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Abstract 

Establishing protected areas (PAs) is a key global strategy to resist human pressure and 

mitigate biodiversity loss. However, previous assessments of the effectiveness of PAs 

focused only on changes between two time periods and did not consider the different 

baselines of PAs, thereby potentially over or underestimating the effectiveness of PAs. Here, 

we develop a “baseline + change” framework and assess the effectiveness of 338 PAs in 

China from 2010 to 2020. Our results show that ignoring different baselines may somewhat 

underestimate the positive effects of PAs, especially for those with lower initial human 

pressure. For PAs with different initial human pressures, different management measures 

should be taken to improve the effectiveness and then to reduce the threats to natural 

ecosystems. We believe that this framework is useful for assessing the effectiveness of PAs 

globally, and we recommend that this framework could be included in the post-2020 strategy. 

 

1 INTRODUCTION 

The establishment of protected areas (PAs) is a key global strategy to mitigate 

biodiversity loss and reduce human pressure (Dureuil et al., 2018; Schulze et al., 2018). The 

world has committed, by 2020, to increasing PA coverage and to achieving the stated 

management and conservation effectiveness of PAs (Aichi Target 11). By August 2020, the 

World Database on PAs showed that approximately 15% of the world‟s terrestrial and 
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freshwater environments were covered by PAs, with approximately 7.5% of the marine area 

covered (Global Biodiversity Outlook 5). However, one-third of global protected land is 

under intense human pressure (Jones et al., 2018), such as agriculture, forest product 

extraction, illegal hunting and infrastructure construction (Achiso, 2020). It was estimated 

that 74 of the 111 nations that have reached a level of 17% PA coverage would drop out of 

that list if protected land under intense human pressure does not contribute to the 

conservation targets of Convention on Biological Diversity obligations (Jones et al., 2018). 

Therefore, in addition to focusing on fulfilling the quantitative coverage target, it is important 

to know whether existing PAs are working to reduce human pressure and to understand what 

management measures make PAs more effective in resisting human pressure and protecting 

biodiversity features such as natural ecosystems. 

Assessing the effectiveness of PAs in resisting human pressure has attracted extensive 

attention around the world (Jacobson et al., 2019; Riggio et al., 2020), but the extent to which 

PAs resist human pressure and protect biodiversity is debated (Schulze et al., 2018; Achiso, 

2020). Previous study suggested that, on average, human pressures increased inside PAs from 

1995 to 2010 compared with matched unprotected areas (Geldmann et al. 2019). Establishing 

a large number of PAs without ensuring appropriate mechanisms and measures to resist 

human pressure may lead to negative conservation outcomes. Other studies have shown that 

compared to areas outside of PAs, PAs play a positive role in resisting human pressure over 
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time (Guetté et al., 2018). A global assessment of human pressure on the world‟s lakes 

showed that increases in human pressure were lower in lakes within PAs than in lakes outside 

(Mammides, 2020). However, previous assessments of the conservation effectiveness of PAs 

focused only on changes between two time periods and did not consider the different 

baselines of the PAs, that is, the initial background status, thereby over or underestimating 

the effectiveness of PAs. For example, PAs with higher initial human pressure (baseline) may 

appear more effective than those with lower baselines if merely comparing the changes 

between two time periods, considering that there is commonly no significant difference in the 

changes in human pressure in PAs under strict management. Furthermore, few studies have 

pointed out what management measures should be taken to strengthen the capacity of PAs to 

resist human pressure and whether the reduction in human pressure can contribute to the 

improvement of natural ecosystems. Thus, it is important to identify different baselines of 

PAs at the first step when assessing their effectiveness, along with the appropriate 

management measures for resisting human pressure and the impacts of resisting human 

pressure on natural ecosystems. 

In 2022, the 15th meeting of the Conference of the Parties (Phase two) to the Convention 

on Biological Diversity will be held in China, which will determine new global biodiversity 

conservation targets for the next decade. Currently, China has established more than 11,800 

PAs, covering 18% of its land area and 4.1% of its sea area (Wang et al., 2020). Similar to 
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other countries around the world, human pressure has been the most crucial driving factor on 

biodiversity and habitat loss within China‟s PAs (Zhu et al., 2019; Shrestha et al., 2021). 

However, it is still unclear whether human pressure has been controlled in the last decade 

(2010-2020), which management measures lead to better performance in resisting human 

pressure and how to improve the conservation effectiveness of natural ecosystems. Here, we 

developed a “baseline + change” framework for assessing the effectiveness of PAs (Figure 1). 

We then used the framework to: (1) assess the effectiveness in resisting human pressure 

under different baselines of PAs in China; (2) identify the management measures most 

important to the improvement of the effectiveness in resisting human pressure for the PAs 

with different baselines; (3) explore the relationships between the changes in the human 

pressure index (HPI) and the changes in natural ecosystems within PAs with different 

baselines. We hope that this study could have policy implications for guiding the 

differentiated and standardized management of PAs to improve conservation effectiveness 

with different baselines. 

2 METHODS 

2.1 Human Pressure Index (HPI). 

The built-up land area, cropland, and human population density were selected to build the 

HPI, which was used to characterize the degree of human pressure on terrestrial ecosystems 

(Geldmann et al., 2014). The data layer (1 km
2
 resolution) of the percentage of built-up land 
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and cropland area in 2010 and 2020 was calculated based on land cover data with a resolution 

of 30 m×30 m (derived from the Resource and Environment Data Cloud Platform, 

http://www.resdc.cn). We performed a normalized transformation on the human population 

density data layer in 2010 and 2020 with a resolution of 1 km
2
 (derived from the WorldPop 

website, https://www.worldpop.org). We then gave equal weight to the values of each data 

layer to generate the HPI data layer in 2010 and 2020 (Figure S1). The difference between 

2010 and 2020 was taken as the change in human pressure over the past 10 y. 

2.2 Management effectiveness assessment. 

We carried out an assessment of the management effectiveness of 395 PAs from 2007 to 

2016. These PAs are all national nature reserves covering approximately 10% of China‟s 

terrestrial area, which are generally managed by government agencies. We obtained the 

boundaries of 395 PAs from the Ministry of Ecology and Environment of the People‟s 

Republic of China (MEE). According to the 10 indicators (Table S1) issued by the former 

Ministry of Environmental Protection (currently MEE), the management measures of PAs 

were assessed by using the expert scoring method. (see Supporting Information for details, 

Figure S2 and Feng et al. (2021)). 

2.3 Propensity Score Matching (PSM). 
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To avoid potential spillover effects (leakage, blockage, or no effect) of PAs on their 

unprotected adjacent surroundings, we used a 10-50 km buffer region outside the boundary of 

each PA and referred to this area as the wider landscape (Fuller et al., 2019). We made 1 km
2
 

grids of the whole country and assigned the grids inside and outside of PAs with values of 1 

and 0, respectively. We removed the incomplete grids that were clipped by the boundaries of 

PAs or buffer regions, as well as the grids in the wider landscapes that were overlaid by other 

PAs or their 0–10 buffer regions (Figure S3). The control variables applied for PSM are 

commonly elevation, slope, distance to the nearest road, distance to the nearest settlement, 

and soil type (Clements et al., 2014; Ren et al., 2015; Zhao et al., 2019), and the values of 

these control variables were extracted from each 1 km
2
 grid (see Feng et al. (2021) for 

details). Then, we used PSM to match the grids inside each individual PA with the grids in 

the wider landscape by comparing the most similar propensity scores. We executed the PSM 

in R version 3.6.1 using the „MatchIt‟ package. The „nearest‟ method was chosen, the 

parameter „ratio‟ was set to 1, and the caliper was set to 0.2 (Cuenca et al., 2016). The PSM 

results showed that 30 PAs did not find a matching grid in their corresponding wider 

landscapes. To verify the validity of PSM, we used the standardized differences test to check 

the balance between the treated sites and the control sites in each individual PA (see 

Supporting Information for details). The standardized differences test of each individual PA 
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indicated that the PSM performed well in balancing the differences between inside PAs and 

their corresponding wider landscape (Table S2). 

We calculated the HPI value of each matched grid inside one PA (matched treated site, 

MTS) and its matched grid in the wider landscape (matched control site, MCS). The MTSs 

inside PA and their MCSs whose HPI value was 0 in 2010 were deleted, and the PAs with ≤ 5 

grids after matching were deleted. Finally, 338 PAs were obtained for subsequent analysis, 

which had been established before 2010 (Figure S3). 

2.4 A framework for assessing the effectiveness of PAs based on “baseline + change”. 

We have developed a framework for assessing the effectiveness of PAs based on the 

“baseline + change” concept (Figure 1). The initial state of human pressure on PAs was taken 

as the baseline. B = BMCS - BMTS represents the difference between the mean HPI of the MTSs 

inside one PA and the mean HPI of their MCSs in 2010, where BMTS represents the mean HPI 

of the MTSs inside one PA in 2010, and BMCS represents the mean HPI of their MCSs in 

2010. The Wilcoxon signed ranks test was applied to estimate whether there was a significant 

difference in the HPI between the MTSs and their MCSs of each PA. The L-HPI baseline 

indicated that BMTS was significantly lower than BMCS (B > 0, P < 0.05). The M-HPI baseline 

indicated that BMTS had no significant differences from BMCS (P > 0.05). The H-HPI baseline 

indicated that BMTS was significantly higher than BMCS (B < 0, P < 0.05). 
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Then, changes in HPI were further analyzed under different baselines. C = CMCS - CMTS 

represents the difference between the mean change in HPI of the MTSs inside one PA and the 

mean change in HPI of their MCSs from 2010 to 2020, where CMTS represents the mean 

change in HPI of the MTSs inside one PA from 2010 to 2020 and CMCS represents the mean 

change in HPI of their MCSs from 2010 to 2020. The Wilcoxon signed ranks test was applied 

to estimate whether there was a significant difference in the change in HPI between the MTSs 

and their MCSs in each PA. When C > 0, P < 0.05, it indicated that PAs underwent 

significant decrease (SD) in human pressure over the past 10 y compared to their MCSs. 

When P > 0.05, it indicated that PAs underwent nonsignificant change (NC) in human 

pressure over the past 10 y compared to their MCSs. When C < 0, P < 0.05, it indicated that 

PAs underwent significant increase (SI) in human pressure over the past 10 y compared to 

their MCSs. 

Finally, combining baseline and change, the effectiveness of PAs in resisting human 

pressure was identified (Figure 1). For PAs with the L-HPI baseline, it was difficult to 

continue to substantially reduce human disturbance in PAs, that is, it was difficult to continue 

to improve the effectiveness of PAs in resisting human pressure. However, for PAs with the 

H-HPI baseline, no significant change would mean that the PAs are still in the state of higher 

intensity of human pressure. Therefore, for PAs with the L-HPI baseline, PAs that underwent 

SD or NC in human pressure over the past 10 y compared to their MCSs were both 
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considered positive effects (“+”). PAs that underwent SI were considered negative effects 

(“-”). For PAs with the M-HPI baseline, we regarded positive effects (“+”) when the HPI 

inside the PAs underwent SD over the past 10 y, nonsignificant effects (“/”) when those 

underwent NC, and negative effects (“-”) when it underwent SI. For PAs with the H-HPI 

baseline, PAs with SD in human pressure over the past 10 y were considered positive effects 

(“+”). PAs with SI or NC were both considered negative effects (“-”). 

2.5 Statistical analysis. 

Under the 3 different baselines, the positive effects and negative effects of PAs in resisting 

human pressure were used as binary classifications. We further used the random forest model 

to identify the most important management measures that contribute to improving the 

effectiveness of PAs in resisting human pressure, with the 3 different baselines. The Mean 

Decrease Gini index was used to compare the importance of the management measures. 

Larger values indicated that the management measures were more important. The AUC was 

used to test the performance of the model. To further explain the contribution trend of 

important management measures to the effectiveness of PAs in resisting human pressure 

under the 3 different baselines, we computed and visualized the partial dependence of 

different management measures on the positive effects probability based on the random forest 

model. Partial dependence plots are essential for interpreting random forest models, which 
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can show the marginal effect of individual predictor variables on the probability of the 

response in the case of binary classification (Friedman, 2001). 

To understand the relationships between human pressure and different natural 

ecosystems, we calculated changes in the HPI and the areas of forest, wetland, grassland, and 

desert ecosystems in each PA from 2010 to 2020. PAs with forest, wetland, grassland, and 

desert areas of less than 10 km
2
 were removed. The areas of forest, wetland, grassland, and 

desert ecosystems were calculated based on land cover data with a resolution of 30 m×30 m 

(derived from the Resource and Environment Data Cloud Platform, http://www.resdc.cn). 

Then, we used linear regression to analyze the relationship between the changes in HPI and 

the changes in the area of the four types of natural ecosystems inside PAs with different 

baselines over the past 10 y. The random forest model and linear regression analysis were 

performed in R version 3.6.1. 

3 RESULTS 

3.1 Effectiveness of PAs with different baselines in resisting human pressure. 

Comparing HPI values inside PAs to their MCSs, we found that 195 PAs (57.69%) had 

L-HPI baselines (P < 0.05), 108 PAs (31.95%) had M-HPI baselines (P > 0.05), and 35 PAs 

(10.36%) had H-HPI baselines (P < 0.05) in 2010. From 2010 to 2020, most PAs underwent 

NC in human pressure over the past 10 y, with proportions of 47.69% (n=93, L-HPI 
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baseline), 78.70% (n=85, M-HPI baseline), and 60.00% (n=21, H-HPI baseline) (Figure 2, 

Table S3). 

Based on the definition of positive effects (+) and negative effects (-) in the “baseline + 

change” assessment framework, for PAs with L-HPI baselines, we found that 76.92% 

(n=150) showed positive effects in resisting human pressure, while 23.08% (n=45) showed 

negative effects. For PAs with M-HPI baselines, we found that 11.11% (n=12) showed 

positive effects in resisting human pressure, while 10.19% (n=11) showed negative effects. 

For PAs with H-HPI baselines, we found that 22.86% (n=8) showed positive effects in 

resisting human pressure, while 77.14% (n=27) showed negative effects (Figure 2, Table S3). 

3.2 PAs with different baselines should adopt different management measures to 

improve effectiveness. 

For PAs with different baselines, management measures that contribute to the effectiveness 

of PAs in resisting human pressure were different (Figure 3). The Mean Decrease Gini index 

based on the random forest model suggested that for PAs with the L-HPI baseline, the most 

important management measure to resist human pressure was the staff (ST) indicator, that is, 

adequate numbers of skilled staff and independent management institutions (Figure 3A). For 

PAs with the M-HPI baseline in 2010, the most important management measure to resist 

human pressure was the patrol and surveillance (PS) indicator, that is, effective patrol and 

surveillance systems with appropriate procedures (Figure 3B). For PAs with the H-HPI 
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baseline in 2010, the most important management measure to resist human pressure was 

effective illegal threat control (Figure 3C). The partial dependence plots based on the random 

forest approach showed that the positive effects probabilities had generally nonlinear 

increasing trends along with the increasing of each normalization score of the above 3 

management indicators (Figure. S4). 

3.3 Resisting human pressure had different effects on natural ecosystems within PAs 

with different baselines. 

Generally, resisting human pressure had significant positive effects on forest ecosystems. 

From 2010 to 2020, the rate of forest area decrease was the fastest for PAs with the H-HPI 

baseline, followed by PAs with the M-HPI baseline and finally PAs with the L-HPI baseline 

(Figure 4A). However, there was no correlation between the change in HPI and grassland 

area (Figure 4C). 

The effects of resisting human pressure on wetland and desert ecosystems were different 

for PAs with different baselines. For PAs with L-HPI and M-HPI baselines, the wetland area 

had a significant negative correlation with the change in HPI (Figure 4B). For PAs with the 

H-HPI baseline, the desert area decreased significantly with increasing HPI (Figure 4D). 
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4 DISCUSSION 

4.1 Effectiveness of PAs with different baselines. 

The results suggested that 170 of the 338 PAs (50.30%) had significant positive effects, 

including 150 PAs with L-HPI baselines, 12 PAs with M-HPI baselines, and 8 PAs with 

H-HPI baselines (Figure 2B). However, if the different baselines of PAs were ignored, only 

22.78% of PAs played a positive role in resisting human pressure over the past 10 y. This 

may somewhat underestimate the positive effects of PAs in resisting human pressure for PAs 

with L-HPI baselines. Furthermore, if we focus only on changes in human pressure without 

considering the baseline, the final status of human pressure in PAs cannot be reflected. For 

example, for PAs with the L-HPI baseline, only 2 PAs (1.03%) was degraded as H-HPI in 

2020. And PAs experienced NC (n=93) in human pressure from 2010 to 2020, 98.92% of 

those (n=92) maintained the L-HPI in 2020. Additionally, even if PAs experienced SI (n=45), 

88.89% of those (n=40) maintained the L-HPI in 2020 (Figure 2B). 

In order to maintain consistency of data source and resolution, this study adopted the 

difference between the HPI in 2020 and 2010 to represent the change in human pressure over 

the past 10 years, and adopted the difference between natural ecosystem area in 2020 and 

2010 to estimate the change in natural ecosystem area over the past 10 years. In recent years, 

the assessment period of conservation effectiveness of PAs has also mostly adopted the 

mothed of subtracting two years (Geldmann et al., 2019; Lu et al., 2020; Mammides, 2020; 
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Zhang et al., 2021). If there are annual continuous large-scale human activity pressure and 

land cover data products as well as PAs management effectiveness assessment data, the 

impact of management measures on the conservation effectiveness of PAs can be more 

accurately identified according to this framework. Therefore, improving the update frequency 

and resolution of large-scale data products such as land cover, roads, and population density 

is of great significance for future research. In addition, the management effectiveness 

assessment of the PAs should be carried out at least once every 10 years to promote the 

improvement of the management effectiveness of PAs and the storage of basic data. 

4.2 Optimal management measures for PAs with different baselines. 

This study provided direct evidence that PAs with different baselines should adopt different 

management measures to improve effectiveness. However, if the different baselines of PAs 

were ignored, the results may lead to misdirected management measures in resisting human 

pressure (Figure S5). 

It should be the most urgent to enhance the conservation effectiveness of PAs in resisting 

human pressure for PAs with the H-HPI baseline, and our results indicated that effectively 

controlling illegal threats was the most important management measure (Figure 3C). Studies 

have shown that illegal activities such as resource development are becoming the key factor 

leading to biodiversity loss in these PAs, which serve as repositories of nature resources such 
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as forests (Achiso, 2020). Nearly half of the world‟s PAs are used illegally for agriculture, 

forest product extraction and illegal hunting of wild animals, so there is an urgent need to 

strengthen the management and control of these threats, which is consistent with our results 

(Achiso, 2020). We also found that these types of PAs often faced more serious illegal threats 

than those with L-HPI baselines according to recent reports. Thus, there should be stronger 

measures for controlling illegal threats to improve the positive effects probability of PAs in 

resisting human pressure (Figure S4C). Fortunately, the Chinese government has carried out 

an annual "Green Shield" supervision and inspection campaign to investigate and punish 

illegal activities inside PAs since 2017, thereby promoting the withdrawal and rectification of 

such illegal activities.  

For PAs with the M-HPI baseline, the most important management measure was an 

effective patrol and surveillance system with appropriate procedures. Overall, PAs have been 

more effective in resisting human pressure with strengthened patrol and surveillance 

activities (Figure S4B). Previous studies suggested that PAs equipped with full-time patrol 

and enforcement teams and effective patrol and surveillance systems experienced a decrease 

in the amount of human pressure (Jachmann, 2008; Geldmann et al., 2018). Surveillance and 

other equipment can make patrolling and law enforcement more effective and cost efficient 

(Jachmann, 2008). However, our results indicated that only 10% of PAs have an effective 
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patrol and surveillance system with appropriate procedures (Figure S6). It is still crucial to 

strengthen the patrol and surveillance capabilities of PAs. 

For PAs with the L-HPI baseline, it is especially important to have adequate numbers of 

skilled staff and independent management institutions. In the on-site investigation of the 

management effectiveness assessment, we found that unlike PAs with H-HPI or M-HPI 

baselines, PAs with L-HPI baselines may do better in patrol and surveillance, which helps 

control illegal threats in PAs. Previous studies have also found that independent and 

well-established management institutions and adequate professional staff represent 

fundamental factors for the effective management of PAs (Li et al., 2013; Banjac et al., 2019; 

Zhang et al., 2020). The results are as expected since independent and well-established 

management institutions with departments for administration, protection, scientific research, 

education, resource utilization, community affairs and policy stations are conducive to 

coordinating the tasks of PAs (Quan et al., 2011; Pfaff et al., 2015). In addition, adequate and 

well-trained staff can perform their protection and management duties more effectively and 

have more acute insight into the external threats of PAs (Quan et al., 2011). For example, 

Kraaij & Milton (2006) found that adequate professional staff correlates with increasing 

mammal populations following reintroduction in Karoo National Park, South Africa. 

4.3 Effects of human pressure on natural ecosystems within PAs with different 

baselines. 
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Forest ecosystem. With the increase in human pressure, we found that the forest area 

decreased the fastest in the PAs with the H-HPI baseline, followed by those with the M-HPI 

baseline and finally those with the L-HPI baseline. Our study showed that from 2010 to 2020, 

with the increase in human pressure, the forest in PAs with three baselines were mainly 

converted to grassland and farmland (Table S4). Many studies have indicated that human 

activities such as deforestation, grazing, and agricultural expansion are the main reasons that 

lead to the conversion of forests into grassland and cropland (Díaz-Gallegos et al., 2010; 

Curtis et al., 2018; Acheampong et al., 2019; Williams et al., 2021). For example, during the 

past 40 years, large-scale grazing in the northwestern area of China‟s Yunnan Province led to 

the conversion of natural forest ecosystems to alpine meadows, reducing the forest area by 

31% (Xiao et al., 2003). And specific human activities such as cardamom planting in China 

have reduced forest area and thus degraded the quality of gibbon habitat in China, and 

measures to reduce human activities in PAs have been effective in restoring gibbon 

populations in recent years (Zhang et al., 2020). In addition, compared with PAs with L-HPI 

and M-HPI baselines, the area of forests in PAs with H-HPI baseline converted to built-up 

land was relatively higher (Table S4). One possible reason may be that natural forest 

ecosystems in PAs with higher human pressure often have poor resistance to external 

disturbances. And infrastructure construction, such as hydropower projects and tourism 

infrastructure, also pose serious threats to the effective conservation of forest ecosystems 
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(Tardieu et al. 2015; Siqueira-Gay et al. 2020). Many studies have suggested that the orderly 

withdrawal and management of hydropower projects and tourism infrastructure in the core 

areas of PAs can also improve forest ecosystem restoration (Schulze et al. 2018; Achiso 

2020). Therefore, the management and control of such threats inside PAs should be 

strengthened in accordance with regulations. At the same time, daily patrols and numbers of 

skilled staff inside PAs should be strengthened. An assessment of two PAs, which are 

dominated by forest ecosystems, found that increasing the number of patrol staff and 

introducing performance appraisals reduced poaching by 17% (Jachmann, 2008). Therefore, 

strengthening the control of human threats and increasing the number of skilled staff and 

patrol and surveillance activities are important for the conservation of forest ecosystems in 

PAs. 

Wetland ecosystem. For PAs with L-HPI and M-HPI baselines, the wetland area 

decreased with increasing human pressure, and the wetland was mainly converted to 

cropland. However, for PAs with H-HPI baseline, there was no correlation between the 

wetland area and the change in HPI (Figure 4B, Table S4). Previous studies suggested that 

large areas of natural wetlands have been reduced due to human activities such as water 

pollution and infrastructure construction (Hu et al., 2017; Mammides, 2020). For example, 

the wetland area inside PAs in China‟s mid-temperate humid zone decreased by 227.36 km
2
 

from 2000 to 2015 (Zhu et al., 2019). What‟s more, the loss of natural wetlands worldwide is 
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largely caused by cultivation for food crops, such as in the Sanjiang Plain in China (Wang et 

al., 2011; Song et al., 2014), North and South Dakota in the United States (Johnston, 2013), 

and Kampala in the Uganda (Isunju & Kemp, 2016). About 60% of China's lost natural 

wetlands were due to agricultural expansion for grain production, 74.7% of which occurred 

from 1990 to 2000 (Mao et al., 2018). Therefore, in order to prevent human activities such as 

agricultural encroachment, carrying out regular daily patrols, installing surveillance systems, 

and strengthening the professional skill training of staff can help improve the effectiveness of 

PAs in resisting human pressure and protect the wetland ecosystem, especially for PAs with 

lower human pressure initially. Furthermore, the loss of wetland area caused by climate 

change cannot be ignored (Erwin, 2009). 

Desert ecosystem. For PAs with the H-HPI baseline, the desert area decreased 

significantly with increasing human pressure, and it was mainly converted to grassland and 

wetland (Table S4). However, for PAs with L-HPI and M-HPI baselines, there was no 

significant correlation between desert area and human pressure. This is reasonable because 

the composition of desert ecosystems has formed a unique adaptation strategy to harsh 

habitats due to various abiotic stresses over a long period of time, and minor disturbances 

may not cause significant changes in the ecosystem (Li et al., 2021). Most important, land 

cover changes in desert ecosystem are mainly affected by climate change, especially 

precipitation (Chang et al., 2019; Zhao et al., 2019). China‟s desert type PAs are largely 
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located in the northwestern region of China, and the precipitation in the northwestern region 

has experienced a significant increase trend in the past four decades (Peng & Zhou, 2017; 

Wang & Zhong, 2020). Additionally, our study indicated that the area converted from desert 

to built-up land was higher than that in PAs with L-HPI and M-HPI baselines. Therefore, the 

interference caused by illegal human activities to the desert ecosystem cannot be ignored, 

especially for PAs with the H-HPI baseline. 

Grassland ecosystem. Our results did not find a correlation between grassland area and 

human pressure inside PAs with the 3 different baselines. Previous studies have shown that 

grassland degradation is mainly driven by climate factors (Harrison et al., 2015; Liu et al., 

2019). However, this does not mean that human activities do not pose a threat to the 

grassland ecosystem. Our study indicated that grassland was primary converted to cropland in 

PAs with H-HPI baseline (Table S4). The most possible reason is that agricultural expansion 

and grazing are important driving factors for grassland degradation (Gang et al., 2014; Cao et 

al., 2019; Bardgett et al., 2021). 
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FIGURE 1. The “baseline + change” framework for assessing the effectiveness of protected areas 

(PAs) in resisting human pressure. L-HPI, PAs had significantly lower human pressure compared to 

their matched control sites; M-HPI, PAs had no significant differences in human pressure compared 

with their matched control sites; H-HPI, PAs had significantly higher human pressure compared to their 

matched control sites. +, PAs had positive effects in resisting human pressure over the past 10 y; -, PAs 
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had negative effects in resisting human pressure over the past 10 y; /, PAs had nonsignificant effects in 

resisting human pressure over the past 10 y. 

 

 

FIGURE 2. Spatial distribution (A) and the changes and status of the human pressure index (HPI) (B) in 

protected areas (PAs) compared to matched control sites under different baselines. The numbers in 

brackets and in the pie chart represent the number of PAs. The red shading in the pie chart represents the 

number of PAs showing significantly lower human pressure (L-HPI) compared to their matched control 

sites in 2020, and the blue shading represents the number of PAs showing significantly higher human 

pressure (H-HPI). The gray shading represents the number of PAs with no significant differences in 

human pressure (M-HPI) compared with their matched control sites in 2020. 
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FIGURE 3. The importance of different management measures in resisting human pressure for PAs 

with different baselines (A, L-HPI baseline; B, M-HPI baseline; and C, H-HPI baseline) based on the 

results of the random forest model. ST, staff; TR, control of illegal threats; PS, patrol and surveillance; 

SR&M, scientific research and monitoring; FU, funding; NV, information on natural values; IN, 

infrastructure; B&LT, boundary and land tenure; ED, education and public awareness; MP, master 

plan. 

 

FIGURE 4. Relationship between changes in human pressure and changes in natural ecosystem areas 

(A, forest; B, wetland; C, grassland; and D, desert) inside protected areas (PAs) with different baselines. 

The lines are fitted with simple linear regressions with a 95% confidence interval. Light red refers to 

PAs with significantly lower human pressure (L-HPI baseline), light blue refers to PAs with 

significantly higher human pressure (H-HPI baseline), and light gray refers to PAs that had no 

significant differences in human pressure compared with their matched control sites (M-HPI baseline). 

 


