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Abstract: The analysis of land use change (LUC) has become an important criterion for evaluating
the impact of human activities on the natural environment. Habitat loss and degradation caused
by LUC are the main threats to biodiversity worldwide. Research on the impact of long-term, wide-
scope, and fine-scale LUC on bird habitats is currently limited due to a lack of adequate data. In
this study, conducted in China, 9 km grid units were sampled randomly between 1995 and 2015.
Logistic regression was used to calculate the probability that each unit grid contained suitable
habitat (hereinafter, abbreviated as PGSH) for 981 bird species and analyze the spatial-temporal
characteristics of PGSH accordingly. The results showed that: (1) The habitat quality of 84 bird
species deteriorated, but for 582 bird species, habitat quality improved. (2) There is an inverted
U-shaped relationship between the intensity of LUC and the PGSH. The LUC intensity threshold
is approximately 67.21%. (3) Based on the counterfactual scenario analysis, the construction of the
Three North Shelterbelt has increased the PGSH for all bird species from 20.76% before restoration to
21.38% after restoration. Within the LUC grid representing the transformation of farmland back to
forests, the average PGSH for all birds increased from 73.97% to 75.04%. These results may provide a
reference for measuring the impacts of LUC on bird species, enabling the protection of bird species
and habitats that need it most.

Keywords: land use change; habitats quality; counterfactual analysis; China

1. Introduction

Humans and other living creatures depend on our natural environment for survival.
Natural landscapes have undergone a long-term transformation, largely as a result of
increasing human populations and their associated activities; consequently, land use has
changed greatly over time. Unreasonable utilization of land resources has caused a series
of major global problems, such as environmental pollution, vegetation destruction, land
degradation, species extinction, and resource scarcity [1,2].

The analysis of LUC has become an important criterion for evaluating the impact of
human activities on the natural environment [3]. The driving factors of land use change
are complex. They are not only affected by natural factors, such as climate, land slope, and
drought [4–6], but also affected by social and economic factors, of which population growth,
economic development, urbanization process, and improvement of traffic conditions are of
particular concern [7,8]. Habitat loss and degradation caused by the transformation of land use
are the main threats to biodiversity worldwide [9–11]. Habitats provide important resources
for all living organisms, such as sufficient food resources, suitable breeding sites, protection
from natural enemies, and challenging climatic conditions. Among wildlife species, birds are
highly sensitive to habitat changes, and can therefore act as indicators of habitat changes [12,13].
With the advancement of urbanization, habitat reduction and habitat fragmentation caused by
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economic development and human activities are having increasing impacts on bird commu-
nities [14–17], which also impacts species composition [18–20], predation behaviors [21], and
migration paths. Studies have found that the number of birds in North America has decreased
by around 29% since 1970, equivalent to nearly 3 billion birds, with habitat loss being the main
reason for this steep decline [2].

With growing economies and urbanization, the trend of land use change in developing
countries represented by China is more obvious than that in Western developed countries [22].
In the last few decades, great changes have taken place in the land use pattern of developing
countries. Large areas of undeveloped land around urban centers, such as cultivated land,
forests, and wetlands, have been urbanized, which is a rapidly expanding trend in China.
It is the large availability of undeveloped land that has supported the urbanization process
and brought about great economic achievements since China’s reform. However, the drastic
changes in land use have affected avian habitat, which poses a huge threat to bird communities.
There is a close relationship between the living conditions of birds and their habitats. The
conditions of the habitats will affect all stages of the life stage of birds [23]. The food sources,
activity sites, and breeding sites that are indispensable for the survival of birds depend on
the habitat environment. However, land use may directly reduce the land types that birds
mainly depend on, such as forests, wetlands, and swamps, resulting in the fragmentation
and loss of habitats and further affecting the species distribution pattern [24], accelerating
species extinction [25] and reducing bird biodiversity [26]. This issue has attracted extensive
attention of scholars. In 1999, the first review paper on birds’ habitat selection in China was
published, which is a phased summary of avian habitat research in China and the prospects
for future research [27]. The China Biodiversity Red List, released in 2015, showed that habitat
degradation and loss caused by deforestation, alternative planting of an economic forest, and
wetland reclamation is the key factor affecting avian survival, accounting for 80.8% of all
factors [28]. In recent years, due to the acceleration of urbanization and the increase of land
use intensity, the overwintering habitat of Red Crowned Crane in Northern Jiangsu Province,
located in the eastern province, has gradually decreased, posing a serious threat to the survival
of the Red Crowned Crane population [29]. The decrease of birds in Hainan Island, in the
southern tropics of China, is mainly due to urban development [30]. Coastal wetland areas
in the subtropical region of Xiamen have decreased, and many wetland birds that rely on
coastal wetlands for survival and reproduction have lost important habitat [31]. The Yellow
River Wetland Nature Reserve, located in the temperate zone in China, has experienced a
massive reduction, and the natural reed marshes and tidal flats have been reclaimed into fish
ponds, lotus ponds, and rice fields. As a result, the overall area of avian habitat has reduced by
20,000 hectares, and is continually decreasing, leading to the wintering waterfowl in this area
being sharply reduced (https://www.sohu.com/a/151012215_351301, accessed on 1 July 2018).
These studies and reports highlight the substantial decrease of avian habitat caused by the
transformation of land use and the threat that this poses to the survival of many bird species.

Observational changes in bird distribution can help inform on the extinction risks of
birds [32]. However, published bird distribution data in China are province-scale based and
lack spatial details of avian distribution, which hinders further research [33]. Therefore, a large
amount of bird information is collected by professional birdwatchers through field surveys [34],
bibliometrics [35], GPS tracking [36], citizen science [37,38], and other methods, which have
become the main methods of fine-scale research on avian distribution. However, there are still
very few data sources that provide such information on a national scale. China Bird Watching
Database [39] and China Biodiversity Observation Network-Birds are two rare national bird
observation databases, but both the number of observations and the selection of observation
sample areas are far less abundant than EBird. EBird is a bird sighting record database,
managed by the Cornell Lab of Ornithology in the US. It is the largest, most comprehensive,
and most popular civilian science project related to biodiversity in the world [40]. The EBird
Basic Dataset released by EBD_relApr-2019 has more than 600 million observation records,
with each record detailing 45 observational attributes, including species name, observation
time (including year, month, day, and hour), and observation location represented by longitude
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and latitude [41]. Therefore, the spatial cover of the data, based on longitude and latitude, and
spatial superposition with land use data, can show the temporal and spatial relationship of
bird distribution with LUC. Inspired by EBird, BirdReport has been developed for use in China,
essentially the Chinese version of EBird.

Using observational and land use data from EBird and BirdReport, we hope to quanti-
tatively answer the following research questions: How much impact does land use change
have on bird habitat quality in China? What is the spatial and temporal pattern of this
impact? To the best of the author’s knowledge, this study is the first exploration to use
fine broad-scale data on the distribution and habitats of bird species in China. It can
help to inform on which bird species are most threatened by LUC, which will allow for
corresponding measures to protect their habitats.

2. Study Area and Data Source

This study was conducted in China from 1995 to 2015. This period was an important
stage of China’s economic development. China’s market economic system was set up
and the economy developed rapidly shortly after 1995. However, 20 years later, China’s
economic growth slowed, and land and space development were restricted [42]. Land use
transformation was therefore most prevalent during this period, which made it most appro-
priate to study the impact of LUC on avian habitats during this period. Data for land use in
1995, 2000, 2005, 2010, and 2015 were selected from the Institute of Geography affiliated
with the Chinese Academy of Sciences to investigate spatial and temporal changes of land
use. The spatial resolution of these data was 30 m, including six first-class levels: cultivate,
forest, grass, water, build-up, and non-use land. This dataset was the most accurate land
use data available in China. The accuracy and practicability of the classification have been
demonstrated in the literature [43].

The avian observation data originated from EBird (https://ebird.org/home, accessed
on 1 June 2019) and BirdReport (www.birdreport.cn, accessed on 1 June 2019). Each dataset
contained the attributes longitude and latitude, bird name, and year. According to the
observation year of land use data, we extracted records from 1995, 2000, 2005, 2010, and 2015.
There were 128,543 records of 1022 species of birds. Records with less than 10 observations
were eliminated as they did not meet the required threshold (10) for logistic regression
analysis, which left us with 981 birds’ species for analysis. The spatial distribution of land
use and avian observation sites is shown in Figure 1.
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3. Methodology

Exploring the impact of land use change (LUC) on bird habitat requires an analysis
of habitat characteristics, including the structure of the land type, and the preference of
spatial proximity. However, what scope is used to calculate the composition and proportion
of land use types around each bird observation point, and how should the probability
of research units suitable as habitat for specific birds be determined? After answering
the above two questions, we can calculate the probability that each unit grid contained
suitable habitat (PGSH) over time, then analyze its spatial distribution and spatial-temporal
evolution, and detect the impact of LUC policy on bird habitat change. In general, we
followed the framework of the methods shown in Figure 2. The details of the methods
involved are stated in turn below.
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Use grids to divide basic analysis units. Since we need to make statistics on the
composition and proportion of land types near each bird observation point, it is necessary to
determine a statistical range for each observation point. However, there is no authoritative
data to demonstrate the specific activity range of birds, and the collected observation
points are not regularly distributed in space, Therefore, we used Thiessen polygon, a
method proposed by Dutch climatologist A. H. Thiessen to calculate the average rainfall
according to the rainfall of discrete meteorological stations [44]. The rainfall intensity of
a unique weather station included in this polygon represents the rainfall intensity in this
polygon area. In our case, that is, each polygon represents the statistical range of the habitat
of the observation bird, and a total of 119,753 polygons were divided with a radius of
approximately 9 km, corresponding to the average polygon area as the grid width, and the
grid range as the statistical range. Note that 9 km is not the average radius of activity of the
birds, it refers to the statistical range determined in the context of the current distribution
of bird observation points.

Use logistic regression to calculate the PGSH: We collected the land use characteristics of
the grid where the observation points for where the bird has appeared and has not appeared
in 1995, 2000, 2005, 2010, and 2015, respectively. The composition and proportion of various
land types of each bird habitat were calculated, along with the distance from cities and water
as spatial proximity. The land use structure feature reflects the preference of different birds
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for the land use composition of the habitat. For example, wader birds inhabit wetlands, while
woodpeckers are associated with forests. As the densest agglomerations of human activity,
cities may have adverse effects on the migration and habitat of birds, while water sources
can provide water and other resources for birds. The urban area is directly characterized by
the construction polygon extracted from LUC, and the waters are replaced by rivers, canals,
and lakes. Therefore, for each sampled grid, the following record can be used:

Cb =
(

B, Rcultivate, R f orest, Rgrass, Rwater, Rbuilt−up, Rnonuse, Discity, Disriver, Dislake

)
(1)

where the value of B is 0 or 1; if a bird is observed in the selected grid then B is 1, otherwise
B is 0. Rcultivate, R f orest, Rgrass, Rwater, Rbuilt−up, Rnonuse are the proportion of land type: culti-
vated land, forest land, grassland, waterbody, and built-up land within the statistical scope.
Discity, Disriver, Dislake are distances from the grid center to the nearest city, river, and lake,
respectively. When we counted the above-mentioned characteristic variables in each grid
for five years—1995, 2000, 2005, 2010, and 2015—the probability of each grid being suitable
for habitat could be calculated according to the following:

Pim =
eym

1 + eym
(2)

where P is PGSH for bird habitat i at grid m. ym can be calculated based on each variable’s
value and corresponding weight at grid m. P is in a range of 0–1. The closer P is to 1, the
higher the probability of it being suitable for habitat. For the five sampled years between
1995 and 2015, we determined threatened bird habitat by more than three consecutive
periods of decreased PGSH, and when the PGSH increased for more than three consecutive
periods, it was categorized as continuous improvement.

Use spatial autocorrelation to detect the spatial distribution characteristic. Global
Moran’s I can measure spatial autocorrelation based on element locations and element
values [45]. Given a set of elements and related attributes, this index evaluates whether
the expressed pattern is a clustering pattern, a discrete pattern, or a random pattern. Z
scores and p values were used to evaluate the significance of the index. The value of Global
Moran’s I falls in the interval from −1.0 to +1.0. When the value is positive, it means that
there is a spatial agglomeration of elements, and the larger the value is, the more obvious
the agglomeration. Conversely, when the value is negative, it means that there is spatial
diffusion of elements, and the smaller the value is, the more obvious the diffusion is. When
the Global Moran’s I value is 0, it means a random distribution of elements. Global Moran’s
I can only reflect the global distribution characteristics of elements but cannot detect the
local clustering of elements. Local Moran’s I gives a set of elements (input element class)
and an analysis field (input field), which can identify the spatial clustering of elements with
high or low values [46]. In this study, Moran’s I and local Moran’s I were used to detect the
spatial distribution clustering characteristics of the probability of bird habitat suitable for
grid-scale. We used tools in ArcGIS10.2 to realize the calculation of Global Moran’s I, and
the cartographic display of Local Moran’s I.

Use counterfactual analysis to evaluate the effect of land use policies. Counterfactual
reasoning refers to the negation and representation of a fact that has occurred in the past,
to construct a hypothesis of possibility [47]. A counterfactual approach is appropriate for
answering fundamental questions, such as what would have happened if there had been
no intervention, or if there had been different policy systems. In the counterfactual analysis,
an unobserved case (called a counter fact) is designed to be compared with the actual case
to illustrate the important factors that explain the impact of the policy. In this article, if
we examine the impact of changes in a certain land type A on the habitat of birds, we will
examine the following scenarios. From A to other land types and other land types to A,
we compared the changes in the PGSH in the factual scenarios and in the hypothetical
unhappened scenarios.
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4. Results and Analysis
4.1. Land Use Change in 1995–2015

The land use transition matrix represented by area from 1995 to 2015 is shown in
Table 1. In terms of area proportion change (Figure 3), the proportion of cultivated land
(CL), forest land (FL), grassland (GL), water (WL), built-up land (BL), and unused land
(UL) changed from 18.47%, 23.97%, 31.48%, 2.75%, 1.79%, and 21.54% in 1995 to 18.89%,
23.76%, 27.92%, 3.01%, 2.93%, and 23.49%, respectively, in 2015. The largest decline was
found in GL, which decreased by 3.56 percentage points. BL and UL increased by 1.14
and 1.95 percentage points, respectively, with small changes in the other three land use
types. However, the relative variation rate was 2.27%, −0.88%, −11.31%, 9.45%, 63.69%,
and 9.05%, respectively.

Table 1. Land use transition matrix from 1995 to 2015 in China (km2).

Land Use Type CL FL GL WL BL UL

CL 1,543,309.64 56,402.96 55,947.74 18,442.05 88,532.43 10,224.89
FL 86,234.84 2,016,160.76 125,749.32 8406.80 33,374.31 30,836.77
GL 111,111.40 176,691.31 2,151,035.08 43,172.08 13,472.24 527,014.15
WL 12,957.20 4594.05 20,414.69 180,167.35 4207.66 41,929.24
BL 25,952.83 2084.32 2254.03 4406.07 136,487.09 942.86
UL 33,822.70 24,570.33 324,941.50 34,439.86 5527.71 1,644,181.76
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4.2. Quantitative Changes of Bird Habitat Suitability

The number of bird species at risk between 1995 and 2015 was 84 (84/981). Among
them, four bird species, white-winged magpie, limestone leaf warbler, rusty-flanked tree-
creeper, and rusty-fronted barwing, were found to be of particular conservation concern,
because, in 2015, the average PGSH for these species across China was only 0.7%, 3.9%,
7.1%, and 7.3% (the average PGSH of all birds was about 48.6%), respectively. If no
vigorous conservation measures are adopted to protect them, they risk potential extinction
in the relatively near future. Habitat suitability for 582 bird species (582/981) continued to
improve, which far exceeds the number of threatened birds. Figure 4 presents 20 species of
birds, showing low PGSH (average PGSH less than 10% in 2015) but constant improvement.
The IUCN Red List of Endangered Birds lists a total of 86 endangered bird species and
83 other supplementary rare birds, of which 6 species are threatened: Hainan partridge,
yellow-bellied tragopan, Chinese monal, great bustard, spotted greenshank, and fairy pitta.
The habitats of 18 bird species on the Red List have been improved continuously.



Sustainability 2022, 14, 10078 7 of 12Sustainability 2022, 14, x FOR PEER REVIEW  8  of  13 
 

 
Figure 4. Twenty species of birds with low PGSH but constant improvement (PGSH change 

trend). 

4.3. The Spatial Distribution of Suitability for Bird Habitats 

The average PGSH  for all 981 species of birds analyzed  in each 9 km grid unit  is 

shown in Figure 5a. The higher the grid value, the more important it is for maintaining 

bird species diversity. The Global Morans’ I index is 0.938, which takes on a typically ob‐

vious spatial agglomeration feature. Detected by local clusters, high aggregation areas are 

southern China and northeast China, which are crucial forest areas of China that play an 

important role in maintaining bird habitats. An interesting finding was that high aggre‐

gation areas and low aggregation areas were split by the Chinese population distribution 

line “Hu‐Line” (Figure 5b). High‐value areas were mainly gathered on the right side of 

the line, if 0.8 is the threshold, then the right proportion is 78.84%. If the threshold is 0.9, 

the  corresponding  number  is  86.60%.  Therefore,  bird‐friendly  areas  overlap with  the 

higher human population density side of the Hu‐Lin, but human activities pose a huge 

challenge to the protection of birds. 

From the four time periods formed by five years as an interval, the number of grids 

continuously reduced in terms of average PGSH, which was 7238, accounting for 6.27% 

of the total number of grids, while the number of grids that continuously improved was 

18,498, accounting for 16.02%. The spatial distribution of the average PGSH reduction and 

increases are shown in Figure 6. The area of improvement was substantially higher than 

that of deterioration. This discovery will lead us to re‐examine the relationship between 

LUC and bird habitat changes. The continuously deteriorating areas were mainly located 

in areas containing three different land use types, namely, the forest areas in the northeast, 

the deserts and non‐use lands in Xinjiang and Tibet in the west of China, and the grass‐

lands in Inner Mongolia in the north. The areas of continuous improvement were more 

widely distributed, among which the Qinghai‐Tibet Plateau was the most concentrated 

area of improvement, but we were surprised by the improved agglomeration area formed 

in the Yangtze River Delta region, having the most developed economy in China.   

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

PGSH_1995 PGSH_2000 PGSH_2005 PGSH_2010 PSGH_2015

Figure 4. Twenty species of birds with low PGSH but constant improvement (PGSH change trend).

4.3. The Spatial Distribution of Suitability for Bird Habitats

The average PGSH for all 981 species of birds analyzed in each 9 km grid unit is shown
in Figure 5a. The higher the grid value, the more important it is for maintaining bird species
diversity. The Global Morans’ I index is 0.938, which takes on a typically obvious spatial
agglomeration feature. Detected by local clusters, high aggregation areas are southern China
and northeast China, which are crucial forest areas of China that play an important role in
maintaining bird habitats. An interesting finding was that high aggregation areas and low
aggregation areas were split by the Chinese population distribution line “Hu-Line” (Figure 5b).
High-value areas were mainly gathered on the right side of the line, if 0.8 is the threshold, then
the right proportion is 78.84%. If the threshold is 0.9, the corresponding number is 86.60%.
Therefore, bird-friendly areas overlap with the higher human population density side of the
Hu-Lin, but human activities pose a huge challenge to the protection of birds.
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PGSH, note that the right side of Hu-Line accounts for about 43.8% of the national area, containing
95% of the total population).
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From the four time periods formed by five years as an interval, the number of grids
continuously reduced in terms of average PGSH, which was 7238, accounting for 6.27%
of the total number of grids, while the number of grids that continuously improved was
18,498, accounting for 16.02%. The spatial distribution of the average PGSH reduction and
increases are shown in Figure 6. The area of improvement was substantially higher than
that of deterioration. This discovery will lead us to re-examine the relationship between
LUC and bird habitat changes. The continuously deteriorating areas were mainly located in
areas containing three different land use types, namely, the forest areas in the northeast, the
deserts and non-use lands in Xinjiang and Tibet in the west of China, and the grasslands
in Inner Mongolia in the north. The areas of continuous improvement were more widely
distributed, among which the Qinghai-Tibet Plateau was the most concentrated area of
improvement, but we were surprised by the improved agglomeration area formed in the
Yangtze River Delta region, having the most developed economy in China.
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Integrating the four periods from 1995 to 2015 to analyze the spatial-temporal changes
in the PGSH in each grid, we found the lowest overall PGSH but the most noticeable
growth in the Qinghai-Tibet Plateau, which formed a gathering area. However, much of the
grassland in this area is becoming bare and unused and is experiencing rising temperatures,
thus the environment is becoming more suitable for highland birds. PGSH in north China,
which has declined significantly on account of the transition of large areas of forest to
non-forestry lands, should also be closely monitored, because of its importance for bird
species in China. Furthermore, we found that some PGSH with a high level of urbanization
had significant growth, such as Shanghai and Jiangsu in China’s Yangtze River Delta
region, which is one of the most developed regions in China, where LUC driven by human
construction is prevalent. However, there are also many areas where LUC is significant
while PGSH is on the decline.

5. Discussion
5.1. The Relationship between the Intensity of LUC and PGSH

The intensity of LUC (LandCR, equal to the changed land area/total area) in each grid
had a correlation coefficient of 0.038 **, with the change of PGSH in 2015 indicating a signif-
icant positive relationship between the higher LUC and the higher PGSH improvement.
However, if LUC and PGSH are always in a linear relationship, it means that the more
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drastic the land use change, the more favorable the improvement of the bird habitat, which
is obviously not in line with the cognition. Several studies have also found that the impact
of land-use change on birds is complex and nonlinear [48–50]. We speculate that there is a
threshold value for the degree of LUC to PGSH. Before this threshold value, a certain degree
of LUC is beneficial to PGSH; however, exceeding this threshold will seriously disturb the
living environment of birds, which is somewhat similar to the theory of Environmental
Kuznets Curve [51]. Therefore, in order to determine this threshold, we added the square
term of LUC (LandCR2) to the independent variable to build a new regression model. The
result is shown in Table 2, which shows that the coefficient of LandCR was positive, while
the coefficient of LandCR2 was negative, indicating that LUC and PGSH have an inverted
U-shaped relationship. We identified the threshold as being approximately 0.6721, meaning
that when the LUC is less than 0.6721, a higher LUC can promote the increase of PGSH, but
beyond this value, it will reduce the PGSH value. Of all the grids in which LUC occurred in
China, the PGSH of 90,752 (93.33%) grids was less than 0.6721, while the 6489 grids larger
than 0.6721 accounted for 6.67%.

Table 2. The regression result of LandCR and LandCR2.

Variable Coefficient

LandCR 0.082 ***
LandCR2 −0.061 ***

Dependent variable: PGSH; *** denotes significant at the p < 0.01 level.

5.2. Influence of Two Land Use Policies on PGSH

Cities are the areas with the highest concentration of human activities, which can
impact bird populations living in these areas. Because China experienced an unprecedented
increase of urbanization from 1995 to 2015, we are concerned about the negative impacts
that this human-led expansion has had on bird habitats. Fortunately, forests serve as the
main habitat for most bird species in China, which are less disturbed by human activity than
cities. During this study period, there were two major artificial expansion projects of forest
land in China: returning farmland to forest, Chinese term “tuigenghuanlin” (mainly sloping
and desertified farmland with severe soil erosion and low yield), and the construction of
the Three-North Shelterbelt Forest (mainly to alleviate the impact of sandstorms in northern
China). We question what changes these developments have made to suitable bird habitat
in these areas based on the counterfactual method to compare the PGSH under the situation
of returning farmland to forest and the construction of the Three-North Shelterbelt, did not
happen (hypothetical state) and actual state in these grids.

Returning farmland to forest: although the total amount of forest land changed little
during the study, it may have changed spatially. Because forests play a vital role in
the maintenance of bird habitat, we evaluated the impact of the “returning farmland to
forest” policy on birds. Since the pilot project was implemented in 1999, the area returned
from farmland to forest between 2000 and 2015 has been approximately 46,082 km2. If
fragmented areas with an area of less than 10,000 m2 are removed, the remaining area is
43,934 km2, accounting for around 1.93% of the total area of forest land in 2015. This forest
land was distributed across 49,859 grids. The counterfactual analysis found that the policy
of returning farmland to forest had no obvious benefits for improved bird habitat. This
may be related to the unreasonable selection of tree species, planting site, and disturbance
of nutrient cycle [52,53]. In the grid that implemented this policy, the probability of all birds
inhabiting increased by only 1.07 percentage points, from an average of 73.97% to 75.04%.
Even the inhabiting probability of six species of birds, namely spotted warbler, light-tailed
warbler, brown-crested cuckoo falcon, Emei flycatcher warbler, wren, and unidentified
falcon, had decreased.

Three-North Shelterbelt: the forest area within the Three-North Shelterbelt increased
by 43,811 km2 during the study period and the average PGSH of all birds in the grid where
forest increase occurred changed from 0.2076 before restoration to 0.2138 after restoration.
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It is believed that the Three-North Shelterbelt not only plays a direct role in improving
land desertification but also improves the quality of bird habitat. This may be related to the
important role of the corridors of ecological network in maintaining biodiversity, which
has been greatly improved since the implementation of this policy [54,55]. We found that
the habitat of 667 species of birds has been improved, but the habitat quality for 312 species
deteriorated. The black-backed swallowtail had the highest improvement degree, increas-
ing from 0.2877 to 0.368, while the PGSH of brown-winged snow finches, giant-billed sand
finches, white-winged woodpeckers, and Mongolian sand finches, decreased by more than
10 percentage points.

Although returning farmland to forest and the construction of the Three-North Shelter-
belt have increased the area of forest land to a certain extent, the areas scattered in each grid
are small, accounting for 1.14% and 8.6748%, respectively. Therefore, it could be concluded
that birds prefer large and agglomerated areas over small, fragmented ones.

6. Conclusions

Using multi-temporal land use data and the national bird observation database in
China, this study systematically analyzed the impact of LUCs on 981 species of birds from
1995 to 2015. We used logistic regression to calculate the PGSH on all grid cells for each
species. Overall, we found that the number of birds whose habitat quality continued to
improve (582) was significantly higher than the number of birds under constant threat (84).
Interestingly, the distribution of PGSH coincides with the boundary line of China’s human
population (Hu-line), with a clear divide between high PGSH in the east and low PGSH
in the west. Within a certain range, PGSH was generally higher in the region with high
human activity, but when urbanization intensity exceeds 67.21%, the continued increase of
human activity would likely threaten bird habitats. China’s policy of returning farmland to
forests and the Three-North Shelterbelt project increased the area of green space, but the
impact on PGSH was limited, with an average increase of less than 2%.

Although we studied the spatial and temporal changes of bird PGSH within the multi-
data source over a relatively long period and across a broad research range, it provided the
potential for comparative analysis of impacts of LUCs on different bird PGSH. However,
because the data depend on citizen contributions to EBird and BirdReport, there may be
bias for locations and observed species for specific contributors, thus these findings may
have limitations for national extrapolation. In addition, the factors affecting the distribution
of bird habitats are complex; for example, feed condition, presence of freshwater, climate,
and temperature are important factors to consider. Simply considering land use and spatial
proximity may lead to a certain degree of bias in the results. Thirdly, we found that there is
an inverted U-shaped relationship between LUC and PGSH, just like the environmental
Kuznets Curve; however, we did not give too much explanation for this phenomenon,
which requires solid econometric statistics and discussion, which is beyond the scope of
this paper. Although this paper has the above shortcomings, we believe that this research
provides a useful attempt at analyzing substantial (two large datasets), large-scale (China)
data. The results provide a useful reference for identifying bird species and habitats that
require most conservation attention in the face of continued land use transformation.
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