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Abstract: Despite declines in biodiversity and habitat quality (HQ) at a global scale, our understand-
ing of the HQ and matches between HQ and biodiversity under management scenarios is incomplete.
To address this deficiency, the study examined trends in HQ and (mis)matches between biodiversity
and HQ over four decades in Shandong province, China, identified the key drivers, and assessed
the effectiveness of ecological policies, including Ecological Redlines (ERLs) and the Grain for Green
(GG) program. During the 40-year period, HQ and matching degrees (indicated by related coeffi-
cients) between biodiversity and HQ decreased obviously. Correlation analysis showed that related
coefficients between HQ and four biodiversity indices (vertebrate, vascular plant, and vegetation
formation type richness, and comprehensive biodiversity index) were all significant (p < 0.01), and
coefficients were highest for the biodiversity composite index. An analysis of relative importance by
the random forest algorithm indicated significant variation in driving factors for spatial distribution
of HQ, biodiversity, and matches between them. The key determinants of biodiversity distribution
were biophysical factors, such as NDVI (normalized difference vegetation index), DEM (digital
elevation model), and temperature. However, the main drivers of HQ distribution were social factors,
such as the accessibility of anthropogenic activities, urbanization, and population density. Ecological
policy scenarios, ERLs and GG, are clearly effective and could improve HQ and the matching degree
between HQ and biodiversity significantly. Furthermore, the improvement in HQ under ERLs was
less than that under GG, while the increase in the matching degree was opposite. The results of this
study can be integrated by ecological managers and planners for biodiversity conservation.

Keywords: habitat quality; InVEST model; biodiversity; ecosystem services; ecological redlines;
Grain for Green

1. Introduction

Increases in human activities generally exert pressure on natural habitats and lead to a
decline in biodiversity. Globally, activities such as deforestation [1,2], road construction
through wildlife habitats [3,4], and land use and land cover (LULC) changes [5] result in
habitat loss, degradation, and fragmentation. As a consequence, the spatial distribution
of biodiversity across a landscape can be estimated by species habitat suitability, which,
simulated by analyzing maps of LULC in conjunction with threats to species’ habitat [6],
and habitat quality (HQ) based on this method, can be treated as proxies for biodiversity.
Nowadays, the evaluation of habitat quality has become an important topic in ecosystem
services and biodiversity conservation, especially since the Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services (IPBES) was established [7]. In
China, a variety of strategies have been proposed for the protection of biodiversity within
the framework of landscape management, including policies such as the Ecological Redlines
initiative and the establishment of national parks. China has introduced the concept of
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collaboratively forging a community of life on Earth, vigorously advocating for ecological
civilization and actively safeguarding biodiversity. To this end, it is quite necessary to
explore the spatio-temporal trends of HQ on local and global scales and, further, to identify
variations in HQ under future scenarios of conservation policies or land use development,
which can provide a scientific basis for ecological protection and policy-making.

HQ is related to the ability of a habitat to provide a stable environment for species
survival, which is simulated by the InVEST-Habitat Quality model. The InVEST model is
a spatially explicit assessment tool to estimate HQ as a function of anthropogenic threats
under the framework of a land use scenario analysis, which can assess the HQ over large
spatial and temporal scales [8]. Therefore, the InVEST model was widely applied in North
America [9], Europe [10], and China [8,11] and other countries [12]. Although, as a proxy for
biodiversity, relatively little assessment of HQ simulated by the InVEST model is calibrated
or verified by species diversity data. The results of HQ assessment are uncertain because
the scores of parameters related to threat factor and habitat suitability are all based on
expert judgment [6]. Therefore, an investigation into the relationship between HQ and the
biodiversity index and their drivers is needed to gain an accurate and credible assessment.

Declines in biodiversity are not simply the result of development but also reflect
poor spatial planning and conservation strategies [13]. The question of how best to enact
biodiversity conservation in modern societies has promoted extensive ecological research
over the past few decades. In China, numerous massive ecological strategies have been
applied nationwide, and these have restored degraded ecological environments and im-
proved critical ecosystem service provisions substantially [14]. These ecological strategies
include the Ecological Redlines (ERLs) policy, Grain for Green (GG) project, and so on.
The ERLs policy, targeting the maintenance of biodiversity, important ecological functions,
and ecosystem services, was introduced nationally to ensure that no net change in land
cover and no net loss of biodiversity or degradation of ecosystem services occurs within
specific areas [15]. Several studies have examined the effectiveness of this policy for key
ecosystem services [16–19]; however, the impacts of ERLs on HQ and matches between HQ
and biodiversity are poorly explored. The GG is another important ecological construction
program in China aimed at addressing soil erosion by converting farmland in mountainous
areas to forest or grassland. Many ecosystem services benefited from the GG project [20–22].
Although biodiversity conservation is not the primary objective of these policies, ancillary
conservation outcomes can be achieved, and analyses of their effectiveness for biodiversity
can provide important information to local managers. Above all, prediction habitat quality
at a regional scale under ecological policies scenarios, such as ERL and GG, can provide a
theoretical support for policy makers.

Shandong province, located in eastern China, is a major economic province, with the
third highest ranked gross domestic product (GDP) in China. However, in recent years, bio-
diversity maintenance, including habitat provision and biodiversity status, has degraded
significantly as a result of rapid economic development and intensive land use. For ex-
ample, there are 80 and 24 endangered vertebrate and vascular plant species, respectively,
accounting for 3.75–6.76% of all species in the province [23]. Although several policies and
regulations have been implemented in Shandong to strengthen the protection of species
and habitats, the declines in biodiversity and suitable habitats have not been effectively
controlled. For example, the ERLs policy of Shandong province was implemented in 2016
over a total area of 2,084,790 hm2, covering 13.2% of the whole province. The crucial
ecological functions of the ERLs included biodiversity maintenance, freshwater conserva-
tion, soil conservation, wind prevention, and sand fixation. However, the effectiveness of
ERLs was uncertain. Moreover, there are still knowledge and policy gaps with respect to
biodiversity conservation in complex human and natural systems. Thus, it is necessary
to gain a more comprehensive understanding of biodiversity maintenance service under
economic development and land use change.

The objectives of the study were to (i) analyze the spatial-temporal dynamics of
HQ using the InVEST-Habitat Quality module from 1980 to 2020 in Shandong province;
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(ii) explore the spatial distribution of common plants and animals species including verte-
brate, vascular plant, vegetation formation types and total biodiversity index; (iii) examine
the (mis)matches between HQ and aforementioned four biodiversity indices; (iv) analyze
the key drivers of HQ, biodiversity, and matches between them by a random forest algo-
rithm; and (v) evaluate the effectiveness of ERLs policy and the GG project scenarios with
respect to HQ and matches between HQ and biodiversity.

2. Methods and Data Sources
2.1. Study Area

Shandong province is located in the eastern coastal region of China (34◦23′ to 38◦24′ N,
114◦48′ to 122◦42′ E), covering an area of 157,900 km2. Shandong province can be divided
into three regions based on topography: a western plain region, central mountainous
region, and eastern hilly region (Figure 1). Since the reform and opening up in 1978, the
GDP in Shandong province has increased rapidly, and reached $1.24 trillion in 2021. The
population in the region exceeded 100 million, ranking first in eastern China and second in
China. In recent decades, local ecosystems and habitats are facing severe pressure due to
rapid economic development and intensive land use. For example, the natural wetland
area in Shandong province declined 37.89% from 1996 to 2014, and the abundance and
distribution of 150–200 vascular plant species decreased significantly, with some species on
the verge of extinction [23].
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Figure 1. Location and topographic subregions of Shandong province in China.

2.2. Data Types and Sources

Land use data, digital elevation model (DEM), biodiversity data, population density,
Gross Domestic Product (GDP), and other data were used. The land use data for 1980,
1990, 2000, 2010, and 2020 (30 m × 30 m resolution) were provided by the Data Center for
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Resources and Environmental Sciences from the Chinese Academy of Sciences (RESDC,
https://www.resdc.cn (accessed on 12 March 2024)). According to the remote sensing
monitoring data classification system for multi-period land use/land cover, land use types
were divided into seven first-level categories and 25 s-level types. DEM data (30 m × 30 m
resolution) were obtained from the Shuttle Radar Topography Mission (SRTM) (http:
//srtm.csi.cgiar.org/srtmdata/ (accessed on 12 March 2024)). Biodiversity data were
obtained from a biodiversity assessment of Shandong province at the county scale [23].
The population density and gross regional product data (1 km × 1 km resolution) for
Shandong province in 2020 were obtained from the statistical yearbook of Shandong
Province. Vector data for the county administrative boundary were obtained from RESDC.
The normalized difference vegetation index (NDVI) in 2020 (1 km × 1 km resolution),
annual mean temperature (1 km × 1 km resolution), and annual mean precipitation (1 km
× 1 km resolution) data were also obtained from RESDC. DEM, population density, GDP,
NDVI, annual mean temperature, and precipitation were the driving factors for the spatial
distribution of HQ, biodiversity, and the matches between them, which were calculated
and analyzed by a random forest algorithm.

2.3. Methods
2.3.1. InVEST-Habitat Quality Model

The InVEST-Habitat Quality (HQ) model was used to evaluate habitat quality in Shan-
dong Province. The HQ module assesses habitat quality and sustainability by combining
land use and land cover (LULC) and threats to species habitat. Different land use types
were considered disturbance factors for corresponding ecosystem types, and the spatial
distribution of habitat quality was simulated and evaluated according to the habitat suit-
ability of each ecosystem type and the threat intensity of human disturbance factors [6].
The HQ was calculated as follows:

Qxj = Hj

(
1 −

(
Dz

xj

Dz
xj + kz

))
(1)

where Qxj is the HQ of raster x for land use type j, Dxj is the threat level of raster x for
land use type j, Hj is the habitat suitability for land use type j, and k is half the saturation
constant (i.e., half of the maximum value of Dx; in this study, k = 0.5), and z refers to (we
hard code z = 2.5) scaling parameters (or constants).

The parameters in the InVEST model were set according to the model guidance
manual (Sharp et al., 2022) and previous studies [8]. Based on previous investigation and
the ecological characteristics of Shandong province, plain agriculture, mountain agriculture,
urban, industry, and rural residents were selected as the main threat factors in Shandong
province, and the maximum impact distance and weight of different threat factors were
determined. The HQ levels in 1980, 1990, 2000, 2010, and 2020 were simulated with land
use data for corresponding years.

2.3.2. Assessment of Biodiversity

Vertebrates, vascular plants, vegetation formation types, and the total biodiversity
composite index were selected to assess biodiversity levels at county scale. The richness of
vertebrates, vascular plants, and vegetation formation types refers to the number of species
or vegetation types recorded in a region, which was obtained by field survey from 2015 to
2017 [23]. The total biodiversity composite index combines the above indicators to suggest
the level of total biodiversity. The total biodiversity composite index (BI) was calculated
as follows:

BI = VE × 0.2 + VA × 0.2 + PF × 0.2 + SS × 0.2 + RT × 0.1 + (100 − IS)× 0.1 (2)

where VE is the normalized richness of vertebrate species, VA is the normalized richness of
wild vascular species, PF is the normalized richness of vegetation formation types, SS is the

https://www.resdc.cn
http://srtm.csi.cgiar.org/srtmdata/
http://srtm.csi.cgiar.org/srtmdata/
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normalized species specificity, RT is the normalized richness of threatened species, and IS
represents the normalized invasive species.

2.3.3. (Mis)Matches Between Habitat Quality and Biodiversity

HQ was used as proxy for the biodiversity maintenance service and the total compre-
hensive biodiversity index (BI) was used as an indicator to match to HQ. The matching
degree was calculated by dividing HQ by the total comprehensive biodiversity index
after data normalization. Values of less than 1 indicated that the HQ does not match
the biodiversity.

2.3.4. Scenarios for Ecological Redline and Grain for Green Policies

In this study, the ERLs’ areas were limited to areas with human activity and accessibil-
ity; these areas were set to zero during HQ simulation. Map data of ERLs came from the
Ecological red line protection plan of Shandong Province (2016–2020). The scenario for the GG
policy supposed that all farmland located in areas with a slope of greater than 25 degrees
was converted to forest. To evaluate the effectiveness of ecological policies, HQ simulations
were performed under scenarios corresponding to these two policies.

2.4. Data Analysis

Spatial and temporal dynamics of HQ were performed using ArcGIS 10.2. Slope
was calculated from DEM using ArcMap’s spatial analyst tools. Z-score standardization
of HQ and biodiversity indices and their correlations was performed using SPSS 21. A
Spearman correlation analysis was conducted to evaluate relationships between HQ and
four biodiversity indicators from 1980 to 2020 to obtain the matching degree. The random
forest algorithm (implemented in the randomForest package in R) was used to quantify the
relative importance of impact factors. The impact factors included NDVI, DEM, tempera-
ture, precipitation, GDP, slope, urbanization rate, and population density. The biodiversity
data and impact factors were analyzed in county units.

3. Results
3.1. Spatiotemporal Dynamics of Habitat Quality from 1980 to 2020

The average HQ value in Shandong province was low, ranging from 0.231251 to
0.250954, and decreased by 7.80% from 1980 to 2020. HQ was divided into five categories:
poor (0–0.2), low (0.2–0.4), medium (0.4–0.6), good (0.6–0.8), and high (0.8–1.0). In 2020,
areas with a poor HQ accounted for 81.59% of the whole province, while only 10.08% of the
region was classified as high HQ (Table 1). From 1980 to 2020, the area of poor HQ increased
by 3.78%; however, areas classified as low, moderate, and good decreased substantially.
The proportion of areas classified as high HQ increased slightly. Therefore, the habitat
quality across Shandong province has declined over the last 40 years.

Table 1. Area and relative frequency of each HQ level and changes between 1980 and 2020.

HQ Level
1980 1990 2000 2010 2020 Change from 1980 to 2020

ha % ha % ha % ha % ha % ha %

Poor 12,236,732.28 77.81% 12,266,630.10 78.20% 12,221,918.01 78.01% 12,769,637.94 81.50% 12,784,761.90 81.59% 548,029.62 3.78%
Low 517,549.50 3.29% 518,255.73 3.30% 516,263.67 3.30% 291,661.92 1.86% 292,216.68 1.86% −225,332.82 −1.43%

Moderate 1,057,994.73 6.73% 1,067,850.45 6.81% 1,066,630.14 6.81% 753,553.71 4.81% 750,085.47 4.79% −307,909.26 −1.94%
Good 400,248.27 2.55% 407,177.10 2.60% 402,693.48 2.57% 263,699.46 1.68% 263,158.92 1.68% −137,089.35 −0.87%
High 1,513,876.86 9.63% 1,425,491.10 9.09% 1,460,041.83 9.32% 1,590,085.08 10.15% 1,579,661.82 10.08% 65,784.96 0.45%

Figure 2 shows the spatial distribution of HQ in Shandong province in 1980–2020. The
HQ was highest in the central mountainous region, followed by the eastern hilly region,
and the HQ was lowest in the western plain region. In 2020, the HQ values in the western
plain region, central mountainous region, and eastern hilly region were 0.199160, 0.251109,
and 0.244988, respectively. From 1980 to 2020, the HQ in the western plain region remained
nearly unchanged, while the HQ in the central mountainous region and eastern hilly region
declined significantly, i.e., 7.80% and 12.42%, respectively (Figure 2f).
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Figure 2. Habitat quality in 1980–2020 in Shandong Province ((a) 1980; (b) 1990; (c) 2000; (d) 2010;
(e) 2020; (f) 1980–2020.).

3.2. Spatial Distribution of Biodiversity

There were 594 vertebrate species in Shandong province, including 45 endangered
species and 44 species endemic to China. Additionally, there were 1498 species of vascular
plants, including 7 endangered species and 229 species endemic to China. There were
80 vegetation formation types in Shandong province, including coniferous forest, broad-
leaved forest, bamboo forest, shrub, meadow, sandy vegetation, aquatic vegetation, and
marsh vegetation.

As displayed in Figure 3, biodiversity (as estimated by richness) decreased gradually
from east to west across Shandong province. The richness of vertebrate species and the
biodiversity composite index in the eastern, central, and western parts clearly decreased.
However, the richness values for vascular plants and vegetation formation types were
highest in the central mountainous region, followed by the eastern and western regions.
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Figure 3. Distribution of biodiversity indices in Shandong province ((a) Vertebrates; (b) Vascular
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3.3. (Mis)Match Between Habitat Quality and Biodiversity

The coefficients for relationships between HQ and biodiversity indices were obtained
to evaluate the matching degree. All of the correlations were significant (p < 0.01), as dis-
played in Table 2. Furthermore, the matching degree between HQ and biodiversity declined
from 1980 to 2020 based on correlation coefficients. From 1980 to 2020, the matching degrees
for vertebrates, vascular plants, vegetation formations, and the biodiversity composite
index decreased by 17.66%, 15.03%, 10.71%, and 12.90%, respectively. Among the four
biodiversity indices, correlation coefficients were highest for the biodiversity composite
index, followed by vegetation formations, vascular plants, and vertebrates.

Table 2. Correlations between habitat quality and biodiversity.

Habitat
Quality

Vertebrate
Species

Vascular Plant
Species

Vegetation
Formations

Biodiversity
Composite Index

1980 0.589 ** 0.692 ** 0.691 ** 0.713 **
1990 0.588 ** 0.695 ** 0.690 ** 0.714 **
2000 0.584 ** 0.680 ** 0.680 ** 0.702 **
2010 0.496 ** 0.594 ** 0.622 ** 0.628 **
2020 0.485 ** 0.588 ** 0.617 ** 0.621 **
ERLs 0.487 ** 0.590 ** 0.619 ** 0.623 **
GG 0.486 ** 0.589 ** 0.617 ** 0.621 **

** Correlation is significant at the 0.01 level (2-tailed).

The (mis)matches between HQ and biodiversity (BI) could be classified into four
categories: high HQ–high BI, low HQ–low BI, low HQ–high BI, and high HQ–low BI. The
relative frequencies of these categories in 2020 are displayed in Table 3. For vertebrates,
low HQ–low BI type was the largest category (37.79%), followed by high HQ–low BI
(26.37%), high HQ–high BI (22.51%), and low HQ–high BI (13.33%) (Table 3). However,
the proportions of the four match types for vascular plants, vegetation formations, and
the biodiversity composite index decreased in the following order: high HQ–high BI, low
HQ–low BI, low HQ–high BI, and high HQ–low BI. It is worth noting that the low HQ–high
BI type accounted for 13.33–21.37% (average 17.62%) of the province, indicating that the
habitat provision was insufficient.

Table 3. Proportion of different match types in Shandong province.

Match Type Vertebrates Vascular
Plants

Vegetation
Formations

Biodiversity
Composite Index

High HQ–High BI 22.51% 37.62% 38.62% 37.66%
Low HQ–High BI 13.33% 21.37% 17.71% 18.06%
Low HQ–Low BI 37.79% 29.75% 33.41% 33.06%
High HQ–Low BI 26.37% 11.26% 10.26% 11.22%

Spatial distributions of different categories of matches are summarized in Figure 4.
High HQ–high BI areas were distributed mainly in eastern coastal areas and central moun-
tainous areas. The high HQ–low BI type was located mainly in the northern part of the
province and central mountainous areas. The low HQ–high BI type was mainly concen-
trated in areas with flat terrain in the transition zones of the central mountainous region
and the eastern hilly region. In addition, low HQ–high BI areas were distributed in parts of
the transition zones between the western plain and central mountainous regions. The low
HQ–low BI type was mainly concentrated in western plain (Figure 4).
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3.4. Determinants of Habitat Quality, Biodiversity and Their Matches

The degree of urbanization (proportion of urban construction land), population density,
GDP, slope, DEM, NDVI, precipitation, and temperature were included in an analysis of
factors driving the spatial distribution of HQ, biodiversity and matches between them.
As displayed in Figure 5, biophysical factors (e.g., NDVI, DEM, and temperature) were
the key factors affecting the total biodiversity composite index, while anthropic factors
were less important to biodiversity. However, slope, urbanization, and population density
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were the most important impact factors for HQ. Slope was a proxy for human accessibility,
suggesting that anthropic activities were key factors impacting HQ. For matches between
HQ and biodiversity, the top factors were NDVI, DEM, and GDP, suggesting that vegetation
coverage and human economic activities were the most important driving factors (Figure 5).
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3.5. Effectiveness of ERLs and GG

Compared to HQ in 2020, the areas of low, moderate, and good HQ level under the
ERLs policy scenario decreased significantly, while the area classified as high grade in-
creased (Table 4). On the whole, the average HQ under the ERLs scenario in Shandong
province improved by 0.16%. Furthermore, the matching degrees for vertebrates, vascular
plants, vegetation formations, and the biodiversity composite index increased by 0.41%,
0.34%, 0.32%, and 0.32%, respectively (Table 2). Under the GG policy scenario, the area of
poor HQ decreased by 0.26% (40,539.42 ha), while the area of low HQ increased by 0.26%
compared to those in 2020 (Table 4). The average HQ improved by 0.29%. However, no
significant changes in the supply-demand matching degree were detected under the sce-
nario corresponding to the GG policy (Table 2). In general, the improvement in the average
HQ under the GG scenario exceeded that under the ERL scenario, while improvements in
the matching degree under the GG scenario were lower than those under the ERL scenario
(Table 2).

Table 4. Area and ratio of each HQ level under ecological policy scenarios.

HQ Level
Ecological Redlines Variation HQ from 2020 Grain for Green Variation HQ from 2020

ha % ha % ha % ha %

Poor 12,757,931.73 82.03% 0 0.00% 12,744,222.48 81.33% −40,539.42 −0.26%
Low 281,728.62 1.81% −10,008.63 −0.06% 332,756.1 2.12% 40,539.42 0.26%

Moderate 671,178.96 4.32% −77,053.05 −0.49% 750,085.47 4.79% 0.005 0.00%
Good 240,434.01 1.55% −22,549.68 −0.14% 263,158.92 1.68% 0.00 0.00%
High 1,601,423.37 10.30% 109,611.36 0.70% 1,579,661.82 10.08% 0.00 0.00%

Under the ERL scenario, areas with improved HQ were mainly distributed in central
mountainous regions and eastern coastal regions (Figure 6). The area in which HQ im-
proved accounted for 11.62% of the whole province. Under the GG scenario, areas with
improved HQ were scattered throughout the western, central, and eastern parts of the
province with slopes exceeding 25 degrees. The area in which HQ improved accounted for
3.86% of the whole province.
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4. Discussion
4.1. Matches Between Habitat Quality and Biodiversity

Many studies have investigated HQ by the InVEST model [24–26]; however, relatively
little assessment of HQ is calibrated or verified by species data. The study performed
calibration of HQ simulation using four biodiversity indices, including vertebrate, vascular
plant, and vegetation formation type richness, and the total biodiversity index. Correlation
analysis based on county units suggested that related coefficients between HQ and four
biodiversity indices, under multi-scenario indices, were all significant (p < 0.01), and
coefficients were highest for the total comprehensive biodiversity composite index (Table 2).
The results indicated that HQ is more consistent with total comprehensive biodiversity
than individual species diversity, and so HQ as simulated by the InVEST model was more
suitable to indicate the comprehensive biodiversity of the whole ecosystem. In addition,
the HQ matching degree for plants species (vegetation formations and vascular plants) was
more than that for animal species. Above all, HQ simulated by the InVEST model can act
as preferable proxy of biodiversity maintenance service, and the spatial distribution of HQ
at the regional scale correlates closely with biodiversity patterns.

Further study was performed on the linkages and matches between HQ and biodiver-
sity, and matching degree has rarely been addressed to date. In this study, we quantified the
matching degree based on correlation coefficients for the relationships between biodiversity
and HQ in Shandong province, indicating a significant decrease during last four decades,
corresponding to the continuous degradation of local habitat. The spatial distribution
of the matching types could reveal key areas for protection or restoration. For example,
areas with low HQ–high BI are priorities for restoration, and areas with high HQ–high
BI should be selected for protection efforts. Accordingly, the analysis of matches could
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help policy makers accurately identify regional differences and develop targeted mea-
sures. Evaluations of biodiversity or HQ alone are insufficient for conservation in complex
social–ecological systems.

4.2. Driving Factors of Habitat Quality, Biodiversity, and Their Matches

The factors driving HQ, biodiversity, and matches between them varied significantly
within an area. It is well known that geomorphology, microclimate, soil, and other biophys-
ical factors determine the spatial patterns of biodiversity. However, habitat quality (or the
supply of biodiversity maintenance services) was mainly influenced by land use intensity,
population density, and other social–economic activities [8,12,27] (Figure 5). In this study,
the top factors impacting biodiversity were biophysical drivers, such as NDVI, DEM, and
temperature, while the main factors related to HQ were anthropic activities (Figure 5).
Furthermore, the important determinants of the matches between HQ and biodiversity
included biophysical (e.g., NDVI and DEM) and anthropic (e.g., GDP) factors. Thus, con-
servation plans and ecological policies to enhance the HQ, biodiversity, and their matches
need to be multi-dimensional, including ecological restoration from the perspective of
biodiversity, limitation of the intensity of human activities from the perspective of HQ, and
so on.

4.3. Effectiveness of Ecological Policies

ERLs in China are protected areas, originally proposed in 2015, with the goal of
maintaining ecological security patterns, ensuring ecosystem services, and supporting
sustainable economic and social development [28,29]. Areas within ERLs have special
ecological functions that must be compulsorily and strictly protected. The ERLs policy
is effective in maintaining and protecting ecosystem services, such as water provision,
soil conservation, and biodiversity maintenance [16,18,30,31]. The results of this study
were consistent with those of previous studies, which indicated that the ERLs policy could
improve the supply of biodiversity maintenance services (habitat quality). Furthermore,
the increase in HQ under the ERL policy scenario was less than that under the GG policy,
although the ERL areas were larger than the GG areas (Figure 6). The reason is that farmland
with a slope of greater than 25 degrees was converted to forestland under GG scenario,
which increased the HQ score substantially. However, farmland with a slope of greater
than 25 degrees was found in regions with low biodiversity, and therefore the matching
degree between HQ and biodiversity under the GG policy scenario was lower than that
under the ERLs scenario (Table 2). Although HQ under GG policy improved significantly,
there was no obvious improvement in the matching degree. In general, the ERLs policy is
more suitable for biodiversity conservation than the GG policy.

5. Conclusions

Economic development generally exerts great pressure on natural habitats and leads
to a decline in biodiversity resources, resulting in an imbalance between habitat quality
and biodiversity. Therefore, it is important to investigate the spatial matching relationship
between habitat quality and biodiversity and to further identify the effectiveness of con-
servation planning policy scenarios. In this study, the spatial dynamics of habitat quality,
biodiversity indices, and their matches in Shandong province were evaluated, the driving
factors were identified, and the effectiveness of ERLs and GG policies were examined. The
calibrated results of InVEST-Habitat Quality model indicated that HQ is more consistent
with total comprehensive biodiversity than individual species diversity, and so HQ sim-
ulated by the model was more suitable to indicate the comprehensive biodiversity of the
whole ecosystem. In addition, the HQ matching degree for plants species (vegetation forma-
tions and vascular plants) was more than that for animal species. Spatio-temporal analysis
of HQ indicated that HQ and matches in Shandong province were in a state of continuous
degradation. Areas with low HQ–high BI occupied 18.06% of the whole province, which
was insufficient for biodiversity maintenance, and these areas were priorities for ecological
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restoration. An analysis of the relative importance of driving factors indicated that biodi-
versity was related to biophysical factors, while the main factors for HQ were social factors,
such as accessibility, urbanization, and population density. Based on the difference in
factors driving HQ and biodiversity, the restoration of natural habitats and the prohibition
of anthropogenic activities are recommended to address the biodiversity and habitat quality
sides, respectively. With respect to the effectiveness of ecological policies, the improvement
in HQ under ERLs was less than that under GG, while the increase in the matching degree
under ERLs was greater than that under GG. The results of this study can be integrated
by ecological managers and planners for biodiversity conservation. This integration of
ERLs and GG policies allows for the application of scientific insights to decision-making
processes, which can lead to more informed and effective conservation efforts.
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