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The effective allocation of funds is of significant importance for biodiversity conservation,
but there is currently no scientific method for comparing the effectiveness of biodiversity
conservation across different regions. Existing studies omit differences in the ecological
background, such as the terrain, climate, hydrology, soil, and ecosystem, or do not
differentiate between the impacts caused by humans and nature. To address these
limitations, we take habitat quality as a proxy for biodiversity and quantify the human-
induced habitat quality changes as a means of measuring the efforts of management
departments, with the background differences eliminated using a reference condition
index. The method is applied to the San Jiang Plain Wetlands and Northwest Tibet
Qiang Tang Plateau Biodiversity National Key Ecological Function Region in China.
The results show that the effects of human activities on habitat improvement or
degradation are overestimated or underestimated if there is no differentiation between
human and natural causes. Human-induced habitat quality changes broadly reflect the
human efforts toward biodiversity conservation. By considering the human efforts and
background differentiation, the proposed method allows the effectiveness of biodiversity
conservation to be compared across different regions. This study provides a scientific
reference for China’s transfer payment policy and for the biodiversity funds allocated
in other countries. Furthermore, our results will guide the practice of improving habitat
quality and biodiversity.

Keywords: effectiveness assessment, biodiversity conservation, regional comparison, reference condition,
human efforts, background differentiation, habitat quality

INTRODUCTION

As a highly effective tool for biodiversity conservation, protected areas (PAs) have expanded rapidly
around the globe, and currently cover 15% of the terrestrial surface (UNEP-WCMC et al., 2020).
However, habitat loss and degradation in PAs remain serious areas of concern (Almond et al.,
2020). One important reason is the scarcity of funds and resources (Coad et al., 2019; Reed et al.,
2020). Generally, when more funds and resources are allocated for PAs, the effects of biodiversity
conservation are more effective better. However, such funds are limited, which greatly restricts
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the protection effects. Therefore, the effective allocation of funds
is a key issue in biodiversity conservation (Coad et al., 2019).

The most effective means of allocating funds is particularly
important in China. To improve the national biodiversity level,
China has designated several key ecological function regions,
which are types of PAs (Fan et al., 2012). The Ministry of
Ecology and Environment measures the protection work of
local government management departments by quantitatively
assessing the effectiveness of biodiversity conservation, and then
takes actions such as administrative management, policy changes,
and capital investment. Specifically, the central government
provides transfer payment after measuring the biodiversity
conservation efforts made by the management of these ecological
function regions (Zheng et al., 2019). Those regions that have
made greater efforts are rewarded with more funds, whereas those
that have made lesser efforts may have funds deducted. Therefore,
it is imperative to develop a method that can be used to compare
the biodiversity conservation efforts between different ecological
function regions.

To date, most assessment studies for biodiversity conservation
effectiveness have focused on a single PA, such as in before–
after comparisons (Liu et al., 2001; Gaveau et al., 2007),
inside–outside comparisons, and matching comparisons (Andam
et al., 2008; Joppa and Pfaff, 2011; Geldmann et al., 2019;
Terraube et al., 2020). For example, Gaveau et al. (2007)
compared the deforestation rates inside and outside PAs in
Sumatra, while Geldmann et al. (2019) assessed the effectiveness
of PAs at resisting anthropogenic pressures using matching
analysis. Different from the above, Zheng et al. (2012) used
key species numbers, endangered species numbers, and rare
species numbers to compare the effectiveness of biodiversity
conservation between different national wetland nature reserves
in China. However, this evaluation could not reflect the true
differences among protection effectiveness because there was no
background differentiation between the ecological environment
in different regions. For example, they gave the Sanjiangyuan
nature reserve a poor conservation effectiveness grade just
because its low ecological background, this result was not
convincing and cannot stimulate the enthusiasm for the related
management department. Furthermore, differences in ecological
background can also lead to obvious differences in the difficulty
of conducting ecological construction and protection, and the
need for funds (Liu et al., 2020). For example, the afforestation
cost in the western area of the Hexi Corridor in Gansu Province
is as high as $4722 per hectare because of the fragile natural
ecological environment, whereas the afforestation cost in Ergun,
Inner Mongolia, is only $1416 per hectare because of its superior
natural condition (Liu et al., 2017). The assessment results cannot
be applied in practice without considering these differences.

To eliminate ecological background differentiation, Dong
et al. (2018) developed a method of comparing the effectiveness
of biodiversity conservation between different regions. They
selected national natural reserves inside biodiversity ecological
function regions as reference areas, and used the habitat
quality of these reference areas as reference conditions reflecting
the biological background. The degree of difference between
the habitat quality of the ecological function region and its

corresponding reference condition was then used to measure
the effectiveness of biodiversity conservation between different
regions. Although this approach successfully eliminates the
ecological background differentiation, it does not differentiate
between human-induced and nature-induced habitat change.
When the central government transfers funding, human efforts
should only be used to compare the effectiveness of biodiversity
conservation. Here, human efforts include both positive impacts
(ecological restoration) and negative human impacts (crop
expansion and urbanization) on biodiversity. If natural processes
are incorporated, the assessment results will be biased. Therefore,
it is imperative to develop a method that considers both human
efforts and ecological background differentiation.

In this study, we take the San Jiang Plain Wetlands (SJPW)
and Northwest Tibet Qiang Tang Plateau Biodiversity National
Key Ecological Function Region as study areas, and compare
the effectiveness of biodiversity conservation from 1990–2018
by considering both human efforts and ecological background
differences. The main objectives were as follows: (1) construct a
human-induced habitat quality change index to measure human
efforts on biodiversity conservation; (2) develop a method for
comparing the effectiveness of biodiversity conservation across
different regions. Our study provides a scientific reference for
national transfer payment.

MATERIALS AND METHODS

Study Area
The SJPW and Northwest Tibet Qiang Tang Plateau (NTQTP)
Biodiversity National Key Ecological Function Region were
chosen as study areas (Figure 1). SJPW (45◦0′57′′–48◦27′47′′N,
129◦29′52′′–135◦5′12′′E) is located in the downstream area of
the Songhua River near the confluence with Wusuli River in
Heilongjiang Province. It extends over seven counties and has
a total area of 48,000 km2. There are many national nature
reserves in the district, such as Dongfanghong Wetlands National
Nature Reserve. More than 150 species of rare birds inhabit the
area, including eight first-class protected animals such as red-
crowned cranes and white storks. The area has a temperate humid
and semi-humid continental monsoon climate, with an average
annual rainfall of 500–650 mm and an average temperature
of 1.4–4.3◦C. From 2015–2018, the land-use changes induced
by crop expansion, urbanization, and land degradation covered
4824, 102, and 1 km2, respectively. Land-use changes induced by
ecological restoration covered 590 km2. Therefore, SJPW is still
suffering from intensive positive and negative human impacts.

Northwest Tibet Qiang Tang Plateau is located in the
northwestern part of the Tibet Autonomous Region, covering five
counties and extending over a total area of 490,000 km2. Selincuo
and Qiangtang National Nature Reserves lie inside this district.
Several rare and endemic species inhabit the region, such as the
Tibetan antelope, Tibetan wild donkey, and wild yak. The area
belongs to the climate region of the Qinghai–Tibet Plateau, with
an average annual rainfall of 100–300 mm, an average annual
temperature of less than 0◦C, and an average temperature of
less than −10◦C in the coldest month. From 2015 to 2018,
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FIGURE 1 | Locations of study areas.

land-use changes induced by land degradation and ecological
restoration covered 1,261 and 1,684 km2, respectively; there was
no crop expansion and only 3 km2 of urbanization-induced
land-use changes.

In summary, there are obvious differences between the
two regions in terms of the protection target species and
environmental factors such as terrain, climate, hydrology, and
soil. The positive/negative human impacts in the two regions
are also different. We therefore chose these two regions as
our study areas.

Data Sources
For this study, land use data from 1980, 1990, 1995, 2000,
2005, 2010, 2015, and 2018 with a spatial resolution of 1,000 m
was downloaded from the Resource and Environmental Science
and Data Center of China. The data were transformed and
resampled from a vector format, which was produced by manual
digitalization with a scale of 1:10,0000. The total classification

accuracy is more than 90%. There are six first-class land types
(cropland, forestland, grassland, water body, built-up areas, and
unused land) and 25 second-class land types. Land use was
reclassified according to the habitat classification framework
developed by Song and Deng (2017) and Tang et al. (2021); see
Table 1.

The boundaries of SJPW and NTQTP were taken from the
“National Planning for Key Function Areas” document (State
Council of the People’s Republic of China, 2010). The boundaries
of national nature reserves were obtained from the Resource and
Environmental Science and Data Center.1

Methods
In this study, habitat quality was used as a proxy for
biodiversity. To measure the degree of effort made by
biodiversity management departments, human-induced habitat

1https://www.resdc.cn/
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TABLE 1 | Land-use reclassification.

Original land-use classification Land-use
reclassification

1 Cropland 11 Paddy land 1 Cropland 11, 12

12 Dry land

2 Forestland 21 Forest 2 Forestland 21, 24

22 Shrub 3 Shrub 22

23 Open forest savanna 4 Open forest savanna 23

24 Others

3 Grassland 31 Dense grass 5 Grassland 31, 32, 33

32 Moderate grass

33 Sparse grass

4 Water body 41 Streams and rivers 6 Wetlands 41, 42, 43, 44,
45, 46, 64

42 Lakes

43 Reservoir and ponds

44 Permanent ice and snow

45 Beach and shore

46 Bottomland

5 Built-up areas 51 Urban built-up 7 Urban built-up 51

52 Rural settlements 8 Rural settlements 52

53 Other Construction land 9 Construction land 53

6 Unused land 61 Sandy land 10 Unused land 61, 62, 63,
65, 66, 67

62 Gobi

63 Salina

64 Swampland

65 Bare soil

66 Bare rock

67 Others

quality changes were computed by differentiating between
human-induced land-use changes. A reference condition
index, which reflects the ecological background, was then
constructed. Finally, a comparable regional index of biodiversity
conservation effectiveness was developed based on the reference
condition index.

Human-Induced Habitat Quality Changes Index
Habitat Quality
There is mounting evidence that habitat quality can be used as
a proxy for biodiversity (Leh et al., 2013; Sallustio et al., 2017;
Yi et al., 2018). The InVEST (Integrated Valuation of Ecosystem
Services and Tradeoffs) model, jointly developed by Stanford
University, The Nature Conservancy (TNC), and the World
Wildlife Foundation (WWF), has been widely used for estimating
habitat quality (Baral et al., 2014; Liu et al., 2021b; Mengist et al.,
2021; Wu et al., 2021). Terrado et al. (2016) found that there was a
significant correlation between the results estimated by the model
and biodiversity observations, demonstrating the reliability of the
model. Therefore, the InVEST model was used to estimate habitat
quality as a representation of the biodiversity level.

In the InVEST model, habitat quality is determined by four
factors: (1) the weights of different threat sources; (2) the relative
sensitivity of each habitat to each threat source; (3) the distance
between the habitat and the threat source; and (4) the degree of

habitat protection. The formula for calculating the habitat quality
Qxj is as follows:

Qxj = Hj

(
1− Dz

xj/(D
z
xj + kz)

)
(1)

where Qxj is the habitat quality of cell x of land-use type j; Hj is
the habitat suitability of land-use type j, which can be assigned a
value ranging from 0 to 1 (where 1 indicates the highest habitat
suitability and 0 indicates no habitat suitability); Dxj is the threat
level of cell x of land-use type j; k is the half-saturation constant
[when (1− Dz

xj/(D
z
xj + kz)) = 0.5, k = Dxj]; and z = 2.5 is a

scaling factor. Dxj is calculated as follows:

Dxj =

R∑
r=1

Yr∑
y=1

(
wr/

R∑
r=1

wr

)
ryirxyβxSjr (2)

where r denotes an ecological threat; R is the total number of
ecological threats; y is a cell within ecological threat layer r; Yr is
the total number of raster cells within ecological threat layer r; wr
is the weight of ecological threat r, indicating the relative impact
of a certain threat factor; βx is the accessibility level in grid cell
x, where 1 indicates complete accessibility; Sjr is the sensitivity of
land-use type j to threat r, and irxy is the impact of threat r that
originates in grid cell y. We calculate irxy as follows:

irxy = 1−
dxy
drmax

Linear (3)

irxy = exp
(
−

(
2.99
drmax

)
dxy
)

Exponent (4)

In this study, cropland, urban areas, rural settlements, and
construction land were selected as the major threat factors
to natural habitat. The habitat suitability of each habitat, the
habitat sensitivity to the threat factors, the scope of impacts, the
weights, and the maximum weighting distances were determined
according to previous studies (He et al., 2017; Sun et al., 2019;
Tang et al., 2021). The specific parameters can be found in
Supplementary Tables 1, 2.

Definition of Human-Induced Land-Use Changes
Land-use changes can be divided into human-induced land-use
changes and nature-induced land-use changes. Following Liu
et al. (2021a), we defined the conversions between forestland,
grassland, wetlands, shrubland, and open forest savanna as
natural-induced land-use changes. Other conversions were
defined as human-induced land-use changes (see Figure 2),
covering four situations: (1) that induced by cropland expansion,
i.e., the transfer from other land-use types to cropland; (2)
that induced by urbanization, including the transfer to urban
areas, rural settlements, and others; (3) that induced by land
degradation, including the transfer to unused land; and (4)
that induced by ecological restoration, including the transfer to
forestland, grassland, and wetlands.

Human-Induced Habitat Quality Changes Index
Human-induced habitat quality changes reflect the human
impacts of biodiversity maintenance capacity. These include
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FIGURE 2 | Definition of human-induced land-use changes.

positive impacts, which improve the ability for biodiversity
maintenance, and negative impacts, which damage the potential
for biodiversity maintenance.

The human-induced habitat quality changes index (HHQCI)
was calculated as follows: (Figure 3) (1) based on the land-use
change map from year T1 to year T2, calculated using ArcGIS, the
human-induced land-use changes are obtained using the “Con”
function in ArcGIS; (2) using the land-use map of year T1, the
habitat quality map can be calculated using the InVEST model,
and the human-induced habitat quality map from year T1 to year
T2 can be obtained by imputing the human-induced changes
from year T1 to year T2; (3) the spatial distribution of HHQCI
from year T1 to year T2 can be calculated by subtracting the
human-induced habitat quality map from year T1 to year T2 from
the habitat quality map of year T1 using the raster calculator in
the ArcGIS platform.

Reference Condition Index
Reference conditions are widely used in restoration ecology. The
reference condition refers to attribute values or characteristics
of a reference ecosystem. Generally, several principles should be
followed in selecting the reference conditions: (1) the reference
should be the best of the existing conditions; (2) there should be
little human disturbance; and (3) the reference condition should
be achievable by the current sites if they are managed better.

The core areas of national nature reserves always suffer less
human disturbance. Therefore, the optimum habitat quality
value of the core area of national nature reserve located in
the ecological function Regions from 1980–2018 were used to
determine the reference condition index (RCI) through the

FIGURE 3 | Flowchart of HHQCI calculation.

following formula:

RCI = MAX(HQ1980, HQ1990, HQ1995, HQ2000, HQ2005,

HQ2010, HQ2015, HQ2018) (5)
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TABLE 2 | HHQCI and total habitat quality changes and their biases from 1980–2018.

Year SJPW NTQTP

HHQCI THQC Bias HHQCI THQC Bias

1980–1990 −0.103832 −0.113682 0.009849 0.000000 0.000000 0.000000

1990−−1995 −0.048314 −0.046866 −0.001448 −0.073423 −0.074927 0.001504

1995–2000 −0.025431 −0.023915 −0.001516 0.073425 0.074929 0.001504

2000–2005 −0.007303 −0.007125 −0.000178 −0.000256 −0.000253 −0.000002

2005–2010 −0.020722 −0.007563 −0.013159 −0.168142 −0.151838 −0.016303

2010–2015 −0.017267 −0.016773 −0.000494 −0.000081 0.000025 −0.000056

2015–2018 −0.078042 −0.075649 −0.002392 0.001230 0.001356 0.000126

1980–2018 −0.305471 −0.167501 −0.137970 −0.167501 −0.150707 −0.016794

TABLE 3 | Human-induced land-use changes from 1980–2018 (units: km2).

Year SJPW NTQTP

Crop expansion Urbanization Land
degradation

Ecological
restoration

Crop expansion Urbanization Land
degradation

Ecological
restoration

1980–1990 5863 203 2 301 0 0 0 0

1990–1995 4119 77 5 1113 0 2 72123 23694

1995–2000 2122 25 1 776 0 0 23696 72124

2000–2005 449 4 0 99 0 0 105 14

2005–2010 5264 510 4 3671 4 2 137026 22713

2010–2015 940 19 0 2 0 2 208 172

2015–2018 4824 102 1 590 0 3 1261 1684

1980–2018 17759 641 3 941 3 6 136899 22891

where HQ1980, HQ1990, HQ1995, HQ2000, HQ2005, HQ2010,
HQ2015, and HQ2018 represent the habitat quality of the
core area of the national nature reserves in 1980,
1990, 1995, 2000, 2005, 2010, 2015, and 2018,
respectively.

Biodiversity Conservation Effectiveness Regional
Comparable Index
Based on HHQCI and RCI, the biodiversity conservation
effectiveness regional comparable index (CEI) was constructed as
follows:

CEIi,j =
HHQCIi,j

RCI
(6)

where CEIi,j is the CEI from year i to year j; HHQCIi,j is
the HHQCI from year i to year j; and RCI is the reference
condition index.

RESULTS

Human-Induced Habitat Quality and Total
Habitat Quality Changes From 1990–2018
Human-induced habitat quality changes index and the total
habitat quality changes (THQC) are presented in Table 2, along
with their biases in SJPW and NTQTP. For the period 1980–
2018, the HHQCI values in SJPW and NTQTP are −0.3055
and −0.1675, respectively. This is because the two regions have
undergone severe human-induced land-use disturbances over
this time (see Table 3). For SJPW, the land-use changes induced
by crop expansion, urbanization, and land degradation cover

641, 641, and 3 km2, respectively, while ecological restoration-
induced land-use changes extended across 941 km2. For NTQTP,
although there were very low levels of crop expansion and
urbanization, land degradation affected 136,899 km2, almost six
times the area of ecological restoration. The HHQCI values
of each time period in SJPW are negative, meaning that
the habitat condition was consistently destroyed by human
activities. The worst stage is 1980–1990, with an HHQCI
value of −0.1038. In this period, crop expansion (5,863 km2)
and urbanization (203 km2) induced severe land-use changes,
while ecological restoration was applied to only 301 km2.
The period of least human disturbance was 2000–2005, when
the HHQCI value is −0.0073 and cropland expansion and
urbanization covered only 449 and 4 km2, respectively. The
HHQCI values of NTQTP are positive, negative, and zero,
meaning that human impacts had positive and negative efforts
on NTQTP. The maximum HHQCI value in NTQTP is
0.0734, from the period 1995–2000, when ecological restoration-
induced land-use changes reached 72,124 km2. The minimum
value is −0.1681 in 2005–2010, when land degradation had
a severe impact.

The biases were obtained by subtracting the absolute values
of THQC and HHQCI. Positive biases indicate that human
impacts are underestimated, while negative values indicate an
overestimation of human impacts. For the period 1980–2018,
the human impacts on SJPW and NTQTP would all be
underestimated if we did not differentiate the human-induced
habitat quality changes, having bias values of −0.137970 and
−0.016794, respectively. The degree of underestimation is not
the same, and will generally be different when using HHQCI to
quantify the efforts of management departments. For different
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FIGURE 4 | Habitat quality changes of the core areas of national nature
reserves in SJPW and NTQTP from 1980–2018.

time periods, the biases of SJPW are all negative, except for 1980–
1990. The maximum bias value is −0.013159 from the period
2005–2010. There is no bias in NTQTP from 1980–1990, as there
is no change of habitat quality over this period. The maximum
bias value is from 2005–2010, where the underestimation of
habitat quality reaches 0.016303. Therefore, it is important
to use HHQCI instead of THQC to measure human efforts,
as this provides a more rational basis for the allocation of
biodiversity funds.

Reference Condition Index of San Jiang
Plain Wetlands and Northwest Tibet
Qiang Tang Plateau
Figure 4 shows the habitat quality changes of the core areas of
the national nature reserves in SJPW and NTQTP from 1980–
2018. It is clear that the habitat quality of the core areas in SJPW
is much better than in NTQTP. Specifically, the habitat quality of
nature reserves in SJPW decreases from 1980–2005, climbs to a
peak in 2010, and declines again thereafter. Thus, the reference
year for SJPW is 2010 and its RCI value is 0.897. The habitat
quality of nature reserves in NTQTP first decreases from 1980–
1995, then increases from 1995–2005, before decreasing again
from 2005–2018. Therefore, the reference year for NTQTP is
1980 and its RCI value is 0.5500.

Habitat Quality and Conservation
Effectiveness From 1980–2018
Figure 5 shows the habitat quality of SJPW and NTQTP from
1980–2018. The habitat quality of SJPW shows a consistent
downward trend, decreasing from 0.6275 in 1990 to 0.3360
in 2018. The habitat quality of NTQTP exhibits a decreasing–
increasing–decreasing. The maximum value of the habitat quality
in NTQTP is 0.54288 in 1980 and 1990, and the minimum
value is 0.39079 in 2010. Comparing the two areas, it can be
seen that, with the exception of 2010 and 2015, the habitat
quality of NTQTP is much better than that in SJPW. Figure 6
shows the spatial distribution of habitat quality changes in
SJPW and NTQTP from 1980–2018. In general, the habitat
quality degradation in SJPW (mean value of −0.2932) is
much more serious than that in NTQTP (mean value of
−0.1509). The habitat quality change in both SJPW and NTQTP

FIGURE 5 | Habitat quality changes in SJPW and NTQTP from 1980–2018.

from 1980–2018 exhibits obvious spatial differences. This is
especially true in SJPW, where the habitat quality degradation
is severe in the northern and southern regions, while habitat
quality improvements are scattered across the whole region.
In NTQTP, the habitat quality improvement is better in the
northwest of the region.

Figure 7 shows the CEI of SJPW and NTQTP from 1990–2018.
The conservation efforts in SJPW are most effective from 2000–
2005, with a CEI value of −0.008. The worst period for SJPW
is from 1980–1990, when the CEI is −0.1157. The effectiveness
of conservation efforts in NTQTP is best from 1995–2000, with
a CEI value of 0.1335. The least-effective conservation efforts
occur from 2005–2010, with a CEI of −0.3057. In general, the
conservation effectiveness of NTQTP is better than that in SJPW,
except from 1990–1995 and 2005–2010. Figure 8 shows the
spatial distribution of CEI in SJPW and NTQTP from 1980–2018.
In general, the CEI in SJPW (mean value of −0.3405) is much
worse than that in NTQTP (mean value of −0.3046). For SJPW,
high CEI values are distributed in the middle and northwest parts
of the region, while lower values are mainly distributed in the
northeast part. For NTQTP, high values of CEI can be found in
the northwest part, with lower values sporadically distributed in
the southwest part of the region.

DISCUSSION

To stimulate biodiversity conservation initiatives in management
departments, China implemented the transfer payment policy.
Transfer funds are allocated according to the assessment results
of the effectiveness of biodiversity conservation. To ensure
the equality of the policy, the protection effectiveness caused
by human efforts should be comparable. Additionally, the
different ecological backgrounds of different regions should be
considered. These two aspects make it challenging to compare the
effectiveness of biodiversity efforts across different regions.

Several studies have used the inside–outside comparison
method to differentiate between the impacts of humans and
nature (Mao et al., 2021; Mu et al., 2021). For example, Mu
et al. (2021) combined a land-use dynamic index and landscape
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FIGURE 6 | Spatial distribution of habitat quality changes in SJPW (A) and NTQTP (B) from 1980–2018.

fragmentation dynamic index to assess the effectiveness of 92
wetland national nature reserves in China. They used sub-
catchments containing PAs as references and distinguished the
human- and nature-induced changes using statistical analysis.
Their method takes the potential hypothesis that the natural
conditions inside and outside the PAs are the same. Any
differences between the changes inside and outside the PAs
are then assumed to be caused by humans. However, the
habitat outside the PAs can suffer positive or negative human

FIGURE 7 | CEI of SJPW and NTQTP from 1980–2018.

disturbance, leading to overestimated or underestimated human
impacts on the PAs. Gong et al. (2017) used changes in the
distance between pandas and threat sources to measure the
degree of human efforts. However, the distance to the threat
source is only one aspect reflecting human efforts toward
biodiversity protection. In this study, we used the human-
induced habitat quality to reflect the efforts made by management
departments. Human-induced habitat quality was estimated by
the InVEST model, which considers habitat suitability, threat
sources, and the distance to threat sources. Therefore, our
method is much more comprehensive and reasonable.

Our study found that the total habitat quality changes may
overestimate or underestimate the human impacts on habitat
improvement or degradation, and the biases between total habitat
quality changes and human-induced habitat quality changes are
different in SJPW and NTQTP. This implies that if the human
impacts are not differentiated, the effects of the efforts made
by management departments will not be equitably reflected.
Clarifying the causes of human-induced changes also guides the
practice for improving habitat quality.

National nature reserves in China are the most strictly
PAs for biodiversity conservation and suffer relatively little
human disturbance (Xu et al., 2017). We used the optimum
habitat quality of national nature reserves inside the ecological
function regions as the reference condition, and applied the
ratio of human-induced habitat quality changes to the reference
condition value to eliminate the background differentiation. In
our previous study (Dong et al., 2018), the distance to the
reference was used as a metric of conservation effectiveness.
If the changes in the distance to the reference remained the
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FIGURE 8 | Spatial distribution of CEI in SJPW (A) and NTQTP (B) from 1980–2018.

same between different regions, the conservation effectiveness
was assumed to be equivalent. However, because there are
large differences in the ecological background and recovery
difficulties among different regions, the same conservation
effectiveness value does not reflect the same human effort.
Therefore, in this study, the ratio of human-induced habitat
quality changes to the reference condition was used to eliminate
the background difference.

Our results show that direct assessment using habitat quality
produces different outcomes from assessment using CEI. Habitat
quality is the same as the species richness index selected by
Zheng et al. (2012) when they conducted a spatial comparison
of national nature reserves. Both metrics reflect the biodiversity
maintenance ability of the ecosystem itself, and do not consider
the ecological background and restoration difficulties. The
assessment results are therefore not convincing.

Equality is one of the most important principles in
determining whether the central government will pay transfer
funding across different regions. If biodiversity funds are not
allocated equally, the policy will not perform well in terms
of stimulating biodiversity conservation. To ensure equality,
our method first distinguishes the human impacts and natural
process impacts on habitat quality improvement or degradation.
Positive and negative human impacts are then used to represent
the human efforts made by management departments. However,
this is not sufficient, because there are large differences in
the ecological background of different regions, leading to large
differences in the difficulty of restoration. Hence, a reference
condition index was constructed and the ratio of human-
induced habitat quality changes to the reference condition
index was calculated to eliminate the background differences
between different regions. Based on these two aspects, we believe

our method provides a scientific reference for China’s transfer
payment policy, as well as for the allocation of biodiversity funds
in other countries.

There are some limitations to this study. First, except for
habitat quality, hunting and invasive species pressures can also
cause changes in the effectiveness of biodiversity conservation.
However, this limitation does not affect the practicality of
the proposed method. Second, habitat quality was estimated
by the InVEST model, which cannot reflect habitat quality
differences across regions that have the same land-use type.
This leads to the omission of positive or negative human
impacts in regions of the same land-use type, such as wetland
degradation. Third, the InVEST model cannot measure the
ecological background differences related to terrain, climate,
hydrology, soil, and the ecosystem. Fortunately, this does not
influence the rationality of our method, which eliminates the
ecological background differences by constructing a reference
condition index. These aspects will be considered further in
future research.

CONCLUSION

In this study, we developed a method for comparing the
effectiveness of biodiversity conservation between different
regions. Using habitat quality as a proxy for biodiversity,
human-induced habitat quality changes were used to represent
the human efforts of management departments. A reference
condition index was then constructed to represent the reference
state, and the ratio of human-induced habitat quality changes
to the reference condition index was calculated to eliminate
the background differences between different regions. The
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main conclusions are as follows: (1) Human-induced habitat
quality changes broadly reflect human efforts toward biodiversity
conservation. (2) The application of the proposed method to
SJPW and NTQTP has demonstrated its utility in comparing
the effectiveness of biodiversity conservation across different
regions. This study provides a significant reference for China’s
transfer payment policy. It also gives an insight into ecological
compensation in other countries. Furthermore, our results
will guide the management of habitat enhancement and
biodiversity conservation.
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