Wu Linlin estimated the spatial and

temporal variation of GBA habitat quality from 1995 to

2015 and analyzed the potential factors that affected habitat

quality (Wu et al., 2021). Aneseyee analyzed the spatial and

temporal variability of habitat quality in different land-use types

for the southern Ethiopian watershed (Aneseyee et al., 2020).

Ding used FLUS (Future Land Use Simulation) and the InVEST

model to establish a modeling framework to analyze the spatial

characteristics and multiple scenarios of habitat quality in

Dongying City (Ding et al., 2021). In conclusion, the InVEST

model incorporates a relatively complete system in terms of

habitat quality, and it helps to develop regional ecological

planning and management strategies through a comprehensive

assessment to deal with the damage of geohazards.

The spatial changes of ecological landscape patterns are

closely related to the material and energy cycles among

habitat patches, and the changes of their spatial patterns

significantly affect the ecosystem service functions of the

whole region (Sowinska-Swierkosz, 2017). It is clear that

remote sensing technology has advantages of a wide range

and high efficiency in analyzing ecological landscape pattern

changes. Scholars mostly used remote sensing images to extract

corresponding information and explore spatial pattern changes.

For example, Maingi used Landsat MSS and other imagery data

to obtain information on the dynamic change of the wetland area

of the Tana River in Kenya. Then, he analyzed the link between

human activities and wetland landscape changes and clearly

indicated that human activities would cause changes in

wetland landscape patterns (Maingi and Marsh, 2001). In

combination with the ecological landscape index method and

GIS technology, Liu Gui analyzed the ecological landscape

changes in Poyang Lake Ecological Economic Zone from

1990 to 2005. He concluded that the degree of ecological

landscape fragmentation in the study area increased and the

overall degree of aggregation showed an upward trend (Liu et al.,

2013). In a study of the landscape pattern, the calculated results

of the landscape pattern index are mostly used for quantitative

and qualitative analysis of the regional landscape pattern.

Using anthropogenic factors as the driving force, the process

of interaction between human activities and nature reserves

exacerbates changes in ecosystem service functions. Scholars

mainly focus on anthropogenic disturbances to quantify and

clarify the negative effects of anthropogenic disturbances on

ecological service functions. They focused less attention on the

accelerated restoration and gain effect of the ecological

environment, which were generated by anthropogenic

management. For example, Wenmin Hu used the water yield

module of the InVEST model to explore the impact of a poplar

ecological conversion (PER) project, and the results provided an

important reference for the national government to formulate

sustainable wetland ecological policies (Hu et al., 2020). Recently,

human activities have overexploited natural resources. Coupled

with the impact of geohazards (Liu et al., 2022; Qiu et al., 2022;

Wang et al., 2022), the ecological environment has suffered

serious damage. These conditions have had an irreversible

impact on regional ecosystems and led to ecological and

environmental problems such as land degradation, vegetation

destruction and a loss of biodiversity. Human scientific

management can not only rationally utilize natural resources,

but also reduce the destructive power of geohazards.

In this paper, we used remote sensing technology to obtain

information on land cover changes in Jiuzhaigou Nature Reserve

TABLE 1 Tourism economic statistics of Jiuzhaigou Scenic Area from 2013 to 2020.

Time Total
number of visitors

Year-on-year Total tourism revenue Year-on-year

2013 3.71 million 27.20% ¥4.62 billion 21.22%

2014 4.63 million 24.80% ¥5.57 billion 20.56%

2015 4.82 million 4.10% ¥5.93 billion 6.46%

2016 5.07 million 5.19% ¥6.25 billion 5.40%

2017 3.12 million −38.46% ¥6.07 billion −2.88%

2018 0.15 million −95.19% ¥0.17 billion −97.20%

2019 1.21 million 706.67% ¥1.76 billion 935.29%

2020 2.20 million 81.82% ¥4.98 billion 182.95%
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and Scenic Area from 2013 to 2020. Specifically, we used the

InVEST model to quantitatively estimate habitat quality and

analyze its spatial and temporal evolution characteristics. Using

the “7.26 mudslide” and the “8.8” Jiuzhaigou earthquake (Zhang

et al., 2021) as a starting point, we focused on the comprehensive

assessment of recovery of the native environment under

anthropogenic management and natural recovery. Finally, we

explored the impact of the ecological restoration project on the

restoration of ecosystem services.

Study area and data

Study area

Jiuzhaigou Valley Scenic Area is located in Jiuzhaigou

County, Sichuan Province. It belongs to the Yangtze River

system and its main ditch is more than 30 km long with a

total area of 65,074.7 ha. Jiuzhaigou Valley Scenic Area

includes a human-managed scenic area and a natural reserve

without disturbance, as shown in Figure 1.

The study area is the core site and corridor zone of the

Minshan population of giant pandas and is a typical natural

ecosystem. Because of the abundant animal and plant resources

in the study area, species scarcity is outstanding and there is a

high value of ecological protection, scientific research and

esthetic tourism. However, Jiuzhaigou Scenic Area is located

in an active crustal zone. Geohazards such as earthquakes,

landslides and mudslides are frequent in Jiuzhaigou (Wang

and Mao, 2022), which poses a great threat to the sustainable

development of its ecosystem service functions.

The “7.26 mudslide” in 2016 and the “8.8 Jiuzhaigou

earthquake” in 2017 both caused great damage to Jiuzhaigou’s

infrastructure and ecological environment, and Jiuzhaigou’s

tourism economy suffered a major blow as shown in Table 1.

The data in Table 1 were derived from the national economic and

social development statistical bulletin and statistical yearbook of

Jiuzhaigou County. Because the earthquake epicenter was located

at the core of the scenic area, the surrounding area of the scenic

highway was seriously damaged by geohazards. According to

statistics, 153 geohazards, including avalanches, mudslides,

landslides, and unstable slopes, were developed in Jiuzhaigou

Scenic Area because of the “8.8 Jiuzhaigou earthquake.”

After the “8.8 Jiuzhaigou earthquake,” the provincial

government officially issued “the Overall Plan for the

Recovery and Reconstruction of Jiuzhaigou” on November 4.

Then, the Jiuzhaigou Administration invested 11.4 billion yuan

and implemented a number of ecological restoration projects.

The ecological restoration projects adopted the most advanced

and environment-friendly technologies to repair 80% of the

damaged area.

First, vibrofotation stone columns were used to reinforce the

dam body and enhance the stability and bearing capacity of the

dam. Second, the Jiuzhaigou administration used a Rock-Soil

Anchoring Technique to reinforce the unstable part of the rock

and soil. Third, Protophyta and sticky rice lime mortar were used

to fill the dam body and restore its original plant ecological

environment. Finally, the Jiuzhaigou administration adopted

landscape design technology to restore the original landscape

before the earthquake.

Data and data processing

The study dataset mainly contains satellite images,

topographic data, spectral index data and the resulting

extracted land cover dataset. All spatial data were

uniformly converted to the WGS_1984_UTM_48N

coordinate system and the specific methodological data

information is shown in Table 2.

The Landsat-7 images for the study period were obtained

from the USGS and covered the period from 2013 to 2020.

Referring to Global Land 30, Jiuzhaigou was divided into ten land

cover types including agricultural land, forest, grass land, shrub,

TABLE 2 Data and parameters.

Data type Parameter Definition and description

Landsat-7 image B1 to B7 Band reflectance

NDWI (B3-B5)/(B3+B5)

NDVI (B5-B4)/(B5+B4)

Spectral indices RVI (B5/B4)

NDBI (B6-B5)/(B6+B5)

NDSI (B3-B6)/(B3+B6)

Terrain features Elevation DEM

Slope DEM grad

TABLE 3 Date of remote sensing images.

Year of remote
sensing images

Date of remote sensing images

2013 6 April, 16 July, 1 August, 17 August, 4 October,
7 December

2014 8 January, 25 February, 1 June, 17 June,
23 October

2015 11 January, 12 February, 6 July, 23 August,
27 November

2016 14 January, 15 February, 2 March, 18 March,
3 April, 13 November

2017 17 February, 6 April, 11 June, 18 December

2018 19 January, 9 April, 19 November, 5 December

2019 22 January, 7 February, 11 March, 1 July,
22 November, 24 December

2020 10 February, 26 February, 14 April, 19 July,
20 August, 24 November
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wetland, water body, construction land, barren land, snow, and

ice (Newbold et al., 2015; Camara, 2020).

We obtained samples from high-definition images using

manual annotation and used a random forest algorithm to

automatically extract land cover information in Jiuzhaigou

(Svoboda et al., 2022). Two hundred samples were divided

into two groups with a ratio of 7:3 for training and validation

of the random forest model. The input features of

the samples included band reflectance, a spectral index,

and topographic features, and the specific feature

information is shown in Table 2. The spectral features

were calculated from annual synthetic cloud-free images,

and DEM data were obtained from SRTM with a spatial

resolution of 30 m. We selected images whose cloud cover

fraction was lower than 20% in the study area from 2013 to

2020. We made the median mosaic synthesis of the images

year by year to obtain the annual cloud-free images of

Jiuzhaigou from 2013 to 2020. A total of 42 images

(Table 3) were used in this paper, and the average cloud

cover fraction was 13.72. The random forest classifier was

used in this paper and achieved an overall accuracy of 81%

and a Kappa coefficient of 0.77.

TABLE 4 Stress factors and their stress intensity.

Stress factors Weight coefficient Maximum
impact distance (km)

Attenuation type

Agricultural land 0.5 4.0 Linear

Construction land 1.0 5.0 Linear

Barren land 0.9 5.0 Exponent

TABLE 5 Sensitivity of land-use types to habitat stress factors.

Types of land cover Suitability of habitat Agricultural land Construction land Barren land

Agricultural land 0.5 0.3 0.8 0.4

Forest 1.0 0.5 0.9 0.5

Grass land 0.7 0.5 0.6 0.4

Shrub 0.8 0.5 0.8 0.3

Wetland 0.7 0.6 0.5 0.4

Water body 0.9 0.7 0.7 0.6

Construction land 0.0 0.0 0.0 0.4

Barren land 0.1 0.1 0.2 0.0

Snow and ice 0.0 0.0 0.0 0.1

TABLE 6 Ecological landscape index and significance.

Landscape index Formula Significance

Number Of Patches (NP) NP � ∑n
i�1Ni The number of patches in a landscape type

Patch Density (PD)
PD � ∑n

i�1Si
A p100%

The degree to which landscape matrix is segmented by landscape type patches

Edge Density (ED)
ED � ∑m

i�1∑n

j�1eij
A

The degree of isolation between habitat patches

Largest Patch Index (LPI) LPI= maxj�1(aij )
A p100% The proportion of the total landscape area occupied by the largest patch in a

patch type

Mean Area Of Patch
(AREA_MN)

AREA_MN=
∑1

i�1Si
NP The scale of a certain type of patch in the landscape

Contagion Index (CONTAG) CONTAG=

[1 +
∑m

i�1∑n

j�1[Pip
gij∑m

j�1gij
]p[ln (Pip

gij∑m

j�1gij
)]

2 ln(m) ]

The degree of aggregation among different patch types in the landscape

Shannon’s Diversity Index
(SHDI)

SHDI=-∑m
i�1Pip ln (Pi) The non-uniform distribution of patch types in the landscape

Aggregation Index (AI) AI=[∑m
i�1( gii

max−gii)Pi]p100% The connectivity between patches of each landscape type
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Research methodology

Habitat quality model

We used the raster of land cover types in the study area, the

distance and weight between habitats and stressors, and the

relative sensitivity of habitat types to stressors as input data

(Terrado et al., 2016). We used the Habitat Quality module in the

InVEST model to assess the quality of habitats in the study area.

The calculation formula is shown in Eq. 1:

Qxj � Hj
⎛⎝1 − Dz

xj

Dz
xj + kz

⎞⎠ (1)

In Eq. 1, Qxj is the habitat quality index of the land cover type j

and the raster x;Hj is the habitat suitability of the land cover type

j and the raster x; k is the half-saturation constant; and z is the

normalization factor and usually set to 2.5.

Dxj is the degree of habitat degradation, which is exhibited by

stressors and is calculated as Eq. 2.

Dxj � ∑R
r�1

∑Yr

y�1
( Wr∑R

r�1Wr

)ryirxyβxSjr (2)

irxy � 1 − ( dxy

drmax
)(Linear recession) (3)

irxy � exp ( − ( 2.99
drmax

)dxy)(Exponent recession) (4)

In Eqs 2–4,Dxj is the habitat degradation of the land cover type

j and the raster x; R is the number of stressors;Wr is the weight of

the stressor; Yr is the number of grids of the stressor; ry is the

intensity of the stressor; irxy is the level of stress of the stressor on the

grid y for x; βx is the level of habitat disturbance resistance (1 is full

accessibility); Sjr is the sensitivity of stress factor r for the land type j;

dxy is the linear distance between x and y; and drmax is the

maximum action distance of the stress factor r.

Selecting specific land cover types as stressors that destroy

habitat quality, we established a link between stressors and land

cover types, and we evaluated the effects of land cover type change

patterns on habitat quality in the study area under multiple time

phases. The parameters mainly included the influence distance and

weight of the stressors (Table 4) and habitat suitability and sensitivity

of land cover types to the stressors (Table 5).

Ecological landscape index

In this paper, we selected eight landscape indicators (Table 6) to

quantitatively analyze the landscape pattern of Jiuzhaigou Scenic

Area and the nature reserve ecosystem from 2013 to 2020. All

FIGURE 1
Geographical location of the study area. (A) Location of Jiuzhaigou in Sichuan Province. (B) Location of Jiuzhaigou in Jiuzhaigou County. (C)
The study area in Jiuzhaigou.
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indicators reflected the spatial characteristics of the Jiuzhaigou

landscape pattern including area, shape, degree of heterogeneity,

and fragmentation of the landscape (Berglund et al., 2012; Haddad

et al., 2015; Schroter and Remme, 2016).

In Table 6,Ni is the number of patches of landscape i; A is the

total area of all landscape areas of patches i; Si is the total area of

the landscape i; eij is the length of the boundary of landscape i

and j; Pi is the ratio of landscape i; gij is the number of adjacent

patches of landscape i and landscape j; and gii is the number of

similar and adjacent patches of landscape type i.

Results and discussion

Spatial and temporal changes in land
cover

The combination of Figure 2 and Table 7 shows that the

land cover in Jiuzhaigou was mainly forest, grassland and

shrub. The land cover also contains a variety of cover types

such as wetland, water body, agricultural land, barren land,

and snow and ice. The spatial distribution characteristics of

Jiuzhaigou are related to the topography and altitude of the

area. Overall, the scenic area had fewer land cover types,

mainly forest and water body, which have slowly changed.

The nature reserve had a full range of cover types that are

under the pressure of geohazards, and its land cover

interchanged among forest, grassland, shrub, and barren land.

Figures 3 and 4 represent the main land cover changes in

Jiuzhaigou Nature Reserve and Scenic Area during the study

period. With the continuous development of tourism in

Jiuzhaigou and a breakthrough in the number of tourists year

after year (Table 1), the forest area continuously declined from

2013 to 2018. As of 2016, the forest area in the scenic area

decreased 3.705 km2 and 5.96%, which was still smaller than the

14.95% of the nature reserve. As of 2018, the forest area in the

scenic decreased by 6.109 km2 and 9.82%, which was still smaller

than the 20.21% that occurred in the nature reserve. Due to the

implementation of standardized management and ecological

restoration projects, the forest area of Jiuzhaigou grew rapidly

from 2019 to 2020. The area of the forest in the scenic area

increased by 3.868 km2 and 6.9%, and the nature reserve

increased by 71.5 km2 and 21.48%. The forest restoration

status achieved the highest level in 2013, which indicates that

rational development and ecological protection projects played a

leading role in the change of forest cover.

FIGURE 2
Spatio-temporal presentation of land cover in Jiuzhaigou.
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FIGURE 3
Main land cover changes in the Jiuzhaigou Nature Reserve.

FIGURE 4
Main land cover changes in Jiuzhaigou Scenic Area.
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In Figure 5, the forest in the scenic area landscape was converted

to shrub, wetland, and water body during the study period due to

geohazard stresses. As of 2016, shrub increased by 1.492 km2,

wetland increased by 1.153 km2, and water body increased by

0.439 km2. As of 2018, shrub increased by 2.31 km2, wetland

increased by 1.351 km2, and water body increased by 1.184 km2.

Between 2018 and 2020, under the guidance of humanmanagement,

the ecological environment of the scenic area gradually recovered.

Areas such as shrub, wetland, andwater body converted to forest, and

they decreased by 1.623, 0.703, and 0.607 km2, respectively.

FIGURE 5
Spatial and temporal variation of main cover types in Jiuzhaigou Scenic Area: change in (A,D,G,J) shrub area, (B,E,H,K) wetland area, and
(C,F,I,L) waterbody area.

TABLE 7 Change of land cover area in Jiuzhaigou (km2).

Time 2013 2014 2015 2016 2017 2018 2019 2020

Agricultural land 0.07 0.05 0.04 0.22 0.05 0.21 0.03 0.09

Forest 479.45 466.43 454.28 413.38 408.56 388.99 404.30 464.36

Grass land 84.70 92.23 84.32 123.04 97.93 101.18 103.88 90.08

Shrub 69.21 60.59 90.92 55.38 111.59 87.40 82.19 58.06

Wetland 2.98 6.85 6.61 5.83 8.43 10.75 7.51 5.48

Water body 2.93 4.12 7.22 5.21 7.00 11.21 11.68 5.07

Construction land 0.24 0.24 0.25 0.10 0.25 0.23 0.21 0.19

Barren land 12.31 18.36 8.25 20.98 15.28 27.25 27.18 23.40

Snow and ice 0.14 3.14 0.13 27.9 2.93 24.80 15.04 5.28
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The nature reserve is a vast area with a wide variety of cover, and

damaged forest was converted to shrub, grassland, and barren land,

while other cover types did not significantly change. Compared with

the change of cover types in the scenic area, the increase of barren

land in the nature reserve was most noteworthy. Up to 2016 and

2018, the area of barren land increased by 8.668 and 14.943 km2,

respectively, with an increase of 70.43% and 121.42%, which

indicated that there was a significant difference in the level of

resistance between the scenic area and nature reserve in the same

state of geohazards. The reasons for changes of the land cover species

were closely related to the ecological suitability, pressure of

geohazards and anthropogenic management.

Spatial and temporal changes in habitat
quality

In Figure 6, the habitat quality service function in Jiuzhaigou

from 2013 to 2020 showed obvious spatial differentiation

characteristics. The high value areas of habitat quality service

were mainly distributed along tourist attractions and surrounding

areas, which had a vast area of forest (Table 2), perfect ecological

protection measures and few habitat threat factors. The low value of

habitat quality service was concentrated in the south of Jiuzhaigou,

which had sparse vegetation cover and frequent geohazards. It was

difficult to achieve systematic human management due to the high

altitude, which has maintained the original ecology for a long time.

The habitat quality service function of Jiuzhaigou during the

study period was divided into a declining period (2013–2018)

and a recovery period (2019–2020). Both the “7.26 mudslide” in

2016 and the “8.8 Jiuzhaigou earthquake” in 2018 caused serious

damage to the habitat quality service function of Jiuzhaigou, and

its habitat quality index decreased significantly in 2016 and 2018.

The “8.8 Jiuzhaigou earthquake” extensively affected the whole

area of Jiuzhaigou, and the “7.26 mudslide” mainly affected the

southern high-altitude area of the Jiuzhaigou Nature Reserve.

This showed that habitat quality responded differently to

different geohazard types and intensities. Different measures

should be implemented for different types of geohazards.

Figure 7 and Table 8 show that between 2013 and 2020, the

nature reserve and overall regional habitat quality index changed

in a similar trend. Influenced by geohazards and compared with

FIGURE 6
Spatio-temporal changes of habitat quality in Jiuzhaigou.
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the previous year, the habitat quality index of the nature reserve

decreased by 7.99% in 2016 and by 5.69% in 2018. Therefore, the

frequency of geohazards was the main factor that limited the

habitat stability of Jiuzhaigou.

Under a guarantee of ecological restoration projects and the

geohazards warning system, the impact of geohazards on the habitat

quality of Jiuzhaigou Scenic Area was limited. Compared with the

previous year, the habitat quality index of Jiuzhaigou Scenic Area

decreased by 1.16% in 2016 and by 1.1% in 2018. Comparedwith the

highest value of habitat quality in 2013, the nature reserve decreased

2.79% and the scenic area decreased 1.12% during the study period,

which indicated that standardized management played a positive

role in the recovery of ecological functions after geohazards. In a

similar study, Mengist Wondimagegn used the InVEST model to

assess habitat quality in the Kaffa biosphere reserve (Mengist et al.,

2021). According to the comparison, the habitat quality index of the

FIGURE 7
Temporal variation of the Habitat Quality Index in Jiuzhaigou.

TABLE 8 The change of the Habitat Quality Index in Jiuzhaigou from 2013 to 2020.

Time Jiuzhaigou Scenic Area Jiuzhaigou Nature Reserve Jiuzhaigou overall area

2013 0.9937 0.9120 0.9190

2014 0.9892 0.8947 0.9024

2015 0.9880 0.9089 0.9161

2016 0.9765 0.8363 0.8500

2017 0.9782 0.8794 0.8880

2018 0.9674 0.8294 0.8410

2019 0.9715 0.8479 0.8580

2020 0.9826 0.8866 0.8940

Change from 2013 to 2018 −0.0263 (−2.6467%) −0.0826 (−9.0570%) −0.078 (−8.4875%)

Change from 2018 to 2020 0.0152 (1.5712%) 0.0572 (6.8966%) 0.053 (6.3020%)

Change from 2013 to 2020 −0.0111 (−1.1170%) −0.0254 (−2.7851%) −0.025 (−2.7203%)
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FIGURE 8
Change of the Habitat Quality Index of the area of ecological restoration projects.

FIGURE 9
Change of Five-Flower Lake: (A) before the earthquake, (B) after the earthquake, and (C) after the ecological restoration projects.

TABLE 9 Ecological Landscape Index of Jiuzhaigou Nature Reserve from 2013 to 2020.

Time NP PD LPI ED AREA_MN CONTAG SHDI AI

2013 12,829 21.90 35.80 83.50 4.60 70.00 0.89 87.20

2014 19,653 33.50 66.20 106.30 3.00 63.20 0.99 83.80

2015 17,307 29.50 33.20 104.40 3.40 65.60 0.98 84.10

2016 23,443 39.90 30.00 125.00 2.50 56.40 1.18 81.00

2017 22,773 38.80 28.30 130.00 2.60 57.20 1.14 80.20

2018 29,816 50.80 22.10 148.30 2.00 53.20 1.30 77.50

2019 25,200 42.90 28.90 134.80 2.30 56.50 1.23 79.50

2020 21,310 36.30 34.20 112.80 2.80 64.30 1.00 82.80
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unmanaged biosphere reserve in the natural state decreased by 3%

from 2009 to 2019, which was also much higher than the 1.12%

decline of Jiuzhaigou Scenic Area in this paper.

Figure 8 shows that Heye Stockade, Sparking Lake, and Five-

Flower Lake are the most famous attractions in Jiuzhaigou Scenic

Area, and they are typical areas for human-managed ecological

restoration. Comparing the overall area map and local map in

Figure 7, we can see that many low habitat quality areas occurred in

scenic areas in 2018 and they slowly disappeared until 2020.

Therefore, to maintain the ecological service function of

Jiuzhaigou, it is necessary to scientifically and legally manage the

ecological environment of the scenic area, strengthen the

construction and protection of the woodland, improve the overall

quality of the ecological land, and thus improve the overall quality of

habitat in the watershed.

Figure 9 shows that the “8.8 Jiuzhaigou earthquake” in

2018 caused serious damage to Five-Flower Lake. From this,

we can clearly see the huge destructive power of geohazards

and the positive effect of ecological restoration projects.

Ecological landscape pattern index
changes

According to Tables 9 and 10, the number and density of

patches in both the scenic area and nature reserve increased

significantly during 2013–2018, while they decreased in

2019–2020. Similarly, the mean area of the patch and the largest

patch index also showed a similar trend. However, the decrease of

the mean area of the patch also led to an increase in the patch edge

density. The degree of isolation between the plaques significantly

increased. As a whole, the change of the ecological landscape pattern

fragmentation degree took a turning point in 2018. The landscape

fragmentation of the scenic area was more serious compared with

the nature reserve and its landscape fragmentation phenomenon

was alleviated in 2019–2020. Therefore, the internal connectivity

and stability of the landscape of the scenic area was improved by

implementation of standardized management and ecological

restoration projects.

In the above tables, the aggregation index and contagion index

of the scenic area showed a decreasing and then increasing trend,

and the values were higher than the nature reserve. Under the effect

of standardized management, the scenic area had a faster recovery

ability of fragmented landscape, which facilitated the formation of

highly connected dominant patches. In addition, the Shannon’s

diversity index directly represented landscape heterogeneity, and the

diversity index of Jiuzhaigou Nature Reserve was relatively stable,

while the landscape diversity index of scenic area showed an obvious

trend of first increasing and then decreasing.

Conclusions

The evaluation results based on the InVEST model in this

study directly and accurately revealed the Spatio-temporal

evolution of habitat quality in Jiuzhaigou from 2013 to 2020.

1) The overall habitat quality index of the study area decreased

significantly from 2013 to 2018 and recovered from 2019 to

2020. As of 2020, the nature reserve habitat quality index

recovered to 97.21% of its highest value (2013), and the scenic

habitat quality index recovered to 98.88% of its highest value

(2013). Therefore, the ecological restoration projects

effectively contributed to the restoration of habitat quality

after geohazards.

2) The maximum decrease in scenic habitat quality compared to

the early stage of the study (2013) was 2.65%, while the

maximum decrease in nature reserve habitat quality

compared to the early stage of the study (2013) was 9.06%.

Thus, the ecological restoration projects effectively

suppressed the damage of geohazards to the ecological

environment of the scenic area.

3) Jiuzhaigou Scenic Area is mainly involved in tourism and cultural

dissemination activities. The land cover type in the area was

relatively homogeneous and mainly forest and water body.

Therefore, the habitat quality in the scenic area was superior

and stable. The landscape of scenic area is more likely to break but

it had a stronger recovery ability than the nature reserve. Themain

TABLE 10 Ecological Landscape Index of Jiuzhaigou Scenic Area from 2013 to 2020.

Time NP PD LPI ED AREA_MN CONTAG SHDI AI

2013 308 4.76 96.17 13.63 20.99 93.19 0.19 96.42

2014 461 7.13 95.60 18.25 14.02 91.93 0.22 95.73

2015 634 9.80 94.36 25.37 10.20 89.69 0.28 94.67

2016 1,084 16.77 90.30 44.80 5.96 83.76 0.45 91.79

2017 1,011 15.64 90.00 43.26 6.40 83.37 0.44 92.01

2018 1,670 25.83 74.46 65.76 3.87 77.05 0.59 88.66

2019 1,474 22.80 75.63 57.39 4.39 80.74 0.53 89.90

2020 902 13.95 92.70 35.17 7.17 86.44 0.36 93.22
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way to improve the habitat quality and optimize the spatial pattern

of the landscape was to restore the forest cover type.
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