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Abstract 
Context Protected areas (PAs) serve as robust safe-
guards for the ecological safety of urban areas, and 
positively affect their socioeconomic development. 
However, limited research that integrates both eco-
logical and socioeconomic aspects to evaluate the 
role of PAs.
Objectives In this study, we aimed to establish an 
evaluation framework for PAs that applies the con-
cept of landscape sustainability and integrates ecolog-
ical and socioeconomic functions to enhance under-
standing of the role of PAs. Additionally, we aimed to 
develop analytical framework for identifying the cor-
relation elements of landscape sustainability of pro-
tected areas (PA-LS) and improving the understand-
ing of the mechanisms underlying PAs.

Methods This study focused on 38 PAs in Beijing, 
China. We established the PA-LS evaluation frame-
work to evaluate the role of PAs by analyzing changes 
in their overall landscape services from 2000 to 2019, 
and in ecological and socioeconomic functions. Sub-
sequently, an analytical framework was established to 
identify the correlation factors of PA-LS, focusing on 
four aspects: the fundamental characteristics of PAs, 
landscape patterns of PAs, impact of urban areas on 
PAs, and human well-being within a 5 km buffer of 
PAs.
Results The landscape sustainability evaluation 
of Beijings’ PAs revealed that 30 PAs (78.95% of 
the total) were strongly sustainable, eight (21.05%) 
were weakly sustainable, and none unsustainable. 
The results revealed that there was a positive corre-
lation between several factors and PA-LS, including 
the density of the road network within a 1 km buffer 
of the PAs and the economic income and employ-
ment rate within a 5  km buffer of the PAs. Con-
versely, there was a negative correlation between 
one factor and PA-LS, its the distance between PAs 
and the urban center. Other factors, such as the cat-
egory, area,  classification  of PAs, SHDI  (ecological 
land), ED, LPI (forest) of PAs, and population density 
and residents’ health within a 5 km buffer of the PAs, 
were unrelated to PA-LS.
Conclusions This study established a PA-LS evalu-
ation framework and its correlation factor analyti-
cal framework, which significantly contributes to 
enhancing the value cognition of PAs and enriching 
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landscape-sustainability evaluation methods. Further-
more, the study provides valuable support and serves 
as a reference for the conservation and management 
of PAs in Beijing and similar metropolitan cities.

Keywords Landscape sustainability of protected 
areas (PA-LS) · Correlation factors · Landscape 
services · Strong and weak sustainability

Introduction

Protected areas (PAs) serve as robust safeguards for 
the ecological safety of cities and positively affect 
socioeconomic development in urban areas (Fu 2018; 
McNeely 2020). An evaluation framework that inte-
grates ecological and socioeconomic aspects should 
be established to comprehensively reveal the role of 
PAs in cities.The previous studies on the evaluation 
of the role of PAs have primarily focused on their 
effectiveness in protection and management (Ellea-
son 2021; Gonçalves-Souza 2021; Jin 2021; Zhao 
2023), and ecological functions, while insufficiently 
on social functions.

Some evidences have demonstrated that PAs can 
reduce poverty and enhance the effectiveness of con-
servation (Walker 2009; Andam et  al. 2010; Peng 
et  al. 2020), but research combining ecological and 
socioeconomic aspects to evaluate the role of PAs is 
limited (McKinnon 2015). The proper evaluation of 
PAs was hindered this limitation.

As a comprehensive concept, sustainability reflects 
change in ecological and socioeconomic functions, 
and represents their balance and interaction (WCED 
1987; Kates et  al. 2001; Wu 2006). Numerous aca-
demic fields have acknowledged the notion of sus-
tainability and developed discipline-specific concepts 
accordingly (Thayer 1989; Bettencourt and Kaur 
2011; Wu 2014). Landscape sustainability empha-
sizes the long-term and stable provision of specific 
ecosystem services by a particular landscape (Wu 
2013; Opdam et al. 2018; Zhou et al. 2019).

It identifying functions from a landscape perspec-
tive, rather than focusing solely on ecological ele-
ments (Termorshuizen and Opdam 2009). Therefore, 
the concept of landscape sustainability can take into 
account the ecological, social, and economic func-
tions (Wu 2012) and is suitable for the evaluation 
framework combining ecological and socioeconomic 

benefits. Recently, landscape sustainability has been 
used to evaluate the functionality of farmland fields 
(Fu et al. 2006; Eichler et al. 2018), urban areas (Wu 
2008; Huang et al. 2015; Yoffe et al. 2022), and eco-
logical zones (Termorshuizen and Opdam 2009; 
Xu et  al. 2020). However, this method has not been 
employed in the evaluation of PAs.

This study provides a comprehensive review of 
landscape sustainability evaluations, encompassing 
evaluation methodologies, evaluation indicators, and 
correlation analyses based on the results.

Two distinct aspects are incorporated into the 
evaluation of landscape sustainability. One aspect is 
centered on the temporal evolution of single or mul-
tiple essential landscape services. Fan et  al. (2021) 
quantified the ecological evolution of the Qing-
hai–Tibet Plateau to determine the extent of its sus-
tainability. The other aspect encompasses the corre-
lation between the supply and demand of landscape 
services, enabling the evaluation of landscape sustain-
ability at the city and county levels (Jia et  al. 2018; 
Yao 2021). Some urban area sustainability studies 
(Tanguay 2010; Wang 2018) and land-use sustain-
ability studies (Liu 2013; Zhu 2021) have categorized 
these concepts into distinct levels; strong sustainabil-
ity, weak sustainability, and unsustainability (Solow 
1974; Daly 1997; Wu 2014). By evaluating the pro-
gression of ecological and socioeconomic indicators, 
the comprehensive functionality of research object’s 
sustainability can be ascertained (Huang 2018; Wu 
2019). This evaluation method is yet to be explored 
in the practice of landscape sustainability evaluation.

This study examined the ecological, and socio-
economic indicators employed in existing landscape 
sustainability researches, to guide the development of 
a comprehensive evaluation framework for PAs. The 
four leading ecological indicators are water conserva-
tion, soil and water conservation, carbon sequestra-
tion, and habitat quality (Fan et  al. 2021; Gong and 
Liu 2021).

Regarding social and economic indicators, those 
selected in existing landscape sustainability studies 
were closely aligned with the characteristics of the 
evaluation objects. For instance, Jia et al. (2018) eval-
uated Mizhi County’s economic function using indi-
cators such as grain production per unit area, per cap-
ita net income, livestock count, and social function 
using indicators such as education level, road network 
density, and the number of reservoirs constructed. 
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Studies on the benefit evaluation of PAs provide valu-
able references for selecting socioeconomic indicators 
For example, tourist volume and economic gains can 
comprehensively reflect the social and economic ben-
efits (Eagles 2002).  Indicators of landscape services 
of evaluation of landscape sustainability  as shown 
as Fig. 1.

Concerning correlation analysis, some studies have 
conducted correlation analyses after evaluating land-
scape sustainability to gain a deeper understanding of 
the correlation factors of and provide targeted optimi-
zation suggestions. Gong and Liu (2021) examined 
the impacts of land-use policies on landscape sustain-
ability and proposed recommendations for formu-
lating effective land-use policies. Since correlation 
studies on landscape sustainability evaluation are rel-
atively few, this study also examined the correlation 
analysis in the research of ecosystem service evalua-
tion and PAs benefit evaluation.

Fundamental characteristics of the research object, 
landscape patterns (Gilman and Wu 2023), human 
well-being, and urban impact are commonly utilized 
factors in correlation analyses of ecosystem services 
evaluation. The indicators of these factors as follows: 
the commonly indicators of fundamental characteris-
tics are the classification, type, and area of PAs (Zhao 
et  al. 2023), the commonly indicators of landscape 
patterns shannon diversity index (SHDI), edge den-
sity (ED), and largest patch index (LPI), the com-
monly indicators of human well-being such as GDP, 
mortality rate (negative value), employment rate (Tao 
and Wu 2019; Ghoddousi et al. 2022; Xu et al. 2022; 
Schulze et  al. 2022). The “distance from the urban 

center” is utilized to evaluated the urban influence, 
encompassing a comprehensive quantification of all 
indirect impacts exerted by cities on PAs.

Direct impact from urban is a common factor for 
correlation analysis when evaluating PAs (Edmiston 
et al. 2014), one commonly used indicator is the pop-
ulation density surrounding PAs, as highlighted by 
Yang and Tang (2022). In addition, it is necessary to 
consider the road network density around PAs as an 
indicator of direct urban impact. This indicator is ref-
erence from Sahitya (2020)’s research findings, which 
emphasize the relationship between road network 
density and accessibility.

There are two levels of questions in this study:
At the methodological level, the research ques-

tions are as follows: How can we develop a land-
scape-sustainability evaluation framework for PAs 
that accurately captures their unique characteristics 
while encompassing ecological and socioeconomic 
functions? How can we establish a framework for 
identifying the correlation factors of landscape sus-
tainability of protected areas (PA-LS)?

At the case-study level, the research questions 
were as follows: What is the current state of land-
scape sustainability of Beijing’s PAs? Which ele-
ments are pertinent to the PA-LS?

This study has two research objects. The first 
research object was to establish an evaluation 
framework for the PA-LS. This study divided land-
scape services into ecological functions, and socio-
economic functions. The PA-LS was evaluated by 
analyzing the changes in ecological functions, and 
socioeconomic functions on the temporal evolution, 

Fig. 1  Indicators of land-
scape services of landscape 
sustainability evaluation
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as well as the changes of total landscape services. 
The second research object was to establish an ana-
lytical framework to identify the correlation factors 
of PA-LS. The study has chosen four categories for 
correlation analysis with PA-LS: fundamental char-
acteristics of PAs; the landscape patterns of PAs; 
the urban impact on PAs; and human well-being in 
the areas surrounding PAs.

This study applied these two frameworks in 
Beijing, examined the changes in the landscape 
services of 38 PAs from 2000 to 2019, evaluated 
PA-LS, and identified the correlation factors that 
affect PA-LS.

This study highlighted two cognitive gaps. 
Firstly, a lack of an integrated framework applies 
ecological and socioeconomic functions to evalu-
ate PAs. Secondly, landscape sustainability evalu-
ation has yet to be applied to PAs. Therefore, this 
study aimed to fill these two gaps by exploring the 
application of the landscape sustainability concept 
in PAs and establishing an evaluation framework 
that integrates ecological and socioeconomic func-
tions. Moreover, it establishes an analysis frame-
work to identify the correlation factors, and deepen 
the comprehension of the operational mechanisms 
underlying PAs.

Additionally, at the application level, this study 
applied the concepts of strong and weak sustainabil-
ity to evaluate PAs. This study categorized landscape 
services into ecological and socioeconomic domains, 
evaluated the PA-LS. By comparing the temporal 
changes in total landscape services, ecological func-
tions, and socioeconomic functions, the evaluation is 
conducted to determine whether PAs exhibit a state 
of strongly sustainable, weakly sustainable, or unsus-
tainable. These results provide a more intuitive evalu-
ation approach and enriched the existing methods for 
evaluating landscape sustainability.

Finally, using Beijing as an case, this study evalu-
ated the PA-LS in Beijing. This study identified the 
correlation factors, provided empirical support for 
protection, and management of PAs in Beijing, and 
provided a reference for PAs in similar large cities.

Methodology

Study area

Beijing, located on the North China Plain, is sur-
rounded by mountains to the west, north, and north-
east, and open plains to the southeast. Covering a 
total area of 16,410  km2, Beijing serves as China’s 
political and cultural center and is one of China’s ten 
mega-cities. Over the 20 years from 2000 and 2019, 
Beijing developed rapidly regarding both urbaniza-
tion and the establishment of PAs. The urbanized 
area of Beijing expanded from 491 to 1469   km2, 
and the permanent population grew from 13.819 to 
21.536  million. Simultaneously, the achievements 
of the PA system of Beijing have also been remark-
able, with the proportion of protected area to the city 
area has increased from 10 to 22% (Beijing Munici-
pal Forestry and Parks Bureau 2021). Throughout this 
changing process, the spatial dynamics and interac-
tions between the urban areas and PAs underwent sig-
nificant changes. Therefore, this study uses Beijing as 
a case study.

In 2019, The Guidance on the Establishment of 
the Protected Areas System with National Parks as 
the Main Body was issued by the General Office of 
the CPC Central Committee and the General Office 
of the State Council which specifies the classifica-
tion of PAs. Beijing’s protected areas include nature 
reserves (NR), forest parks (FP), geo-parks (GP), 
and wetland parks (WP). Scenic and historic inter-
est areas were excluded from this study because 
they overlapped with other PAs. This study takes 
38 protected areas (including 13 nature reserves, 18 
forest parks, 5 geo-parks, and 2 wetland parks) as 
research objects (Fig. 2).

In this study, the spatial position of PAs was clas-
sified into four types based on the distance from the 
urban center (Fig. 3): Zone1, within 35 km; Zone2, 
between 35 and 80  km; Zone3, between 80 and 
120 km; and Zone 4, beyond 120 km.

Data sources

This study contains several datasets as depicted in 
Table 1.



Landsc Ecol           (2024) 39:98  

1 3

Page 5 of 24    98 

Vol.: (0123456789)

Framework

We established a framework for the evaluation of 
PA-LS and identification of its correlation factors 
(Fig. 4).

The evaluation framework of PA‑LS

Concerning the evaluation method of PA-LS, to eval-
uate the PA-LS, this study quantified changes in three 
categories of landscape services from 2000 to 2019: 
total landscape service, ecological functions within 
landscape services, and socioeconomic functions 
within landscape services (hereafter this referred to 
as total landscape service, ecological functions, and 
socioeconomic functions).

Based on the concept of strong and weak sustaina-
bility, when both ecological and socioeconomic func-
tions   increase (increasing the total landscape ser-
vice), it is considered that the PA is in a state of strong 
sustainability (Zhu 2016). If either ecological or soci-
oeconomic functions  decrease but the total landscape 
services increase, the PA is considered to be in a state 
of weak sustainability (Solow 1974; Purdon 2013). If 

the total landscape services decrease, the PA is con-
sidered to be in an unsustainable state (the evaluation 
method as shown in Table 2).

To gain a deeper understanding of the state of 
PA-LS, we calculated PA-LS during four distinct 
periods: 2000–2005, 2005–2010, 2010–2015, and 
2015–2019. Based on this analysis, it can be further 
determined whether or not PA-LS is in a stable or 
fluctuating state.

Based on the existing research evaluating of land-
scape sustainability, this study identified four ecologi-
cal function indicators: water conservation, habitat 
quality, carbon sequestration, and soil conservation. 
Based on existing research on ecosystem services 
evaluation and PAs functions evaluation, this study 
employs two indicators, namely the number of tour-
ists and GDP, to quantify the socioeconomic func-
tions of PAs. Considering that tourism volume is 
only available at the district level, this study utilizes 
human footprint data as weight data, allocating visitor 
numbers to 1 km grids. The calculation methods for 
ecological functions indicators are provided in Sched-
ule 1 of the Online Appendix.

Fig. 2  Protected areas of 
Beijing (the part involved in 
this study)
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The analytical framework for identifying 
the correlation factors of PA‑LS

The factors influencing the PA-LS are complex. To 
identify the correlation factors of PA-LS, this study 
summarized 12 factors that may be related to PA-LS 
from four categories based on existing research. 
These four categories are the fundamental charac-
teristics of PAs, landscape patterns of PAs, impact 
of urban areas on PAs, and human well-being within 
5 km buffer of PAs. Among these, the first two cate-
gories, the fundamental characteristics and landscape 
patterns of PAs, are intrinsic characteristics and ana-
lyzing their correlation with PA-LS helps enhance the 
value cognition of PAs. The other two categories, the 
impact of urban areas on PAs and human well-being 
around 5 km of PAs, could help enhance the compre-
hension of the operational mechanisms between pro-
tected areas and urban areas.

Concerning the selection and computation of indi-
cators, the 12 factors in the four categories are as 
follows:

Of the fundamental characteristics of PAs: cat-
egory, classification, spatial position, and area of PAs.

Of the landscape pattern of PAs: the SHDI of eco-
logical land  (including forests, shrubs, grasslands, 
water bodies, and wetlands), ED, LPI of forest were 
used to analyze landscape diversity, fragmentation, 
and dominance in the study area, respectively.

Of the impact of urban areas on PAs: population 
density of 5 km around the PA, road network density 
of 1 km around the PA, and the distance between the 
protected and urbanized areas.

Of the human well-being near PAs: GDP, mortal-
ity rate (negative value), and employment rate are 
used to represent three SDG targets: no poverty (SDG 
1), good health and well-being (SDG 3), decent work 
and economic growth (SDG 8).

Method of standardization and correlation analysis

This study employed the min–max normalization 
method to transform the evaluation results of vari-
ous indicators with different scales into a standard 
scale. Min–max normalization helps eliminate the 

Fig. 3  Spatial position of 
protected areas
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inconvenience caused by different scales in data anal-
ysis and ensures comparability among the data, which 
is widely used in sustainability assessment studies.

Pearson’s correlation coefficients were calculated 
to assess the relationships between landscape sustain-
ability and the 12 indicators from the four categories.

“p” of Pearson’s Correlation coefficients means 
significance level. The p-value ranges from 0 to 1. 
Where p-value less than 0.05, indicates a significant 
correlation between the two calculated indicators, 
rendering the r-value meaningful.

“r” of Pearson’s Correlation coefficients means 
correlation coefficient.The r-value ranges from −  1 
to 1, with positive values denoting a positive corre-
lation and negative values representing a negative 
correlation. Different studies used different correla-
tion classification, referring to the classification and 
application of existing studies (Zhang et  al. 2023), 
the classification in this study as follow: An r-value 
more than 0.7 suggests a robust correlation, while 
0.4 < r < 0.7 indicates a strong correlation. Addition-
ally, 0.2 < r < 0.4 signifies a moderate correlation, 

whereas an r-value less than 0.2 implies a minor to no 
discernible relationship.

Results

Results of PA-LS

Evaluation results of ecological functions change 
of PAs

The ecological functions of PAs experienced changes 
between 2000 and 2019 (Fig.  5a), with an increase 
observed in 31 PAs (81.57% of the total) and a 
decrease observed in 7 PAs (18.43%). PAs with eco-
logical functions consisted of 11nature reserves, 14 
forest parks, four geo-parks, and two wetland parks. 
PAs with ecological functions  diminished included 
two nature reserves, four forest parks, and one geo-
park. The detailed evaluation results of the ecological 
functions of the PAs can be found in Schedule 2 of 
the Online Appendix.

Fig. 4  The framework for the evaluation of PA-LS and identification of its correlation factors
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Evaluation results of socioeconomic functions change 
of PAs

The socioeconomic functions of protected areas expe-
rienced changes between 2000 and 2019 (Fig.  5b), 
with an increase observed in 37 PAs (97.37% of the 
total) and a decrease observed in one PA (2.63%). The 
PAs with socioeconomic functions increase consisted 
of 13 nature reserves, 17 forest parks, five geo-parks, 
and two wetland park. In addition, there is one forest 
park with a slightly diminished socioeconomic func-
tion. The detailed evaluation results of the socioeco-
nomic functions of the PAs can be found in Schedule 
3 of the Online Appendix.

Evaluation results of landscape services change 
of PAs

The landscape services in PAs experienced changes 
between 2000 and 2019, with an increase observed in 
37 PAs (97.37% of the total) and a decrease in one 
PAs (2.63%), which is a forest park. The detailed 
evaluation results of the landscape service functions 
of the protected areas can be found in Schedule 4 of 
Online Appendix.

Evaluation results of PA‑LS

The result of the landscape sustainability evaluation 
of Beijing’s PAs were obtained by evaluating changes 
in ecological functions, socioeconomic functions, and 
overall landscape services from 2000 to 2019. Thirty 
PAs were strongly sustainable (78.95% of the total), 
eight were weakly sustainable (21.05% of the total), 
and none unsustainable, as illustrated in Fig.  6. The 

detailed evaluation results of PA-LS can be found in 
Schedule 5 of Online Appendix.

Among the eight weakly sustainable PAs, seven 
experienced a decline in ecological functions, and an 
increase in socioeconomic functions and one experi-
enced a decline in socioeconomic functions and an 
increase in ecological functions.

Among the 30 strongly sustainable PAs, 17 exhib-
ited a relatively high degree of fluctuation (56.67% of 
the total strongly sustainable PAs). Six of the eight 
weakly sustainable PAs showed notable fluctuations 
(75% of the total weakly sustainable PAs).

Results of correlation analysis

Correlation between PA‑LS and fundamental 
characteristics of PAs

The fundamental characteristics of PAs encompass 
their category area, spatial distribution, and clas-
sification (see Fig.  2 for detailed information). The 
evaluation outcomes regarding the PA-LS with funda-
mental characteristics are presented in Table 3.

Concerning the PA category, among the 13 nature 
reserves, 11 were strongly sustainable, and two were 
weakly sustainable. Among the 18 forest parks, 13 
were strongly sustainable, and five were weakly 
sustainable. Among the five geo-parks, four were 
strongly sustainable, and one was weakly sustainable. 
Both of the 2 wetland parks were strongly sustainable.

Concerning the PA area, among four PA less than 
1000 hectares. two were strongly sustainable, and two 
were weakly sustainable. Among 19 PAs of ranging 
from 1000 to 10,000 hectares. 15 were strongly sus-
tainable, and four were weakly sustainable, among 15 

Table 2  The criteria of strong sustainability, weak sustainability, and unsustainable

“ + ” means increase, and “−” means decrease

PA-LS Total landscape services Ecological functions Socioeconomic functions

Strong sustainability  +  +  + 
Weak sustainability  +  + − 

 + −   + 
unsustainability −   + − 

−  −   + 
−  −  − 
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Fig. 5  Change of ecological functions, socioeconomic functions, and landscape services of PAs
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Fig. 6  Landscape sustain-
ability of PAs

Table 3  PAs fundamental characteristics and PA-LS

PAs fundamental 
characteristics

Total Strong sustainability Weak sustainability Unsustainability

Category
 NR 13 11 2 0
 FP 18 13 5 0
 GP 5 4 1 0
 WP 2 2 0 0

Area (ha)
  < 1000 4 2 2 0
 1000–10000 19 15 4 0

  > 10,000 15 13 2 0
Classification
 National 18 15 3 0
 Municipal 15 10 5 0
 District 5 5 0 0

Spatial position the 
distance from the 
urban center (km)

 Zone 1 2 2 0 0
 Zone 2 19 14 5 0
 Zone 3 12 9 3 0
 Zone 4 5 5 0 0
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PAs exceeding 10,000 hectares, 13 were strongly sus-
tainable, and two others were weak sustainability.

Concerning the PA classification, among the 18 
national PAs, 15 were strongly sustainable, and three 
were weakly sustainable. Among the 15 munici-
pal PAs, 10 were strongly sustainable, and five were 
weakly sustainable. All five district-level   PAs were 
strongly sustainable.

Concerning the PA spatial position, two PAs 
in Zone 1 are strongly sustainable. Of the 19 PAs 
in Zone 2, 14 were strongly sustainable, five were 
weakly sustainable. Of the 12 PAs in Zone 3, nine 
were strongly sustainable and three were weakly sus-
tainable. Strong sustainability was observed among 
the five PAs in Zone 4.

By comparing the indicators of the fundamental 
characteristics of PAs with that of PA-LS, a signifi-
cant negative correlation was observed between two 
indicators and PA-LS (distance from urban center and 
spatial position). Of these, the first factor  is the more 
obvious (r = − 0.383, p < 0.05). However, no signifi-
cant correlations were observed between the other 
three indicators and PA-LS, they are category, clas-
sification, and area of the PAs (Table 4).

Similarly, the spatial position of PAs was asso-
ciated with alterations in ecological functions 
(r = 0.432, p < 0.01), and also was associated with 
alterations in socioeconomic functions (r = −  0.528, 
p < 0.01), whereas the other three indicators did not 
exhibit a correlation with changes in ecological, or 
socioeconomic functions.

Correlation between PA‑LS and landscape patterns 
of PAs

Three indicators of PAs landscape pattern were 
selected for correlation analysis with PA-LS, namely 
SHDI, ED, and LPI. SHDI quantifies landscape 
diversity (including forests, shrubs, grasslands, water 

bodies, and wetlands), ED is to quantifies landscape 
fragmentation, and LPI of forest quantifies landscape 
dominance. The evaluation outcomes regarding the 
PA-LS with landscape pattern index are presented in 
Table 5.

As illustrated in Fig.  7a, the correlation between 
the change of SHDI and PA-LS is not simply linear 
or causal. The stability of SHDI may be conducive to 
PA-LS. An increase in the change of SHDI may have 
both positive and negative effects on PA-LS. As illus-
trated in Fig. 7b excluding some specific data points, 
PA-LS exhibited two trends (increase and decrease) 
with the enhance of the change of ED.As illustrated 
in Fig. 7c, the change of LPI did not exhibit an evi-
dent linear relationship with PA-LS. Most highly sus-
tainable PAs are located in the range of − 2.25 ~ 2.31 
(Table 6). 

Upon comparing the indicators change of PA 
landscape patterns with those of PA-LS, no straight-
forward linear or causal correlation was observed. 
Specifically, the variation in the ED representing 
landscape fragmentation was negatively correlated 
with the changes of ecosystem functions within the 
PA-LS (r = −  0.395, p < 0.05). The change of LPI 
reflecting the dominant patch type, was significantly 
positively correlated with changes in ecosystem ser-
vices (r = 0.478, p < 0.01) and negatively correlated 
with socioeconomic services (r = −  0.349, p < 0.05). 
SHDI represented landscape diversity and showd no 
correlation with PA-LS, ecosystem services, or socio-
economic services.

Correlation between PA‑LS and the impact of urban 
areas onPAs

Three indicators—distance from the urban center, 
population density of 5 km around PAs, and road net-
work density of 1 km around PAs—were selected in 
this study for correlation analysis with PA-LS. The 

Table 4  Correlation result of PA-LS and fundamental characteristics of protected areas

PAs Fundamental characteristics PA-LS Landscape 
services 

Ecological 
functions 

Socioeconomic 
functions 

Categories -0.134 -0.193 0.279 -0.239 
Distance from urban center -0.383* -0.458** 0.432** -0.528** 

Area (ha) -0.146 -0.229 0.137 -0.25 

Classification -0.177 -0.118 -0.279 -0.069 

Spatial position -0.330* -0.408* 0.391* -0.471** 

*p < 0.05 **p < 0.01
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distance from the urban center is used to evaluate the 
indirect impact on PAs from the urban areas, other 
two indicators were used to evaluate the direct impact 
on PAs from the urban areas. The evaluation out-
comes regarding the PA-LS with the impact of urban 
areas on PAs in Table 7.

As illustrated in Fig.  8a, the PA-LS trend ini-
tially decreased as the distance from the urban center 
increased, reaching a nadir at a specific threshold. 
Subsequently, the trend reverses slightly, exhibit-
ing a slight increase as the distance from the urban 
center continues to enhance. As illustrated in 
Fig.  8b, most weak sustainability PAs are located 
in the region with the smallest population den-
sity growth (−  0.05 ~ 0.05), and the most strongly 
sustainable protected areas are also located in this 
area(−  0.05 ~ 0.05). At the same time, two strong 
sustainability PAs located in the range with a large 
increase in population density(0.34 ~ 0.89). The data 
presented in Fig.  8(c) indicate a positive correlation 
between the change in road network density and the 
increase of in PA-LS (Table 8). 

After comparing the change of urban impact indi-
cators with PA-LS, two indicators was observed sig-
nificant correlations between PA-LS as follows: the 
distance to the urban center, road network density 
within a 1 km buffer of the PAs. Specifically, a nega-
tive correlation was observed between PA-LS and the 

distance to the urban center (r = −  0.383, p < 0.05), 
while a positive correlation existed between PA-LS 
and the road network density of 1  km around PAs 
(r = 0.433, p < 0.01).

Correlation between PA‑LS and human well‑being 
around 5 km of PAs

SDG 1 (no poverty), SDG 3 (good health and well-
being), and SDG 8(decent work and economic 
growth) were selected in this study for correlation 
analysis with PA-LS. SDG 1 is quantified by the GDP 
of the 5 km buffer of PAs. SDG 3 is quantified by the 
negative mortality rate (negative value) of the 5 km 
region of PAs. SDG 8 is quantified by the employ-
ment rate of the 5 km buffer of PAs (Table 9).

As illustrated in the Fig. 9a, PA-LS increased with 
an increase in SDG1. As illustrated in the Fig. 9b, the 
PA-LS indicator did not exhibit a discernible correla-
tion with SDG3, moreover, the strongly and weakly 
sustainable PAs were relatively evenly distributed 
across the three intervals. As illustrated in the Fig. 9c, 
the PA-LS indicator did not exhibit a discernible cor-
relation with SDG8, however, the four most strongly 
sustainable PAs were distributed primarily in the 
first and third zones, while the remaining ones were 
mainly concentrated in the first zone (− 0.01 to 0.02) 
and second zone (0.02–0.11). 

Table 5  PAs landscape 
pattern index and PA-LS

PAs landscape patterns index Total Strong sustainability Weak sus-
tainability

Unsustain-
ability

SHDI (the change of 2000–2019)
 − 0.21 ~ -0.05 28 21 7 0
 − 0.05 ~ 0.09 7 7 0 0
 0.09 ~ 0.32 3 2 1 0

ED (the change of 2000–2019)
 − 21.60 ~ -6.42 13 12 1 0
 − 6.42 ~ 15.39 23 16 7 0
 15.39 ~ 40.78 2 2 0 0

LPI (the change of 2000–2019)
 − 8.15 ~ -2.25 5 3 2 0
 − 2.25 ~ 2.31 23 17 6 0
 2.31 ~ 9.11 10 10 0 0
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By comparing the indicators  change of human 
well-being around PAs with PA-LS, it was observed 
the indicators that had significant correlation between 
PA-LS as follows: SDG 1 (no poverty) (r = 0.495, 
p < 0.01), SDG 8 (r = 0.723, p < 0.01). Whereas that 
had no correlation between PA-LS and  SDG 3. By 
comparing the changes in human well being and eco-
logical function around PAs, it is evident that these 
three indicators are not correlated with changes 
in ecological function. By examining the changes 
of human well-being and socioeconomic func-
tions around PAs, positive correlation was observed 
between SDG1  and  socioeconomic functions 
(r = 0.519, p < 0.01), SDG8 and socioeconomic func-
tions (r = 0.743, p  <  0.01). Whereas no correlation 
existed between SDG3 with socioeconomic functions 
(Table 10).

Correlation of all the factors and PA‑LS

The following conclusion is derived through the anal-
ysis of the correlation between the 12 indicators of 
four categories and PA-LS:

Three indicators positively correlate with PA-LS, 
namely the density of the road network within a 1 km 
buffer of the PAs, and the economic income and 
employment rate within a 5  km buffer of the PAs. 
Conversely, one indicator—the distance between 
PAs and urban centers were negatively correlated 
with PA-LS. Other indicators were unrelated to 
PA-LS, they are area, category classification, SHDI, 
ED, LPI of PAs, population density and residents’ 
health within a 5 km buffer of the PAs.

The fundamental characteristics and landscape pat-
terns of PAs are intrinsic to PAs; among them, the 
spatial position is the most crucial factor related to 
PA-LS. Category, classification, and area of PAs and 
the three selected landscape pattern indices  had no 
straightforward linear correlation with PA-LS. How-
ever, these indicators are associated with changes in 
ecological functions  or socioeconomic functions. 

These indicators  may have correlation with PA-LS 
under certain conditions of spatial position.

Urban areas and the PAs mutually influence and 
promote each other, as evidenced by the correlation 
analysis result. This intricate relationship is reflected 
in the correlation analysis. The “urban impact”, specif-
ically the distance from the urban center and road net-
work density, positively correlate with PA-LS, indicat-
ing that they do not simply negatively influence PAs. 
Therefore,  further studies are required to understand 
the mechanisms and causality between them (Joppa 
and Pfaff 2009). GDP and employment rate around 
PAs were strongly correlated with PA-LS and socioec-
onomic functions, suggesting that they primarily pro-
mote PA-LS by improving socioeconomic functions. 
Changes in population density and mortality (negative 
value) around PAs were found to be uncorrelated with 
PA-LS, ecological functions, or socioeconomic func-
tions; therefore, further consideration should be given 
to refining or replacing this indicator.

Discussion

The spatial position has a significant effect on PA-LS, 
and based on the spatial position, the area, and 
classification may show an effect on PA-LS

Four indicators of the fundamental characteristics 
of PAs, namely categories,  area, classification, spa-
tial position, and three indicators of landscape pat-
tern—SHDI, ED, and LPI—were chosen to describe 
the state of PAs, and to conduct a correlation analysis 
with PA-LS. Among these seven indicators, this study 
revealed a significant correlation between spatial 
position and PA-LS.

The spatial position of the PAs were categorized 
into four zones (as presented in Fig. 3). We calculated 
the proportions of strongly and weakly sustainable 
PAs in each zone, and investigated the characteristics 
and trends of PAs within each zone.

The two PAs in Zone 1 are the closest to built-
up areas, yet they continue to exhibit simultaneous 
growth in ecological and socioeconomic functions, 

Fig. 7  The relationship between PA-LS and the change of 
landscape pattern index

◂
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demonstrating strong sustainability (the detailed 
information can be found in Fig. 1 in Online Appen-
dix). There is evidence that urban areas both have 
negative and positive effects on PAs (West et  al. 
2006; De Leon and Kim 2017), which may be respon-
sible for this. It is possible to achieve the simultane-
ous growth of ecological and socioeconomic func-
tions through reasonable coordination (Heagney et al. 
2015), therefore, the conservation and management 
methods, and the coordination mode between the 
conservation and development of strongly sustainable 
PAs, require further investigation.

The classification of PAs could explain the phe-
nomenon, that Zone 1 PAs with strong sustainability 

despite their proximity to urban centers. As national 
level PA, adequate funding, effective management 
mechanisms, and widespread public recognition are 
typically better guaranteed (James 1999; Santangeli 
et al. 2023).

The 19 PAs in Zone 2 consist of 14 PAs of strong 
sustainability and five of weak sustainability (detailed 
information can be found in Fig.  2 in the Online 
Appendix). A comparative analysis was conducted 
to examine the relationship between the PA-LS and 
three indicators: area, classification, and distance 

Table 6  Correlation of PA-LS and landscape patterns of protected areas

* p < 0.05 ** p < 0.01

Indicators PA-LS
Landscape 

services

Ecological 

functions
Socioeconomic functions

SHDI

(landscape level for forest, shurb, 

grassland, water body and wetland)

-0.082 -0.04 -0.123 -0.019

ED index (landscape level) 0.136 0.211 -0.395* 0.276

LPI (forest) -0.166 -0.27 0.478** -0.349*

Table 7  The impact of urban areas on PAs and PA-LS

The impact of urban 
areas on PAs

Total Strong sustainability Weak sustainability Unsustainability

The distance from the 
urban center

 22.62 ~ 56.50 10 8 2 0
 56.50 ~ 95.20 17 11 6 0
 95.20 ~ 142.48 11 11 0 0

Population density 
of 5km around 
PAs (the change of 
2000–2019)

 − 0.05 ~ 0.05 17 12 5 0
 0.05 ~ 0.34 19 16 3 0
 0.34 ~ 0.89 2 2 0 0

Road network density 
of 1 km around 
PAs (the change of 
2000–2019)

 0 ~ 0.25 14 11 3 0
 0.25 ~ 0.68 19 15 4 0
 0.68 ~ 1.71 5 4 1 0

Fig. 8  The relationship between PA-LS and the change of the 
impact of urban areas on PAs

◂
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from the urban center. These findings indicate that 
larger PAs are more likely to exhibit strong sustain-
ability, whereas smaller PAs may demonstrate weak 
sustainability or even a higher degree of strong sus-
tainability. We conjectured that small PAs might be 
comparatively easier to management because of their 
sensitive response to management effectiveness and 
external influences (Armsworth et  al. 2011), it may 
resulting in a polarized situation. However, larger PAs 
could potentially possess greater resilience (Cantú-
Salazar and Gaston 2010), leading to a state of strong 
sustainability.

The combined analysis of Zones 3 and 4 compris-
ing17 PAs, revealed no discernible characteristics 
(detailed information can be found in Fig. 3 in appen-
dix). However, the area of PAs exhibited three distinct 
groups with increasing PA-LS values, suggesting a 
potential nonlinear influence on PA-LS. Furthermore, 
in Zone 3, no significant correlation was observed 
between the distance of PAs from urban centers and 
PA-LS, which is consistent with the findings in Zones 
1 and 2. Conversely, in Zone 4, a significant increase 
was observed in PA-LS for PAs located farther away 
from the urban centers. The reason may be that the 
impact of urban areas on PAs diminishes when they 
are located further away from urban environments 
(McDonald et al. 2009).

According to the results of correlation analysis, 
"spatial position" among the four fundamental char-
acteristics of PAs appears to be the primary factor 
influencing PA-LS. This is likely determined by the 
distance from the city center and the regional func-
tionality in Beijing. The overall findings of the cor-
relation analysis indicated no significant relationship 
between PA-LS with three indicators- catagory, area, 
and classification. However, upon analyzing each 
zone individually, it was observed that both area and 
classification influenced  PA-LS. Larger PAs inher-
ently possess greater stability and mostly fall under 
strong sustainability (Di Minin and Toivonen 2015). 
Conversely, smaller PAs exhibit weaker stability, 
relying on effective conservation management and 
external support (Baldwin and Fouch 2018), there-
fore, their sustainability may be very different: weak 
sustainability, or strong sustainability.

The relationship between landscape patterns and 
PA-LS is not simply linear, necessitating further 
discussion to fully understand their intricate 
connection

Many studies have extensively examined the influ-
ence of landscape pattern indices on ecosystem ser-
vices (Sun et  al. 2021; Liu et  al. 2023). This study, 
used the SHDI, ED, and LPI to investigate the rela-
tionship between changes in landscape patterns and 
PA-LS. However, no linear correlation was observed 
(Table 6). Nevertheless, ED exhibited a negative cor-
relation with ecological function change, whereas the 
LPI (forest) exhibited a positive correlation with eco-
logical function but a negative correlation with socio-
economic functions. These findings suggest that the 
degree of landscape fragmentation and dominant land 
use type (forest land) are associated with changes 
in ecological functions within PAs; however, these 
associations are not reflected in the PA-LS changes. 
Therefore, it is necessary to prioritize protecting 
of large forested areas (Ameztegui et  al. 2021) to 
enhance PA-LS while also considering the surround-
ing social and economic functions.

The interactions between urban areas and PAs can 
be categorized into two types: influencing and 
promoting

The study initially distinguishes between two cat-
egories of city-related indicators: the impact of urban 
areas on PA and the human well-being of the 5  km 
region surrounding PAs.

The impact of the urban areas on PAs. After 
conducting correlation analysis, we discovered that 
the variable initially assumed to represent “the urban 
impact on PAs” positively correlated with PA-LS. For 
instance, road network density within the 1 km buffer 
zone positively correlated with PA-LS. Whereas 
population density within the 5  km buffer zone did 
not correlate significantly with PA-LS. Moreover, 
distance from the city center negatively correlates 
with PA-LS,   that means,  closer proximity to the 
city is associated with a higher PA-LS intensity. The 
observed correlation between road network density 
and PA-LS can be attributed to socioeconomic ser-
vice functions. In contrast, population density did 
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not correlate with changes in ecological or socioeco-
nomic functions. This discrepancy may arise because 
of  accuracy of spatial data or  population distribution 
particularity  in big cities. Densification and outward 
expansion of urban areas are the two primary features 
of urban development (Cao et al. 2023), more analy-
sis and research can be carried out according to these 
two characteristics.

The human well-being of the 5 km region sur-
rounding PAs. Two indicators (GDP and employ-
ment rate near PAs) were positively correlated with 
PA-LS, indicating a mutually reinforcing relation-
ship between the socioeconomic development levels 

surrounding these areas and PA-LS. Further investi-
gation is required to understand the intricate interplay 
between these two indicators. In very earlier studies, 
urbanization and human activity were perceived as 
environment  detrimental, leading to conservation 
planning to establish larger PAs to exclude human 
impacts. Nevertheless, owing to urban expansion 
and land scarcity, this binary opposition approach 
has resulted in a significant conflict between protec-
tion and development in land-use practices. We need 
to consider natural and human systems together (Wu 
and Hobbs 2002). This study selected indicators rep-
resenting the external forces exerted by cities and 

Table 8  Correlation of PA-LS and the impact of urban on protected areas

Indicators Correlation 
factors PA-LS Landscape 

services
Ecological 
functions

Socioeconomic 
functions

Distance from the urban center
Indirect 

effect
-0.383* -0.458** 0.432** -0.528**

Population density of 5km 

around PAs 

Direct 

impact
0.157 0.13 -0.03 0.133

road network density of 1km 

around PAs 

Direct 

impact
0.433** 0.452** -0.087 0.462**

* p < 0.05 ** p < 0.01

Table 9  Human well-being around 5 km of protected areas and PA-LS

Human well-being 
around 5 km of pro-
tected areas

Total Strong sustainability Weak sustainability Unsustainability

SDG 1 (no poverty)
 − 0.05 ~ 0.05 33 26 7 0
 0.05 ~ 0.34 3 2 1 0
 0.34 ~ 1.88 2 2 0 0

SDG 3 (good health 
and well-being)

  <− 3.08- 4 3 1 0
 3.08 ~ 0.71 17 15 2 0
 0.71 ~ 3.54 17 12 5 0

SDG 8 (decent work 
and economic 
growth)

 − 0.01 ~ 0.02 18 13 5 0
 0.02 ~ 0.11 18 15 3 0
 0.11 ~ 0.23 2 2 0 0
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welfare derived from urban environments, aiming to 
analyze their relationship with PAs through PA-LS 
analysis. The connection between cities and PAs is 
complex, with both entities significantly influenc-
ing each other,just analogous with intricate interplay 
between natural ecosystems and socio-economic sys-
tems (Iniesta-Arandia 2014). Therefore, it is crucial 
to conduct further research on the mechanisms, and 
effects of these relationships in both urban areas and 
PAs.

Limitations and future research direction

While we organized our best knowledge in this 
research, there are still  certain limitations. First, the 
indicators, used to quantify social and  economic 
function and human well-being were calculated based 
on a limited subset of socioeconomic data. To address 
this limitation, we collected district-scale visitor data 
and used the human footprint index to spatially dis-
tribute visitors across each district. However, specific 
data points cannot be allocated more precisely in 
space. For instance, district-scale data is employed to 
measure the mortality (negative) for “SDG3 health” 
and the employment rate for “SDG8 calculating job 
opportunities,” which may potentially impact result 
accuracy. Some scholars have proposed alternative 
indicators. For example, Naidoo et al. (2019) utilized 
adolescent height as a proxy for regional residents’ 
health status. Future studies should explore and dis-
cuss additional socioeconomic indicators.

Secondly, this study did not include scenic and his-
toric areas within the scope of its study objective. In 
subsequent studies, “overlapping” can be considered 
as a fundamental characteristic of PAs, to compre-
hensively examine the characteristics of Beijing’s PA 
system.

Conclusions

Concerning cognition, this study established a PA-LS 
evaluation framework to enhance the understanding 
of the role of PAs, developed an analytical frame-
work to identify the correlation factors of PA-LS, 
and deepened the comprehension of the operational 
mechanisms underlying PAs. Regarding application, 
this study enriches the method of landscape sustain-
ability evaluation and identifies the correlation factors 
of PA-LS. We utilize Beijing’s PAs as a case study, 
to evaluate the PA-LS of 38 PAs in the last 20 years 
to provide empirical support for the conservation and 
management of PAs in Beijing, while offering valu-
able insights into the conservation and management 
of PAs in similar large cities.

The results of the PA-LS revealed that, 30 PAs 
were strongly sustainable (78.95% of the total) and 
eight were weakly sustainable (21.05% of the total).

The results of the correlation analysis revealed 
several factors that were positively correlated with 
PA-LS, including the density of the road network 
within a 1  km buffer of the PAs, and the economic 
income and employment rate within a 5 km buffer of 
the PAs. Conversely, one factor   was negatively cor-
related with PA-LS, it is  the distance between PAs 
and urban centers. Other factors, such as category, 
area, classification, SHDI (ecological land), ED, LPI 
(forest) of PAs, and population density, and residents’ 
health  within a 5  km buffer of the PAs, were unre-
lated to PA-LS.

Based on the evaluation results of PA-LS and the 
findings from the correlation analysis, we examined 
how the fundamental characteristics and landscape 
patterns of PAs influenced PA-LS and the interac-
tion between urban areas and PAs. Our study sug-
gests that spatial position is a crucial factor affecting 
PA-LS, and under the same spatial position, the area 
and classification  of PAs have an effect on PA-LS. 
Although landscape patterns are related to changes 

Fig. 9  The relationship between PA-LS and the change of 
human well-being around 5 km of PAs

◂

Table 10  Correlation of PA-LS and human well-being around 5 km of protected areas

Correlation factors PA-LS Landscape services Ecological functions Socioeconomic functions
No poverty (SDG 1) 0.495** 0.523** -0.013 0.519**

Good health (SDG 3) -0.217 -0.279 0.06 -0.286

Decent work and 

economic growth 

(SGD8)

0.723** 0.747** -0.023 0.743**

* p < 0.05 ** p < 0.01
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in ecological function, their direct impact on PA-LS 
remains unclear and requires further investigation. In 
addition, there is a need for further research on the 
reciprocal relationship between urban areas and PAs.
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