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ARTICLEINFO | Abstract
Background and Objective: The post-metropolitan era can be

Research Paper called the era of urban vulnerability, because cities simultaneously
face natural hazards, technological crises, and social-security
Article history: threats. The present study aims to evaluate the vulnerability of

residential areas in District 1 of Ahvaz metropolis based on the
principles of passive defense in the design of residential complexes.
Accepted: 01 August 2026 | Methodology: This research is applied-developmental in terms of
Published online: purpose and descriptive-analytical in nature, based on spatial
05 August 2026 modeling in ArcGIS. The investigated indicators include 10
indicators covering 4 dimensions of vulnerability (physical, spatial-
locational, social-demographic, and service-infrastructural). For
weighting and integrating the indicators, the Fuzzy Logic model
with Gamma operator (A=0.9) was used.

Results and Conclusion: The findings indicate that more than 90%
of residential buildings in District 1 are located in zones from no
vulnerability to low vulnerability, and only 1% (equivalent to 232
buildings) are located in high and very high vulnerability zones.
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Keywords: Passive These critical hotspots are mainly concentrated in two areas, Bagh-
Defense, Fuzzy Logic, e Moin and Bagh-e Sheykh, the causes of which are adjacency to
Vulnerability of hazardous land uses (gas stations and military-law enforcement

Residential Areas, centers) and deteriorated fabric. The assessment of compliance with
Principles of Residential

Complex Design, Avaz | the five principles of passive defense shows that the principles of
Metropolis. hierarchical protection and minimum vulnerability are in favorable
condition, universal coverage is in moderate condition, dynamic
protection requires improvement, and relative self-sufficiency is in
weak condition. It is suggested that measures be undertaken at three
levels: short-term (relocation of hazardous land uses), medium-
term (rehabilitation of deteriorated fabric), and long-term (revision
of the detailed plan), especially in the critical hotspots of Bagh-e
Moin and Bagh-e Sheykh.
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EXTENDED ABSTRACT

Introduction

Cities, as the most complex human-made
structures, have always faced numerous
challenges and disasters throughout
history. With the rapid growth of
urbanization in the contemporary world,
in addition to providing facilities, the
context for new and unpredictable crises
has also been created. Therefore, the post-
metropolitan era can be called the era of
urban vulnerability; because on the one
hand, along with the increasing
complexity of urban life, cities face
"natural hazards and technological crises"
in various dimensions, and on the other
hand, they face "social-security crises"
(Mohammadi Deh Cheshmeh, 2014: 54).
Passive defense against dominant patterns
of urban risk is one of the most important
strategies for securing urban spaces
proposed by urban planners (Lane, 2003:
263). Defensive urban planning, by
incorporating  safety and  security
principles in the vicinity and adjacency of
special land uses (vital, sensitive, and
important) in optimal urban land use
planning, is one of the main strategies of
passive defense, especially in cities prone
to hazards.

Ahvaz metropolis, due to its location in
the Zagros fold-thrust belt, proximity to
the active Ahvaz fault, the presence of
loose alluvial sediments, and its border
location, has high natural and man-made
vulnerability. District 1 of this metropolis,
as the economic, administrative, and
medical heart of the city, has special
strategic importance. The present study
aims to evaluate the vulnerability of
residential areas in District 1 of Ahvaz
metropolis based on the principles of

passive defense in the design of residential
complexes.

Methodology

This research is applied-developmental in
terms of purpose and descriptive-
analytical in nature, based on spatial
modeling in ArcGIS. Initially, using
library studies, the theoretical foundations
and research background were extracted,
and using field studies and data from
comprehensive and organizational plans,
the required data were collected. Research
Indicators: The investigated indicators
include 10 indicators covering 4
dimensions of vulnerability:

1.Physical Dimension: Skeleton type,
building age, number of floors, built-up
area

2.Spatial-Locational Dimension: Distance
from gas stations, distance from military
and law enforcement centers, access to
roads

3.Social-Demographic Dimension:
Population density
4.Service-Infrastructural Dimension:

Access to fire stations, access to
healthcare centers

Analytical Model: For weighting and
integrating the indicators, the Fuzzy Logic
model with Gamma operator (A=0.9) was
used. After fuzzification and
standardization of layers using fuzzy
functions in ArcGIS software, the Gamma
operator with a value of 0.9 was applied
for final integration. Then, the final
vulnerability map was classified into 6
classes (from no vulnerability to very high
vulnerability) using spatial analysis tools.

Conclusion
Urban planning as an intermediary
increases defensive power and has a
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positive effect on fulfilling the need for
safety and security in Maslow's hierarchy
of needs, contributing to human survival.
With a psychological approach to urban
planning, safety and security should be
considered at all levels of planning and
design, from macro issues to technical
details.

Considering the strategic position of
Ahvaz metropolis at the provincial and
national levels, the importance of District
1 as the economic, administrative, and
medical heart of the city, and the high
population density in this area, the results
of this research show that the overall
vulnerability status of residential areas in
District 1 is relatively favorable, with
more than 90% located in low-risk zones.
However, critical hotspots in Bagh-e Moin
and Bagh-e Sheykh require immediate and
special actions. Adjacency to hazardous
land uses, including gas stations and
military centers, is the main cause of high
vulnerability, while deteriorated fabric
and high population density are other
aggravating factors.

In a good city, "appropriate adaptation”
and the application of passive defense
principles play an important role. The
compatibility of form and function in
public road networks, public gathering
places, buildings, and structures gives
meaning to the phenomenon of
"appropriate adaptation.” This is the most
important point in urban planning based
on passive defense laws, and the
protection of citizens' lives and property
should be given more attention.

Based on the identified causes, including
adjacency to hazardous land uses and
deteriorated fabric, and the five principles
of passive defense, practical and
prioritized strategies are proposed at three
levels to reduce the vulnerability of
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residential areas in District 1. In the short-
term, relocation of hazardous land uses
including gas stations and military-law
enforcement centers should be prioritized.
In the medium-term, rehabilitation of
deteriorated fabric and development of
specific regulations for the renovation of
old fabrics should be undertaken. In the
long-term, revision of the detailed plan
and establishment of a continuous
vulnerability monitoring system are
recommended, particularly in the critical
hotspots of Bagh-e Moin and Bagh-e
Sheykh. These measures should be
implemented with special attention to the
critical areas identified in this study.
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Table 1. Objectives of passive defense and how they are examined in this research
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Authors,2026)
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Table 3. Research indicators derived from theoretical foundations and passive defense principles
(Source: Authors,2026)
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Table 5. Fuzzy functions of the Gamma operator used in standardizing indicators
(Source: Authors,2026& ESRI (2023))
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Figure 2. Location map of the study area (Source: Authors,2026)
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Table 7. Fuzzy Gamma functions in standardizing indicators effective in vulnerability assessment
from the perspective of passive defense (Source: Authors,2026& ESRI (2023))
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Figure 3. Distribution map of skeleton type in District 1 /Figure 4. Distance map to healthcare
centers in District 1 (Source: Authors)
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District 1(Source: Authors)
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Figure 11. Distance map to gas stations in District 1/ Figure 12. Distance map to fire stations in
District 1(Source: Authors)
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Figure 13. Vulnerability map of urban land uses in District 1 from the perspective of passive
defense (Source: Authors)
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Table 8. Distribution of residential buildings by vulnerability level (Source: Authors)

. ) Sl . . . )
<l oy 2,0 (igSe o) Srdycamw! Candg STES)
oolle Cunsg fY (R atd S ] 336 slaylexsL )

osllae bl g YA NAM 05 Sl pdcnl b sbaplassle Y
g4l WY LAY oS S o] b slaglexs Lo v
Sryebiy 4 ks # 4ld bgie 6 pdcanl b glaglaxslo ¥
S A Va0 3L s e b slaplozs b 0
g .Y v b5 e spdyaml b sloglezsle 7

s et e o (Sle po e il slaog 5 (6 pdaam! 4 was o ylis e 50 0l plsl Wlllas
(Wisner et al., 2004) coul Sglice calizes blas jo o] Sojub g oloir] Cundg 9 SV mlaw 40 dts
d‘f @Yb )Lw wl:Lg 9 oé; J....o.?o ‘) stl.') le.{bd...:]m sOY}.‘\M dj.ﬂslc » 09)1.5 o)lyo.lb ‘U] )‘ QS'“L 6‘.{&%]
o> Gumgh (Blaikie et al., 2014) oyls (Koo yd g solatdl ( cwliw 5 pel ool Koo glgil 4 o Lous
Sl slasd (amax (ST Jold) Sie ezl Vo B o 5 (¢, LI Slae) (o518 slate Jow 5l eolawl b
3lakold ooy gy 5l alols iy cwad «plae 4y g s o Sloyo 38T e 4 o i ‘L;;L.’;..;JJT oBiun! 4y (g s
3 G &S weo o ylid Arc GIS L ;o S Jdow 5l ol mls csly Jole e audlay Hlais 5l slaal
VLS g 03,0 518 €S (6 pducaw B € pdscan] 08 4y 10 G dibie SgSe slagleisle 5l oo, At
s 558 el Sl 4 55 (e €l 5 e b >y

L.....M.; ol oaimslas as Sloods c_'élj ol s g 0k 6fmwi boags 5o (Glasle YTV s502) a0

Spdol Jlo Jlos Y
5 Baae byl 5 0L 6yl b 3blie e el 5 (10 JS2) sy sloaisi mlis ol
S L s lsmen (W5l Wl les (6 ppdpmn (l (hol o ailonds 55 ot € €9 5 € ppme EL> 4>l 90
55me Gblio & jgloms )0 (gellasl g (ollss (62,15 5 alold gy jaceny 5l alols Jols A 5V (slo a L) jlu las
SIS 2l YL Fagu b el 45 almo (L cerlucs o Ly ceadd Jals 8 5 sloasls) osgmp il (w g
e VAL waliiplie g Gllao (55N loigs 5l (52 50 990 (ul aiblioo 0ad glojlus Cuaglie (LalS
sl g (ool 55150 5 ey ol (lais )5 ole yid wilay Hlaie 5laS Cewl oad 0l 55 (VYA iy
aiile) sl Skt dais )8 (nl b g lszen Gl ply tisd oo Cgmme Slaal gl 552 cedis dle (Lo 50
() Jgozr )0 ampe Gl Sud 4y jslme (F5Sms Gblie (LSLo sl 1) (lse e 5 (si5m 25T ¢lni]
Slsnl M adlaie )0 lapgls (nl sndycml Je g Sl Glopsl (Gsume S8l (¢ ndyam] Cuxdy

ol 00 UL"'



1F 00 bl «(YF) 3 o 99 0 ylowt oidd 0,59 ¢ (1ailaio g (5 yew I dnw i Dladliao aolikad £YY

(VF+0 (503,155 2 2k0) gl 1o S ) ilaio 53 1 yilS (6 ol e g (20 SLBEHL ( SgFmd (6 sl Cundg -4 Jga
Table 9. Residential vulnerability status, critical hotspots, and causes of vulnerability in District 1
of Ahvaz metropolis (Source: Authors)
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Table 10. Status of residential fabric in District 1 of Ahvaz metropolis in terms of compliance with
the five principles of passive defense(Source: Authors)
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