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Abstract
Background: Physical activity diversity (PAD) is an essential indicator to present the vitality of health city,
and how to improve PAD from the built environment perspective is a key issue for healthy urban planning
and design, especially in high-density cities;

Methods: This study selected Shenzhen, China as a representative case, combined the diversity of PA
participants, types and occurrence times for the comprehensive understanding of PAD, fully used multiple
source data for the measurement and statistical analysis of PAD and built environments, to discover the
relationships between the built environment and PAD, and to explore the different effects in clustered and
sprawled high-density urban forms;

Results: PAD was unevenly distributed in Shenzhen, higher in the clustered areas and lower in the
sprawled ares and the effects of the built environment on PAD were signi�cantly different between two
kinds of areas;

Conclusions: the built environment supports PAD by progressive effects, in which accessibility is the
necessary and funda-mental condition to activate individual PAs, inclusiveness is su�ciently supports
the coaction of various kind of PAs to consolidate PAD, and landscape attractiveness furtherly
aggregates more PAs to achieve higher PAD. To create accessible, inclusive, and attractive built
environments are crucial ways to improve the vitality of healthy city development in high-density cities.

1. Introduction
With humanity entering “the post-medicine era”, researchers in the �eld of urban planning have begun to
refocus their attention on public health issues [1-3]. Exploring planning and design strategies that
effectively support and stimulate physical activity (PA) has become increasingly popular. However, most
of the existing research focuses on the supporting role of the built environment on individual PA and
ignores PA diversity (PAD) as an integrative characteristic to present health vitality. Urban scholars have
actually been paying attention to diversity for a long time. Jocobs believed that the diversity of a city is
one of its essential attributes, and the lack of diversity would reduce or sti�e intergroup contact and
caused social and ethnic divisions [4]. Thompson proposed that an urban public space’s core contribution
in the 21st century should be to show the diversity of individuals and cultures [5]. Scholars generally
believe that diversity is a necessary guarantee for the system to maintain its functions and processes [6].
Similarly, PAD is an important indicator of sustainable healthy behaviors and social vitality and exploring
the supporting role of the built environment for PAD should be an important topic for healthy city studies.

Diversity refers to the abundance of things. In the �eld of ecology, diversity has multi-dimensional
connotations such as genetics, species, and ecosystems. It is a general term for multi-level and multiple
life forms in biological systems. The connotation of diversity is quite rich and should be de�ned in
various dimensions based on the re-search object. PA is a kind of human activity that uses muscles to
generate energy consumption. It contains dimensions such as the activity groups, types, and processes.
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When discussing various kinds of PA, current research mainly focuses on the multiple classes and ethnic
groups from a social equity perspective [7], or multiple types such as walking and cycling [8]. These
studies all mention PA’s heterogeneous characteristics but have not yet measured PA from a more
integrated perspective of diversity. To de-scribe PAD, comprehensive measurements should be carried out
by integrating a variety of PA’s key characteristics.

In the existing research on the correlation between the built environment and PA, the types of PA mainly
include walking, jogging, and cycling [9], and activity groups include gender, age, race, and others.
Reviews of relevant research found that there were many common and different impacts of the built
environment on different PA types and groups. First of all, accessibility has been commonly believed to
support all kinds of PA [10, 11], in which accessibility to service facilities and public transit positively
supports walking and jogging [12-14], and the density of pedestrians and inter-sections can promote the
presence of PA [15,16], and inspire multiple social classes’ PA [17]. Secondly, the utilitarian aspects of the
built environment such as mixed land use and population density have also been proved to positively
support PA, not only to improve the frequency of individual PA and urban vitality [18-20], but also to
provide an even amount of activity places for diverse PA participants [21-24]. Further, studies have shown
that built environments also promote gatherings for PA by providing inclusive places and increasing
sports facilities [25-28]. Meanwhile, the landscape attractiveness of the built environment, such as places
with many scenic spots and a high amount of green coverage, can continuously attract more kinds of PA
effectively [26, 29].

To sum up, accessibility is a common feature of the built environment that sup-ports almost all kinds of
PA, and the utility of the built environment provide greater possibilities for PAs' occurrence. The
inclusiveness of the place serves for co-action of multiple PAs, and the landscape could attract various
people and activities. To achieve PAD, the accessibility and utility of the built environment should be the
necessary conditions to basically support individual PA, and inclusion and landscape attractive-ness
might be the su�cient conditions to gather various kinds of PA.

In Asia, rapid economic development, large populations, and scarce land create many high-density cities.
However, contrary to mainstream research results from Western countries to which advocate the health
bene�ts of density, Asian cities have not achieved better public health outcomes. In the past 30 years, PA
in Asia has been declining linearly [30], far below the world average level. Some studies also have found
that lower residential density is likely to promote PA in China [31, 32]. Therefore, the consensus of
European and American scholars may not be suitable for Asian high-density cities [33], and the
discussion of high-density cities should be rooted in their local socio-economic and urban form
characteristics, with critical use of Western research results.

Shenzhen was selected for this study as a representative high-density metropolis case in Asia.
Volunteered Geographic Information (VGI) of PA and multi-source big data were used to de�ne and
measure the PAD and the built environment. The study aimed to explore the association between the built
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environment and PAD in a high-density city and to propose urban planning strategies to support PAD for
the inclusive and sustained well-being of citizens.

2. Methods
2.1 Study area

Shenzhen is located in the Pearl River Delta region of southern China, close to Hong Kong. It was the �rst
city to open up city as part of China’s reform policy and is one of the core cities in the Guangdong-Hong
Kong-Macao Greater Bay Area. Statistics from 2017 show that Shenzhen has an administrative area of
1997.27 km2, including 975.5 km2 for construction, with a service population of 20 million people. It is the
city with the smallest area and largest population among all metropolises in China.

Shenzhen was established as a city in 1980, starting from the Shenzhen Special Economic Zone (SEZ)
which was around 327.5 km2, and commonly referred to as “the Inside Shenzhen”. The SEZ has carried
out top-down urban construction as part of the overall urban planning, forming a sparse and orderly
banded-cluster structure. Each cluster has mixed land-use and, street networks and is bordered by natural
elements such as rivers and mountains. Meanwhile, regarding “the Outside Shenzhen” around SEZ, the
remaining land, covering more than 1,600 km2, was built up following a dis-ordered bottom-up way, with
rapid urban sprawl along external tra�c corridors. Due to the lack of planning management early on,
street networks and public services are relatively poorer than those in SEZ. As a result, two distinct urban
forms have been shaped: clustered and sprawled. As shows in Figure 1, these two kind of urban forms
provided two typical high-density built environment samples for this research.

2.2 Research design

Based on the comprehensive understanding of diversity, this research de�ned PAD as an integrated
characteristic of PA's richness in terms of PA participants, PA type, and PA occurrence time. We
hypothesized that, the built environment supports PAD by four progressive steps, as shows in Figure 2:
accessibility for people to do PA, a utilitarian environment to improve the possibilities of PA, inclusiveness
to support the co-action of various PAs, and landscape attractiveness to gather various PAs. At the same
time, we hypothesized that the effects of the built environment to support PAD were different between
clustered and sprawled high-density urban forms.

2.3 Data resources

2.3.1 PA data

In this study, the PA data were collected from Codoon, one of China's most popular self-tracking
applications. With Codoon, people can track PA information (including the type of activity, time, speed,
duration, routes, etc.), and upload, share, and compare their workouts on social network platforms, which
forms a natural VGI data pool. Considering that PA mostly occurred in April and July, 4-day data from
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April and 4-day data from July 2015 were selected for this study, including two workdays and two
weekends. Routes which started or �nished in residential areas were chosen, to identify the social class
of PA participants by housing price. There were 735 data, including 194 walking, 486 jogging, and 55
cycling data.

2.3.2 Built environment data

The built environment data included the following: the Shenzhen Land-Use Sur-vey (2014), in which land
was classi�ed to nine types (residential land, commercial land, government, and institutional land,
industrial land, warehouse land, street land, infrastructure land, parklands, and other lands), street
network from the Open Street Map, including �ve types (motorway, primary, secondary, branch, and
others); bus stop data from Baidu Map Point of Interest (2012); greenway networks from the Shenzhen
Greenway Map (2013); sports facilities and scenic spots from the Scott Map (2016); and house prices
from Home Link, which is one of the most popular real estate transaction platforms in China.

2.4 Measurements

2.4.1 Measurements Unit

In order to measure the characteristics of PA diversity and the impact of the built environment on it, a
500m2 grid [31] was used to present the characteristics of the PA diversity and to explore the in�uence of
the built environment on it [34, 35]. By using the Fishnet Tool in ArcGIS, land in Shenzhen was divided into
grids, and those without PA were excluded, which left 2049 grids.

2.4.2 Dependent variable

Based on the integrative de�nition, PAD was measured as the sum of PA participant diversity (PAPD), PA
type diversity (PATD), and PA occurrence time diversity (PAOD). An entropy index was used as a
calculation tool for diversity [36], which varied between 0 and 1 (0 for maximum specialization, 1 for
maximum diversi�cation). PAPD was de�ned as the mixture of participants of lower-income, low-income,
middle-income, and high-income classes [37]; PATD was the richness of different activities including
walking, jogging, and cycling; PAOD was used to measure the diverse occurrence times from morning to
night. The measures of PAD are shown in Table 1.

Table 1. Measures of PAD.
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2.4.3 Independent variables

According to the hypothesis, built environment were measured from four aspects: accessibility, utility,
inclusiveness and landscape attractiveness. Accessibility contained street network density [15-17, 25],
bus stop station density [12], and service facility density [13, 14], which can represent the accessibility of
potential destinations in a city. Utility contained population density [22, 38, 39], the proportion of
commercial land [40], and the land use mixture [24-26, 41], which can directly re�ect the utility of a built
environment. Inclusiveness contained greenway network density [23] and sport facility density [41], which
were built to support diverse PAs. Landscape attractiveness contained green land ratio [29] and scenic
spot density [4, 42]. Indicators and measures are shown in Table 2.

Table 2. The Variables and measures of built environment.
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Character Variable Measure

Accessibility Street
network
density

The total length of street per unit area

Bus station
density

Number of bus stops per unit area

Service
facility
density

Number of service facilities per unit area

Utility Population
density

The ratio of residential building area to total building area per unit
area

The
proportion of
commercial
land

The ratio of commercial land to total land per unit area

Land use
mixture

An entropy index was used to calculate the land-use mixture, which
varied between 0 and 1 (0 for maximum specialization, 1 for
maximum diversi�cation)

Inclusiveness Greenway
network
density

Length of greenway network per unit area

Sport facility
density

Number of sport facilities per unit area

Landscape
attractiveness

Green space
ratio

The proportion of green space per unit area

Scenic spot
density

Number of scenic spots per unit area

2.4.4 Dependent variable

Considering that PA is affected by seasons and holidays, two control variables were selected: air
temperature (1 for 28 ℃ and below, 0 for above 28℃), and weekend or not (1 for weekend, 0 for
weekday) [43]. PA data obtained from the Internet did not contain individual attributes, so personal
factors are not discussed in this paper.

2.5 Data merging and statistical analysis

The PA and built environment data were overlaid in ArcGIS 10 with the Shenzhen local coordinate system
to form the database. SPSS was used for statistical and regression analyses to establish multivariate
linear regression models to explore the association between PAD and the built environment. Three models
were built up for overall, clustered and sprawled urban area separately (Table 3). Collinearity diagnostics



Page 8/23

among the independent and control variables were performed before modeling, and the result showed no
strong associations among the variables (VIF <10).

Table 3. Regression models and the hypothesized effect.

  Model
1

Overall

Model 2

Clustered
area

Model 3

Sprawled
area

Dependent variables PAD

Regression models Multivariate linear regression
model

Number of units 2049

Hypothesized effect  

Independent
variables

Accessibility Street network density Positive Positive Positive

Bus station density Positive Positive Positive

Service facility density Positive Positive Positive

Utility Population density Positive Positive Positive

The proportion of
commercial land

Positive Positive Positive

Land use mixture Positive Positive Positive

Inclusiveness Greenway network
density

Positive Positive Positive

Sports facility density Positive Positive Positive

Landscape
attractiveness

Green space ratio Positive Positive Positive

Scenic spot density Positive Positive Positive

Control
variables

Temprature≤28 Positive Positive Positive

Weekend Positive Positive Positive

3. Results
3.1 Descriptive characteristics

3.1.1 PAD and the distribution

Among the 2049 spatial units, the mean value of PAD was 0.25, which indicates low diversity all over
Shenzhen. Comparing PAD in clustered and sprawled areas, we found the PAs in clustered areas were 2
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times more diverse than those in sprawled ones. Figure 3 shows that PAD is unevenly distributed in
Shenzhen. The most diverse PAs are widely spread and have line-like aggregation in clustered areas
along seasides and rivers, within big parks and downtown. In the sprawled area, there are fewer units with
diverse PAs and they show spot-like aggregation in the downtown area.

Table 4. The description of PAD.

  PAD

Overall Mean Maximum Minimum Standard Deviation

Clustered area 0.2497 0.9000 0.0000 0.2683

Sprawled area 0.3892 0.9000 0.0000 0.2780

Overall 0.1624 0.8400 0.0000 0.2212

3.1.2 The characteristics of the built environment

Statistical analysis shows the similarities and differences of the built environment in clustered and
sprawled areas. As shows in Table 5, both areas have a similar population and land use mixture, and
because of the strict ecological control system and top-down overall greenway network constructions, the
density of green resources and greenways are at the same level. The clustered area is more accessible
and has much richer public facilities and scenic spots than the sprawled area. In the clustered area, each
cluster is net-work-organized with complete facilities to form a self-su�cient unit, and clusters are divided
by rivers, hills and green belts to maintain many scenic spots. In the sprawled area, construction lands
have been quickly expanded and there is a lack of overall transportation and facility planning, which has
resulted in poor accessibility and in-su�cient facilities.

Table 5. The description of PAD.
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      Overall Clustered
area

Sprawled
area

Indicators Accessibility Street network density 8.484 12.220 6.141

Bus station density 54.330 69.389 44.901

Service facility density 32.015 39.849 27.110

Utility Population density 0.071 0.066 0.073

The proportion of
commercial land

0.033 0.045 0.026

Land use mixture 0.454 0.468 0.446

Inclusiveness Greenway network density 1.729 1.784 1.695

Sports facility density 8.562 12.068 6.367

Landscape
attractiveness

Green space ratio 0.208 0.206 0.209

Scenic spot density 2.308 4.313 1.053

3.2 Statistical modelling results

Three multivariate linear regression models were developed separately for over-all, clustered, and
sprawled areas to explain and compare the relations between the built environment and PAD. The
adjusted R squared presents the goodness of �t in the three models.

Table 6 shows the different results among the three models. In model 1, accessibility, inclusiveness and
landscape attractiveness were all positively related with PAD, and utility partly had negative effects.
Comparing the results of models 2 and 3, the accessibility and utility of the built environment were
closely associated with PAD in the sprawled area, and slightly affected PAD in the clustered area. While
inclusiveness and landscape attractiveness positively related with PAD in the clustered area, they
contributed little to diversity in the sprawled area. In detail, PAD in the clustered area was positively
associated with green space ratio, greenway network density, sports facility density, and scenic spot
density, and was negatively associated with land use mixture. PAD in the sprawled area was positively
associated with street network density, bus station density, service facility density, and greenway network
density, and was negatively associated with population density, and the proportion of commercial land.

Table 6. Regression models and results.
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Regression model Model 1

Overall

Model 2

Clustered area

Model 3

Sprawled area

B Sig. B Sig. B Sig.

Independent
variables

Accessibility Street
network
density

0.007 0.000 0.002 0.203 0.007 0.000

Bus station
density

0.000 0.002 0.000 0.126 0.000 0.024

Service
facility
density

0.001 0.000 0.000 0.272 0.001 0.000

Utility Population
density

-0.204 0.014 -0.111 0.430 -0.230 0.018

The
proportion
of
commercial
land

-0.099 0.192 0.030 0.759 -0.384 0.001

Land use
mixture

-0.057 0.087 -0.165 0.002 0.038 0.318

Inclusiveness Greenway
network
density

0.017 0.000 0.038 0.000 0.008 0.043

sports
facility
density

0.001 0.002 0.002 0.001 0.000 0.916

Landscape
Attractiveness

Green
space ratio

0.068 0.004 0.079 0.043 0.020 0.462

Scenic spot
density

0.002 0.000 0.001 0.012 0.002 0.273

  Weekend 0.141 0.000 0.213 0.000 0.083 0.000

  Spring 0.142 0.000 0.158 0.000 0.119 0.000

Constant -0.023 0.236 0.056 0.112 -0.028 0.191

Adjusted R square 0.372 0.366 0.296

Table 7. Regression models and results.
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  Clustered area Sprawled area

Street
network
density

Bus station
density

Service
facility
density

Street
network
density

Bus station
density

Service
facility
density

High
PAD

12.97 75.80 41.47 10.57 73.64 47.02

Low
PAD

11.69 64.80 38.69 5.51 40.78 24.26

4. Discussion
4.1 Statistical modelling results

The results shows that the accessibility of the built environment is positively associated with PAD in the
overall and sprawled areas, which indicates the signi�cance of street network density, bus stop density,
and service facility density for supporting di-verse and vital physical activities. However, this relationship
was not signi�cant in the clustered area. Is accessibility not important in clustered areas?

As shown in Table 4, the accessibility of the built environment in the clustered area is much higher than
that of the sprawled area. Taking 0.5 as the dividing point, the PAD was divided into high and low parts,
and the accessibility indicators were counted and compared respectively in two kinds of areas (Table 7).
In the clustered area, there was no signi�cant gap of accessibility between high PAD and low PAD, and
the accessibility with low PAD was almost at the same level as ones with high PAD in the sprawled area.
However, the gap of accessibility was large between high PAD and low PAD in the sprawled area. This is
because of the generally high accessibility, so there were no signi�cant relations between accessibility
and PAD in the clustered area, which indicates that the built environment had met the necessary
conditions of accessibility to activate various physical activities.

4.2 The negative effects of utility on PAD

The results show that the utility of the built environment is negatively correlated with PAD, in which land-
use mixture reduced PAD in the clustered area, and population density and the proportion of commercial
land had negative effects on PAD in the sprawled area. Preliminary research has shown that commercial
services could enhance individual travel and induce individual PA [44]. However, dense and mixed-use
built environments are often located downtown, where it is di�cult to provide enough space to gather for
various PAs. Meanwhile, the fast-food industry had permeated the business world in recent years, and
has probably been rejected by PA groups, whose main goal is to improve their health. Up to now, dense
and mixed-use blocks have failed to attract various PAs to achieve healthy vitality.

4.3 The co-action effects of inclusiveness on PAs
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In both clustered and sprawled areas, greenway network density was found to play a signi�cant role in
promoting PAD. A greenway is a linear public space that facilitates citizens to get close to natural
resources such as rivers, lakes, and mountains [45], and it is generally designed for popular PAs such as
walking, jogging and cycling [46].

Since 2010, a total of 2448 km of greenways has been built, forming a large and homogeneous greenway
network all over Shenzhen (Figure 4), which provides,  al-most the same opportunities to attract various
PAs in both clustered and sprawled areas, and achieves co-action effects to support diverse PAs.

In addition, sports facility density was found to promote PAD in the clustered area, while it had no effect
in the sprawled area. As a professional public service for PAs, sports facilities are undoubtedly capable of
attracting diverse PAs. Limited by the weak planning and backward stage of development in the sprawled
area, sports facilities are in short supply, thus failing to promote PAD.

4.4 The aggregation effects of landscape attractiveness on PAD

In models 1 and 2, the green space ratio and scenic spot density were positively correlated with the PAD.
Overlapping the green lands, scenic spots and PAD (Figure 5), it is clear that places with rich green and
scenic spots correspond to high PAD, which shows the clear aggregation effects on diverse PAs. Unlike
greenways and sports facilities, which functionally support various PAs, places with good landscapes
provide rich visual and mental experiences, so they have become popular destinations that can aggregate
diverse PAs. In the sprawled area, green lands are as rich as those in the clustered area, but because of
the marginal distribution and poor accessibility, they are hard to reaches and use. Meanwhile, the sparse
scenic spots of the built environment result in weak attractiveness, thus failing to gather diverse PAs.

4.5 The progressive effects of the built environment on PAD

Based on the above discussion, the progressive effects of the built environment emerge to support PAD
(Figure 6). Accessibility is the fundamental and necessary condition to provide possibilities for people to
go outside and, then to activate various PAs. Then, inclusive playgrounds such as greenways and sports
facilities can functionally support the co-action of various PAs to improve the diversity. Afterwards, the
good landscape of the built environment furtherly triggers rich activity experiences to strengthen the
aggregation of various PAs, thus resulting in higher PAD. The three built environment characteristics are
superimposed, in which the former is a necessary condition for the latter, and the latter is a su�cient
condition for the former, to build up a progressive mechanism to support PAD.

4.6 Advantages of clustered area for promoting healthy and vital urban life in high-density cities

An accessible, inclusive and attractive built environment is important to improve PAD and promote the
vitality of a healthy city. However, in high density cities, crowded and expanded urban constructions
easily results in poor accessibility, scarce public space, and less attractive landscape. Compared with
sprawled area, clustered areas have signi�cant advantages for supporting PAD, since the clustered
structure successfully controls the scale of urban construction by natural and historical re-sources, which
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then provides su�cient accessible and attractive public space and landscapes to promote various PAs. In
high-density cities, maintaining the balance between dense urban construction and landscape
reservation, and building up an accessible and inclusive public space system such as a greenway
network are crucial for promoting healthy and vital urban life.

4.7 Limitations

This study fully utilized big data from multiple sources, including traditional statistics, PA VGI and open
source data such as POIs and house prices. Because it is di�cult to guarantee the same acquisition time
of multi-source data, the combined analysis of data might lead to errors, and affect the accuracy of the
results. Meanwhile, data providers of PA VGI are probably young and modern people; accordingly, the
description and measure of PAs may not be generalized. Further, due to data defects of PA VGI, the
individual characteristics of physical activity participants could not be included in the models, resulting in
the insu�cient explanatory ability of the study.

Conclusion
PAD is an important concept for presenting healthy and vital urban life, and how to improve PAD from a
built environment perspective is a key issue for healthy urban planning and design, especially in high-
density cities. This study combined the diversity of PA participants, types and occurrence times for the
comprehensive under-standing and measurement of PAD; discovered progressive relationships between
the built environment and PAD; and explored the different effects in different kind of high density urban
forms.

As the study has shown, PAD was found to unevenly distribute in Shenzhen, higher in the clustered area
and lower in the sprawled area. Based on the results and the above discussion, we conclude that the built
environment supports PAD by progressive effects, in which accessibility is the necessary and
fundamental condition to activate individual PAs, inclusiveness su�ciently supports the coaction of
various PAs to consolidate PAD, and landscape attractiveness further aggregates more PAs to achieve
higher PAD. Three characteristics are interrelated, in which the former is a necessary condition for the
latter, and the latter is a su�cient condition for the former. Because of the progressive effects of the built
environment on PAD, the clustered area showed signi�cant advantages in supporting diversity since the
clustered urban form structurally maintains the balance between dense urban construction and
landscape reservation, with an accessible and inclusive public space system.

PAD is the comprehensive embodiment of the vitality of a healthy city. To pro-mote health-oriented urban
planning and development in high density cities, clustered urban structures should be advocated, and
step-forward strategies should be carried out: �rst, to promote the overall accessibility of the built
environment to activate PA; second, to build up an inclusive public space system for the coaction of
various PAs; further, to improve the attractiveness of landscapes to aggregate PAs for higher diversity. To
sum up, creating an accessible, inclusive, and attractive built environment is a crucial way to improve the
vitality of healthy city development in high-density cities.
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Figure 1

Schematic diagram of Shenzhen second-line custom. Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 2

Research framework.
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Figure 3

Spatial distribution of PAD. Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.
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Figure 4

Spatial distribution of sports facility density. Note: The designations employed and the presentation of
the material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 5

Spatial distribution of scenic spots. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 6
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The progressive mechanism of built environment on supporting PAD.
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