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Extended Abstract

Introduction

The metropolitan city of Tehran, as the political capital of Iran, has a population exceeding 8 million and a
population density of 12,200 individuals per square kilometer. Spanning an area of approximately 751 square
kilometers, Tehran is situated at an elevation ranging from 900 to 1800 meters in the southern foothills of
the Alborz Mountains. This high population density, coupled with exposure to various environmental
hazards, has rendered crisis management in this city a complex and multifaceted challenge. Environmental
crises such as earthquakes, floods, fires, water and air pollution, and land subsidence have exacerbated
Tehran’s environmental vulnerability, posing substantial risks to urban security and public welfare,
particularly in highly susceptible areas such as District 5. A comprehensive understanding of the dimensions
of vulnerability in District 5 against environmental crises is imperative for devising effective management
strategies aimed at mitigating vulnerability and risk while enhancing urban resilience. Accordingly, the
primary objective of this study is to assess the level of urban resilience in District 5 of Tehran concerning
environmental crises. Additionally, this research seeks to identify structurally and functionally deficient
neighborhoods in order to propose evidence-based and practical strategies for addressing these weaknesses
and enhancing resilience. The findings of this study contribute to a deeper understanding of the challenges
ahead and facilitate targeted planning and optimal resource allocation.

Materials and Methods

The study area comprises District 5 of Tehran Municipality, selected as a representative case due to its
distinct characteristics, including its exposure to multiple environmental hazards. A mixed-method approach
was employed to assess urban resilience against environmental crises, encompassing earthquakes, floods,
subsidence, and fires. Data were obtained through expert interviews with urban planners and environmental
specialists, literature reviews, examination of relevant documents and records, and field observations. In this
study, urban resilience indicators were employed to evaluate the resilience of neighborhoods in District 5 of
Tehran against environmental crises. The assessment was conducted based on four main criteria: socio-
economic, physical-structural, accessibility, and environmental, incorporating 37 sub-criteria. Each sub-
criterion was mapped as a distinct data layer using ArcGIS software. Subsequently, fuzzy logic operators
were applied to standardize (fuzzify) the data by converting values into a range between zero and one. The
Analytical Network Process (ANP) was employed to determine the relative weight and significance of each
criterion and sub-criterion, enabling the consideration of interdependencies among them.
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The spatial layers corresponding to each criterion were integrated and analyzed using fuzzy logic operators.
Finally, the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) was utilized to rank
the neighborhoods of District 5, and a classical clustering approach was applied to classify them based on
their resilience levels.

Results and Discussion

The results indicate that the socio-economic criterion, with a fuzzy membership degree of 0.45, is the most
influential determinant of urban resilience in District 5 of Tehran. Factors such as the structural integrity of
residential buildings, the presence or absence of informal settlements, accessibility to essential services (e.g.,
healthcare, educational institutions), exposure to flood-prone areas, and land-use classification significantly
influence the resilience levels of this district. From a spatial perspective, neighborhoods such as Shahin,
Northern Jannat Abad, and Al-Mahdi, located in the northern part of the district, demonstrate the highest
levels of resilience. This resilience is attributed to factors such as robust building structures, the absence of
informal settlements, sufficient distance from flood pathways and pollution sources, availability of open
spaces, and optimal access to service centers. Conversely, neighborhoods such as Ekbatan, Bimeh, and Kan
exhibit the lowest resilience levels, highlighting critical areas for intervention. The least squares regression
indicated that the fuzzy algebraic sum operator (SUM) demonstrated the best performance in detecting
neighborhood resilience against environmental crises.

Conclusion

The southern neighborhoods of District 5, including Ekbatan, Bimeh, Kan, Apadana, and Eram, exhibit
lower resilience due to high population and building densities, the presence of aging infrastructure and
informal settlements, environmental pollution, and socio-economic and infrastructural deficiencies, along
with limited access to essential services. These findings underscore the heightened vulnerability of these
neighborhoods to environmental crises, indicating their potential to sustain substantial damage and loss in
the event of a disaster. This study provides critical insights by systematically identifying weaknesses and
vulnerabilities within District 5, thereby equipping urban policymakers and decision-makers with essential
data for informed decision-making. The adoption of targeted interventions, such as infrastructure
enhancement, urban renewal, public awareness campaigns, and the reinforcement of crisis management
systems, can significantly bolster resilience levels. Future strategies should prioritize investment in
upgrading infrastructure, retrofitting vulnerable urban fabrics, increasing public preparedness, and
strengthening disaster management frameworks to enhance overall urban resilience.

Keywords: Urban resilience, Environmental crisis, Fuzzy network analysis, Ranking, Geographic
Information System (GIS).
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Table 1: Weight of socio-economic criteria and sub-criteria obtained from the ANP model

Sub criterion Final weight of

Criterion Fuzzy operator Sub criterion - Lo
weight criterion
Gaussian Population 0.0464
Linear Employment rate 0.0648
Small Economic participation rate 0.1161
Socio- Small Number of graduates 0.1112
economic Small Literacy rate 0.1135 0.4513
criteria Small Youth population 0.0540
Large Slum dwelling 0.2395
Small Strength of houses 0.2091
Small Economic centers 0.0454

ANP Jus 5 o] sy GFle oS o jlso sy g sLxe (359 :Y Jgo

Table 2: Weight of criteria and physical-structural sub-criteria obtained from the ANP model

Sub criterion Final weight of

Criterion Fuzzy operator Sub criterion weight criterion
Small Firefighting 0.0618
Small Drinking water tanks 0.0948
Physical- Small Road network 0.2250

structural Small Highways 0.0664 0.118

criteria Large Industrial complex 0.0698
Gaussian Land use 0.3465
Small Infrastructure facilities 0.1357

ANP Jao 5l osal sty (So58 slajlxe s g slme 039 Y Jgi
Table 3: Weight of physical criteria and sub-criteria obtained from the ANP model

Criterion Fuzzy operator Sub criterion
Small Forest
Small Garden
Large River

Physical Small Grassland

criteria Large Fault
Gaussian Geological structure and soil

Linear Weather
Large Flood risk

Sub criterion weight Flnal_wel_ght of

criterion
0.1535
0.1023
0.0998
0,0551
0.1760
0.0439
0.878
0.2816

0.168

ANP JM )‘ o..\n" Cawddy LDLSMJ),U.,JQ 6LQ)L,.7.Aﬂ) 9 )LJ.A )9 :f Js..\>

Table 4: Weight of criteria and sub-criteria of

access obtained from the ANP model

Final weight of

Criterion Fuzzy operator Sub criterion Sub criterion weight criterion
Small Urban park 0.0323
Small Medical centers 0.0796
Linear Urban recreation 0.0126
Small Educational centers 0.0499
Small Service centers 0.2456
Gaussian Bus terminals 0.1035
Acce§5|plllty Gaussian Parking Iqts and gas 0.1758 0.260
criteria stations
Small Office centers 0.0238
Small Safe pedestrian crossings 0.1423
Small Religious-cultural centers 0.0526
Gaussian Power transmission lines 0.0248
Small Sports centers 0.0160
Gaussian Railway lines 0.0432
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5 S la g opeals o Il oblcr Oe o Sy
atgadl bols ggir 5 @ Do o o] ganeS
(Y J52) w8l oo 9 9 Jlod aslp Glojles (UL
S e g Jods sblecs (uals Ol a5 xe oplas
Sl rals 5 oS e Sl Sl 6ye0 s 4
ol sl 55 Gl (it s JSiz 5 4z LS

Sbb oo (S jlae slo

2 sl foraps 1) Jols o U is Joxs
a5 aibe YO L /- 0F o Si5 Gyl gyslol
5 53 U Al SasS sl s
3ol 0 adhie )0 gz g0 e el Lol s
BT K e T L N T YPWIL SRR S PP S
O P9 sl g wdliee Jlmep; Al ol (Su5d
Sl Bl 5l 59 Gaeias Sel NOY B4/ FY

nnnnnnn

Ay adlate (5,510l 50 b twd 5 (So5d (slajlene (39 Y S
Fig. 7: Weight of physical criteria and access in the resilience of Tehran's fifth district



() Ja..:u GL“Q‘)"P ﬁl)g N Q')‘Qj = adlais 645[5 Y4 &Moo 6)5—‘ g,)t; J.:.l:dg @b‘.})\

loShee pizmen 5 (A JS2) OR (53l glox!
e a5 el (ol F ke SUM (6 o 5 Product
Sigr Jals Glyes O adlaie 3,5 Jled Gidw 0 adly
&l Jleds sblces PRRTEARIPPRVIN| IS E P
Moe ol &5 e pl a4 il (39 o yiden
SRl Saolz ply 50 1) Gl n i

(A USS) wdyle

Ll (55105 w409
Fo 9 SeMbl sl jlre 6,185 veag, 5l 2l sloasis
@ el Caws S5 s sl Ko L (_g)j“-gu 49
Jol> (o5 5 aids S 556 Shos j2 sl a8 glaisS
Ol 4o Al G @ b,leoy; ¢ blee saon
Ry SUM 5518 > o> JiLo.c (s Lng}il.o.C
Product 556 oy 5o 5o ol eeS 5 950 1y 03
5 AND 536 STail 5l Jol> gasds 50,5 csaliv

seeE sseE s1weE

35N

seeE siser s

Se0E AI80E BWeE

w0y
e

S160E SU0E S

OR sAND Lg)’lé 6Lm)iLo: L le)L:.'.n 6)“:\50'9.‘.‘.5) Gasd A S
Fig. 8: Criteria overlap map with fuzzy AND and OR operators

s ssor s
E £
3 2
H s 13
H FiBE
i)
<\ %
. R E
§ §

a0

WEON

- — J—
£
g 2
. g
‘§ s
H H
E r
3 5
.
i i
.
a2
o= e P

SUM 4Product 5318 sl ,Sloc U Lo Lixe (5,105 09, (saias A JSo
Fig. 9: Criteria overlap map with fuzzy operators Product and SUM

L uslob 5 (s omreS OBLST 5 adsasl (oS o)l
O US8) wsyls

oo lid 35 o/ 9 ¢ 10 Ll 5 Jol> gands wolyd 4o
b g 0359 o pden omali 5 Jled sblcas oo a5
M Ll e..x.;)\o w).‘a.m (_gl.cbo‘):;g )-.")-.’ 5o I) ‘5”]



AF ] o Sa g ool (303

VYA Glomio VP F LY o)l wmd il 0,90 copmej il (sletngy

Se160°E S1°18°0°E 51200°E

30N
34N

346N

IF0N
10N

30N
1PN

SR SIIE0E 51200"E

S1160°E 180°F 0200

39460°%

160°E SIS0 020E

ANRIIN sLWiE u;jlé ‘SLQ)iLo& L Lm)l,...’.a ‘-‘;)“L@f“‘ﬁiﬁ) Gadi ) - Jiw
Fig. 10: Criteria overlap map with fuzzy gamma operators of 0.5 and 0.9

ey Sl el ek cnlply (O Jgu2) o)ls pol>
Sas b Giagh Glajbrey; 5 bjlae asn (5,108
So9ll Gl ol 53 45 009) 42E (e SUM (5518
o ooly las g jlaxe glaglze ply o O

@bl s @ 6 Sles (e Sl glaie 4
2 i ol alp O 65l
OLS) @l il o) 5 elps 0 ailaie
o9y aid lw 3l aS oly lis b ol colaiul
Sy 2oz Soe o530 slo Slos 5l Jol> 0als (5,135
oo syl b1 LSl 5 (Ko (5t SUM

OLS (gem S5 Jelow b g slajlone b 53 (6 )0 maag) slo Shos (o (Ktarod oo 0 oo
Table 5: Correlation coefficient between fuzzy summation operators and research criteria using OLS regression

Fuzzy operator Physpal Access criterion
criterion

Gamma 0.9 0.9175 0.7789
Gamma 0.5 0.9174 0.7788
SUM 0.9178 0.7789
Product 0.9174 0.7788
AND 0.9174 0.7787
OR 0.9174 0.7791

Physical-structural . L
Socio-economic criterion

criterion
0.8731 0.7793
0.8729 0.7792
0.8734 0.7798
0.8729 0.7792
0.8730 0.7792
0.8730 0.7795
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Table 6: Resilience ranking of 29 neighborhoods in Tehran's District 5 using the TOPSIS technique

Distance from

Neighborhood Positive Ideal
Shahin 0.0932
Jannatabad Shomali 0.1065
Almahdi 0.1249
Ponak Jonobi 0.0796
Ponak Shomali 0.0860
Jannatabad Markazi 0.0860
Shahrak Naft 0.0879
Bagh feyz 0.0848
Moradabad 0.0716

Distance from Relative Closeness to Resilience

Negative Ideal Positive Ideal Rank
0.0340 0.2672 1
0.0223 0.1745 2
0.0049 0.0376 3
0.0588 0.4245 4
0.0470 0.3532 5
0.0470 0.3532 6
0.0410 0.3181 7
0.0520 0.3800 8
0.0628 0.4676 9
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Shahrak Kohsar 0.0771
Jannatabad Jonobi 0.0771
Hesarak 0.0665

Shahr Ziba 0.0468
Andisheh 0.0561
Mehran 0.0602

Shahran Jonobi 0.1006
Ferdows 0.0725

Sazman Barnameh Shomali 0.0372
Sazman Ab 0.0298
Abouzar 0.0372
Baharan 0.0398

Shahran Shomali 0.0359
Shahrak Parvaz 0.0288
Sazman Barnameh Jonobi 0.0879
Eram 0.0860

Apadana 0.0890

Kan 0.0574

Bimeh 0.0580

Ekbatan 0.0486

0.0560 0.4205 10
0.0560 0.4205 11
0.0794 0.5440 12
0.0954 0.6707 13
0.0821 0.5939 14
0.0809 0.5733 15
0.0291 0.2244 16
0.0566 0.4380 17
0.0987 0.7623 18
0.1146 0.7933 19
0.1126 0.7515 20
0.1110 0.7359 21
0.1152 0.7622 22
0.1074 0.7883 23
0.0494 0.3596 24
0.0505 0.3699 25
0.0850 0.5904 26
0.1080 0.6528 27
0.1062 0.6467 28
0.1074 0.6882 29
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Fig. 11: Resilience modeling of the 29 neighborhoods of District 5 of Tehran
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1-Environmental Crisis
2-Vulnerability Assessment
3-Urban Resilience

4-Risk Management
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