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A key biodiversity area (KBA) is one of the important emerging area-based conservation measures that is being implemented recently in China; however, the human pressure faced by a KBA is still unclear. This study analyzed the spatiotemporal variation of human pressure on KBAs from 1990 to 2017 and compared it with the human pressure on national natural reserves (NNRs) through a case study of the Qinghai–Tibet Plateau. In addition, changes in the trend of human pressure before and after 2010 were analyzed to examine the influence of conservation policies on human pressure. Results showed that human pressure on KBAs and NNRs gradually increased from 1990 to 2017. Furthermore, the growth rates and mean values of human pressure in KBAs were higher than those in NNRs. After the implementation of conservation policies in 2010, the growth rates of human pressure on both KBAs and NNRs have significantly slowed, and the areas with negative growth in both KBAs and NNRs have gradually expanded. In addition to providing an understanding of the changing spatiotemporal trends of human pressure on KBAs, this study can serve as a reference to formulate policies for the improvement of the effectiveness of conservation.
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INTRODUCTION

The negative effects of ecosystem degradation on social geographic sustainability have triggered ambitious targets for ecosystem conservation at the national, regional, and global levels (Strassburg et al., 2020). Protected areas (PAs), which are legally designated and managed for long-term nature conservation, have been widely adopted for ecosystem conservation by governments, policymakers, and many members of the conservation community (Maxwell et al., 2020). Although PAs have become the major means of area-based conservation, research shows that the existing global network of PAs is insufficient to prevent the continuing depletion of biodiversity (Pringle, 2017).

Key biodiversity areas (KBAs) were promoted as a type of “other effective area-based conservation measure” (Donald et al., 2019) by the International Union for Conservation of Nature (IUCN) since 2016, which acts as a means to identify “sites of importance for the global persistence of biodiversity” (International Union for Conservation of Nature [IUCN], 2016). Encompassing considerable populations of species and rich ecosystems of high conservation concern, KBAs not only provide habitats for wildlife, but also various ecosystem services (Shrestha et al., 2021). Using KBAs to guide the effective expansion of the global PA network has become an important issue (Kullberg et al., 2019).

To date, over 15,000 KBAs have been identified (83.1% of which are important bird areas—the avian subset of KBAs; BirdLife International, 2019). However, the introduction of KBAs has been slow in the developing world (Shrestha et al., 2021). For example, only 25% of KBAs identified in Myanmar are legally protected (Wildlife Conservation Society, 2013). As a developing country, China introduced this measure in 2019 and it is in its initial stage of KBA identification and management (Li, 2021). Furthermore, China intends to reform its natural conservation system, which was formed in 1956 (Ma et al., 2019). This reform aims to transfer the core of natural conservation systems from natural reserves to national parks. This is expected to improve conservation effectiveness by adjusting the spatial scope of conservation areas and institutional mechanisms (General Office of the CPC Central Committee, and General Office of the State Council of China, 2019), which provides opportunities for KBAs to be incorporated into the Chinese official conservation plan.

Due to the lack of official guidance and long-term protective action, some KBAs have been exposed to high levels of human pressure (Jonas et al., 2014; Alves-Pinto et al., 2021). Donald et al. (2019) studied ten countries (Australia, Bolivia, Canada, Ecuador, India, Indonesia, Kazakhstan, Kenya, Philippines, and South Africa) and revealed that unprotected KBAs occur in areas with significantly higher human population density and on flatter land, where pressure on natural resources may be higher. The likelihood of the skies of a KBA experiencing skyglow tends to increase in countries with a higher gross domestic product (GDP), and in areas with a higher human population density (Garrett et al., 2020). Consequently, ongoing and accelerating threats (e.g., introduction of invasive species, habitat loss and fragmentation, and water abstraction) lead to rapid extirpation of species inside the KBAs (Nogueira et al., 2021). China has experienced rapid economic growth and urbanization over the past few decades. From 1990 to 2019, the urban built-up area of China increased from 12,200 to 60,300 km2 (National Bureau of Statistics of China [NBSC], 2020), thereby exerting considerable stress on the ecosystem (Xie et al., 2021). Moreover, attempts to estimate human pressure on KBAs in China have been lacking, and urgent examination of the spatiotemporal pattern of human pressure on KBAs is necessary.

A case study of the Qinghai–Tibet Plateau was performed to analyze the spatiotemporal variations in human pressure on KBAs between 1990 and 2017. The Qinghai–Tibet Plateau is one of the national eco-safety barriers of China (National Development and Reform Commission of China [NDRC], and Ministry of Natural Resources of China [MNRC], 2020), and it has high ecological importance and vulnerability. Existing studies have found high-intensity human activities in national natural reserves (NNRs) in the Qinghai–Tibet Plateau (Hua et al., 2022), which emphasizes the urgency of adjusting area-based conservation management. The Chinese government put forward a series of policies around 2010 to protect the ecosystem of the Qinghai–Tibet Plateau. These include the Plan for Tibet Ecological Security Barrier Protection and Construction (2008–2030) and the Plan for Ecological Construction and Environmental Protection in the Qinghai–Tibet Plateau (2011–2030). Previous studies have shown that these conservation policies have had a positive effect on the ecological restoration of the Qinghai–Tibet Plateau (Li et al., 2021c). However, the effects of these policies on KBAs have not been reported. This study focuses on KBAs in the Qinghai–Tibet Plateau and compares them with NNRs, and aims to answer two questions: (i) Have KBAs suffered more human pressure than NNRs, and (ii) Have previous conservation policies led to changes in human pressure on KBAs and NNRs in the Qinghai–Tibet Plateau? What is the difference between these changes in KBAs and NNRs?



HUMAN PRESSURE ON THE QINGHAI–TIBET PLATEAU

In order to measure the pressure on ecosystems caused by human activities, it is necessary to understand the types of human activities that negatively affect ecosystems (Mu et al., 2022). According to existing studies, negative impacts of human activities on the Qinghai–Tibet Plateau ecosystems are mainly caused by population concentration, economic growth, agriculture and animal husbandry, urbanization, and construction of transportation facilities (Chen et al., 2015; Tian and Chen, 2022).


Population Density

In areas with large populations, the frequency and intensity of human disturbance to the ecosystem tends to be higher (Luo et al., 2021; Tian and Chen, 2022; Yu et al., 2022). From 1990 to 2015, the total population of the Qinghai–Tibet Plateau increased from 6.58 to 9.13 million (Bao and Liu, 2019). Increased human activity alters the natural succession direction of ecosystems by changing species richness, accelerating biodiversity loss, and discharging wastewater, gas, and solids into the environment, which has far-reaching impacts on ecosystems (Mottl et al., 2021; Pavlik et al., 2021). In this study, areas with a greater population density often suffered more pressure.



Economic Development

Following the environmental Kuznets curve, economic growth intensifies environmental pollution before the economic growth (indicated by per capita GDP) reaches a turning point (Zhao et al., 2021). Considering that environmental pollution is a major contributor to ecosystem degradation (Wang et al., 2021), it can be deduced that a high level of economic development will exert greater pressure on the ecosystem before the turning point. Yu et al. (2016) revealed that China will not approach the turning point until 2025, and the Qinghai–Tibet Plateau is still in the ascending stage of the Environmental Kuznets Curve. Therefore, areas with a high level of economic development in the Qinghai–Tibet Plateau are subjected to more human pressure.



Human-Managed Land Use

Land use is a typical form of human action on terrestrial surfaces, which affects ecosystems by disturbing the matter cycle and energy exchange between various layers of the Earth (de Queiroz et al., 2020). Land use affects the components of the atmosphere and underlying surfaces, changes soil texture, and disturbs water quality, quantity, and cycling (Trentman et al., 2022). Different land use types exert different pressures on ecosystems, with urbanized areas exerting the most. From 1990 to 2015, urban areas of the Qinghai–Tibet Plateau expanded largely, which led to an intensive heat island effect and increased virulent organic pollutants (Bao and Liu, 2019). Agricultural land also puts a large pressure on ecosystems, and agricultural activities cause soil erosion and desertification, which leads to reduction in biodiversity (Polazzo et al., 2022).



Animal Husbandry

Animal husbandry is one of the main sources of livelihood for residents living in the Qinghai–Tibet Plateau, and yaks and Tibetan sheep are the main livestock (Zhuang et al., 2019). The Qinghai–Tibet Plateau is dominated by dynamic and sensitive grassland ecosystems, and husbandry activities can easily cause ecological problems such as soil salinization, desertification, and deep soil drying (Li et al., 2021a,b). Therefore, intense animal husbandry leads to a greater pressure on the ecosystem.



Roads

During road construction, the excavation of roadbeds changes the geological landform, and pavements cause long-term damage to vegetation and aggravate desertification (Trombulak and Frissell, 2000). Road operations also affect animal migration, disturb animal habitat, and lead to changes in the number and structure of ecosystem components (Kroeger et al., 2022). Since 1989, the length and density of roads on the Qinghai–Tibet Plateau have increased considerably, which has resulted in intensified landscape fragmentation and increased ecological pressure (Zhao and Lu, 2017).




METHODOLOGY


Study Area

The Qinghai–Tibet Plateau is located in southwestern China (26–40° N, 73–105° E), and originates from the Yangtze, Yellow, and Mekong Rivers, and their water sustains cities and farms across Asia. The Qinghai–Tibet Plateau has a total area of 257 × 104 km2, and accounts for 27% of the Chinese land area, with an average altitude of over 4,000 m.

For decades, 52 NNRs have acted as the cornerstone of conservation practice on the Qinghai–Tibet Plateau, and these have received substantial financial aid from the government (Fu et al., 2021; Liu et al., 2021). However, this plateau has recently been experiencing habitat fragmentation, alien invasion, and local ecosystem degradation (Fu et al., 2021), which indicates that merely protecting NNRs is not sufficient to maintain its ecological health. According to the KBA Partnership program, parts of the Qinghai–Tibet Plateau are covered by KBAs (Figure 1). These KBAs are partially inside NNRs (the overlapping areas occupy 61.86% of KBAs and 63.09% of NNRs), but some are outside NNRs and have no official identification or management.
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FIGURE 1. KBAs and NNRs in the Qinghai–Tibet Plateau.




Measuring Human Pressure

Previous studies have developed many composite indices to measure the anthropogenic pressure on ecosystems, such as human activity intensity (Chi et al., 2020; Gosselin and Callois, 2021) and human footprints (Sanderson et al., 2002; Venter et al., 2016; Duan and Luo, 2021). The human footprint index, a dimensionless metric that captures the extent of human influence on the terrestrial surface, is distinct from many land-use metrics in terms of its ability to singularly capture the total influence of human existence on a given location (Keys et al., 2021), and hence, it is widely applied in biodiversity conservation (Venter et al., 2016; Duan and Luo, 2021). This study draws on the method of Duan and Luo (2021) and uses the human footprint index to measure human pressure on each grid inside the KBAs and NNRs in the Qinghai–Tibet Plateau. Human pressure was calculated using the following formula:
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where HPi represents the human pressure on grid i, HAij refers to the intensity of a specific pressure type j in grid i, and includes the pressure from population density, economic development, animal husbandry, land use, and roads. According to the value of each pressure type (Table 1), the HPi ranged from 0 (lowest) to 58 (highest).


TABLE 1. Evaluation of each type of pressure.
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Pressure From Population Density

According to Duan and Luo (2021), population density data were logarithmically calculated. The population density of 2017 was not available in the original datasets; therefore, this study used the average of 2015 and 2019 as the population density in 2017. According to the original data, the maximum population density is 32,866 people per km2 (the maximum value of PDi is 32,866). Therefore, the equation used for the calculation was constructed as follows:
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where PPi represents the pressure intensity from the population density of grid i, which ranges from zero to 10. PDi is the population density of grid i.



Pressure From Economic Development

Nighttime light data, which is considered a robust indicator of regional economic development, was used to reflect the economic development level of the Qinghai–Tibet Plateau (Chen and Zhang, 2020). Since the original nighttime light data only contains data from 1992 to 2013, this study replaced data of 1990 and 2017 with those of 1992 and 2013, respectively. In addition, the original data have discontinuities and oversaturation problems, which must be corrected after projection and cropping are completed. This study used a correction approach based on invariant target areas, which have been widely used in related studies (Zhang et al., 2020). Following Zhang et al. (2020), this study took Hegang City as the invariant target area, since its economic and social data have changed little over the past decades and the digital number of light images is widely distributed in it (Zhang et al., 2020). After forming the nightlight data for each year, values were assigned to each grid. First, 0 points were assigned to the grid, with a digital number equal to 0. Second, the grid was divided into 10 equal parts with a digital number value greater than 0 using the quantile method and assigned a value of 1–10 points in order from small to large (according to the 2017 data). For data of the remaining years, according to the 2017 decile, a grid with a digital number value greater than 0 was assigned a score of 1–10, and a digital number value of 0 was assigned a score of 0.



Pressure From Animal Husbandry

This study used the sum of cattle and sheep densities to represent the intensity of husbandry activities. Since the original spatial data were only in 2006, a trend extrapolation analysis was adopted to obtain a layer of husbandry density for each year (Duan and Luo, 2021). First, beef and mutton production in Qinghai and Tibet were collected in 1990, 2010, and 2017, and the change rates of beef and mutton production in different years relative to 2005 were calculated. Then, the cattle and sheep density layers in 2006 were multiplied by the change rates of each year to obtain the cattle and sheep density layers in different years. The density layers of cattle and sheep in the same year were superimposed to obtain the husbandry density. Husbandry density data were calculated logarithmically according to Duan and Luo (2021). The original data showed that the maximum grazing density was 9,454 head/km2. Thus, the specific equation used for calculations was constructed as follows:
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where AHPi represents the pressure intensity from the animal husbandry of grid i ranging from 0 to 10. AHDi is the husbandry density value of grid i.



Pressure From Land Use

This study used the type of land used to reflect ecological pressure from human-managed land. Specifically, built-up areas were assigned 10 points, paddy fields and dry land 7 points, and grasslands 4 points. The others were assigned 0 points (Duan and Luo, 2021).



Pressure From Roads

Railways and highways were used to reflect the pressure of roads on ecosystems. The construction of railways leads to ecosystem disturbance, while train operation has a relatively lower impact (Shen et al., 2004). Thus, only the area within 500 m on both sides of the railway was assigned 8 points. Highway construction and vehicle driving behaviors had a larger impact on both sides. Therefore, the areas within 500 m on both sides of highways were assigned 10 points, those within 500–1,500 m were assigned 8 points and those within 1,500–2,500 m were assigned 4 points. Limited by original data, this study replaced the highway data from 2017 with that from 2018.




Spatial Analysis of Human Pressure

We applied multiple spatial statistical approaches to compare the spatiotemporal changes in human pressure within KBAs and NNRs. First, we compared the mean value of the human footprint and its annual change rate of each unit in KBAs, NNRs, and their overlapping areas during 1990–2017. Second, we classified the area into seven levels according to human pressure: no human pressure (human pressure = 0) and areas with human pressure of ∈ (0, 10), ∈ (10, 20), ∈ (20, 30), (30, 400), ∈ (40, 50), and ∈ (50). We analyzed the proportions of the seven levels in KBAs and NNRs from 1990 to 2017. Third, we used kernel density estimation (Parzen, 1962) to analyze the spatial scale and location changes of aggregation areas with a human pressure of above 10 and those areas under no human pressure from 1990 to 2017.



Analysis of Human Pressure Changes After the Implementation of Conservation Policies

As mentioned in section “Study Area,” many ecological conservation policies have been implemented in the Qinghai–Tibet Plateau since 2010. Therefore, this study compared whether the human pressure within KBAs and NNRs before and after 2010 had a statistically significant variation through a Wilcoxon signed-rank test, which has been widely used in ecological conservation research (Lieb et al., 2021). The Wilcoxon signed-rank test is a nonparametric approach to test whether two groups of values are significantly different. It adds the rank of the absolute value of the difference between the observed value and center position of the null hypothesis according to different signs as its test statistic and does not require the difference between paired data to obey a normal distribution (Gibbons and Chakraborti, 2011).

The specific steps are as follows: first, we calculated the difference (di) of the average annual growth rate in human pressure between 1990–2010 and 2010–2017 for each grid in the KBAs and NNRs, respectively, and coded the absolute value of di in the order of magnitude to form a sequence. Then, we restored the positive and negative signs of the values in the sequence, summed the positive value (T+) and the negative value (T−), respectively, and selected the smaller one as the Wilcoxon test statistic T. Finally, we made judgments based on the significance level (Gibbons and Chakraborti, 2011).



Data Source

The datasets used in this study included the spatial extent of the Qinghai–Tibet Plateau, NNRs, KBAs, population density, land use, cattle and sheep densities, beef and mutton production, nighttime light, highway, and railway data (Table 2). Owing to inconsistencies in the projection, resolution, and spatial extent of data used, the original datasets must be preprocessed before data analysis. The projection coordinates were uniformly converted to an Albers equal-area projection suitable for China. The central meridian of the projection coordinate system parameter was set to 105° E, the two standard latitudes were 25° N and 47° N, and the spatial range was uniformly cut to the range of the Qinghai–Tibet Plateau. All raster data were resampled to a resolution of 1 km.


TABLE 2. Datasets used in this study.

[image: Table 2]



RESULTS


Spatiotemporal Variation of Human Pressure Within Key Biodiversity Areas and National Natural Reserves

The spatiotemporal patterns of human pressure within KBAs and NNRs from 1990 to 2017 are shown in Figures 2, 3, respectively. The human pressure inside KBAs was higher than that inside NNRs and their overlapping areas, and the rising trend of human pressure was more obvious than that of NRRs and the overlapping areas. The mean value (Figure 4) revealed that human pressure within KBAs was higher than that within NNRs and the overlapping areas. From 1990 to 2017, the average annual increase in human pressure experienced by KBAs (0.84%) was higher than that experienced by NRRs (0.81%) and the overlapping areas (0.72%). From the perspective of the two periods, the average annual growth rate of human pressure in KBAs was higher than that in NNRs (1990–2010, 1.10% of KBAs > 1.07% of NNRs > 0.99% of the overlapping areas; 2010–2017, 0.18% of KBAs > 0.13% of NNRs > −0.001% of the overlapping areas).
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FIGURE 2. Spatiotemporal pattern of human pressure in KBAs during 1990–2017.
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FIGURE 3. Spatiotemporal pattern of human pressure in NNRs during 1990–2017.
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FIGURE 4. Mean value of human pressure in NNRs and KBAs during 1990–2017.


In general, the high-pressure areas inside KBAs were more widely distributed than those inside NNRs (Table 3). There was no area with human pressure above 50 within NNRs, but 0.02% of KBAs in 2017 had human pressures above 50. The proportion of areas with human pressures above 10 within KBAs increased from 21.10% in 1990 to 34.41% in 2017, and within NNRs increased from 10.37% in 1990 to 16.07% in 2010 and subsequently decreased to 6.72% in 2017. The proportion of areas with human pressures above 20, 30, and 40 in KBAs and NNRs showed a continuously increasing trend from 1990 to 2017, but the expanded areas in KBAs were wider than those in NNRs. Only a small number of areas within KBAs were free from human pressure (human pressure = 0), and the proportion of this type of area continued to shrink from 7% in 1990 to 5.53% in 2017. Similarly, areas free from human pressure within NNRs also showed a downward trend from 11.57% in 1990 to 6.72% in 2017.


TABLE 3. Proportions of areas with various degree of human pressures in key biodiversity areas (KBAs) and national natural reserves (NNRs) during 1990–2017 (%).

[image: Table 3]
Kernel density analysis results showed that the aggregation areas of KBAs with human pressure above 10 appeared inside the KBAs located in the eastern Qinghai–Tibet plateau (Figure 5). From 1990 to 2017, the agglomeration of human pressure above 10 gradually spread from east to west. The same trend also appears in the areas with human pressure above 10 of NNRs (Figure 6). Grids with high human pressure are mainly present in low-altitude areas that are highly accessible to humans. Over the past few years, increasing traffic and construction activities have occurred, and these areas have been greatly disturbed by humans. In KBAs, the areas under no human pressure are scattered. There were four agglomerations in 1990, and by 2017 the northwest agglomeration had disappeared. Among the NNRs, the accumulation area of under no human pressure area was larger, and mainly distributed in the northwest, the north of the central parts, and a few areas in the east. From 1990 to 2017, the range of the agglomeration areas in the northwest and central parts has reduced significantly, indicating that the influence of human activities has gradually increased. The accumulation area of the high pressure area has expanded, while the accumulation area of the no pressure area has gradually reduced.
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FIGURE 5. Aggregation areas of KBAs with human pressure above 10 and under no human pressure in KBAs during 1990–2017.
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FIGURE 6. Aggregation areas of KBAs with human pressure above 10 and under no human pressure in NNRs during 1990–2017.




Impact of Conservation Policy on Key Biodiversity Areas and National Natural Reserves

According to the Wilcoxon signed-rank test results, the average annual growth rate in human pressure of KBAs and NRRs significantly declined after the implementation of conservation policies in 2010 (Table 4). The average annual growth rate of human pressure in KBAs declined from 0.078% before 2010 to 0.015% after 2010. Likewise, the average annual growth rate in human pressure within the NRRs was 0.059%, and it declined to 0.009% after 2010.


TABLE 4. The variation of average annual growth of human pressure between 1990–2010 and 2010–2017.

[image: Table 4]
The implementation of conservation policies helps to expand areas with negative growth in human pressure (Figure 7). This effect was starker in NNRs. The area with negative growth in human pressure in the NRRs expanded from 18.31% in 1990–2020 to 31.74% in 2010–2017, and this type of area in KBAs expanded from 17.01% in 1990–2020 to 30.15% in 2010–2017.
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FIGURE 7. Average annual increase in human pressure.





DISCUSSION


Contribution and Implications

This study is the first to report the spatiotemporal variation of human pressure on KBAs in the Qinghai–Tibet Plateau. Thus, it improves our understanding of the pressure of human activities on the ecosystem. The Qinghai–Tibet Plateau is a developing area with relatively little human activity, but the findings suggest that areas with a higher human pressure exist in the plateau, which is similar to the findings of Hua et al. (2022), who observed that areas that are under high human pressure have appeared inside NNRs. However, this study found that such areas were distributed more widely within KBAs, and compared with NNRs, the scale of such areas in KBAs is continuously expanding. This study identified sites of high magnitude and rapid growth, and hence, it can provide clear spatial guidance for the management of human pressure on ecosystems.

The Qinghai–Tibet Plateau is of high ecological importance and it has received substantial conservation efforts; however, ecological problems appeared under the past NNRs-based protection scheme (Fu et al., 2021). This study found that human activities have enormous pressure on KBAs, indicating a theoretical variable for identifying the reasons for ecosystem problems on the Qinghai–Tibet Plateau. This study suggests that poor protection of KBAs and increased pressure from human activities on KBAs may be reasons for this dilemma. KBAs have many typical species (such as individual geographically restricted species) and threatened ecosystems, which contribute significantly to the global persistence of biodiversity at the genetic, species, and ecosystem levels (International Union for Conservation of Nature [IUCN], 2016). The effects of human pressure on these species and ecosystems are likely to be widespread. Therefore, increased human pressure on KBAs may be an important reason for the emergence of ecosystem problems in the Qinghai–Tibet Plateau.

Practically, this study helps focus policy attention on KBAs and provides a reference for the adjustment of the spatial scope of PAs. In fact, not only did KBAs go unnoticed in China, around 4,900 KBAs (33.0%) remained without official attention globally in 2019 (Maxwell et al., 2020). In the post-2020 conservation era, managers should pay more attention to KBAs (Maxwell et al., 2020). According to this study, managers should design tailored managerial policies for KBAs according to their ecological importance and human pressure. Furthermore, protection should be promptly strengthened in areas of high importance and severe human pressure. In contrast, areas with high human pressure and low ecological importance may be used for human economic development. This is an appropriate way for improving conservation efficiency from the overall perspective (Fuller et al., 2010). Considering the massive disappearance of the accumulation area under no human pressure, more ecologically dynamic monitoring on human activities in KBAs located in the northwest and in NNRs situated in the northwest and north of the central parts of the Qinghai–Tibet Plateau must be implemented.

Many developing countries worldwide, including China, are in the initial stage of acting on KBAs. This study found that KBAs were subjected to higher human pressures than NNRs, which has long been a focus for ecological conservation in China. This underscores the importance of focusing on KBAs. Further, KBAs play an important role in maintaining biodiversity (International Union for Conservation of Nature [IUCN], 2016). If KBAs are not under timely protection, the increase in human pressure will accelerate biodiversity loss and threaten the sustainability of socio-geographic systems. China is presently in the process of reforming its conservation system, which is characterized by the spatial adjustment of conservation areas. Therefore, it is necessary to incorporate KBAs into a new network of conservation areas and develop protection policies specific to them.



Limitations and Suggestions for Future Research

This study also had some limitations. First, it only considered the pressure of human activities and not the carrying capacity of the ecosystem. Different types of ecosystems have different adaptability to human pressure; therefore, measuring human pressure alone cannot directly reflect the degree of damage to the ecosystem. Future research should address this gap to reveal the actual state of the ecosystem. Second, this study did not directly consider the environmental pollution indicators caused by human beings. Future studies should examine the relationship between the human footprint and the real situation of environmental pollution to reveal the impacts of human activities in the ecosystem. Finally, this study did not consider dynamic traffic flow in human pressure assessments. The negative impacts of different traffic flows were different. For example, traffic flow has decreased significantly after COVID-19, which has played a positive role in ecosystem restoration. Therefore, future research should incorporate traffic flow analysis into the human pressure analysis.




CONCLUSION

This study compared the spatiotemporal patterns of human pressure on KBAs and NNRs during 1990–2017, and found that KBAs suffered more human pressure than NNRs. From 1990 to 2017, the human pressure on KBAs showed an upward trend, and the rate of increase of KBAs was greater than that of NNRs. Moreover, the average human pressure on KBAs was greater than that on NNRs. Areas of severe human pressure appeared within KBAs in 2017. Areas without human pressure are small within KBAs, and the proportion of this type of area continued to shrink during 1990–2017. Influenced by human activities, the accumulation area of the high pressure area expands, while the accumulation area of the no pressure area gradually shrinks, especially in KBAs. Furthermore, this study compared the effects of ecological conservation policies on the changing trend of human pressure in KBAs and NNRs. Results revealed that human pressure on both KBAs and NNRs significantly declined after the implementation of ecological conservation policies. After the implementation of ecological conservation policies (2010–2017), the average annual increase in human pressure in each grid of KBAs and NNRs was significantly lower than that before the implementation of ecological conservation policies (1990–2010), and the declining trend was more evident in NNRs than in KBAs. Our research provides novel insights on the spatiotemporal variation of human pressure on KBAs in the Qinghai–Tibet Plateau, thereby improving our understanding of the pressure of human activities on ecosystems and offering implications for post-2020 area-based conservation.
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