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Conflicts between humans and Asiatic black bears (Ursus thibetanus) are widespread in Asia and pose challenges to human-bear coexistence. Identifying effective mitigation measures requires a thorough understanding of human-bear conflicts (HBC). We assessed spatial-temporal patterns of HBC and their impact factors around the Baoshan Section of the Gaoligongshan Nature Reserve (GNNR) between 2012 and 2020. The results suggested that crop raiding by bears occurred most commonly, followed by beehive loss, livestock depredation, and human casualties. HBC hotspots occurred near the protected area where local people frequently encountered bears. The landscapes with lower elevation and human density were at higher risk of HBC. Furthermore, villages with more fragmented forests or less fragmented croplands were more vulnerable to HBC. The differences in agricultural structures contributed to the diverse composition of HBC between the two regions. In addition, crop raiding by bears decreased significantly, probably due to the changing landscape composition and configuration derived from human behaviors, yet livestock depredation and beehive loss increased. Our findings indicated the complex interrelationship between the environment, bears, and humans, which could guide the implementation of mitigation measures. We recommend multiple approaches based on a social-ecological system to mitigate HBC.
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Introduction

Human-carnivore conflicts occur when the needs of wildlife or humans negatively impact each other (Xu et al., 2019; Zimmermann et al., 2020). These conflicts have existed since prehistory and persist today in areas where humans and carnivores share landscapes (Honda, 2009; Can et al., 2014; Bhatia et al., 2020). However, exacerbated human activities reduce and fragment wildlife habitats, threatening numerous endangered animals (Laurance et al., 2000; Liu et al., 2019). These species have to live near humans in fragmented natural areas, leading to frequent human-wildlife interactions (Wilson et al., 2005; Morales-González et al., 2020). Increasing negative interactions have provoked widespread and intense human-wildlife conflicts (Inskip and Zimmermann, 2009; Braczkowski et al., 2020; König et al., 2020), which impacts species conservation and jeopardizes human livelihoods and safety.

Asiatic black bear (Ursus thibetanus) is widely distributed in southern and eastern Asia (Garshelis and Steinmetz, 2020). It is adaptable to the environment by utilizing all easily accessible foods, including natural and anthropogenic foods (Herrero et al., 2005; Elfström et al., 2014; Lewis et al., 2015). Therefore, black bears regularly interact with rural people and frequently involve in conflicts with humans (Jamtsho and Wangchuk, 2016; Huang et al., 2018). Bears can cause crop damage (Kazmi et al., 2019; Letro et al., 2020), livestock depredation (Jamtsho and Wangchuk, 2016; Waseem et al., 2020), beehive loss (Liu et al., 2011), and even human injuries or deaths (Charoo et al., 2011; Ali et al., 2018). Humans kill black bears in retaliation for such losses or to prevent future losses, posing severe threats to the species’ conservation (Garshelis and Steinmetz, 2020; Letro et al., 2020; Gomez et al., 2021). Moreover, these conflicts appear to increase in many areas (Can et al., 2014; Smith and Herrero, 2018; Prajapati et al., 2021), which pose significant challenges to human-bear coexistence (Ali et al., 2018).

Identifying spatial and temporal patterns of human-bear conflicts (HBC) and their determiners is crucial for developing mitigation measures (Broekhuis et al., 2017; Klees et al., 2020; Ankit et al., 2021). HBC occurrence appeared to be associated with environmental features and human-related attractants (Rojas-VeraPinto et al., 2022). Human-bear overlap is necessary for HBC occurrence (Sharma et al., 2020), and thus features associated with bear and human distribution (i.e., elevation, forest cover, and human population) might impact HBC occurrence (Wilson et al., 2005; Gastineau et al., 2019; Rojas-VeraPinto et al., 2022). Bears are more likely to occupy areas with limited human access (high and rugged) (Morales-González et al., 2020), yet agricultural attractants near bear habitats can predispose bears to forage in human landscapes (Wilson et al., 2006; Lewis et al., 2015). The availability of anthropogenic food (i.e., crops, livestock, and honey) is significantly related to HBC occurrences (Merkle et al., 2013; Huang et al., 2018). Furthermore, landscape composition and configuration can determine the availability and access to resources, affecting bears’ behaviors and human-bear interactions (Tee et al., 2021; Khosravi et al., 2022). As found previously, HBC is more likely to occur in landscapes characterized by a complex mosaic of forest habitat patches (Boudreau et al., 2022; Khosravi et al., 2022). Therefore, conflict mitigation efforts should consider the effects of these factors on HBC. Moreover, HBC can be changeable as the changes in these features (Jampel, 2016; Heemskerk, 2020), bringing a tremendous challenge for bear conservation.

China has the most extensive geographic distribution of black bears within the species’ range (Garshelis and Steinmetz, 2020). HBC usually occur near protected areas where residents experience the most costs of coexistence with wildlife (Li et al., 2013; Huang et al., 2018; Jordan et al., 2020). Gaoligongshan Nature Reserve (GNNR) lies in the western part of Yunnan Province, China, which is considered a global hotspot for biodiversity conservation (Lan and Dunbar, 2000; Myers et al., 2000; Li et al., 2019). However, villagers around GNNR mainly depend on agriculture, leading to frequent human-bear encounters due to the attraction of agricultural products (Kirby et al., 2016). Additionally, China significantly have improved forest and rural livelihoods in recent decades (Ma et al., 2018; Yang et al., 2019), which may change the environment and human-bear interactions. A thorough understanding of HBC is the basis for identifying effective policies and measures to promote long-term human-bear coexistence. We explored the spatial-temporal patterns of HBC and their determiners around GNNR with the following objectives: (1) to identify the hotspots of HBC; (2) to examine the impact of environmental factors on HBC occurrence and composition; (3) to explore the temporal fluctuations and trends in HBC and their possible causes; and (4) provide potential measures to mitigate bear damage.



Materials and methods


Study area

GNNR is located in the southern area of Mt. Gaoligong, Yunnan, China (Xiong and Zhu, 2006), the key area of the Southwest China biodiversity hotspot (Myers et al., 2000). It is the home to animals as diverse as takin (Budorcas taxicolor), hoolock gibbon (Hylobates hoolock), red panda (Ailurus fulgens), and Asiatic black bear (Lan and Dunbar, 2000; Chan et al., 2019; Li et al., 2019). In 1992, WWF recognized GNNR as a Grade A protected area of global importance, and in 1997 GNNR was listed as a Biosphere Reserve.1

The study was conducted in communities around the Baoshan Section of gaoligongshan nature reserve (BSGN) (Figure 1). The study area spans 3,708 km2 with 73% forests and 21% cropland covering, and the elevation ranges from 617 to 3740 m. It is located in subtropical areas and contains various vegetation types, predominantly with monsoonal broadleaf evergreen forests (Allendorf and Yang, 2013). We divided the study area into two regions due to their geography, climate, and social economic discrepancy. The western and eastern regions are parts of Tengchong city and Longyang District, respectively. The western region is dominated by the Indian Ocean monsoon climate with a mean annual temperature of 15.1°C and annual rainfall of 1531 mm (The People’s Government of Tengchong City, 2022). Influenced by the dry-hot valley, the eastern region is warmer and drier than the western region. Its annual rainfall is 972 mm, with a mean annual temperature of 16.5°C (The People’s Government of Longyang District, 2022). About 240,000 and 120,000 people live in the western and eastern regions, with most people depending on agriculture (Frayer et al., 2014; He and Sikor, 2015; Liang, 2017). Traditionally, villagers occasionally go into the reserve for herb collecting and pasturing, but these human activities decreased recently owing to strict management and law enforcement. Whereas, forests in the slopes and foothills below the reserve are managed by local communities (Xiong and Zhu, 2006; Allendorf and Yang, 2013), where humans often overlap with black bears, leading to the continuous occurrence of HBC around BSGN.
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FIGURE 1
Map of the study area. The map shows locations of the Baoshan Section of Gaoligongshan Nature Reserve and study area.




Conflict data

Yunnan is one of the first provinces in China to implement a Wildlife Damage Compensation Program (WDCP) (National Forestry and Grassland Administration, 2008). Data on HBC incidents from 2012 to 2020 were sourced from the WDCP database provided by BSGN. We tabulated information (i.e., incident date, location, damage species, damage type, damage extent, and compensation) from documents such as applications, details of incidents, and final compensation. We categorized HBC occurrences as crop raiding, livestock depredation, beehive loss, and human casualties. To explore the spatial and temporal pattern of HBC, we extracted the location and time of HBC occurrence. As most incidents only included the villages where the event occurred, we could not conduct analyses at a finer spatial scale than villages.



Environment variables

Based on habitat characteristics, human disturbance, and bear ecology, we used (a) land use (the proportion of cropland and forest), (b) elevation, (c) human population density, and (d) fragmentation of forest and cropland [landscape shape index (LSI) and effective mesh size (MESH)] as explanatory variables for HBC occurrences. We extracted and measured these variables in each village’ administrative borders (Figure 2A). We extracted land use data from the 30 m land cover datasets in China (Yang and Huang, 2021). Then, we calculated the percentage of cropland and forest within each village (within administrative boundaries) in ArcGIS 10.6. Elevation was derived from the ASTER GDEM V2 digital elevation model at 30 m resolution.2 The population density was extracted from 1 km population count datasets in China from Worldpop.3 We calculated each village’s average elevation and population density using “Zonal” in ArcGIS 10.6.
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FIGURE 2
Maps showing the study area (A) the townships and villages, (B) the villages experienced human-bear conflicts; and the hotspot of human-bear conflicts for (C) all types combined, (D) crop raiding; (E) livestock depredation, (F) beehive loss, and (G) the frequency of human casualties, between 2012 and 2020.


We measured two fragmentation indices (LSI and MESH) for forest and cropland using landscape metric algorithms implemented in FRAGSTATS (McGarigal et al., 2002). LSI provides a standardized measure of total edge or edge density, which can characterize a landscape’s subdivision independently of its size (Jaeger, 2000). The LSI value is 1 when the landscape consists of a single square or maximally compact (i.e., almost square) patch of the corresponding type. LSI increases without limit as the patch type becomes more disaggregated. MESH characterizes the subdivision/fragmentation of a landscape independently of its size (McGarigal et al., 2002). The lower limit of MESH is constrained by the cell size ratio to landscape area and is achieved when the corresponding patch type consists of a single-pixel patch.



Spatial patterns of human-bear conflicts and their relationship with environment variables

Firstly, spatial autocorrelation is the critical property describing a spatial pattern, which defines the dependence of a given variable’s values on the same variable recorded at neighboring locations (Valcu and Kempenaers, 2010). We investigated the local spatial autocorrelation of HBC around BSGN at the village scale using Getis-Ord analysis, which can identify the hotspots of conflict occurrences (Getis and Ord, 1992). The Getis-Ord statistic describes the degree of spatial autocorrelation. It can show whether significant clustering is apparent, with Z-scores greater than 1.96 indicating significant (a < 0.05) hot spots (Getis and Ord, 1992). This analysis was created using ArcGIS 10.6 (ESRI Inc.).

Secondly, we use a generalized linear model (GLM) to assess the relationships between environmental variables and response variable (i.e., HBC occurrences in each village). Because the response variable is a kind of count data with low arithmetic mean, a GLM with a Poisson distribution error structure and the natural log (ln) link function (i.e., Poisson regression) is appropriate (Coxe et al., 2009). Therefore, we evaluated the influence of environmental factors on HBC occurrences in each village using Poisson regression. We used Akaike’s Information Criterion (Burnham and Anderson, 1998) for model selection and evaluation. We selected the top-performing model based on their backward stepwise AIC using the “Mass” package (Venables et al., 2002) in R version 4.2.0 (R Core Team, 2022).

Finally, we compared the composition of HBC between two regions using the Chi-square test that determines if there is dependence (association) between the two classification variables (i.e., region and HBC type). We used Mann-Whitney U-test to test whether there is a difference in the occurrence of specific HBC between the two regions. Because HBC occurrence does not meet normal distribution, the Mann-Whitney U-test, the non-parametric counterpart to the t-test for independent samples, is more suitable for our response variable. All these analyses were conducted in R.



Temporal patterns of human-bear conflicts

We used time series analysis to explore the temporal patterns of the total HBC and separately for crop raiding, livestock depredation, and beehive loss. Each time series comprises a trend, a cycle, and a residual. This time series decomposition isolates periodic patterns from the overall trend by fitting a Loess curve to the month-aggregated time series. The remaining seasonally decomposed time series is smoothed to identify the residual trend. Residuals were calculated as the exceptions from this combined season-trend model (Brockwell and Davis, 2002). Furthermore, we verified the significance of the overall trend in HBC using the MK test for the decomposed series (i.e., we removed the seasonality). Mann-Kendall (MK) test can statistically assess if there is a monotonic upward or downward trend of the variable of interest over time. A monotonic upward (downward) trend means that the variable consistently increases (decreases) through time, but the trend may or may not be linear. All these analyses were conducted in R, and the MK test was computed using the “Kendall” package (McLeod, 2022) in R.




Results


Frequency and types of human-bear conflicts

From 2012 to 2020, a total of 1,966 HBC incidents were reported around BSGN (Table 1). Crop raiding was the most common HBC occurred (46.39%), followed by beehive loss (27.87%), livestock depredation (25.13%), and human casualties (0.61%). Corn was the most commonly raided crop by bears around BSGN (Table 1). Bears destroyed 2,978 beehives and killed 704 domestic animals around BSGN, with goats or sheep dominating (93%), followed by cattle (6.7%) and mules (0.3%). Twelve bear attacks on humans were recorded, resulting in 10 injuries and 2 fatalities (Table 1). Ten of those attacks occurred in forest areas, and the remaining two occurred in scrubland and farmland. A total of US$359,274 was paid as compensation for damages caused by bears around BSGN during 2012–2020 (Table 1). Most payments were provided to families as relief for livestock depredation (33.55%), followed by a relative who died or was injured in a bear attack (25.17%), crop raiding (21.51%), and beehive loss (19.77%).


TABLE 1    Details of human-bear conflicts around Baoshan Section of Gaoligongshan Nature Reserve during 2012–2020.
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Spatial pattern of human-bear conflicts

A total of 53 villages (42.4%, n = 125; Figure 2B) experienced HBC during 2012–2020, and almost all of these villages bordered BSGN. Crop raiding occurred in the most villages (32.0%, n = 125), followed by beehive loss (24.8%), livestock depredation (24.0%), and human casualties (7.2%). The western region suffered more HBC incidents (84.51%, n = 1,969) than the eastern region (15.49%). Getis-Ord statistics indicated that HBC for all types combined (Figure 2C) and for each type (Figures 2D–F) were clustered in the western region, especially in several villages of Mingguang town, Jietou town, and Qushi town. Additionally, crop raiding (Figure 2D) and livestock depredation (Figure 2E) were more clustered spatially than beehive loss (Figure 2F). Furthermore, there are no apparent hotspots of human casualties (Figure 2G), which only occurred once in several villages. The HBC composition varied by region (χ2 = 937.9, d.f. = 1, P < 0.001). The proportion of crop raiding (W = 67, p = 0.018) and beehive loss (W = 5, p = 0.002) in the eastern region was significantly higher and lower than in the western region, respectively (Figure 3). The proportion of livestock depredation and human casualties did not vary significantly between regions (W = 39, p = 0.931; W = 44, P = 0.752; Figure 3).
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FIGURE 3
Proportion of different types of human-bear conflicts in the western and eastern region around Baoshan Section of Gaoligongshan Nature Reserve during 2012–2020.




The relationship between environment variables and human-bear conflicts

Poisson regression results showed that all variables were included in the final model and significantly influenced HBC occurrences except for the LSI of cropland (Table 2). This top model indicated that HBC occurrence was negatively related to the elevation and human population density (Table 2). HBC was more likely to occur in villages with a high proportion of forest and cropland (Table 2). Moreover, the HBC occurrence increased with MESH and LSI of the forest (Table 2). However, cropland’s MESH was negatively associated with HBC occurrences (Table 2).


TABLE 2    Results of the Poisson regression analysis relating human-bear conflicts to various covariates around Baoshan Section of Gaoligongshan Nature Reserve during 2012–2020.
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Temporal patterns of human-bear conflicts

HBC occurred throughout the years (Figure 4A), peaking in August-October. Similar unimodal monthly patterns existed in different types of HBC, yet their peaks were staggered in time. Specifically, the peaks of beehive loss and livestock depredation occurred in August, one month earlier than crop raiding. HBC occurrence fluctuated across the years (Figure 4A), peaking in 2013 and 2018, respectively, and fell to its lowest point in 2020. Time series analysis and MK test indicated no distinct trend of HBC occurrence (tau = 0.1, p = 0.13; Figure 4A). The occurrence of livestock depredation (tau = 0.14, p = 0.03; Figure 4C) and beehive loss (tau = 0.36, p < 0.001; Figure 4D) has increased during 2017–2021, but inversely for crop raiding (tau = –0.31, p < 0.001; Figure 4B).
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FIGURE 4
Temporal patterns of human-bear conflicts showing (A) all types combined, (B) crop raiding; (C) livestock depredation, (D) beehive loss around Baoshan Section of Gaoligongshan Nature Reserve during 2012–2020.





Discussion

Crop raiding was the most common and severe HBC around BSGN, as reported elsewhere (Liu et al., 2011; Huang et al., 2018). Free-ranging livestock and apiaries situated in forests also were severely depredated by bears. Bears caused severe economic losses to local people and attacked people, a behavior that villagers find intolerable. Although attacks are rare, this experience can continue to elicit fear in people living near the bears’ habitat (Floyd, 1999). Bears are known to avoid humans, yet avoidance is not always possible (Bombieri et al., 2019). Most bear attacks are a defensive response to sudden encounters (Herrero et al., 2005; Parchizadeh and Belant, 2021). We had acquired from survivors that these attacks occurred when they were herding or weeding in collective forests and suddenly encountered bears, as found previously (Bombieri et al., 2019; Parchizadeh and Belant, 2021).

Either type of HBC mentioned above is the negative consequence of human-wildlife interactions. Human encroachment can negatively impact bears’ distribution and behaviors (Ordiz et al., 2014; Morrell et al., 2021). Bears are usually confined to areas with extreme conditions (e.g., higher elevations) and fewer human populations, leading to a low human-bear overlap and risk of HBC occurrences in these areas (Morales-González et al., 2020; Rojas-VeraPinto et al., 2022). Instead, HBC occurrences clustered near the BSGN and increased significantly with forest and cropland proportion. Forest is one of the essential elements to the survival of black bears (Garshelis and Steinmetz, 2020). Nevertheless, the spatially concentrated, predictable, and reliable products offered by human landscapes near forests can attract bears to forage closer to human landscapes (Baruch-Mordo et al., 2013; Lewis et al., 2015). Consequently, there is a high risk of HBC in forest-cropland interfaces where both concealment and anthropogenic could afford food to bears, especially around protected areas (Broekhuis et al., 2017; Klees et al., 2020).

Aside from the composition of landscape, the configuration, i.e., the spatial organization of the landscape elements, can also determine the bears’ behavior, and hence HBC (Linke et al., 2005; Boudreau et al., 2022). We found that HBC are more likely to occur in fragmented forests, as found elsewhere (Bombieri et al., 2018; Khosravi et al., 2022). These fragmented forests typically contain smaller, separated habitat areas with reduced natural food availability. Bears must increase their home ranges, frequently travel between patches, and even move into the surrounding human landscape for food (Khosravi et al., 2022). Additionally, the increased edge density from forest fragmentation can prompt bears to enter these unfavorable habitats (Klees et al., 2020). These frequent forest-human movements of bears increase the risk of HBC, making fragmented forest landscapes human-wildlife conflict hotspots (Bombieri et al., 2018; Boudreau et al., 2022). However, cropland fragmentation has a contrary impact on HBC. Bears are opportunistic omnivores who can make trade-off between the benefits and the risks (Baruch-Mordo et al., 2013; Lewis et al., 2015). Fragmented cropland patches probably increase bears’ cost of inter-crop-patch movement, leading to a low likelihood of crop-raiding in more fragmented cropland landscapes.

In terms of composition, HBC differed between the two regions. The eastern region suffered more crop raiding and less beehive loss than the western region, which might be related to landscape configuration and food availability. The eastern region is more suitable for cultivating tropical crops than the western region due to its hot-dry climate (Liang, 2017). In addition, these tropical crops were more profitable than traditional cereal (Liang, 2017). Therefore, villagers from the Easter region cultivate tropical fruits and vegetables in warmer areas near villages, leaving maize near forests (Jin et al., 2016; Liang, 2017). On the contrary, cereal was one of the principal crops grown in the western region. Corn was concentrated near human settlements in the western region because of the more rugged collective areas near BSGN. Therefore, cornfields in the eastern region appear nearer bear habitat, which can increase their risk of raiding, as found by previous studies (Kazmi et al., 2019; Bautista et al., 2021). Moreover, more residents in the western region are keeping bees to increase their income than in the eastern region. The higher availability of honey can bring more beehive loss in the western region, similar to the previous study (Jampel, 2016). However, there is a lack of detailed data about the availability and distribution of anthropogenic food (i.e., maize, honey, and livestock) around BSGN. Further studies are needed to verify these inferences.

Our results indicated that HBC fluctuated across months, with a peak in August-October when maize was more readily available than natural food. Furthermore, the frequency of livestock depredation and beehive loss increases as the corn matures until September, when bears mostly turn to maize, consistent with previous findings (Huang et al., 2018; Waseem et al., 2020). During this time, black bears tend to forage near villages, which increases the risk of bear encounters with livestock and humans (Merkle et al., 2013; Elfström et al., 2014). We found that HBC fluctuated throughout the year, which may be attributed to bears’ response to the annual fluctuation in food availability. Bears can increase their use in human-dominated landscapes when natural foods are scarce, and then switch to natural food sources when available (Johnson et al., 2015; Lewis et al., 2015). The most important findings were that crop raiding decreased during 2012–2020, but livestock depredation and beehive loss were in the opposite direction. These patterns might be explained by the complex effect of human behavior on the interrelations between people, the environment, and bears. With the implementation of the Grain-To-Green Program (GTGP) and special agriculture, the local government has encouraged farmers to plant economic forest or cash crops (such as nuts, Camellia spp., Ginkgo biloba, and herbs) in place of cereal crops, especially in steep mountains (Delang, 2014; Tengchong Municipal People’s Government, 2020). These changes might have reduced and fragmented cornfields near the forest, decreasing bears’ crop raiding as their relationships in spatial patterns. Jones and Pelton (2003) claimed a similar relationship that shifting from corn to cotton might reduce agricultural food resources for bears and influence the bears’ habitat use. Nonetheless, beehives and livestock are still laid out in forests near bear habitats. Hence, we inferred that bears switched from corn to honey/livestock due to the increasing cost of crop raiding, making more beehives and livestock damaged by bears. In addition, the increase in beehive loss and livestock depredation might be related to their increasing availability, which needs to be verified by field surveys.



Conclusion and recommendation

Human-bear conflict is one of the most significant challenges for bear conservation. Our study assessed HBC around BSGN, identified hotspots, and revealed the complex association between the environmental features and HBC occurrences. We also recognized diverse trends of HBC occurrences across types owing to changing social-ecological environment. Combining these assessments is paramount to understanding the human-bear relationship better. Effective mitigations can benefit both rural livelihood and biodiversity conservation. Based on our findings, we recommend: (1) Human encroachment is a key driver of HBC. Forest restoration and adequate food resources are primary for resolving HBC. (2) Long-term investigation and scientific research are needed to evaluate how the bears respond to changing environments and identify the drivers of decreasing crop raiding and increasing beehive loss around BSGN. (3) Changing agricultural structures can reduce villagers’ dependence on maize, honey, and livestock. Furthermore, low-palatable crops should be cultivated on the edges of bears’ habitats. (4) An insurance cost-sharing mechanism involving joint payments from the government, farmers, and Chinese tourists can be attempted to enhance compensation and support the program’s long-term sustainability (Chen et al., 2013). (5) Prevention is widely recognized as by far the most effective measure to reduce human-carnivore conflicts (Goodrich, 2010). High platforms could be explored and implemented to compensate beekeepers who suffered severe damage.
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Footnotes

1     https://en.unesco.org/biosphere

2     http://www.gscloud.cn/

3     https://www.worldpop.org/
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