§§¢ sustainability

Article

Indicators Affecting the Urban Resilience with a Scenario

Approach in Tehran Metropolis

Ebrahim Farhadi 2, Ahmad Pourahmad %*, Keramatollah Ziari !, Hassanali Faraji Sabokbar !

and Simona Tondelli 2

Citation: Farhadi, E.;

Pourahmad, A.; Ziari, K.;

Faraji Sabokbar, H.; Tondelli, S.
Indicators Affecting the Urban
Resilience with a Scenario Approach
in Tehran Metropolis. Sustainability
2022, 14, 12756. https://doi.org/
10.3390/su141912756

Academic Editor: Francesco Tajani

Received: 1 September 2022
Accepted: 6 October 2022
Published: 7 October 2022

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2022 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/).

1 Faculty of Geography, University of Tehran, Tehran 1417935840, Iran
2 Department of Archicture, Universita di Bologna, 40136 Bologna, Italy
* Correspondence: apoura@ut.ac.ir

Abstract: Urban resilience refers to the capacity of an urban system to fully recover from unforeseen
calamities. This study aims to assess the physical resilience indicators used to measure urban resil-
ience in Tehran, the political and economic capital of Iran, and to pinpoint the most significant direct
and indirect influences on urban resilience. The research process divided into two parts. The envi-
ronmental scanning approach (reviewing papers and published sources, interviewing specialists,
and monitoring conferences) and the literature review were employed in the first part to compile a
database of the key information on the elements impacting physical resilience. The most significant
factors impacting physical resilience over the next ten years were requested to be identified by spe-
cialists and intellectuals in the second part. Finally, the MicMac program was used to analyze the
data after 29 variables were specified in Delphi. In light of the trace-analysis-dependence diagram,
which depicts the instability of the influential factors and the persistence of their impact on other
variables, the results demonstrate that Tehran’s physical resilience is in an unstable condition. Ac-
cording to the results, the factors that have the maximum impact on other variables are granularity
drivers, emergency evacuation capacity, rescue and security spaces (emergency, fire station, and
police station), impermeability, rate of the amendment and retrofitting measures in the buildings of
each zone, building age, and the compatibility of land uses. The variables that are most susceptible
to change from other variables include the distribution status of dangerous land uses, the quality of
the buildings, the rate of historically vulnerable buildings, the vulnerability of internal and external
roads, the rate of improvements and retrofitting measures in buildings in each zone, as well as his-
torically vulnerable historical buildings.
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1. Introduction

Cities are always undergoing a variety of changes, which may be abrupt or gradual
[1]. A city has to be able to continually assess its varied implementation circumstances,
but it also needs to take into account any potential trends that might have an impact [2].
Natural, technical, economic, and human factors all have a role in the decline or abolition
of the balance of civilizations [3]. To safeguard their lives, possessions, and families, hu-
mans have long strived to make safe environments and to be ready for any mishaps [4].
The process of achieving sustainable development in human societies has become chal-
lenging as the world becomes an urbanized place [5]. Predictions indicate that more than
68% of the world’s population will reside in cities by 2050 [6], which is in addition to the
rise in the number and variety of natural disasters in human societies [7]. Natural catas-
trophes around the world have led to an economic loss of USD 75 billion (EUR 73 billion)
in the first half of 2022, according to Swiss Re Institute’s preliminary estimates [8].
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Despite its complex philosophical aspects, the lack of clarity and common under-
standing of it, and, most importantly, the confusion regarding its implications for urban
planning and crisis management, the concept of resilience is now largely acknowledged
in the achieving sustainable development [9,10]. Because urban resilience in the face of
disaster can lead to actions such as improving the resilience capacity and adapting urban
communities to the livelihoods of their citizens [11,12], it is crucial to put a direct focus on
making urban communities resilient rather than addressing their susceptibilities [13].

Tehran’s route to resilience is made more challenging by its placement on more than
60 faults, which now offers the potential for an earthquake of magnitude of six to eight on
the Richter scale [14]. In the interim, managers’ and urban planners’ emphasis on timing
and preventative actions has become increasingly evident. A critical concern for munici-
pal management is that unstable and dangerous projects are becoming increasingly fre-
quent in the Tehran metropolis. Natural disasters are a severe and fundamental threat to
the occurrence of human catastrophe in poorly functioning communities and urban areas
for a variety of reasons, including special settlement conditions, high population density,
deteriorating access networks, and natural calamities, which pose a severe and fundamen-
tal danger to the possibility of a human catastrophe. Accordingly, the present study aims
to investigate the main factors influencing Tehran’s physical resilience. By addressing this
study question, which may be used in many aspects of urban and regional decision-mak-
ing, it can reflect the contribution of important elements in physical resilience. Therefore,
the research leads us to question what role the key driving forces have in the physical
resilience of Tehran.

2. Literature Review
2.1. The Concept of Resilience

Both scientific research and political discourse now place a high value on resilience
and “resilience thinking.” Resilience is defined as a strategy, or a subset of a strategy, that
can cope with the high degree of uncertainty existing in complex urban situations [15].
The capacity of a community to anticipate threats, adjust to changing conditions, with-
stand disturbances, and swiftly recover from them is known as community resilience [16].
As defined by the UN, a resilient city has inclusive, capable, and responsible local govern-
ments that are concerned with sustainable urbanization [17]. In addition, governments
feel obligated to provide the essential resources for management and organizational ca-
pacities before, during, and after a tragic natural disaster [18]. Cities all across the world
have grown more robust to the ecological, social, and economic problems that are a part
of 21st-century problems thanks to the “resistant or resilient cities” approach [19]. The
term “resilience” is most commonly used regarding the stability of ecosystems and a sys-
tem’s ability to recover from particular shocks or disruptions in ecology and complicated
studies of adaptive systems [20]. For “social-environmental systems”, resilience is de-
scribed as “an urban system'’s ability —and all its constituent socio-ecological and socio-
technical networks, temporally and spatially —to maintain or accelerate in the case of a
disruption to return to desired functions in order to adapt itself to it [21].

Resilience refers to the capacity to fully recover from an unforeseen circumstance or
occurrence, as well as the degree of disturbance that a system can tolerate before altering
the variables and processes that govern its behavior [22,23]: it increases people’s quality
of life [24] and people’s proper access to resources [25]. Higher resilience levels help soci-
ety recover from dangerous situations [13] and takes society towards sustainability [26];
however, if environmental and social conditions are not considered, efforts to achieve sus-
tainability are incomplete [27-29]. Resilience is understood to be the systems” and the risk-
exposed cities’ prospective capacity to adjust to or resist change to reach or sustain an
adequate level of performance and structure [30,31] where risk and uncertainties are
growing. Resilience is a notion for coping with disruptions, shocks, and changes that are
presented in circumstances when risk and uncertainty are rising [32,33]. An important
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limitation of cities is that risks affecting sustainability, which cover a wide range, are not
easily identified and their effects are often ambiguous [34,35], affecting urban resilience.

Urban resilience is the capacity of a city to tolerate change before reorganizing into
new systems of structures and procedures [36,37].

Therefore, all aspects should be studied, especially since social sustainability can be
one of the important aspects of resilience [38]. In fact, resilient cities are designed to antic-
ipate, overcome, and recover from the effects of natural or technical hazards, and the
physical and social systems in such a city are able to survive and function under pressure
and crisis conditions. As urban-land-use patterns are the basis for these physical and so-
cial components, the compatibility of these patterns with hazards and attention to natural
hazards in their design plays an important role in maintaining the resilience of these com-
ponents and, as a result, the resilience of the city [39]. Change thresholds, the ability to
reorganize one’s resilience, recovering from shock and stress to learn and adapt, the unit
of exposure (analysis unit) of resilience, natural ecosystems, or human and environmental
systems, are the main characteristics of resilience [40].

2.2. Resilience Measurement and Analysis Models

One of the fundamental components of studies and research in the area of resilience
is the development of the proper way to assess resilience. Numerous models have been
presented by researchers, each of which focuses on a different component of catastrophe
resilience [41]. All of these models share the idea of social capital. Additionally, they ex-
amine a few resilience-related topics, including the linear-temporal model [42], the spatial
model [13], the Tobin model [41], the sustainable livelihood model [43] and the PEOPLES
model. Here, considering the wide range of models, we explain the PEOPLES model.

In an article, Cimellaro and colleagues sought to achieve a framework to evaluate
community resilience in different spatial and temporal scales that included different di-
mensions and components. Cimellaro called this framework “PEOPLES”, where each let-
ter represents one of the components. Respectively, these components are: (1) P: popula-
tion and demographics; (2) E: environmental and ecosystem; (3) O: organized governmen-
tal services; (4) P: physical infrastructures; (5) L: lifestyle and community competence; (6)
E: economic development; and (7) S: social-cultural capital.

In this framework, each dimension is characterized by a separate performance meas-
ure, which is combined with other dimensions using a multi-layered approach; therefore,
once a composite model of the community is defined, the proposed framework can be
used to measure its performance against any type of extreme event during the emergency
and in the long-term stages after the injury [44].

Because there is a scholarly agreement in this area on the multiple characteristics of
resilience (socioeconomic, institutional, and physical-environmental), it is necessary to
present and suggest models. Cutter’s spatial model (2008 and 2010) focuses on the three
components of resilience (socioeconomic, institutional, and physical-environmental). In
addition, the community-based disaster model (CBDM) highlights the involvement of
communities in the disaster management process and their crucial role. The model men-
tioned above aims to decrease society’s susceptibility by strengthening people’s collabo-
ration and preparedness to deal with the hazards of natural catastrophes [45]. These two
models can therefore be used to measure and assess resistance to natural catastrophes. A
bottom-up management strategy that emphasizes people’s collaboration in addressing
natural catastrophe situations is the community-based disaster model [46].

Considering that this article has a scenario approach, we decided to use another
model aside from these models. Of course, we had help from these models in the form of
study indicators.
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3. Methodology

The research process was applied in terms of purpose, and the research method was
descriptive-analytical, with a “heuristic approach” to the future. The research process was
divided into two sections. In the first section, environmental scanning techniques (review-
ing articles and published sources, interviews with experts, and conference monitoring)
and a literature review were used to develop a database of the factors that affect urban
resilience (data collection and information). Information was gathered for this purpose
from survey, library, and documentary sources, and it was integrated with data from ex-
pert and specialist interviews in the field of urban-resource planning. We asked 25 experts
and intellectuals to identify the most significant critical variables impacting Tehran’s
physical resilience over the next ten years in the second section.

In this article, the panel members were selected through targeted non-probability
sampling, in which 25 people who had sufficient expertise in the research topic were se-
lected. In a Delphi study, if the participants are homogeneous, 10 to 20 people will be
enough to perform the Delphi technique [47].

After determining the panel members, three rounds of the Delphi method were im-
plemented. Questionnaires were also distributed by both face-to-face and electronic meth-
ods. In the first round, a list of factors affecting the resilience of the city of Tehran, which
was extracted from theoretical studies, was provided to the panel members to determine
the importance of each one. Additionally, they were asked to suggest and add their de-
sired variables to this list in addition to the existing variables. Examining the answers to
the open questions showed that the variables proposed by the respondents are the same
as the existing factors identified from the theoretical texts. Therefore, these variables were
integrated and combined with the existing variables. Finally, the subject of the two phases
of the 29 Delphi variables was established, as detailed in Table 1, following the interviews
with the experts.

Table 1. Key forces related to the physical resilience dimension of the Tehran metropolis.

Row Long Label Short Label

Distribution status of hazardous land use (such as power

1 . . . Hazardous
plants, industrial uses, and flammable material stores)

2 Strength and safety of public spaces Safety

3  Pattern of texture and form of the city (height, order, etc.) Pattern

4  Public transportation facilities Public tr

5 Vulnerability of roads (inside and near the market) Vulnerabil

6  Vulnerability of vital arteries (water, electricity, gas, etc.) Vital arte
Improvement and regeneration measures in the buildings of .

7 Regenerati
each zone
Vulnerable historical buildings Historical
Buildings in which renovation measures have been carried out .

9 . . s . Renovation
in relation to the whole building (locally or in general)

10 Area of historic buildings to the total number of buildings in Area of hi
each zone

11 Percentage of yard units Yard units

12 Minority Minority

13 Smart infrastructures Smart

14 Large structures Large stru

15 ACC?S'Sl.blhty index and quality of main urban roads (safety, ac- Q roads
cessibility, asphalt, etc.)

16 Vital pathway penetration coefficient Penetratio

17 Recovery capacity Recovery
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Emergency evacuation capacity and rescue and security facili-

18 ties (emergency, fire and police) Discharge

19 Therapeutic capacity and relief base Therapeuti
20 Sidewalk Sidewalk

21 Old building Old buildi
22 Land use compatibility Compatibil
23  Quality of buildings Q building
24 Building area Building a
25 Reinforcement of communication bridges Strengthen
26 Land use incompatibility rate Incompatib
27 Impenetrability Impenetrab
28 Interdependence of infrastructures Interdepen

29 Existence of open space and temporary accommodation spaces ~ Open space

In next stages, the importance of the variables was determined using MicMac soft-
ware(Version 6.1.2, creator by Michel Godet and Francgois Bourse; The new Micmac soft-
ware has been developed by a French Computer Innovation Institute 3IE (Institut d’Inno-
vation Informatique pour I'Entreprise) under the supervision of its conceptual creators
LIPSOR Prospective (foresight) Strategic and Organisational Research Laboratory). In the
MicMac method, a list of key variables is provided to conduct the initial research, which
can be derived from the opinions of experts or other sources. Then, according to the num-
ber of key variables, n*n matrix houses of influential variables are scored. This matrix is
called the matrix of direct effects and each mij component represents the effect of variable
ion variablejand its value canbe 0, 1, 2, 3, or 4 (p) depending on the effect. In this method,
1 indicates weak effects, 2 indicates moderate effects, and 3 indicates severe or strong ef-
fects. The number 4 indicates that, according to the experts and specialists participating
in the research, the effect of two variables on each other is possible, in the sense that there
may or may not be influence or effectiveness. By changing the components of code 4 or P
in the analysis stage of the software, possible effects can also be identified. Then, in the
third step, using one of the two direct or indirect methods, the amount of influence can be
determined.

In the direct method, the direct effect of variable K on other variables is the sum of
all values of row K of matrix M, and the influence of variable K on other variables is the
sum of values of column K. In this way, the ranking of cDM and oIM is obtained for each
variable, and the importance of each variable is calculated from the sorting of these values.
The following formulas show the mathematical algebra of this process [48].

I, =3"= 1mj (K=12...n)
Dy = 3i" = 1mik (K =1.2...n)

After this stage, the indirect effects can be identified with the help of the MicMac
software. The basis of this work in calculating indirect effects is to multiply the matrix by
itself several times or, in other words, to raise the matrix of direct effects to the nth power.
After each order of matrix multiplication, the row and column sum of the effects are cal-
culated, and the variables are ranked. This process continues iteratively until the rank of
all the variables in step K-1 does not differ from their rank when the matrix reaches the
power of K+1. In this way, the sum of indirect effects of the first degree is obtained. First-
order effects mean that, in this method, only the indirect effects of a variable through a
mediating variable (not more mediating variables) are calculated. In practice, the effects
of higher degrees are so weak that they can be ignored. In the MicMac method, the power
of the n value is usually equal to 7 or 8, which means that by multiplying the matrix of
direct effects by itself 7 or 8 times, the rank of the variables remains unchanged, the results
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reach stability, and the repeated mathematical process is completed. With the help of Mic-
Mac software, the above mathematical operations can be performed. This software also
has an algorithm to determine the position of each variable on the maps of direct and
indirect effects. The most important maps of direct and indirect effects, which help to in-
terpret the results faster and more accurately, locate the sum of the effects resulting from
row and column summation on the two axes of influence and dependence. Additionally,
by raising the two-dimensional space of the map, it is possible to judge the role of each
effect, which is mentioned in the rest of this article. In this way, MicMac software provides
basic visual maps that can be optimized using external visualization software.

MicMac software was used in conjunction with the cross-impact technique to pin-
point the primary elements that are the driving forces behind others. In a cross-matrix, the
total of the rows for each component indicates its level of influence, while the sum of its
columns indicates the extent to which other factors have an impact. Based on the first
matrix of cross impacts generated from 812 values by experts and specialists, 446 instances
were determined to have a high impact, 327 cases were determined to have a medium
impact, 30 cases were determined to have a low impact, and 29 cases were determined to
be ineffective. The acceptable validity of the questionnaire and the responses is shown by
the matrix’s 98 percent desirability and optimization within two data cycles.

Study Area

Tehran, the capital of Iran, is located in a geographical position of 51° and 5’ to 51°
and 36’ east longitude and 35° and 35’ to 35° and 50’ north latitude (Figure 1). According
to the most recent census and housing population of Iran, Tehran is now the largest city
in the Middle East and is rated 16th among the most populated cities in the world with a
population of 8,693,706 [49].

Tehran, the country’s commercial hub, is regarded as Iran’s first industrial zone. Ac-
cording to statistics from 2016, Tehran contributed 21 percent of Iran’s overall GDP, and
by hosting half of the nation’s industrial sector, it has a significant impact on the country’s
economy [50].
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Figure 1. The study area’s geolocation map. Drawing authors, 2022.
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4. Results
4.1. Trace Analysis-Dependence Matrix and Physical Resilience Indices’ Dispersion

In the analysis of the effect-dependency matrix, attention should be paid to the ar-
rangement of the resilience indicators of the Tehran metropolis in the framework of Figure
2. The pattern of this distribution has a very direct relationship with the stability or insta-
bility of resilience in the Tehran metropolis with a scenario approach. In the way that sta-
ble systems have indicators with a high degree of influence and effectiveness, the varia-
bles also have a normal distribution in other levels of the diagram.

Direct influence/dependence map
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Figure 2. The position of each physical resilience factor in direct influence/dependence map.

The distribution of variables in unstable systems does not follow a regular pattern,
and the majority of indices skew upward or downward. Therefore, according to Figure 2
and the analyses made, it can be seen that the resilience system of the Tehran metropolis
is in an unstable state considering the effect-dependency analysis diagram.

The results Table 2 show that Impenetrability (79), Minority and Emergency evacua-
tion capacity and rescue and security facilities (emergency, fire and police) (76), Improve-
ment and regeneration measures in the buildings of each zone (75), Buildings in which
renovation measures have been carried out in relation to the whole building (locally or in
general) (75), Area of historic buildings to the total number of buildings in each zone and
Land use compatibility (75), Distribution status of hazardous land use (such as power
plants, industrial uses, and flammable material stores) , Vulnerable historical buildings ,
Existence of open space and temporary accommodation spaces (74) had the maximum
effectiveness factor on other variables. In addition, the variables that had maximum sus-
ceptibility from other variables are Vulnerability of vital arteries (water, electricity, gas,
etc.) (76), Percentage of yard units (75), Vulnerable historical buildings (75), Improvement
and regeneration measures in the buildings of each zone (74), Distribution status of haz-
ardous land use (such as power plants, industrial uses, and flammable material stores)
(73), Vulnerability of roads (inside and near the market), Area of historic buildings to the
total number of buildings in each zone , Recovery capacity (73).
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Table 2. The rate of direct effectiveness and susceptibility of physical resilience factors.

Total Num- Total Num-
N° Variable ber of Col-
ber of Rows
umns
Distribution status of hazardous land use (such as
1 power plants, industrial uses, and flammable material 74 73
stores)
2 Strength and safety of public spaces 67 69
Pattern of texture and form of the city (height, order,
3 65 55
etc.)
4  Public transportation facilities 68 63
5  Vulnerability of roads (inside and near the market) 70 73
6 Vulnerability of vital arteries (water, electricity, gas, 70 76
etc.)
7 Improvement and regeneration measures in the build- 75 74
ings of each zone
8 Vulnerable historical buildings 74 75
Buildings in which renovation measures have been car-
9 ried out in relation to the whole building (locally or in 75 69
general)
10 Area of historic buildings to the total number of build- 75 73
ings in each zone
11 Percentage of yard units 70 75
12 Minority 76 70
13 Smart infrastructures 69 70
14 Large structures 67 71
15 Accessibility index and quality of main urban roads 63 7
(safety, accessibility, asphalt, etc.)
16 Vital pathway penetration coefficient 65 67
17 Recovery capacity 52 73
18 Emergency evacuation capacity and rescue and security 76 71
facilities (emergency, fire and police)
19 Therapeutic capacity and relief base 68 73
20 Sidewalk 67 68
21 Old building 72 72
22 Land use compatibility 75 68
23  Quality of buildings 72 69
24 Building area 58 71
25 Reinforcement of communication bridges 73 73
26 Land use incompatibility rate 70 68
27 Impenetrability 79 70
28 Interdependence of infrastructures 66 68
29 Existence of open space and temporary accommodation 74 61
spaces
Totals 2025 2025
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4.2. Trace-Matrix-Indirect Dependence and Dispersion of Physical Resilience Indices

Figure 3 shows the dispersion of two-dimensional variables and the effectiveness fac-
tors in the northeast of zone 2 and the northwest of zone 1, respectively. Such variables
are more effective than susceptibility ones and are classified as the most critical compo-
nents. Furthermore, environmental variables are more evident and cannot be controlled
by the system. Additionally, the independent variables are shown in the southwest of area
4. These variables exhibit a configuration and are not impacted by, or have no effect on,
other system variables (in the center of the center axis of the circuit). Such variables can
be enhanced by effective variables, determinants with target, and risk variables based on
the policies that planners apply to their aims. The susceptibility factors are situated in
zone 3, which is in the southeast. Only the recovery capacity and building area variables
are present in this region.

Direct influence graph
incompat 3‘"’ unit Interde histori
3
Q road Patter 33 3
3
3 5
¥ Y hazardou:
3 Old build
Qeaid impencts
3 3 3 3
3
regenerat
oDen Spa Minor 3 Recove:
3 3
3
Therapeut 3
enetratighd Side wal
Smart 3 -
s :
compatibi e Dischar A
arge str 2
Larges Strengthe: 4
Buildi 3 :
2
Weakestinfluences
— Weak influences
— Moderateinfluences
- Relatively strong influences
- Strongestinfluences

Figure 3. The position of each physical resilience factor in direct influence graph.

The impermeability index, which has the biggest indirect influence on Tehran’s phys-
ical resistance among the collection of factors in Table 3 with a total of 385,014 computed
line values, should also be mentioned. Additionally, the granularity, emergency evacua-
tion capability, and security and rescue space variables (emergency, fire station, and po-
lice station), land-use compatibility, and the proportion of historic buildings to all build-
ings in each zone with 370,024, 369,352, 366,365, and 366,160 row points, respectively, have
the maximum indirect effectiveness coefficients on other variables. The variables of life-
line vulnerabilities (water, electricity, gas, etc.), rate of bungalows, vulnerable historical
buildings, improvement and retrofitting measures in the buildings of each zone and dis-
tribution status of hazardous land uses (such as power plants, industrial landfills, and
flammable material stores) with 370,641, 365,585, 364,873, 358,656, and 356,527 column
values, respectively, have the maximum susceptibility from other variables. The retrieval
capacity variable had the least impact on the indirect effect-dependence assessment, such
as what occurred surrounding the direct sample, while the texture and urban pattern var-
iables (height, order, etc.) had the least influence.
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Table 3. Calculated row values of physical resilience factors with indirect effectiveness and suscep-

tibility.
Total Num-
Rank Total Num- Variable ber of Col-  Rank
ber of Rows
umns
8 361,627 Distribt.ltion st?tus of hazardous land use (51.1ch as power 356,527 5
plants, industrial uses and flammable material stores)
22 326,026  Strength and safety of public spaces 337,571 18
2% 318,800 (I;z:t’;ern of texture and form of the city (height, order, 272390 29
20 331,652 Public transportation facilities 307,287 27
16 340,759 Vulnerability of roads (inside and near the market) 355,694 8
17 340,163  Vulnerability of vital arteries (water, electricity, gas, etc.) 370,641 1
7 364,767 Improvement and regeneration measures in the buildings 358,656 4
of each zone
10 359,923  Vulnerable historical buildings 364,873 3
Buildings in which renovation measures have been
6 365,370  carried out in relation to the whole building (locally or in 337,335 20
general)
5 366,160 Area of historic buildings to the total number of buildings 356,455 -
in each zone
15 342,591  Percentage of yard units 365,585 2
2 370,024 Minority 340,237 17
18 337,146  Smart infrastructures 340,756 16
23 325,943 Large structures 347,890 12
7 309,128 Accessibility iI.'@e.x and quality of main urban roads 328,327 25
(safety, accessibility, asphalt, etc.)
25 319,768  Vital pathway penetration coefficient 327,978 26
29 256,986 Recovery capacity 356,505 6
3 369,352 Em'e‘rigency evacuation. capacity a'nd rescue and security 345,670 13
facilities (emergency, fire and police)
19 333,115 Therapeutic capacity and relief base 355,659 9
21 326,337 Sidewalk 334,300 21
13 351,011 Old building 350,100 11
4 366,365 Land use compatibility 333,748 22
12 352,918 Quality of buildings 337,499 19
28 284,731  Building area 344,524 14
11 355,009 Reinforcement of communication bridges 355,201 10
14 344,434 Land use incompatibility rate 331,008 24
1 385,014 Impenetrability 342,476 15
24 321,738 Interdependence of infrastructures 332,962 23
9 360,115 Existence of open space and temporary accommodation 299118 )8
spaces
2025 Totals 2025

4.3. The Contribution of Comparative Direct and Indirect Physical Resilience Effectiveness and

Susceptibility

Because the software is raised to power several times in calculating the indirect ef-
fects, the total indirect effectiveness and susceptibility result in multi-digit numbers, mak-
ing it difficult to compare it with direct effects. Table 3 displays the direct and indirect
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contributions of many parameters on overall effectiveness and susceptibility. The ten cri-
teria listed in the effectiveness column had the highest percentage of direct effectiveness.
Additionally, it can be claimed that, in terms of the effectiveness matrix and the possibility
for direct and indirect dependence, the vulnerability index ranked first for indirect effec-
tiveness while the impermeability index ranked similarly for direct effectiveness. Addi-
tionally, the susceptibility variable ranked first in the rate of indirect dependence and
maximum direct dependence. Moreover, the evacuation capacity and rate of improve-
ment and retrofitting measures in each zone’s buildings ranked next in direct effective-
ness. The driving forces can be introduced in terms of effectiveness and susceptibility con-
sidering the findings of Table 3 and Figures 4 and 5. Accordingly, 29 key driving forces
were presented in order of importance given 29 investigated general variables.
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Figure 4. The position of each physical resilience factor in indirect influence graph.
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4.4. Analyzing the Physical Resilience Variables” Effectiveness and Susceptibility

The degree of stability and instability of the system may be determined by assessing
the effectiveness and susceptibility of the distribution and dispersion of variables in the
dispersion plot. There are a total of two different dispersal types in interaction analysis
using the MicMac program. The distribution of variables in stable systems is L-shaped,
which means that certain factors are highly effective while others are highly susceptible.
Highly effective variables, independent variables, and system output variables all fall into
one of three groups in stable systems. The variables in an unstable system are frequently
intermediate and dispersed along the diagonal axis of the plane. Effectiveness, two-di-
mensional (risk and objective variables), regulatory, susceptible or system outcomes, and
independent variables are all present in an unstable system. The system is in an unstable
condition, which is evident from the dispersion plane of factors influencing the future
state of the Tehran metropolis’ physical resilience. The diagonal axis of the plane serves
as the center for the majority of variables. All other variables are in a similar condition,
except for a few variables that show substantial impacts.

5. Conclusions

According to the data from Figure 6, the Tehran metropolis’ physical resilience is
unstable, and if the current trend is allowed to continue, it will result in the development
of a catastrophic scenario. In the optimal case, physical resilience in the Tehran metropolis
will lead to a weakened vulnerability rise, reduced lifeline diffusion coefficient, decreased
improvement and retrofitting measures, the vulnerability of historic buildings, increased
distribution of incompatible uses, lowered building quality, etc., if the current condition
continues. The evaluation results are in line with the realities concerning urban resilience
in Tehran, while the general status of resilience can be analyzed in the framework of future
studies utilizing the scenario-planning approach. Furthermore, its stability and instability
pattern can be obtained from the variables’ spatial distribution in the level of graphs and
the output figures from the MicMac software. Additionally, the almost high degree of fill
factor (98%) in the study variables shows the validity and reliability of the research instru-
ments. The current study has included the variables in the spatial configuration of the
variables, the formulation of significant driving forces, and the development of final sce-
narios, in addition to measuring the direct effects of the variables on the dimensions of
effectiveness susceptibility and potential dependence. Considering that this article is a
scenario method, it provides suggestions for increasing urban resilience, which are de-
rived from the opinions of experts in the field of urban planning. Among these measures,
the following can be mentioned.
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Figure 6. The diagram of the physical resilience system’s instability.
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Developing security (emergency, fire station, and police station) and expanding the
capacity of emergency evacuation and rescue spaces, especially in the southern sections
of the city where pressure and social harm are being increased owing to the areas’ physical
and demographic position.

Planning to develop the physical resilience structure of land use as the primary goal
of urban planning.

Increasing the number of renovations and retrofits in each zone’s buildings, while
paying close attention to the planning to dispose of any roadblocks already there.

Allocating financial resources and essential infrastructure to structures that have not
undergone seismic rehabilitation, as well as making plans to make the situation better.
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