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Abstract

Contact with UGS (urban green spaces) is a critical element for urban quality of life and
an essential aspect of environmental justice, so all citizens should be able to access UGS
regardless of their social and economic condition. In this regard, several studies have
shown a positive correlation between UGS justice with socio-economic status in differ-
ent contexts. In recent decades, Tehran has also experienced much wider socio-economic
inequalities, reflected in its spatial configuration. Therefore, this study explored the pos-
sible correlation between the UGS supply and accessibility in the 22 Tehran municipal
districts and their socio-economic development level. For this purpose, UGS supply (per
capita) and accessibility (areas within 800 m walking distance to UGS) indicators are used
to assess the UGS justice in Tehran. The research data are drawn from official spatial and
statistical data, analysed using ArcGIS. This quantitative data are converted into map lay-
ers to shape a basis for UGS assessment indicators in conjunction with socio-economic
status. The findings show an unbalanced distribution of UGS in Tehran. However, the areas
with highest socio-economic status are at an optimum level of UGS justice in relation to all
22 districts, but no direct correlation confirms the same results for areas with lower socio-
economic status.
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1 Introduction

As an essential part of urban ecosystem services, UGSs (urban green spaces) are increas-
ingly acknowledged for their contribution to positive health behaviours, improved health
outcomes (Ma et al., 2019; Miiller et al., 2018; Remme et al., 2021; Sharifi et al., 2021;
White et al., 2017), and promoting a reasonable nature-based solution to many urban
challenges (Comber et al., 2008; Goodarzi et al., 2020; La Rosa, 2014; Soltanifard &
Jafari, 2019). However, in many cities, including Tehran, these UGSs, such as parks,
public gardens, greenways, are heterogeneously distributed over the city. This means
that the services they provide to improve residents’ well-being that allow them to be
exposed to nature are unfairly distributed throughout the city.

In this respect, many studies have stated a correlation between the UGS distribu-
tion and socio-economic status in different areas within a city (Astell-Burt et al., 2014;
Schiile et al., 2017; Wen et al., 2013). These previous research has applied various UGS
indicators to understand whether socio-economic inequalities or unbalanced devel-
opment levels of a city’s different areas can affect UGS justice (Boulton et al., 2018;
Browning & Lee, 2017; Jennings et al., 2012; Kabisch et al., 2017). They show that
UGS justice assessments on a global scale need more comprehensive frameworks,
which also comprise the effect of hidden and seemingly unrelated indicators such as the
average income or the concentration of ethnic minorities in different areas of a city on
equitable access to UGS. The results from the earlier studies also highlight the necessity
to look beyond general standards, such as UGS per capita, that might mislead policy-
making decisions (Boulton et al., 2018; Geneletti et al., 2020; Kabisch & Haase, 2013;
Mears et al., 2020).

Despite the fact that Tehran has become a socio-economically polarised city, where
urban services and amenities have been distributed unfairly in its 22 municipal districts,
most studies on UGS justice have continued to evaluate the quantitative indicators.
Hence, the impact of the social and economic disparities on UGS supply and its distri-
bution still remains a neglected topic in this context (Breuste & Rahimi, 2015).

Therefore, this study set out to assess the correlation between the spatial distribution
of UGS and the level of socio-economic development in 22 municipal districts of Teh-
ran. The purpose of this research is to highlight whether the distribution of UGS in Teh-
ran is just or has been affected by the prevailing socio-economic inequalities. Regard-
ing, the specific questions which drive the research are:

e Does UGS per capita index in each district (which in this study includes green
squares, urban parks, and other urban green spaces except the middle lane, roadside,
and sidewalks) reflect a fair quantitative distribution of UGS in Tehran?

e How accessible are UGSs for these different municipal districts’ residents based on a
typically suitable walking distance that equals 800 m?

e s there a correlation between UGS distribution in terms of per capita, accessibility,
and socio-economic inequalities in Tehran’s urban districts?

According to an extensive literature review, two main UGS indicators are selected based
on the study’s scope and focus: UGS supply (per capita) and UGS accessibility (areas
within 800 m or 10 min walking distance). The socio-economic development level of Teh-
ran districts is adopted from the study conducted by Sadeghi and Zanjari (2017) that pro-
vides an overview of the socio-economic inequalities in 22 Tehran’s municipal districts.
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GIS-based analysis of the city’s districts and UGS shapefiles were used to calculate
UGS supply and accessibility. Statistical analysis was then performed on the quantitative
data extracted from the spatial analysis. To conclude, the final evaluations were carried out
based on average and optimum UGS justice conditions within the districts to better under-
stand the possible correlation between UGS distribution and socio-economic development
level in Tehran, with a critical analysis of the applied indicators.

1.1 Literature review

As rapid urbanisation has changed human settlements into cities, far away from the natural
environment, the need to contact nature has become a challenge for urban policymakers
and planners. Access to UGS has been shown to contribute to human physical and mental
well-being (Miiller et al., 2018; White et al., 2017), providing ecosystem services such as
climate regulation, capturing pollutants, or flood regulation (Geneletti et al., 2020), also
promoting community integration, neighbours interactions, and delivering a favourable
place for health, relaxation, and nature contemplation (Houlden et al., 2019; Ma et al.,
2019). In general, UGS is considered public good that allows free access to all citizens
and provides pockets of nature for all residents, including urban parks, squares, median
strips, roadsides, sidewalks, etc. (De la Barrera et al., 2016). Given the importance of UGS,
unequal access to them is considered an issue of environmental justice (Wolch et al., 2014),
which in this case can be understood as the equal distribution of green infrastructure with-
out discrimination within a city (de Sousa Silva et al., 2018).

There have been different approaches to evaluate green space justice in urban areas,
mainly utilising GIS tools and examining quantitative, qualitative, and accessibility indi-
cators (Boulton et al., 2018; De la Barrera et al., 2016; Kabisch & Haase, 2014; La Rosa,
2014). In Tempa, Florida, USA, an equity study on the spatial distribution of street trees as
an urban amenity was conducted by Landry and Chakraborty (2009). The suburbs’ socio-
economic status is classified by race, ethnicity, income, and housing tenure, and the analy-
sis of the urban amenity is undertaken by assessing the heterogeneity of urban land use,
quantification of parcel-specific tree cover, and regression models. The outcome shows a
lower proportion of tree cover in neighbourhoods where African-Americans, lower-income
residents, and lower owner-occupation housing are dominant. Research on UGS distribu-
tion patterns and socio-economic status in Mumbai, India, integrates remote sensing-based
UGS analysis with urban areas’ socio-economic profiles. The results show that areas with
higher socio-economic status have greater access to UGS than the areas with lower socio-
economic status, while there was no significant difference in the quantity of UGS in areas
with a different range of socio-economic status (Sathyakumar et al., 2019). Another com-
prehensive study in the Metropolitan area of San Diego, Chile, examines UGS in three
contrasting urban municipalities with the same political and economic system. The results
show that due to the semi-arid climate, the maintenance costs of UGS are high, and the
municipalities with lower income have difficulties in providing sufficient UGS in impov-
erished areas. At the same time, the high building density in these areas leaves a small
proportion of land for planting (De la Barrera et al., 2016).

In a national study in the USA, Powell et al. (2004) used outdoor observational data on
community-level, physical activity-related settings, coupled with census data, to examine
green space provision concerning race and household income. Findings suggest that areas
with higher poverty rates were significantly associated with reduced availability of green
spaces, parks, and public sports areas, while in areas with a higher household income, a
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greater frequency of such amenities is witnessed. As Higgs (2012) suggests, ethnic minor-
ity neighbourhoods, such as those with predominantly African-American populations,
were also associated with fewer green spaces, parks, and sports areas.

These studies represent various utilisation of indicators, definitions of UGS, and differ-
ent methodologies. However, influenced by different factors, studies have shown a positive
correlation between citizens’ socio-economic status and UGS justice in both developed and
developing countries. A common point inferred from these studies is that the quantitative
indicators, especially the amount of UGS per inhabitant, do not provide comprehensive
information for effective decision-making (De la Barrera et al., 2016). Therefore, addi-
tional indicators like accessibility have been widely used to examine access to green spaces
in urban areas, often in the context with broader notions of environmental justice (Higgs
et al., 2012).

In conclusion, to conduct a reliable assessment of UGS justice, certain indicators must
be examined. These indicators can be classified into three types: UGS quantity, the quality,
and accessibility to them; so, the main indicators for UGS justice that allow recognising
inequalities in different urban contexts can be categorised in the same way (De la Barrera
et al., 2016; Wood et al., 2017). Based on the research questions and the last updated and
accessible official data of the case study, Tehran, the following indicators are identified as
references for this study:

1.1.1 The indicator associated with the quantity of UGS

The most widely used quantitative indicator to assess green spaces is the ratio of the
total area to the total population (mz/inhabitant) (Boulton et al., 2018; Browning & Lee,
2017; De la Barrera et al., 2016; Kabisch & Haase, 2013; Kabisch et al., 2017; Taylor
et al., 2011). However, the quantitative indicator for evaluating UGS justice is not enough
because it does not indicate the UGS’s fair distribution, accessibility, or services (La Rosa,
2014; Yao et al., 2014). The UGS per capita index can be helpful for planners as a starting
point or with limited data available, easily measured on GIS, that provides an overview of
green infrastructure availability (Kabisch & Haase, 2013).

1.1.2 The indicator associated with the accessibility to UGS

The other indicator to analyse UGS justice is assessing UGS accessibility based on walking
distance, which relates to the spatial distribution of UGS throughout the urban area and is
measured through a variety of GIS-based methodologies. This indicator can be combined
with social surveys, which leads to a better understanding of the accessibility of residents
and existing territorial inequalities (Higgs et al., 2012). It also can influence the frequent
use of UGS among its users (De la Barrera et al., 2016). Hence, all the residential areas
must have accessible and approachable UGS at various hierarchical levels to enhance urban
quality of life (Higgs et al., 2012).

1.2 Methodology

The approach presented in this paper offers a generic method to evaluate the differences in
the quantity and accessibility of UGS in conjunction with the socio-economic profiles of
Tehran’s municipal districts. Figure 1 shows an overview of research methods and data col-
lection, followed by an explanation of why these methods were chosen.
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1- Identification of socio-economic profile of
Tehran districts - adopted from Sadeghi and 2- Evaluation of UGS justice in Tehran
Zanjari (2017)

Evaluation ir\Pdicato rs Evaluation ir‘ﬂd icators
! ! ' !
Predominantly Socially- Predominantly Economy- Indicator associated with the Indicator associated with
based indicators oriented indicators quantity of UGS the accessibility to UGS

Method : TOPSIS and EFA analysis Method : Spatial and statistical data analysis using ArcMap

| l l

Socio-economic development levels of the 22

PRSI TEhER Total UGS area and UGS per Areas within and out of access

capitain each district to UGS within walkable distance

Sadeghi and Zanjari (2017)

Fig. 1 Research methodology flowchart

The research procedure includes two major steps: L. identifying each urban districts’
socio-economic development level. II. Evaluating UGS justice through calculating and
analysing the spatial distribution of UGS in each urban district.

In the first step, the socio-economic profile of the city’s districts is adopted from an
existing study by Sadeghi and Zanjari (2017) since it represented the most relevant and
updated information needed for the purpose of this research. The study investigates the
extent and patterns of spatial inequality using the socio-economic index in 22 districts
of Tehran. Indeed, a multi-criteria decision-making method is used to assess the socio-
economic development level of districts, based on 16 socio-economic-oriented indica-
tors (Sadeghi & Zanjari, 2017), as presented in Table 1.

Secondly, a spatial analysis using ArcMap is conducted on the city’s shapefiles. The
dataset, including all UGS areas, from linear sidewalk UGSs to forest parks and the
city’s districts was acquired from Tehran municipality. Indeed, the geographic data
include the city’s municipal districts and green spaces, produced by Iran National Car-
tographic Center in 2011. The map layers are made using spot satellite images and pre-
sented as 1:25,000 maps within the National Topographic Database. It is important to
note that for improving the data accuracy, the geometric enhancement procedure was
conducted in creating shapefiles (www.ncc.gov.ir). Then, to assess the quantity and dis-
tribution of UGS in each district, ArcMap tools are utilised to intersect the municipality
district shapefile with the Tehran UGS shapefile. The UGS per capita is calculated in
metres for each district, using the statistical population data (Municipality of Tehran,
2017).
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Table 1 Evaluated socio-economic indicators in Tehran districts. Source: (Sadeghi & Zanjari, 2017)

Predominantly socially-based indicators Predominantly economy-oriented indicators

The ratio of university graduates to the total popula- The ratio of employees with high-ranking jobs
tion

Percentage of women with university education Average monthly rent per residential square metre

Percentage of men with university education Average selling price per square metre of residential
land

Internet usage rate Average property price per residential square metre

Elderly literacy level Car ownership ration

The ratio of households with computers Adult literacy level

The ratio of households’ access to public services Women’s economic participation ratio

House ownership ration
Housing quality

Previous studies on UGS accessibility usually focus on two standard GIS methodologies
(1) by buffering around UGS and integrating demographic characteristics within buffered
areas, or (ii) by using network analysis to take into account actual routes with assumed
walking speeds (Comber et al., 2008; De la Barrera et al., 2016; Gupta et al., 2016; Kabisch
et al., 2017; La Rosa, 2014). Often the results of these analyses are integrated with non-
spatial factors to investigate whether distributions are equitable (Higgs et al., 2012). As this
research focuses on the metropolitan scale, covering all districts, the buffer zone method
is used since including all pedestrian routes in such an analysis would require a broader
study that is beyond the scope of this analysis. In this regard, to determine the appropri-
ate distance in the buffer analysis method, the appropriate walking distance is the most
commonly used metric, based on previous studies. (Carmen et al., 2020; EI-Geneidy et al.,
2010; Kabisch et al., 2017; Shuvo et al., 2020). The 10-min walking radius for reaching the
basic amenities of the neighbourhood unit, such as green spaces, is a useful rule of thumb,
and planners typically use it as the time people are willing to spend to walk to a destination
(Langdon, 2017; Layton, 2014). Therefore, we used an 800-m distance, which corresponds
to 10 min of walking at an average pace to access UGS within Tehran municipal districts.
In this respect, a buffer zone surrounds 800 m around each UGS to indicate the UGS ser-
vice area. The out of service areas are also identified by eliminating the service area buffer
zones from the districts’ total area. Finally, the quantitative data are extracted from this
stage and statistically analysed to evaluate the correlation between the three indicators.

1.3 Case study and evaluation

Tehran is the home to around 8.7 million people of diverse ethnicities and social classes.
It consists of 22 municipal districts and covers 730 km? with a population density of 74
Inhabitants per hectare (StatisticalCenteroflran., 2016). This city is known for its omni-
present tension between "deep-seated tradition and wild modernity" (Madanipour, 2006).
Tehran is socio-spatially divided into two completely opposite socio-economic poles, Bala
Shahr and Paeen Shahr; so, groups of different income levels live separately. Bala Shahr
(High City), located in the city’s far north, includes the most affluent neighbourhoods. The
middle to southern areas in Tehran, called Paeen Shahr (Low City), mainly include low-
price properties. These neighbourhoods are home to the poor, new rural migrants, and the
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lower strata of working people (Madanipour, 2006). Besides the physical and environmen-
tal advantages such as better water supplies, green spaces, and defensive and visual domi-
nance over the city, Bala Shahr has also been associated with socio-cultural preferences
(Bagheri, 2013). Thus, one of Tehran’s critical features is its regional and spatial inequal-
ity, which in this study, the effect of these disparities on the fair distribution of green space
is assessed.

1.4 ldentification of socio-economic profile of Tehran districts

The extent and patterns of spatial inequalities based on the socio-economic index in the
Tehran urban districts are extracted from an existing study by Sadeghi and Zanjari (2017).
Results indicate that the highest degree of development belongs to district 3, and the low-
est belongs to district 17. Using cluster analysis, the 22 districts of Tehran are classified
into five categories in terms of socio-economic development levels, represented in Fig. 2.
"Developed areas" ranked the highest in terms of socio-economic profile, and the "under-
developed area" ranked the lowest.

1.5 Evaluation of UGS justice indicators in Tehran

In the second step, the spatial evaluation of UGS justice in Tehran is conducted. The assess-
ment includes two indicators regarding the supply and the accessibility to UGS in Tehran.
The urban green spaces are selected based on public use, including green squares, urban
parks, and other UGS areas except for median strips, roadsides, and sidewalks. In this cat-
egory, according to the official definitions in Iran, urban parks comprise neighbourhood

Legend
Urban green space
I Developed area
[ ] Relatively developed area
|| Moderate developed area N

7] Less developed area 0 2 4 s 12
[ ] Underdeveloped area - 1Kilometers A

Fig.2 Development levels of Tehran municipal districts. Source: Sadeghi and zanjari (2017)
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parks, local parks, parks on the scale of an urban area, and parks on a metropolitan scale
(Taghizadeh & Yahyavi, 2017).

1.6 Indicators associated with the quantity of UGS

The total UGS area is calculated separately for each urban district using the city’s UGS and
districts boundaries shapefiles. To indicate UGS per capita, the sum of UGS in each district
is divided by the total population, as shown in Fig. 3 (Municipality of Tehran, 2017). As a
result, the UGS per capita is calculated and illustrated in Fig. 4.

1.7 Indicators associated with the accessibility of UGS

In this step, the buffer tool in ArcMap was applied on Tehran’s UGS shapefile to create
buffer zones based on Table 2; the accessible UGS spots within 10 min of walking distance
are identified and illustrated in Fig. 5.

Results from the GIS analysis show that there are significant out of green space service
areas in western and southern Tehran, despite the existence of large-scale parks. As shown
in Figs. 4 and 5, the distribution of small-scale green spaces in the city’s eastern half leaves
fewer areas out of 800 m of walking distance.

By eliminating areas within the buffer zone from the district’s shapefile, areas outside
the UGS service are identified. These areas are not accessible within 10 min walking dis-
tance. In Fig. 6, levels of development and out of UGS service areas are overlapped.

Legend
Districts' population
I Less than 200000

200000 - 300000
| | 300000 - 500000 | oA\
| 50000 - 700000 SR
I 700000 - 919001

0 2 4 8 12

I urvan green spaces -_—— ) Kilometers A

N

Fig. 3 Population of Tehran municipal districts. Source: (Municipality of Tehran, 2017)
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Legend

@ Green space per inhabitant by sq. meters

Urban green space
I Developed area
—| Relatively developed area
| Moderate developed area
[ Less developed area i B & s 5 A
| Underdeveloped area -—— 1Kilometers

N

Fig.4 Levels of development and GS per inhabitant in each district. Source: Authors

Table 2 Buffering criterion.

Walki ibilit Ti Walking dis-
Source: (El-Geneidy et al., 2010) atking accessibiity 1me atang c1s

tance/Buffer
diameter

Good Within 5 min 400 m
appropriate Within 10 min 800 m

poor Over 10 min All the areas
out of the
above buffer
zones

2 Results and discussion

This section evaluates the correlation between UGS justice indicators and socio-economic
inequalities in 22 municipal districts of Tehran based on findings from the previous step.
Table 3 represents the quantitative data derived from GIS analysis on UGS justice indica-
tors, as well as their socio-economic development levels.

Due to the heterogeneity of quantitative data obtained from both UGS indicators, the
median for UGS per capita (quantity) and areas outside UGS service coverage per cent
(accessibility) is used for analysis. The reason for choosing the median as a reference
is to compare different districts is because of the same geographical and political con-
text, which are managed by a similar urban management model and observe their devia-
tion from an average and an optimum condition. Indeed, by separating the data by the
upper half from the lower half, this approach shows a relative division of these districts’
conditions to the optimal and weak conditions, clarifying the deficiencies in both UGS
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Walking distance access to urban green spaces
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Fig.6 Levels of development and out of UGS service areas in each district. Source: Authors
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indicators individually. Using median rather than mean results in a much more accurate
understanding of the inequality in the distribution of green spaces and access to them in
different municipal districts since abnormalities will not skew the data.

The median of UGS per capita is 4.5 m?; therefore, districts 7, 8, 9, 10, 11, 12, 13,
14, and 17 have a lower per capita than the median. Excluding district 7, all these areas
are within the two lowest socio-economic development level categories. However, the
number of underdeveloped districts, including 15, 16, 18, and 19, with higher than
median per capita is also significant. On the other hand, except for district 7, all districts
in the two highest socio-economic development level categories have equal to or higher
than median UGS per capita. These findings show that districts with higher socio-eco-
nomic status in Tehran benefit more from UGS provision, which is consistent with find-
ings in some cases (De la Barrera et al., 2016; Landry & Chakraborty, 2009; Powell
et al., 2004), but does not indicate a direct relationship, as suggested by Landry and
Chakraborty (2009) since underdeveloped districts in Tehran also have relatively high
per capita.

The median for the area outside UGS service coverage is 0.5%, and almost half of
the districts have higher than the median value, meaning lower accessibility to UGS.
Moreover, four districts are in critical condition: 19, 21, 18, and 9, that over ten per cent
of their total area lacks accessibility to UGS. On the other hand, the "developed district"
has significantly better access to UGS. For instance, districts 3 and 6 have lower than
the median, district 2 equals the median, and district 1 is slightly higher than the median
ratio, which means good access to UGS. However, no correlation can be found in other
categories. Therefore, the higher socio-economic status does not directly relate to bet-
ter accessibility to UGS in Tehran, but the four areas with the highest socio-economic
development level have better access to UGS. These findings are consistent with Sath-
yakumar et al. (2019) findings in Mumbai that shows better UGS accessibility in areas
with higher socio-economic status.
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Fig. 7 UGS accessibility and provision for Tehran districts logarithmic scale
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As represented in Fig. 7, five districts have the optimum UGS provision and acces-
sibility conditions: 2, 3, 6, 15, 16, and 20. They have a higher per capita area and lower
out of UGS service coverage ratio. Districts 2, 3, and 6 belong to the "developed,"
districts 15 and 16 belong to the "underdeveloped,” and district 20 is a "moderately"
developed area. Therefore, the UGS justice indicators combination shows no direct
relationship with the urban districts’ socio-economic status in Tehran. This means
that while some districts have above-median UGS per capita, the distribution of green
space is not fair, and the percentage of area out of the UGS services is high.

3 Conclusion

This research studies the UGS justice and its correlation with the socio-economic sta-
tus of the 22 municipal districts in Tehran. For this purpose, the socio-economic level
of municipal districts was adopted from an existing study (Sadeghi & Zanjari, 2017),
and two main indicators for UGS, including the quantity of and the accessibility to
UGS, were applied to assess the UGS justice in the 22 districts. The UGS supply is
evaluated by the UGS per capita index in each district, and accessibility is assessed
based on 10 min walking distance, equal to 800 m. Spatial analysis was conducted
within Tehran municipal districts and UGS map layers, and statistical analysis was
conducted on the quantitative data extracted from the spatial analysis.

The results show that the UGS provision in Tehran is unbalanced and varies signifi-
cantly among districts, as the wide range of per capita area suggests. Furthermore, the
poor accessibility to the existing UGS areas also negatively influenced UGS justice,
especially in the southern districts.

As the only significant correlation found in this study, in the four areas with the
highest socio-economic development level, both indicators, the UGS accessibility and
supply, are shown to be almost at an optimum level. Therefore, it can be concluded that
the most affluent districts benefit the most from UGS advantages in Tehran; however,
the opposite correlation is not valid. As also noted by Breuste and Rahimi (2015), the
sharp inequality in UGS justice in the areas with the highest socio-economic status and
other areas is a common phenomenon in Iranian cities, and the current research con-
firms the existing deficiencies in terms of UGS justice in Tehran.

Overall, these results indicate that UGS distribution in the whole city is unbalanced
without any essential link between the UGS supply and the socio-economic status of
Tehran’s districts. As a noteworthy result of this research, it is shown that the high
UGS per capita is not a reliable indicator for UGS justice evaluation because it does
not capture details about the actual distribution of UGS across the city or different
urban administrative units, as poor access to UGS would be a barrier for citizens to
benefit from them. Therefore, a large-scale green space in an area that increases per
capita might mislead decision-makers about the UGS policy. Indeed, a metropolitan
area like Tehran needs to have large-scale UGS areas, but it is also necessary to pro-
vide all citizens with easily accessible small-scale UGS spots within their living envi-
ronment. Furthermore, the results suggest that the distribution of smaller scale UGS
spots within a metropolitan area can significantly improve UGS justice by increasing
per capita number and accessibility.
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4 Suggestions for future studies

In addition to evaluated indicators in this paper, it is recommended to include a set of
qualitative indicators like vegetation types, morphology, and services provided by green
spaces in urban districts to better understand green space justice. Furthermore, the
method used in this research can be helpful as a primary framework for measuring UGS
justice indicators and other socio-economic criteria for future studies that help plan-
ners prioritise green space development and identify the requirements to enhance UGS
justice. Also, applying the same method on a smaller scale, with more accurate data,
indicators and analysis methods, especially for the accessibility status, can help achieve
a better spatial analysis by considering existing access networks.
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