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Novel criteria for sustainable use of urban spaces under bridges in cities 
by applying DEMATEL technique
Shaimaa H. Zaki a, Azza G. Haggag b and Ahmed M. Selim a

aDepartment of Architecture, Modern Academy for Engineering and Technology, Cairo, Egypt, Lecturer at; bDepartment of 
Architecture, Modern Academy for Engineering and Technology, Cairo, Egypt

ABSTRACT
At the beginning of the 21st century, cities suffered from high traffic density and 
mobility problems due to rapid urbanisation and population growth. Bridges were 
built to encounter these challenges. As a result, the urban voids (urban spaces under 
bridges) have increased tremendously. In this study, a qualitative analysis was estab-
lished to understand the negative impacts of urban voids focusing on under-bridges 
urban spaces. Furthermore, five criteria, as well as thirty-one sub-criteria were derived 
from the extensive literature and previous international experiences. Additionally, a 
quantitative analysis was conducted through experts’ interviews. Criteria and sub- 
criteria were assessed using the decision-making trial and evaluation laboratory 
(DEMATEL) to determine whether each criterion/sub-criteria belongs to the cause 
or effect group. Results indicated that the most important criterion was urban 
identity, as well as the most important sub-criteria belong to each criterion, were 
social services, investment diversity, sustainable recourses management, ICT-infra-
structure, and urban integration.
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Introduction

In the cities, urban voids constitute around 10–25% of 
the city area (Lin et al. 2017; Pluta 2017; Hashem et al.  
2022). Under-bridges urban spaces are one of the 
urban voids. In past, the urban voids under bridges 
were visually accessible but remained underused and 
neglected by planners (Devetakovic et al. 2015; Ahmed 
et al. 2020). Therefore, these urban spaces were used as 
places for street vendors, and the homeless living 
which increase the street criminality rate and have 
become threatening public security. Additionally, it 
introduces a complicated negative impact on the 
urban fabric of the cities, where it causes environmen-
tal, and economical problems. For instance, visual pol-
lution as a result of the waste-filled yards which not 
only affects the citizens’ health but also contributes to a 
decrease in the surrounding properties’ value (Tomita 
et al. 2020).

Consequently, under-bridges urban spaces have 
been considered a great challenge for urban planners, 
due to it had substantial social, environmental, and 
economic impact on urban development, especially 
with the rapid population and urbanisation growth in 
cities (Artmann et al. 2018). Recently, governments 
and planners strived to form strategies and urban 
solutions to reduce the impact of these problems by 
investing and utilising these urban spaces in the 
development process (Ghahremani et al. 2021).

From this point of view, this study sought to intro-
duce novel criteria to achieve multiple social, eco-
nomic, and environmental benefits from under- 
bridges urban spaces. Thus, contributing to gain com-
prehensive sustainable development in the cities. In 
this respect, the study has pointed out the sustainable 
urbanism approach and its pillars, discussing the 
negative impacts of urban voids, and focusing on 
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under-bridges urban spaces. Additionally, an over-
view of international experiences in reusing under- 
bridge urban spaces was highlighted. Furthermore, 
five criteria (main dimensions), as well as thirty-one 
sub-criteria (sub-dimensions) were derived from the 
extensive literature. Subsequently, the decision-mak-
ing trial and evaluation laboratory (DEMATEL) was 
applied as an analytical tool to evaluate, rank, and 
identify potential relationships between the criteria, 
and sub-criteria based on experts’ interviews.

Finally, to clarify the potential relationships 
between the criteria, and sub-criteria, the cause- 
and-effect diagrams were created to illustrate the 
strength of the relations, and whether each criter-
ion and sub-criteria belong to the cause or effect 
group. In this context, the concluded criteria, sub- 
criteria, and cause-and-effect diagrams could sup-
port the decision makers and urban planners to 
propose innovative and creative urban solutions 
for under-bridges urban spaces that achieve sus-
tainable development for the cities and avoid its 
negative impacts.

Background

Sustainability in urbanization

Recently, cities are competing to achieve urban 
sustainability pillars, whether social, economic, 
and environmental (Turvey 2019). Although many 
existing studies are discussing this trend, there is a 
debate about the required criteria and variants to 
boost the sustainability approach in cities 
(Afanasyeva et al. 2020). In this context, there was 
a strong consensus from the researchers that the 
integration of infrastructure and preserving the 
urban identity of the cities could promote the 
sustainability approach for it (Liu et al. 2020). 
Accordingly, sustainable urbanism connotes a new 
relationship between the natural environment, 
urban form and infrastructure, economic and insti-
tutional processes, and social livelihood (Yan et al.  
2018). More specifically, sustainable urbanism 
adopts a systemic and synergistic reorganisation 
of environmental, economic, and social goals, pre-
serving urban identity and infrastructure develop-
ment to enhance the long-term health of natural 
systems and the vitality of urban communities 
(Kremer et al. 2019) as illustrated in (Table 1).

Sustainable urban spaces

Sustainable urban spaces are places where people live 
and want to stay, with a real sense of place. It should 
be well designed with functional places that citizens 
need to use and enjoy (Nagumey 2015). Additionally, 
the urban design of these spaces must be cost-effec-
tive, visually attractive, and environmentally friendly 
(Chao et al. 2020). Understandably, sustainable urban 
spaces could improve citizens’ physical and mental 
health, strengthen communities, and make cities and 
neighbourhoods more attractive places to live and 
work (Douglas et al. 2017). Consequently, the overall 
goals of sustainable urban spaces are to promote the 
use of sustainable practices, maximise the lifespan of 
buildings and facilities, and enhance the natural envir-
onment (Faragallah 2018).

Urban space under bridges

There are spaces in cities that are perceived as left-
overs. These spaces include the gaps between build-
ings or dead-end streets, awkward angles and corners, 
and undesired spaces under bridges. These spaces are 
defined as urban voids (Pluta 2017) or static spaces. 
Indeed, urban spaces under bridges are among the 
most critical spaces that have a negative impact on 
the city’s image. Generally, the under-bridge urban 
space is the space created by the overpass (Salamak 
and Klaudiusz 2016).

The under-bridge urban space: a dark history
In past, the under-bridge urban spaces had a negative 
impact on the urban sense of the cities as following:

● Social negative impacts: considered suitable 
places for criminal activities that threaten public 
security, providing places for homeless people 
and illegal housing (Laksono and Vijar, 2019).

● Economic negative impacts: led to a deteriora-
tion of surrounding areas, preventing invest-
ment and development, and contributed to 
declining property values (Ning et al. 2020).

● Environmental negative impacts: increasing 
visual health risks and pollution as a result of 
these waste-filled yards (Lak and Mina, 2020).

Therefore, professionals in urban design realised that 
these spaces have the potential to be covered as small 

300 S. H. ZAKI ET AL.



public spaces, public enclaves, and spaces of activity 
in the city, which would be beneficial for both the city 
and its citizens instead of its negative impacts.

Previous experience
Currently, and despite the negative impacts of under- 
bridge urban spaces. Many initiatives were taken 
place to utilise these spaces (Samir et al. 2022), 
whereas urban planners have started rethinking the 
reuse of under-bridge urban spaces as public places 
to take advantage of these spaces through innovative 
functions to achieve sustainable benefits. These 
experiences were, for instance, demonstrated in 
(Table 2).

Sustainable future
Regarding the above discussion, and the reviewed 
literature on this approach. Five criteria (main dimen-
sions), as well as thirty-one sub-criteria (sub-dimen-
sions) were derived as illustrated in (Table 3), to 
ensure sustainable future and innovative solutions 
for rehabilitation under-bridges urban spaces.

Regarding the previous table and the summarised 
literature, social merit includes six sub-criteria that 
enhance the quality of life on the cultural or health 
level and secure the future. The economic feasibility 
sub-criteria are focused on increasing investment 
opportunities that benefit the state as well as indivi-
duals and exploiting the value of the land. likewise, 
environmental effectiveness sub-criteria promote 

preserving all the surrounding environment, includ-
ing air, water resources, and energy sources. In the 
same context, infrastructure enhancement comprises 
six sub-criteria including green infrastructure that 
supports the ‘Information Communication 
Technology’ (ICT) approach. Meanwhile, the urban 
identity sub-criteria boosts preserving characteristics, 
culture, and identity of cities.

Materials and methods

Based on Multi-Criteria Decision-Making approach 
(MCDM) (Kundakci 2016), this study methodology 
has two sections as illustrated in (Figure 1). The first, 
qualitative phase; by using inductive method, an 
extensive background was summarised to formulate 
the research goal, and five criteria (main dimensions), 
and thirty-one sub-criteria (sub-dimensions) were 
derived based on reviews as shown in (Table 3) 
above. The second, quantitative phase; By applying 
decision-making trial and evaluation laboratory 
(DEMATEL) as a decision-making technique. Experts’ 
interviews by (10) experts were carried out including 
(3) academic staff in urban planning, (3) environmen-
tal planning professionals, (2) non-governmental 
organizations (NGOs), and last (2) are considered eco-
nomic experts, to determine whether each criterion/ 
sub-criteria belong to the cause or effect group. Each 
expert filled in pairwise comparisons, from which the 
direct-relation matrices were then formed.

Table 1. Sustainability criteria in urbanisation.

Sustainability criteria Features and goals

Social Merit It’s the issue that is primarily concerned with relationships between individual actions and the surrounding created 
environment, or between institutional systems and individual life chances. Due to priorities and specific resource 
limitations, these relationships require challenging judgments about problem classification and agenda setting 
that include ‘burden-sharing’ among community members. (Senem Deviren 2010)

Economic Viability Sustainable economic in urbanization seeks to end poverty by utilizing natural resources, striking a balance 
between production and consumption, and generating employment opportunities. Cities provide prospects for 
growth, poverty alleviation, and employment. They can serve as a host for academic, scientific, and business 
sector institutions that focus on innovation research and development. (TELSAÇ and Kandeğer 2022)

Environmental 
Effectiveness

The environmental pillar is to protect and promote natural resources, and development considers the maintenance 
of their qualities and level of performance. The environment must be protected, garbage must be disposed of 
appropriately, green areas must be provided, and balance must be achieved (TELSAÇ and Kandeğer 2022). (SAVi,  
2020)

Infrastructure 
Enhancement

The development of buildings, roads, energy, and water infrastructure that takes into account its effects on the 
economy, society, and environment is known as sustainable infrastructure. Urban planning and infrastructure 
that are not environmentally friendly might cause significant issues for future generations. While the possibility 
for efficiency and significant advancement is enhanced by a big population residing in cities with the appropriate 
rules, in the case of absent infrastructure, all these benefits might become a nightmare. (Hinge et al. 2020)

Urban Identity Urban identity is a phenomenon that binds people to “their” city as it is expressed in various aspects, such as the 
“sense of unity” that can be seen in the city’s structures, streets, landmarks, and buildings. (Abdeen 2021)
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DEMATEL technique

The (DEMATEL) was developed in Switzerland in the 
seventies of the twentieth century (Abikova 2019). 
This technique has been integrated to solve complex 
problems and analyse a variety of causal relations 
(Golabeska 2018). It is considered an effective method 
for identifying cause-effect chain components of com-
plex interdependent factors (Pinto et al. 2022). This 
method is outstanding due to detecting the relation 
between criteria, ranking, and revealing the intensity 
of their effects on each criterion (Kwartnik-Pruc et al.  

2022). In the same context, the DEMATEL method has 
been increasingly used to solve various urban, social, 
economic, and environmental problems (Si et al.,  
2018). In this research, the DEMATEL method was 
used to identify potential relationships between the 
criteria, and sub-criteria derived above in (Table 3) for 
reusing the under-bridge urban spaces. Also, to deter-
mine whether each criterion and sub-criteria belong 
to the cause or effect group.

The (DEMATEL) technique was the approach to 
reveal the complex relationships between five criteria 

Table 2. Previous experience in reusing under-bridge urban spaces.

Experience Description/characteristics

1 Project name: 
Underpass Park 

Location: 
Toronto, Canada 
(Francis et al. 2010).

Description:
● Public space designed by PFS studio, as a Part of Waterfront Toronto’s 

Stage 1 LEED Gold Neighborhood Development (ND). This project was 
a combination of art, light, and furniture creatively transforms this 
dead space into a dynamic communal park.

Characteristics: 
● Integrate sustainability aspects such as: energy-efficient LED lighting – 

recycled material – reuse historical granite.
● Use light and airy plants, wood-topped flowy furniture.
● Include playground, basketball courts, skate park, flexible open space.
● Include a series of ribbon walls and park benches, flexible community 

space which can be used for markets, festivals, seasonal public events.
2 Project name: 

Fly the flyover. 
Location: 

Hong Kong 
(Yeng 2016).

Description:
● The concept of the project is to redefine and transform unused spaces 

into vibrant spaces by recovering this space for public activities such 
as arts, and cultural uses.

Characteristics:
● Provide various facilities gallery, outdoor open spaces, multi-purpose 

rooms, an open stage, urban farms, a restaurant, food kiosks, and a 
pop-up store.

● The project feature is the colorful murals on the columns.
● The project uses recycled materials.

3 Project name: 
Under the Thomson flyover 

Location: 
(Hoh 2015).

Description:
● Government wants to turn the space under Thomson flyover into 

recreational spots, with minimum infrastructure to achieve the best 
usage for this space.

● This public space has economic benefits by recovering part of costs 
through collecting rent.

Characteristics:
● Provide special multi-purpose recreational space.
● Utilize a futsal park of international standards all for a small fee.

4 Project name: 
The A14 highway elevated 

road and control center 
Location: 

Paris, France 
(Bonnafous 2017).

Description:
● The concept of the project is to turn the space into control center.

Characteristics:
● The building and the elevated road become one part and combine 

with the structure of the elevated road.
● It increases its beauty.
● Buildings have not contacted the floor.
● Provide transparent light modeling.
● It is an iconic building.

302 S. H. ZAKI ET AL.



(main dimensions), as well as thirty-one sub-criteria 
(influential criteria/sub-dimensions) through five 
steps as followed:

● Step 1: Creating the direct-relation matrix (X). Six 
matrices X ¼ xij

� �
were constructed. Criterion 

matrix was [P1, P2, … ., P5] and, sub-criterion 
matrices were [S1, S2, … ., S6], [Ec1, Ec2, … ., Ec7], 
[En1, En1, … ., En6], [I1, I2, … ., I6], and [U1, U2, … ., 
U6]. Experts evaluated the relations for criterion 
and for each sub-criterion. The importance of the 
measurement scale was defined as (0): no influ-
ence, (1): low influence, (2): medium influence, (3): 
strong influence, and (4): very strong influence. The 
arithmetic means of all of the experts’ opinions for 
each matrix was calculated, and then a direct rela-
tion matrices X were generated as illustrated in 
(Table 4) and Appendix 1.

● Step 2: Creating the normalised direct-relation 
matrix (N). from the matrix (X) and by using 
Equations 1 & 2. The normalised direct-relation 
matrix (N) was obtained as illustrated in (Table 5).

N ¼
1
k
�X (1) 

k ¼ min max
Xn

j¼1

xij;
Xn

i¼1

xij

( )

(2) 

● Step 3: Creating the total relation matrix (T). 
from the matrix (N) and by using Equation.3. 
The total relation matrix (T) was derived as illu-
strated in (Table 6). 

T ¼ N� I � Nð Þ
� 1 (3) 

Table 3. The criteria and sub-criteria for sustainable reuse of under-bridges spaces.

Criteria  
(main dimension)

Sub-criteria  
(sub-dimension) Source

Social merit (P1) ● Begging reduction (S1)
● Street Criminality rate (S2)
● Social services (S3)
● Social interaction (S4)
● Culture diversity (S5)
● Health conditions (S6)

(Khan and Shah 2020), 
(Cherian et al. 2020), and 
(Gronholm et al. 2021)

Economic viability (P2) ● Land value (Ec1)
● Economic growth (Ec2)
● Job opportunities (Ec3)
● Investment diversity (Ec4)
● Small-scale business (Ec5)
● Tax benefits (Ec6)
● Tourism attraction (Ec7)

(Prasetyo and N., K. 2020), 
(Avdeeva et al. 2021), 
(Alla 2021), and 
(Huseynli 2022)

Environmental effectiveness (P3) ● Air quality (En1)
● Noise level (En2)
● Energy consumption (En3)
● Sustainable recourses management (En4)
● Vegetation (En5)
● Recycled water usage (En6)

(Magiera and Jolanta 2021), 
(Khan and Rashmi 2019), and 
(Sauri and Ana 2019)

Infrastructure enhancement (P4) ● Green infrastructure (I1)
● Night lighting control (I2)
● Smart parking (I3)
● Waste disposal (I4)
● Road’s maintenance (I5)
● ICT-infrastructure (I6)

(Ferrari et al. 2019), 
(Andrade-Nunez and Aide 2020), and 
(Serebryakova et al. 2020)

Urban identity (P5) ● The image of the city (U1)
● Resilient urban functions (U2)
● Mixed land use (U3)
● Green spaces (U4)
● Traffic density (U5)
● Urban integration (U6)

(Karakova et al. 2020), 
(Ghosh and Pratap 2021), and 
(Haas et al. 2021)
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● Step 4: Set the threshold value (α). from the 
matrix (T), (α) value was calculated by averaging 
the matrix (T) elements, and by using Equation.4. 
In this research, (α) value for the criterion was 
equal 1.789. This calculation eliminates the ele-
ments with the minor effect in matrix (T), which 
support to understand the relationships 
between criterions, where all values in matrix T 
which are smaller than the threshold value (α) 

can be interpreted as a weak relationship and 
were set to zero as illustrated in (Table 7). 

α ¼

Pn

i¼1

Pn

J¼1
tij½ �

N
(4) 

● Step 5: build the cause-and-effect diagram. The 
previous four steps were repeated for each sub- 
criteria matrix as illustrated in Appendix 2,3&4. 

Figure 1. Research methodology.
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Then, the cause-and-effect diagrams were con-
structed by calculating the sum of each row (D) 
and each column (R) of the matrices (T) using 
equations 5 & 6 as illustrated in (Table 8). Based 
on the (D) and (R) values, the model can be 
represented as a diagram in which the values 
of (D+R) are placed on the horizontal vector and 
the values of (D-R) on the vertical vector as illu-
strated in (Figure 2). If the value of (D-R) was 
positive, it was classified in the cause group, 
and directly affected the others. On the other 
hand, if the value of (D-R) was negative, it was 
classified in the effect group, and largely influ-
enced by the others. Additionally, the value of (D 
+R) determines the prioritisation of the impor-
tance of the criteria and the sub-criteria. 

D ¼
Xn

j¼1

Tij (5) 

R ¼
Xn

i¼1

Tij (6) 

Results

Regarding the (DEMATEL) technique results, based on 
the (D-R), (D+R) values in (Table 8), and the threshold 
values (α) of the total criterion matrix and the total 
sub-criterion matrices. Cause-and-effect diagrams 
were created according to the roles illustrated in 
(Figure 2) above.

In this context, the results are summarised based 
on the Cause-and-effect diagrams as follows;

Figure 3 Cause-and-Effect diagram of the criteria 
(main dimensions) shows that economic viability 
(P2), environmental effectiveness (P3), and urban 
identity (P5) are classified into cause criteria group, 

due to (R-D) are positive values. While effect criteria 
group includes social merit (P1), and infrastructure 
enhancement (P4), due to (D-R) are negative values. 
According to (D+R) values, the prioritisation of the 
importance of five evaluation criteria was P5> P2> 
P3> P1> P4, as urban identity (P5) was the most 
important criterion with the largest (D+R) value =  
19.00, whereas infrastructure enhancement (P4) was 
the minimum important criterion with the smallest 
(D+R) value = 16.738. Regarding (D-R) values, the 
most significant causal criteria in sustainable 
achievement in using under bridges urban spaces 
is economic viability (P2) has the highest (D-R) value 
of 2.746, which means (P2) should be given more 
consideration on using under bridge urban spaces 
projects (on these project types). Besides, the sec-
ond causal criteria is environmental effectiveness 
(P3) value of 0.758, and third one is urban identity 
(P5) value with 0.627.

Figure 4 Cause-and-Effect diagram of the sub- 
criteria within (Social merit) demonstrates that 
social services (S3) and social interaction (S4) 
were the two most important sub-criteria based 
on the first and second highest (D+R) values of 
28.792 and 28.074, whereas both social services 
(S3), social interaction (S4), and culture diversity 
(S5) were in the cause group based on their posi-
tive (D-R) values of 2.139, 3.471, and 0.997. For 
street criminality rate (S2), begging reduction (S1), 
and health conditions (S6) were in the effect group, 
given negative (D-R) values of −1.957, −2.869, and 
−1.780. Based on threshold value (α = 2.279), and 
total relationship matrix, social interaction (S4) was 
the most critical sub-criterion because of the direct 
influence on the other five sub-criteria, the second 
sub-criterion with direct influence was social ser-
vices (S3) which had a direct impact on all sub- 
criteria except health conditions (S6). Finally, cul-
ture diversity (S5) had a direct influence on social 

Table 4. The direct relation matrix (X) for criterion.

Social merit 
(P1)

Economic viability 
(P2)

Environmental 
effectiveness (P3)

Infrastructure 
enhancement (P4)

Urban identity 
(P5)

Social merit (P1) 0 2.5 1.33 1.17 3.33

Economic viability (P2) 3.5 0 2.5 3.33 3.33
Environmental 

effectiveness (P3)
2.17 2 0 3.67 3

Infrastructure 
enhancement (P4)

2.33 2.33 2.33 0 1

Urban identity (P5) 3.33 1.83 3.5 3 0
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services (S3), street criminality rate (S2), and beg-
ging reduction (S1).

Figure 5 Cause-and-Effect diagram for the sub-cri-
teria within (Economic viability) illustrates that invest-
ment diversity (Ec4) and economic growth (Ec2) were 
the two most crucial sub-criteria based on the first 
and second highest (D+R) values of 15.441 and 
15.086, whereas land value (Ec1), job opportunities 
(Ec3), small-scale business (Ec5), and tax benefit (Ec6) 
were in the cause group based on their positive (D-R) 
values of 1.063, 1.318, 1.234, and 0.330. Economic 
growth (Ec2), investment diversity (Ec4), and tourism 
attraction (Ec7) were in the effect group, given nega-
tive (D-R) values of −0.647, −0.556, and −2.743. Based 
on the threshold value (α = 1.004), and the total rela-
tionship matrix, investment diversity (Ec4) was the 
most critical sub-criteria because it directly influenced 
the other sub-criteria except land value (Ec1).

Figure 6 Cause-and-Effect diagram for the sub- 
criteria within (Environmental effectiveness) shows          

that sustainable resources management (En4), and 
energy consumption (En3) were the two most impor-
tant sub-criteria based on the first and second high-
est (D+R) values of 14.003 and 12.964, whereas air 
quality (En1), energy consumption (En3), and sus-
tainable resources management (En4) were in the 
cause group based on their positive (D-R) values of 
1.571, 0.112, and 0.868. For noise level (En2), vegeta-
tion (En5), and recycled water usage (En6) were in 
the effect group, given negative (D-R) values of 
−0.597, −0.846, and −1.107. Based on the threshold 
value (α = 0.593), sustainable resources management 
(En4) was the most critical sub-criteria because the 
direct influence on the other sub-criteria except 
noise level (En2), and noise level (En2) had no influ-
ence on any sub-criteria.

Figure 7 Cause-and-Effect diagram for sub-cri-
teria within (Infrastructure enhancement) shows 
that ICT-infrastructure (I6), and green infrastruc-
ture (I1) were the two most important sub-criteria 

Table 7. The matrix (T) for criteria by considering the threshold value (α).

(P1) (P2) (P3) (P4) (P5)

(P1) 0.000 0.000 0.000 0.000 0.000

(P2) 2.347 0.000 2.029 2.283 2.223
(P3) 2.004 0.000 0.000 2.054 1.947

(P4) 0.000 0.000 0.000 0.000 0.000
(P5) 2.178 0.000 1.951 2.117 1.849

The threshold value (α) =1.789.

Table 5. The normalized direct-relation matrix (N) for criterion.

(P1) (P2) (P3) (P4) (P5)

(P1) 0.000 0.221 0.117 0.103 0.294

(P2) 0.309 0.000 0.221 0.294 0.294
(P3) 0.192 0.177 0.000 0.324 0.265

(P4) 0.206 0.206 0.206 0.000 0.088
(P5) 0.294 0.162 0.309 0.265 0.000

Table 6. The total direct-relation matrix (T) for criteria.

(P1) (P2) (P3) (P4) (P5)

(P1) 1.560 1.434 1.476 1.616 1.707
(P2) 2.347 1.705 2.029 2.283 2.223

(P3) 2.004 1.642 1.621 2.054 1.947
(P4) 1.613 1.340 1.432 1.411 1.460

(P5) 2.178 1.720 1.951 2.117 1.849
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Table 8. Summary of D & R values of the criteria matrix and the sub-criteria matrices.

Criterion code (D) (R) (D+R) (D-R)

The criterion matrix (T), [P1, P2, … ., P5]
Social merit (P1) 7.793 9.701 17.494 −1.909
Economic viability (P2) 10.587 7.841 18.427 2.746

Environmental effectiveness (P3) 9.267 8.509 17.776 0.758
Infrastructure enhancement (P4) 7.257 9.481 16.738 −2.224

Urban identity (P5) 9.814 9.186 19.000 0.627

Criterion code/sub-criterion code (D) (R) (D+R) (D-R)

The sub-criterion matrix (T), [S1, S2, … ., S6]
P1 Begging reduction (S1) 10.827 13.696 24.524 −2.869

Street Criminality rate (S2) 11.877 13.834 25.710 −1.957
Social services (S3) 15.465 13.326 28.792 2.139

Social interaction (S4) 15.772 12.301 28.074 3.471
Culture diversity (S5) 13.233 12.236 25.470 0.997
Health conditions (S6) 9.798 11.579 21.377 −1.780

Criterion code/sub-criterion code (D) (R) (D+R) (D-R)

The sub-criterion matrix (T), [Ec1, Ec2, … ., Ec7]
P2 Land value (Ec1) 5.971 4.907 10.878 1.063

Economic growth (Ec2) 7.220 7.867 15.086 −0.647
Job opportunities (Ec3) 7.645 6.327 13.972 1.318
Investment diversity (Ec4) 7.443 7.998 15.441 −0.556

Small-scale business (Ec5) 7.412 6.178 13.590 1.234
Tax benefits (Ec6) 7.178 6.848 14.027 0.330

Tourism attraction (Ec7) 4.064 6.807 10.870 −2.743

Criterion code/sub-criterion code (D) (R) (D+R) (D-R)

The sub-criterion matrix (T), [En1, En1, … ., En6]
P3 Air quality (En1) 6.287 4.717 11.004 1.571

Noise level (En2) 1.525 2.123 3.648 −0.597
Energy consumption (En3) 6.538 6.426 12.964 0.112

Sustainable recourses management (En4) 7.435 6.568 14.003 0.868
Vegetation (En5) 5.654 6.500 12.154 −0.846

Recycled water usage (En6) 4.511 5.618 10.130 −1.107

Criterion code/sub-criterion code (D) (R) (D+R) (D-R)

The sub-criterion matrix (T), [I1, I2, … ., I6]
P4 Green infrastructure (I1) 6.239 5.068 11.307 1.171

Night lighting control (I2) 5.117 4.607 9.724 0.511
Smart parking (I3) 5.649 3.638 9.287 2.011

Waste disposal (I4) 2.352 4.500 6.852 −2.148
Roads maintenance (I5) 3.012 5.723 8.734 −2.711
ICT-infrastructure (I6) 6.346 5.179 11.525 1.167

Criterion code/sub-criterion code (D) (R) (D+R) (D-R)

The sub-criterion matrix (T), [U1, U2, … ., U6]
P5 The image of the city (U1) 11.231 15.417 26.648 −4.186

Resilient urban functions (U2) 13.802 15.675 29.477 −1.872
Mixed land use (U3) 14.580 12.411 26.991 2.169
Green spaces (U4) 15.099 12.997 28.096 2.102

Traffic density (U5) 13.017 11.844 24.861 1.173
Urban integration (U6) 17.292 16.679 33.971 0.614
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based on the first and second highest (D+R) 
values of 11.525 and 11.307, whereas green infra-
structure (I1), night lighting control (I2), smart 
parking (I3), and ICT-infrastructure (I6) were in 
the cause group based on their positive (D-R) 
values of 1.171, 0.511, 2.011, and 1.167. Waste 

despisal (I4), and road maintenance (I5) were in 
the effect group, given negative (D-R) values of 
−2.148, and −2.711. Based on the threshold value 
(α = 0.726), and total relationship matrix, green 
infrastructure (I1), and ICT-infrastructure (I6) were 
the most critical sub-criteria because the direct 

Figure 3. Cause–effect diagram for the criteria (main dimensions).

Figure 2. Cause–effect diagram model.

308 S. H. ZAKI ET AL.



Figure 5. Cause–effect diagram for sub-criteria within (Ec).

Figure 4. Cause–effect diagram for sub-criteria within (S).
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influence on the other sub-criteria and waste 
despisal (I4), and road maintenance (I5) did not 
influence on any sub-criteria.

Figure 8 Cause-and-Effect diagram for sub-criteria 
within (Urban identity) demonstrates that urban inte-
gration (U6), and resilient urban functions (U2) were 
the two top sub-criteria based on the first and second 
highest (D+R) values of 33.971 and 29.477, whereas 
mixed land use (U3), green spaces (U4), traffic density 
(U5), and Urban integration (U6) were in the cause 
group based on their positive (D-R) values of 2.169, 
2.102, 1.173, and 0.614. The image of the city (U1), and 
resilient urban functions (U2) were in the effect group, 
given negative (D-R) values of −4.186, and −1.872. 
Based on threshold value (α = 2.170), and total rela-
tionship matrix, urban integration (U6) was the most 
critical sub-criterion because it directly influenced the 
other sub-criteria.

Discussion

As shown in (Table 8), and with regard to the cause- 
effect diagrams of the criteria for the use of under- 
bridges urban spaces, which were revealed from the 

experts’ opinions by using the (DEMATEL) technique. 
Although achieving environmental sustainability in cities 
is the prevailing global trend in recent years. Experts’ 
evaluation of the main criteria reflected that the first 
priority was to preserve the urban identity and image 
of the city, while environmental effectiveness came in 
the third place. It is worth noting that the economic 
viability was in the second place, which confirms the 
necessity of having economic feasibility studies for these 
types of projects to ensure the achievement of their 
expected sustainable purpose. In the same context, the 
revealed cause – effect diagram for the criteria (main 
dimensions) also reflects that achieving economic viabi-
lity, environmental effectiveness, and urban identity as a 
priority will have a direct impact on attaining social 
merit, and enhancing the city infrastructure, and then 
achieving comprehensive sustainability.

Regarding, Cause-and-Effect diagram of the five 
sub-criteria, it shows the following:

● within (Social merit). Experts’ evaluation reflects 
that the provision of social services could 
increase social interactions and sense of place, 
promote social cohesion, and encourage citizens 
to act and strengthen social bonds.

Figure 6. Cause–effect diagram for sub-criteria within (En).
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Figure 7. Cause–effect diagram for sub-criteria within (I).

Figure 8. Cause–effect diagram for sub-criteria within (U).
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● within (Economic viability). Experts’ evaluation 
indicates that the provision of innovative func-
tions, especially small scale-business, could 
increase job opportunities, boost economic 
growth, and raise the tourist attraction to the 
city.

● within (Environmental effectiveness). Experts’ 
evaluation shows that the environmental pillar 
through optimum exploitation of the local 
recourses could achieve sustainable resource 
management, reduce energy consumption, and 
improve air quality.

● within (Infrastructure enhancement). Experts’ 
evaluation reflects that relying on green infra-
structure, ICT-infrastructure, and using smart 
parking as a function could reduce traffic den-
sity, and road maintenance.

● within (Urban identity). Where urban identity 
was classified as the most important criterion. 
Urban integration, and resilient urban functions 
were classified as the most important criteria 
within this criterion. That reflects how this criter-
ion is important to preserve the image of the city 
and its sense.

More specifically, despite the negative impacts of 
under-bridge urban spaces in past, it could be an 
essential resource for the city to acquire great 

environmental, social, and economic benefits as sum-
marised in (Table 9) if designed correctly.

Conclusion

Under-bridges urban spaces are places that can pro-
mote urban sustainability and enhance the image of 
the city. In this study, five criteria (main dimensions) 
were determined based on the reviewed literature to 
assess the potential uses, and projects that may be 
implemented in these urban places, to ensure that 
they boost sustainable development in the city. 
These criteria were as follows: social merit P1, eco-
nomic viability P2, environmental effectiveness P3, 
infrastructure enhancement P4, and urban identity 
P5. Also, thirty-one sub-criteria (sub-dimensions) 
were revealed and categorised within these five cri-
teria. The study applied (DEMATEL) technique not 
only to assess the criteria and sub-criteria based on 
ten experts’ judgement but also to describe the 
cause-and-effect relationships among them. The 
most important criterion was urban identity. 
Additionally, the importance of the five evaluated 
criteria was prioritised as P5> P2> P3> P1> P4. More 
specifically, economic viability (P2), environmental 
effectiveness (P3), and urban identity (P5) were classi-
fied into cause criteria group, while the effect criteria 
group included social merit (P1), and infrastructure 

Table 9. Summary of the sustainable benefits of reusing under-bridge urban spaces.

Sustainability 
pillars Impacts

Environmental Under bridge urban spaces can present many environmental benefits:
● Can be used as ecological resource and a green infrastructure to promote ecosystem health (Someraro et al.  

2017).
● Vegetation and greening under-bridges urban spaces improve air quality, reduce heat island effects, pollution, 

and support climate change adaptation (Wong et al. 2021).
● Encourage growing recycling networks.

Social Under bridge urban spaces can present many social benefits:
● Can provide the opportunity to compensate for the shortage of open spaces (Yabe et al. 2021).
● Increase social interactions and sense of place (Ujang et al. 2018).
● Provide creative functions as social services “open restaurants - entertainment activities cafeterias- education 

centers- urban agriculture … etc” (Tuijl et al. 2018).
● Offer locations for temporary uses “seasonal celebrations- events- place for buy and sell- markets … etc” (Jepson 

and Alan 2015).
● Provide learning benefits for children (Acar 2014).

Economic Under bridge urban spaces can present many economic benefits:
● Raising the level of low- and medium-scale investment (Fellnhofer 2016).
● Can offer working spaces at low cost and places for temporary uses which can become an urban catalyst of city 

development (Balvociene and Kestuties 2021).
● Provide job opportunities and skills developments.
● Increase the value of properties of surrounding areas (Sodhi et al., 2021).
● Not require high cost of complex design.
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enhancement (P4). In the same context, the most 
important sub-criteria within each criterion were 
social services, investment diversity, sustainable 
recourses management, ICT-infrastructure, and 
urban integration. Noteworthy, the result illustrates 
that the experts tended to preserve the urban identity 
of the city and achieve economic viability for the 
expected uses than attaining environmental effective-
ness. Finally, the study finds that under-bridges urban 
spaces can be an essential resource for the city to 
acquire great environmental, social, and economic 
benefits, therefore achieving comprehensive sustain-
able development for the cities. Notably, the study 
methodology can be applied to evaluate the opti-
mum uses for the other urban spaces in the future 
research.
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Appendix 1: The direct-relation matrices (X) for sub-criterion
The direct-relation matrices (X) for social merit

Begging 

reduction (S1)

Street criminality 

rate (S2)

Social services (S3)

Social interaction (S4)

Culture diversity 

(S5)

Health 

conditions (S6)

Begging reduction (S1) 0 3.83 1.17 2.5 2.5 1.17

Street criminality rate (S2) 3.5 0 3.5 1.17 2 2.5

Social services (S3) 3.83 3.5 0 3.83 3.17 2.5

Social interaction (S4) 3 3.5 3.83 0 3.5 3.5

Culture diversity (S5) 2.5 2.5 3 3.33 0 2.5

Health conditions (S6) 1.67 1.33 2.83 2.17 1.67 0

The direct-relation matrices (X) for Economic viability

Land 

value (Ec1)

Economic 

growth (Ec2)

Job opportunities 

(Ec3)

Investment 

diversity (Ec4) Small-scale business (Ec5)

Tax benefits 

(Ec6)

Tourism 

attraction (Ec7)

Land value (Ec1) 0 3.67 3.67 3.5 0 3.67 0

Economic growth (Ec2) 2.33 0 2.33 3.83 3.5 3.67 3.67

Job opportunities (Ec3) 1.67 4 0 3.67 4 3.5 3.5

Investment diversity (Ec4) 2.67 3.67 3.17 0 3.33 3.5 3.67

Small-scale business (Ec5) 2.33 3.5 3.5 3.67 0 3.17 3.67

Tax benefits (Ec6) 2.67 3.17 3.5 3.33 3.5 0 2.67

Tourism attraction (Ec7) 0.67 3.33 0.67 3.67 1 0.67 0

The direct-relation matrices (X) for Environmental effectiveness

Air quality (En1) Noise level (En2)

Energy 

consumption (En3)

Sustainable resources 

management (En4) Vegetation (En5)

Recycled water 

usage (En6)

Air quality (En1) 0 0 3.67 3.67 3.83 1.67

Noise level (En2) 0 0 1 1 1 0

Energy consumption (En3) 3.83 0.5 0 3.67 3.33 2.67

Sustainable resources management (En4) 3.67 3.67 3.67 0 3.83 3.83

Vegetation (En5) 1.83 0 3 3.5 0 3.33

Recycled water usage (En6) 0 0 3.17 3 2.67 0

The direct-relation matrices (X) for Infrastructure enhancement

Green 

Infrastructure (I1)

Night lighting 

control (I2) Smart parking (I3) Waste disposal (I4)

Road’s 

maintenance (I5)

ICT-infrastructure 

(I6)

Green Infrastructure (I1) 0 3.5 1.83 3.5 3.33 3.33

Night lighting control (I2) 1.83 0 2 0 3.67 3.67

Smart parking (I3) 3.5 1.67 0 2 1.83 3.5

Waste disposal (I4) 3.5 0 0 0 1.17 1.17

Road’s maintenance (I5) 1 2.83 0.83 1.17 0 0.83

ICT-infrastructure (I6) 3.33 2.17 3.33 3.5 3.33 0

The direct-relation matrices (X) for Urban identity

The image of the 

city (U1)

Resilience urban 

functions (U2)

Mixed land use 

(U3) Green spaces (U4)

Traffic density 

(U5)

Urban 

integration (U6)

The image of the city (U1) 0 2 2 2 1.17 3.33

Resilience urban functions (U2) 2 0 2 2 3.67 3.83

Mixed land use (U3) 3.33 3.5 0 3.33 1 3.33

Green spaces (U4) 3.5 3.5 3.17 0 1.5 3.5

Traffic density (U5) 3.5 3.67 1 1.67 0 3.17

Urban integration (U6) 3.5 3.5 3.67 3.67 3.67 0
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Appendix 2: The normalized direct-relation matrices (N) for sub-criterion

The normalized direct-relation matrices (N) for social merit

(S1) (S2) (S3) (S4) (S5) (S6)

(S1) 0.000 0.261 0.080 0.171 0.171 0.080
(S2) 0.239 0.000 0.239 0.080 0.136 0.171

(S3) 0.261 0.239 0.000 0.261 0.216 0.171
(S4) 0.205 0.239 0.261 0.000 0.239 0.239

(S5) 0.171 0.171 0.205 0.227 0.000 0.171
(S6) 0.114 0.091 0.193 0.148 0.114 0.000

The normalized direct-relation matrices (N) for Economic viability

(Ec1) (Ec2) (Ec3) (Ec4) (Ec5) (Ec6) (Ec7)

(Ec1) 0.000 0.180 0.180 0.172 0.000 0.180 0.000
(Ec2) 0.115 0.000 0.115 0.189 0.172 0.180 0.180

(Ec3) 0.082 0.197 0.000 0.180 0.197 0.172 0.172
(Ec4) 0.131 0.180 0.156 0.000 0.164 0.172 0.180

(Ec5) 0.115 0.172 0.172 0.180 0.000 0.156 0.180
(Ec6) 0.131 0.156 0.172 0.164 0.172 0.000 0.131

(Ec7) 0.033 0.164 0.033 0.180 0.049 0.033 0.000

The normalized direct-relation matrices (N) for Environmental effectiveness

(En1) (En2) (En3) (En4) (En5) (En6)

(En1) 0.000 0.000 0.247 0.247 0.258 0.112

(En2) 0.000 0.000 0.067 0.067 0.067 0.000
(En3) 0.258 0.034 0.000 0.247 0.225 0.180

(En4) 0.247 0.247 0.247 0.000 0.258 0.258
(En5) 0.124 0.000 0.202 0.236 0.000 0.225
(En6) 0.000 0.000 0.213 0.202 0.180 0.000

The normalized direct-relation matrices (N) for Infrastructure enhancement

(I1) (I2) (I3) (I4) (I5) (I6)

(I1) 0.000 0.263 0.137 0.263 0.250 0.250

(I2) 0.138 0.000 0.150 0.000 0.275 0.275
(I3) 0.263 0.125 0.000 0.150 0.138 0.263

(I4) 0.188 0.000 0.000 0.000 0.088 0.088
(I5) 0.075 0.213 0.063 0.088 0.000 0.063
(I6) 0.250 0.163 0.250 0.263 0.250 0.000

The normalized direct-relation matrices (N) for Urban identity

(U1) (U2) (U3) (U4) (U5) (U6)

(U1) 0.000 0.132 0.132 0.132 0.077 0.220

(U2) 0.132 0.000 0.132 0.132 0.242 0.253
(U3) 0.220 0.231 0.000 0.220 0.066 0.220
(U4) 0.231 0.231 0.209 0.000 0.099 0.231

(U5) 0.231 0.242 0.066 0.110 0.000 0.209
(U6) 0.231 0.231 0.242 0.242 0.242 0.000
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Appendix 3: The total relation matrix (T) for sub-criterion

The total relation matrix (T) for social merit

The total relation matrix (T) for economic viability

The total relation matrix (T) for environmental effectiveness

The total relation matrix (T) for infrastructure enhancement

The total relation matrix (T) for urban identity

(U1) (U2) (U3) (U4) (U5) (U6)

(U1) 1.924 2.072 1.673 1.744 1.557 2.261

(U2) 2.483 2.406 2.018 2.110 2.025 2.760
(U3) 2.675 2.724 2.019 2.291 1.988 2.883

(U4) 2.772 2.814 2.261 2.184 2.081 2.986
(U5) 2.414 2.459 1.860 1.979 1.724 2.585

(U6) 3.149 3.199 2.579 2.692 2.470 3.204

(S1) (S2) (S3) (S4) (S5) (S6)

(S1) 1.813 2.042 1.843 1.762 1.760 1.608

(S2) 2.182 2.008 2.117 1.863 1.892 1.815
(S3) 2.796 2.809 2.513 2.529 2.489 2.329
(S4) 2.806 2.854 2.774 2.368 2.548 2.422

(S5) 2.358 2.381 2.324 2.174 1.978 2.018
(S6) 1.742 1.741 1.756 1.604 1.569 1.386

(Ec1) (Ec2) (Ec3) (Ec4) (Ec5) (Ec6) (Ec7)

(Ec1) 0.561 1.042 0.876 1.048 0.724 0.939 0.781
(Ec2) 0.772 1.072 0.965 1.250 0.991 1.084 1.086

(Ec3) 0.786 1.300 0.911 1.309 1.065 1.134 1.140
(Ec4) 0.805 1.258 1.022 1.125 1.011 1.108 1.114
(Ec5) 0.789 1.248 1.030 1.273 0.869 1.091 1.112

(Ec6) 0.782 1.202 1.007 1.226 0.989 0.930 1.043
(Ec7) 0.413 0.744 0.517 0.768 0.528 0.562 0.531

(En1) (En2) (En3) (En4) (En5) (En6)

(En1) 0.835 0.376 1.313 1.339 1.336 1.089
(En2) 0.206 0.093 0.325 0.331 0.329 0.241

(En3) 1.065 0.414 1.156 1.380 1.354 1.168
(En4) 1.147 0.625 1.492 1.322 1.513 1.337
(En5) 0.850 0.340 1.169 1.213 1.011 1.071

(En6) 0.612 0.276 0.972 0.982 0.957 0.712

(I1) (I2) (I3) (I4) (I5) (I6)

(I1) 0.931 1.062 0.791 1.039 1.263 1.153

(I2) 0.886 0.719 0.701 0.699 1.104 1.009
(I3) 1.069 0.890 0.619 0.903 1.085 1.084

(I4) 0.509 0.339 0.259 0.329 0.481 0.435
(I5) 0.517 0.593 0.387 0.466 0.519 0.530

(I6) 1.156 1.004 0.881 1.064 1.272 0.969
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Appendix 4: The matrix (T) for sub-criterion by considering the threshold value (α)

The matrix (T) for social merit by considering the threshold value (α)

The matrix (T) for economic viability by considering the threshold value (α)

The matrix (T) for environmental effectiveness by considering the threshold value (α)

The matrix (T) for infrastructure enhancement by considering the threshold value (α)
(I1) (I2) (I3) (I4) (I5) (I6)

(I1) 0.931 1.062 0.000 1.039 1.263 1.153
(I2) 0.886 0.000 0.000 0.000 1.104 1.009

(I3) 1.069 0.890 0.000 0.903 1.085 1.084
(I4) 0.000 0.000 0.000 0.000 0.000 0.000
(I5) 0.000 0.000 0.000 0.000 0.000 0.000

(I6) 1.156 1.004 0.881 1.064 1.272 0.969

The threshold value (α) = 0.798

(S1) (S2) (S3) (S4) (S5) (S6)

(S1) 0.000 0.000 0.000 0.000 0.000 0.000
(S2) 2.182 0.000 0.000 0.000 0.000 0.000

(S3) 2.796 2.809 2.513 2.529 2.489 2.329
(S4) 2.806 2.854 2.774 2.368 2.548 2.422

(S5) 2.358 2.381 2.324 2.174 0.000 0.000
(S6) 0.000 0.000 0.000 0.000 0.000 0.000

The threshold value (α) = 2.138

(Ec1) (Ec2) (Ec3) (Ec4) (Ec5) (Ec6) (Ec7)

(Ec1) 0.000 1.042 0.000 1.048 0.000 0.000 0.000
(Ec2) 0.000 1.072 0.965 1.250 0.991 1.084 1.086

(Ec3) 0.000 1.300 0.000 1.309 1.065 1.134 1.140
(Ec4) 0.000 1.258 1.022 1.125 1.011 1.108 1.114

(Ec5) 0.000 1.248 1.030 1.273 0.000 1.091 1.112
(Ec6) 0.000 1.202 1.007 1.226 0.989 0.000 1.043

(Ec7) 0.000 0.000 0.000 0.000 0.000 0.000 0.000

The threshold value (α) = 0.958

(En1) (En2) (En3) (En4) (En5) (En6)

(En1) 0.000 0.000 1.313 1.339 1.336 1.089
(En2) 0.000 0.000 0.000 0.000 0.000 0.241

(En3) 1.065 0.000 1.156 1.380 1.354 1.168
(En4) 1.147 0.000 1.492 1.322 1.513 1.337
(En5) 0.000 0.000 1.169 1.213 1.011 1.071

(En6) 0.000 0.000 0.972 0.982 0.957 0.000

The threshold value (α) = 0.888
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The matrix (T) for urban identity by considering the threshold value (α)
(U1) (U2) (U3) (U4) (U5) (U6)

(U1) 0.000 0.000 0.000 0.000 0.000 0.000
(U2) 2.483 2.406 0.000 0.000 0.000 2.760

(U3) 2.675 2.724 0.000 0.000 0.000 2.883
(U4) 2.772 2.814 0.000 0.000 0.000 2.986

(U5) 2.414 2.459 0.000 0.000 0.000 2.585
(U6) 3.149 3.199 2.579 2.692 2.470 3.204

The threshold value (α) = 2.362
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