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1  Introduction

In today’s cities, public decision-making is rife with con-
flict, and the resolution of disagreements is rarely explicitly 
based on the ideals of justice [1]. In this setting, public space 
has drawn more focus in urban research, policy, and public 
discourse as a facilitator of urban justice, both as a theo-
retical concept and a practical concern of urban design [2]. 
Space, which is the geographical or physical component, and 
social justice, are connected in a way called spatial justice. 
Therefore, in order to comprehend social inequities and the 
regulation policies to lessen or eradicate them, it is vital 
to evaluate the interplay between space and society. As a 
result, it can be viewed as both a process and an output. The 
development of the idea of social justice centers on this [3, 
4]. Spatial justice entails the fair and equal distribution of 
space and chances to use them in socially important areas 
[4]. Philippopoulos–Mihalopoulos defined spatial justice as 
the warfare among our bodies that are moved by way of a 
preference to occupy the same area at an identical time. This 
is an embodied desire that manifests itself ontologically; it 
is neither only distributive justice nor regional democracy. 
Fundamental to the development of spatial injustice and the 
establishment of long-lasting spatial structures of privilege 
and advantage is locational discrimination, which is brought 
about by the prejudices placed on particular populations due 
to their geographic location [4]. The decision-makers in the 
development sector gain an understanding of the crucial 
issue of how to control urbanization while preserving growth 
and advancing equity. Institutional solutions to Providing 

Abstract  In addition to enhancing our theoretical grasp 
of justice, thinking spatially about it can also reveal impor-
tant new insights that broaden our practical understanding in 
order to advance justice and democracy. On the other hand, 
these opportunities won’t be as obvious if the spatial equities 
aren’t made apparent and strong. Austin city has experienced 
a fast-urban growing in the past decades. As urban areas 
grow, the public facilities should increase. The purpose of 
this paper investigates Facilities in terms of public facili-
ties. Even though we said that the concept of justice is very 
complex, it is possible to get an understanding of it by using 
a quantitative method. This paper explores the condition of 
urban justice and opportunities for accessibility to public 
facilities for all residents in Austin by using GIS data and 
the Fuzzy logic model. The facilities and services maps were 
made in GIS and after the Euclidean Distance and Reclas-
sify function in Arc Map, the Fuzzy Logic model was used 
to analyze spatial justice. The result shows the facilities are 
distributed properly. Spatial justice is in the context of Aus-
tin and residents enjoy spatial justice.
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fundamental human needs of public facilities are referred 
to as such.

The quality of life in the community is improved through 
public facilities for both individuals and groups. They offer 
quick and effective services, a sense of identity, and they 
establish the city’s aesthetic. All levels of government, as 
well as additional public and quasi-public entities, provide 
public amenities and services [5]. Unnatural urban growth 
widens disparities in the usage of city Welfares. So, it made 
metropolitan regions’ life quality worse. As a result, poor 
distribution of urban services can have an adverse impact 
on population balance as well as create cities that are unjust 
in both the social and economic spheres [6]. Spatial jus-
tice refers to the planning for the efficient use of places, the 
equal distribution of city services, and economic resources 
[7]. The demand for social justice in public services and the 
discussion of spatial inequality in cities have emerged as 
two of the most pressing concerns for urban planners and 
managers, as well as two of the most crucial considerations 
for the implementation of social justice [8]. Obtaining social 
and spatial fairness requires, infrastructure and services must 
be distributed properly to benefit all societal segments [9]. 
Due to this, we need to take a deep look at spatial justice 
to assist recognize justice as a geographic composition at 
distinct scales, now not just as an absolute or typical scale. 
[10]. Therefore, the deliberate management of urban plan-
ners in appropriate availability of space and social Advan-
tages should be to decrease geographical disparity and bet-
ter environmental standards and lead to increasing urban 
livability and achieving urban sustainability so that citizens 
can live a lasting life with happiness, economic well-being, 
environmental well-being, and The economy of human set-
tlements should be realized along with justice and spatial 
equality [11]. There is ongoing dispute on the idea of the 
Just City as the ultimate goal of planning, not just one goal 
among others and of all planning, not just many plans, both 
in the United States and elsewhere [12]. Various quantitative 
and qualitative methodologies from management science 
and urban planning are mostly used to tackle facility loca-
tion problems. Various target functions might be taken into 
account depending on the type of facility being located. The 
most common ones are limiting travel distance, maximizing 
service level, cutting waiting times, increasing coverage, cut-
ting transportation expenses, or avoiding placement adjacent 
to dangerous facilities [13].

Adequate access to urban facilities increases the satis-
faction from availing basic needs and, thus, improves the 
quality of living and enhances community stability [14]. 
The University of Groningen developed a list of 22 dispa-
rate indicators representing Quality of Life, which include 
adequate access to health care, educational, and recreational 
facilities [15]. In this context, adequate access to urban facil-
ities can be regarded as an essential indicator of improved 

QoL and social sustainability, which is one of the corner-
stones of urban planning policies [16].

Income inequality is growing in the United States and is 
a cause for concern. Wealth concentration was high in the 
beginning of the twentieth century, but in 1980 has continu-
ously increased then [17]. For example, the share of national 
income among the poorest half of the US population steadily 
declined from more than 20% in 1980 to 13% in 2016, and 
the income share among the top 1 percent doubled from 
around 10% in 1980 to 20% in 2016 [18].

In addition to the political, economic, and social concerns 
related to rising economic inequality, there is also a growing 
literature linking income inequality to Urban Amenities Dis-
tribution inequality. This point shows the necessity of con-
ducting this research to know whether all people in different 
areas of Austin city have proper access to urban facilities.

The authors of this work want to achieve two things: We 
start by using the spatial autocorrelation and closest neigh-
bor indicator to analyze the dispensation of conveniences 
with geographic statistics. Second, we plotted the spatial 
inequality of the various Austin regions using a variety of 
metrics. The integrated study of spatial access serves as an 
Instrument for planning and controlling city development 
strategies or policies as well as a resource for more accu-
rately identifying mid-level inequality.

2 � Literature review

2.1 � Justice and distribution of urban services

The degree of disparity, the distribution of inequality, and 
the socioeconomic strata that are most disadvantaged should 
all be assessed by urban planners and managers [19].

To study social welfare issues, studies on the distribution 
as the foundation of justice have been produced. One of the 
most crucial objectives of urban planners and managers is 
to comprehend spatial fairness in the deployment of urban 
infrastructure in order to share social resources fairly and uti-
lize local talent. The theories of justice, which are founded 
on every perspective of traditional justice, demonstrate that 
the concept of justice extends beyond the dissemination of 
services [20]. Although Justice in society encompasses many 
ideas, the two basic axes of these studies always focus on liv-
ability and How may opportunities be distributed, and who 
has physical, virtual, and societal structures [21]. However, 
one of the key concerns when it comes to urban planning 
and spatial justice is the primary role of city public facilities 
and balanced access of city people to these services. Accord-
ing to Miller dispersion in conventional ideas of spatial and 
social justice refers to equitable distribution as well as the 
way that resources are allocated among individuals. All of a 
city’s components and machinery are referred to as facilities. 
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It improves city dwellers’ quality of life. Such definitions 
of urban facilities, which include urban facilities and ser-
vices, are quite prevalent. Numerous necessary service tasks 
for city planning, management, and citizen affairs facilities 
can be included in the broad definition of urban facilities. 
However, it should be highlighted that the evaluation and 
categorization of urban service activities depend on urban 
management since figuring out the realistic extent of urban 
facilities and services necessitates figuring out the level of 
urban planners and creating connections between depart-
ments. As long as individuals are allowed to participate in 
urban development plans, cities can grow and exist. Con-
sumers flock to these privileged areas as a result of the con-
centration of facility centers in one area of the city, which 
creates opposite and bipolar areas in the cities and increases 
environmental pressure, disturbances, traffic, and various 
pollutions, encompassing sound, odors and air pollution. 
In other words, this renders sustainable urban development 
impossible [22]. The “emphatic turn towards neoliberalism 
in political-economic practices” is another element contrib-
uting to the rise in socio-spatial inequality. It is depicted 
as a post-industrialization of services approach that quickly 
advances toward increased market liberalization. Neoliberal 
practices also compel those who are unemployed or having 
left school to take on menial, small- paying jobs. Last but 
not least, the decline in housing market privatization and 
social housing give the wealthy the chance to migrate to 
more places, which encourages segregation [23].

The goal of social justice and spatial equality is to pro-
mote fundamental efforts to reduce the level of inequality 
between citizens and people through a set of adjustment 
principles for Improving management and planning in cit-
ies, but these concepts are frequently presented as moral 
principles in programs and policies [24]. For urban planners 
and managers, fair spatial distribution of urban services and 
equal opportunity are crucial challenges. When describing 
equitable opportunities and spatial distribution in a location, 
proper consideration should be given to the sort of intended 
activities, the population of the examined areas, and the 
physical characteristics of the locations. Therefore, some 
academics describe spatial justice as the equitable use of 
public resources. and services, and they gauge it based on 
how far citizens are from services [6].

2.2 � Public services, equality and spatial inequality

Generally speaking, public services are described as com-
mercial ventures launched by governmental organizations 
that serve the public interest. Public institutions are in charge 
of establishing and launching them. However, the private 
sector is also responsible for the upkeep and support of pub-
lic services for investment [25].

Richardson thinks that since philosophical and ethical 
attempts to explain equality have come to a halt, it is a dif-
ficult and perplexing idea that cannot be fully described. 
Three facets of equality are mentioned by Hudson: finan-
cial equality, reward for work equality, and equality 
in the delivery of public services. The first is an equal 
society’s objective and goal. The second factor justifies a 
market economy by emphasizing equality of opportunity 
rather than income equality. The third factor is similarly 
significant, but it has a concealed effect on equality in 
mixed economies [26]. Simply put, spatial justice com-
bines social justice with physical justice. Human soci-
ety organizes space, and when we look at this organized 
space, fairness and injustice may be found in the material 
and conceptual structure, as Henri Lefebvre points out. 
Since people have distinct economic, social, and political 
foundations, and because of this, the allocation of ser-
vices, facilities, income, jobs, and even residential areas 
is dependent on these inequalities, achieving full equality 
is not practical. Spatial justice places more emphasis on 
preventing gaps in the city and avoiding extreme ineq-
uities than it does on achieving complete equality [27]. 
According to Randall Collins, issues like inequality may 
not have clear-cut solutions because it is one of life’s most 
well-known facts and is evident to even the most casual 
observer. Despite this inequity, it is a problem that is dif-
ficult to resolve or comprehend [28]. Individual and insti-
tutional inequities are a result of uneven spatial develop-
ment, which also sustains these injustices [29]. But when 
it comes to the debate over whether societal disparity is 
desirable or harmful, unplanned or deliberate, long-lasting 
or transient [28].

Recently, social justice has emerged as one of human-
kind’s greatest triumphs and as one of the most prevalent 
social phenomena of our day. In essence, spatial justice 
is a paradigm that emphasizes the sociospatial arrange-
ment of advantages and restrictions on human cultures 
as sustainable urban growth increases demand on urban 
infrastructure [30]. Harvey stresses the significance of pro-
viding people’s basic requirements, distributing income 
equitably across the country, and promoting public wellbe-
ing. Also highlighted are the modern capitalist system’s 
intrinsic propensity for social inequality to extend spatially 
and the ongoing rivalry over the expansion of territories 
and new regions [31].

Spatial justice refers to the separation or closeness of 
urban facilities and services to citizens in terms of public 
facility planning [32]. According to John Rawls’s “Prin-
cipal Elements of Justice for Urban Service Use”. (1) The 
first step ought to be to ensure equal opportunity; (2) a 
minimal standard for any service; (3) Prior to knowing the 
distribution outcomes, the allocation rule must be agreed 
upon [33].
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3 � Materials and methods

3.1 � Case study area

As the state capital of Texas, Austin is an inland city border-
ing the Hill Country region (Fig. 1). Austin is the top large 
city in America to grow in 2019. It is located at 30.2672° N 
and 97.7431° W. As the fastest-growing mid-size city in the 
United States, Austin is going through rapid racial change, 
gentrification, and population increase.

3.2 � Fuzzy logic

Following Lotfi Zadeh’s modification of fuzzy set theory, 
fuzzy logic initially arose in the new field of computation. 

Fuzzy refers to something that is wrong, imprecise, and 
vague. Only a few of people understood fuzzy logic, thus 
it didn’t exit the university setting for more than 20 years 
after 1965. Japanese craftsmen started using fuzzy logic in 
the middle of the 1980s after realizing the science’s poten-
tial for industry. Following a burst of scientific discussion 
about fuzzy logic, Europeans only really started using this 
science in the middle of the 1990s. It is possible to define 
the applicability of this subject to software science in the 
following manner:

Because the space between zero and one is unlimited, 
Fuzzy logic goes beyond the values of traditional soft-
ware’s logic that are “zero and one” and It offers a fresh 
entry into the field of computing and software research 
[34].

Fig. 1   The study area’s geolocation map. a The location of Texas in the United States of America, b Location of Travis County in Texas, c 
Location of the city of Austin in Travis County
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Regular sets were first introduced as crisp sets in classi-
cal set theory. It is one of the most original and important 
ideas in fuzzy logic since the addition of a defined adjective 
actually distinguishes between two things. The "member-
ship function" is a simple name for this idea. A function in 
mathematics is defined as Eq. 1 the collection of all func-
tion outputs; in crisp sets, there are only two values in the 
range of the membership function, which are the same two 
potential values.

For the element x in the crisp setA, the membership func-
tion is shown above as μA(x).

For fuzzy sets, the range of the membership func-
tion, which is 0–1, is changed to closed intervals {0, 1}. 
As opposed to numbers, human or machine languages in 
words and sentences., linguistic factors include character-
ized as factors that have acceptable values. In fuzzy logic, 
Language-related factors (verbal or otherwise) are employed 
in the same way that numerical variables are calculated in 
mathematics. Linguistic variables are expressed based on 
linguistic values discovered in the expression set (words and 
expressions). The aspects of linguistic variables are linguis-
tic terms. The degree of membership of μA(x) indicates how 
much of element x is a part of the fuzzy set. An element is 
completely outside of the set if its level of membership is 
zero, and If it equals one, it is completely within the set. As 
increasing intervals, the number represents the degree of 
membership if the degree of participation is between zero 
and one. No matter what methods employed for investiga-
tion, management, and designing, the trait of uncertainty 
manifests itself in many ways across all phenomena and 
fields. A new technology called fuzzy logic uses linguistic 
values and specialized expertise to create and model systems 
instead of relying on complex and advanced mathematics.

3.3 � Average nearest neighbor index (ANNI)

ANNI is calculated by determining how far each use or ser-
vice is from its closest neighbor within a given geographic 
area. The convergence and divergence at points between 
various sorts of usage are calculated using the index. It’s 
doable to comprehend the pattern of dissemination by this 
study. This indicator estimates the average of the NN by first 
calculating the interval between the centers of each object 
and its nearest neighbor. Considering the dispersion of the 
researched phenomena is grouped if the calculated average 
interval is less as if average of the fictitious arbitrary dis-
tributed. The impacts are said to be evenly dispersed if the 
computed The mean interval is higher than the assumed ran-
dom distribution’s mean. To make sure the nearest neighbor 
index test is accurate, Test statistics using the Z-score may 

(1)μA(x){1 if X ∈ A, 0 if X ∉ A

be used. The results of this test show how a typical interval 
to the nearest actual neighbor varies statistically. The general 
rule is that the accuracy of the NNI test result increases with 
increasing negative Z-score.

According to statistical calculations, the neighborhood’s 
typical nearest neighbor is determined by Eq. 2 below:

Equation 3 will be evaluated, where D
O
 is the average 

distance measured between the phenomena and its closest 
neighbors as follows:

If the distribution of phenomena is random, then E
O
 in 

this equation represents average separation between event 
and its closest neighbors. It is written as Eq. 4:

In the equation above, The total number of features is 
n, and the overall area of the study region is A, and di is 
the separation in between event under investigation and its 
nearest neighbor. ZANN score can alternatively be obtained 
using Eq. 5:

SE also equals Eq. 6:

The p value for a particular distribution will be roughly 
represented by the area under the curve, which is bound by 
a statistical test.

4 � Research design and data

Urban facilities data for 2018 was collected from the USGS 
website. The data was opened in GIS software and the area 
of study was selected; Austin urban facilities was targeted 
for this survey. Each facility type was selected. Each facility 
was clipped in GIS software. After adding legend, scale bar, 
and north arrow to each map, they were exported. The maps 
were analyzed to observe the distribution of public facilities. 
The Euclidean Distance and reclassify function were applied 
in Arc Map software. Fuzzy analysis of each of the indices 

(2)ANN =
D

O

E
O

.

(3)D
O
=

∑n

i=1
di

n
.

(4)
E
O
=

0.5
√

n

A

.

(5)ZANN =
D

O
− E

O

SE
.

(6)
SE =

0.26136
√

n2

A

.
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was performed by the Fuzzy Logic model. Nearest Neighbor 
Index model was used to detect the distribution of urban 
facilities. All of facilities GIS shape files, which are: Nursing 
Home, Airports, Cemetery, College, Concert Hall, Conven-
tion Centre, Entertainment, Health Centre, Athletics, His-
torical Site, Hospitals, Library, Marina, Pools, Post Office, 
Public Garden, Restrooms, Schools, Parks, and Recreation 
Centre (Table 1), with all indices that were used in Fuzzy 
Overlay were used to detect the spatial justice in Austin.

4.1 � The efficiency of the model in spatial justice

We use the articles that have been used to test spatial fairness 
with this method to demonstrate the efficacy of this model 
for doing so:

Marcus Thériault employed fuzzy logic to define the loca-
tion of city facilities with relation to the city center, as well 
as to expose the variations in between residences and other 
types of activity, access to urban facilities. Fuzzy logic, it 
can model complex nonlinear functions, is conceptually 
simple to understand. Fuzzy logic can be coupled with tra-
ditional control methods and based upon the expertise of 
specialists [45].

Fuzzy logic was employed by Duncan and colleague to 
comprehend how sociodemographic inequality affected the 
spatial distribution of an ecological study. To quantify spa-
tial socio-economic disparity in South Africa, McLennan 
and colleague used spatial statistics, a standard methodology 
used by academics to interpret data for reliable results. Clus-
tering, which they utilized to demonstrate spatial inequality, 
is one of the areas of spatial statistics that this method uses 
to identify inequality in citizens’ lives. Brooks It claims that 
these fuzzy models provide exceptional results and allow for 
more precise identification of spatial patterns.

According to Bulti and colleague, closest neighbor anal-
ysis can provide spatial distributions a precise grouping 
pattern. According to Mullick and colleague, fuzzy logic 
applied to GIS can offer a more accurate depiction of spatial 
variety. GIS-based research has grown further in scope in 
order to address issues that were previously challenging. In 
order to establish a novel method for assessing the quality of 
urban services, Bostanc and Erdem employed a fuzzy model 
to look at how satisfied individuals were with urban services. 
They presented a technique using examples from the area, 
and they used an analysis of residents’ happiness with the 

municipality to show results [6]. The Niranjan study, which 
employs a branch of spatial statistics called spatial autocor-
relation, demonstrates that expanding access to and use of 
services at the spatial micro-level reduces spatial inequal-
ity and supports human development. In a similar vein [46] 
(Fig. 2).

5 � Results

5.1 � Distribution of the urban amenities

To show the spatial justice in the city of Austin, in the fol-
lowing maps we discuss the distribution and access to facili-
ties and show the distribution of each of these facilities using 
diagrams (Fig. 3).

The results of the Nearest Neighbor Index show 
libraries’distribution pattern. The Nearest Neighbor ratio is 
1.37 is favorable, in the z-score 3.33 is bigger than + 1.56, 
and p-amount is 0.00. The amounts show the distribution 
pattern of libraries is dispersed in Austin (a). The results 
of the Nearest Neighbor Index show hospitals’ distribution 
pattern. The Nearest Neighbor ratio is 0.66, is favorable, in 
the z-score − 4.37, is lesser that − 1.56, and the p-amount is 
0.00. These amounts show that the distribution pattern of 
hospitals is clustered in Austin (b).

The results of the Nearest Neighbor Index show nursing 
homes’ distribution pattern. The Nearest Neighbor ratio is 
0.87, is favorable, in the z-score − 1.43, is between − 1.56 
to + 1.56′ and the p-amount is 0.15. The amounts show the 
distribution pattern of nursing homes is random in Austin. 
The results of the Nearest Neighbor Index show the airport’s 
distribution pattern. The Nearest Neighbor ratio is 0.12, is 
favorable, in the z-score − 2.37, is lesser than − 1.56, and the 
p-amount is 0.01. The amounts show that the distribution 
pattern of the airport is clustered in Austin.

The results of Nearest Neighbor Index show the cemeter-
ies’ distribution pattern. The Nearest Neighbor ratio is 0.12, 
is favorable, in the z-score 2.60, is bigger than the + 1.56, 
and the p-amount is 0.00. These amounts show that the dis-
tribution pattern of cemeteries dispersed in Austin.

The results of the Nearest Neighbor Index show colleges’ 
distribution pattern. The Nearest Neighbor ratio is 1.20, is 
favorable, in the z-score 1.71, is bigger than + 1.56, and the 

Table 1   Indices used in 
analysis and investigation of 
spatial justice

N 20

Indices Nursing Home, Airports, Cemetery, College, Concert Hall, Conven-
tion Centre, Entertainment, Health Centre, Athletics, Historical 
Site, Hospitals, Library, Marina, Pools, Post Office, Public Garden, 
Restrooms, Schools

References [3, 4, 6, 10, 19, 31, 35–44]
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p-amount is 0.00. These amounts show that the distribution 
pattern of colleges is dispersed in Austin.

The results of the Nearest Neighbor Index show concert 
halls’ distribution pattern. The Nearest Neighbor ratio is 
1.75, is favorable, in the z-score 3.82, is bigger than + 1.56, 
and the p-amount is 0.00. These amounts show that the dis-
tribution pattern of concert halls in Austin.

The results of the Nearest Neighbor Index show conven-
tion centers’ distribution pattern. The Nearest Neighbor 
ratio is 0.12, is favorable, in the z-score − 2.37, is lesser that 
− 1.56, and the p-amount is 0.00. These amounts show the 
distribution pattern of convention centers index is clustered 
in Austin (Fig. 4).

The results of the Nearest Neighbor Index show- athlet-
ics sites’ distribution pattern. The Nearest Neighbor ratio is 
1.60, is favorable, in the z-score 3.29, is bigger than + 1.56, 
and the p-amount is 0.00. These amounts show the distribu-
tion pattern of athletics is dispersed in Austin (a). The results 
of the Nearest Neighbor Index show recreation centers’ 
distribution pattern. The Nearest Neighbor ratio is 1.96 is 
favorable, z-score is 2.02 is bigger than + 1.56, and p-amount 
is 0.04. The amounts show the distribution pattern of recrea-
tion centers is dispersed in Austin (b).

The results of the Nearest Neighbor Index show mari-
nas’ distribution pattern. The Nearest Neighbor ratio is 
0.63 is favorable, z-score is − 3.05 is lesser that − 1.56, and 
p-amount is 0.00. The amounts show the distribution pat-
tern of marinas—is clustered in Austin. The results of the 

Nearest Neighbor Index show pools’ distribution pattern are 
random. The Nearest Neighbor ratio is 1.10 is favorable, 
z-score is 1.45 is between − 1.56 to + 1.56, and p-amount 
is 0.14. The amounts show the distribution pattern of pools 
is random in Austin. The results of the Nearest Neighbor 
Index show post offices’ distribution pattern. The Nearest 
Neighbor ratio is 1.17 is favorable, z-score is 1.5 is between 
− 1.56 to + 1.56, and p-amount is 0.11. The amounts show 
the distribution pattern of post offices is random in Aus-
tin. The results of the Nearest Neighbor Index show public 
gardens’ distribution pattern. The Nearest Neighbor ratio is 
231.73 is favorable, z-score is 624.24 is bigger than + 1.56, 
and p-amount is 0.00. The amounts show the distribution 
pattern of public gardens is dispersed in Austin. The results 
of the Nearest Neighbor Index show restrooms’ distribu-
tion pattern. The Nearest Neighbor ratio is 0.52 is favorable, 
z-score is − 10.16 is lesser that − 1.56, and p-amount is 0.00. 
The amounts show the distribution pattern of restrooms is 
dispersed in Austin. The results of the Nearest Neighbor 
Index show schools’ distribution pattern. The Nearest Neigh-
bor ratio is 0.85 is favorable, z-score is − 4.01 is lesser that 
− 1.56, and p-amount is 0.00. The amounts show the distri-
bution pattern of schools is clustered in Austin.

The results of the Nearest Neighbor Index show parks’ 
distribution pattern. The Nearest Neighbor ratio is 0.78 
is favorable, z-score is − 6.45 is lesser that − 1.56, and 
p-amount is 0.00. The amounts show the distribution pattern 
of parks is clustered in Austin. The results of the Nearest 

Fig. 2   Research process
Spatial Justice in 

Relation to the Urban 
Amenities 

Distribution in Austin

Types of indicators 
and variables studied 

in the research

Analysis of research 
data

Process

According to the indicators 
studied with urban 
performance, which area of 
the city is in a good condition 
and which areas of the city are 
in a bad condition?

Conclusion and analysis of 
spatial justice in having Austin 
facilities

Euclidean Distance and Reclassify 
operations in Arc Map software and 
fuzzy analysis of each item through 
Fuzzy Logic model to obtain spatial 
inequality

Spatial overlay by fuzzy logic

Indicators of access to urban 
Amenities 

Input

Output



	 F. Hussaini et al.

1 3

Fig. 3   Spatial analysis maps (fuzzy logic) access to Urban Facilities. a LIBRARY, b Hospitals
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Fig. 4   Spatial analysis maps (fuzzy logic) access to Urban Facilities. a Athletics, b RECREATION CENTER
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Neighbor Index show entertainment centers’ distribution 
pattern. The Nearest Neighbor ratio is 1.95, is favorable, 
in the z-score 4.48, is bigger than + 1.56, and the p-amount 
is 0.00. These amounts show the distribution pattern of 
entertainments is dispersed in Austin. The results of the 
Nearest Neighbor Index show health centers’ distribution 
pattern. The Nearest Neighbor ratio is 0.89, is favorable, 
in the z-score − 0.99, is between − 1.56 to + 1.56, and the 
p-amount is 0.31. These amounts show the distribution pat-
tern of health centers is random in Austin. The results of 
Nearest Neighbor Index show historical sites’ distribution 
pattern. The Nearest Neighbor ratio is 3.21, is favorable, in 
the z-score 8.47, is bigger than + 1.56, and the p-amount is 
0.00. These amounts show that the distribution pattern of 
historical sites is dispersed in Austin.

5.2 � Integrating layers with fuzzy overlay

Given the extensive Arc GIS software’s skills in fuzzy map-
ping challenge, fuzzy amenities were employed to execute 
integration of ambiguous data and inter-urban operations 
for spatial inequality analysis. The constraint map and cri-
teria map are now combined using the fuzzy overlay option 
the relevant weights are used as standard weights. Final 
map is what emerges from this integration. Finally, Fig. 5 

showed the monitoring of urban spatial inequities from the 
amenities.

6 � Conclusion

To foster more equal and just societies and to advance the 
full realization of human potential, spatial justice is essen-
tial. We must work for sustainable governance, equitable 
resource redistribution, and the equitable distribution of 
and access to spatial benefits and opportunities in order to 
accomplish spatial justice. A fair distribution of resources 
and facilities in space among various city regions, as well 
as their accessibility, are key components of the geographic 
perspective on social justice in cities. This is due of the dis-
parate distribution inevitably causes societal crises and diffi-
cult spatial problems. Therefore, analytical knowledge of the 
current situation is necessary for deliberate urban manage-
ment intervention in the spatial distribution of social interest 
to lessen spatial inequality and enhance quality of life, and 
by enhancing quality of life and achieving urban sustainabil-
ity. The results show Spatial Justice and Urban Welfare are 
in good condition in Austin. Most public facilities are dis-
tributed properly. Residents have convenient access to most 
facilities in the city. Nursing homes, health centers, pools, 

Fig. 5   Fuzzy spatial mapping for all facilities and population
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and post offices distribution patterns are random. They are 
distributed according to population density. The airports, 
recreation centers, hospital, parks, schools, and marinas, dis-
tribution patterns are clustered. These facilities are provided 
according to the citizens’ needs. The airport is located at the 
center of the city. The population is denser at the center of 
the city. Therefore, it seems the airport is located in the right 
place. Colleges, concert halls, cemeteries, entertainment 
centers, athletics centers, historical sites centers, libraries 
centers, public gardens centers, and restrooms centers, dis-
tribution patterns are dispersed. These facilities are created 
according to the population’s needs. Where the population 
is denser, there are more of these facilities. The result shows 
that the facilities are distributed properly. Spatial justice is in 
effect in Austin and the residents enjoy its benefits.
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