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Cities are complex and interdependent systems that are vulnerable to threats caused by
natural and human disasters, which in recent years have caused great damage to cities,
especially urban infrastructure. Resilience means that a society has the capacity to resist
crises and disasters without suffering losses, reducing the quality of life, and requiring help
from outside the community. Among the four dimensions of the resilience in cities is the
physical-environmental dimension, which includes communication and road networks.
Therefore, the purpose of the present study is to evaluate the physical resilience of the road
network against severe threats in Tehran metropolis. The present study is a mixed type
with a descriptive-analytical approach and an applied-developmental purpose. The criteria
and sub-criteria in the physical resilience of the urban road network were collected and
then weighted based on the analytic hierarchy process model. Finally, a physical resilience
zoning map of the road network was prepared using Euclidean Distance, fuzzy, and
TOPSIS analyses and functions. According to the output, nearly 70 percent of the roads are
in the medium to low level in terms of resilience, and only 30 percent of the roads are in
the high and very high category. Central areas with low scores are less resilient than
bordering areas. According to the TOPSIS model, the distribution pattern has a strong
cluster pattern with high concentration. Also, the road networks of the central areas were
identified as hot or unfavorable clusters and the road networks of the bordering areas were
identified as favorable and cold clusters.
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Introduction

Cities, as complex and interconnected systems, are always exposed to natural and human threats, which have led
to the vulnerability of critical infrastructure and disruption of urban functioning. The frequent occurrence of
disasters such as floods, earthquakes and crises caused by human activities has caused irreparable damage to the
structure of cities, so that in many cases, the lack of comprehensive planning and technical support has made it
impossible to return to stable conditions. Meanwhile, resilient cities with preventive design have the ability to
maintain the function of physical and social systems in critical conditions and recover quickly after shocks. This
resilience, especially in physical-environmental dimensions including vital arteries and road networks, plays a
key role in ensuring emergency services and the continuity of socio-economic life. Considering the geographical
location of Iran and the location of metropolises such as Tehran on active faults and the existence of severe
global regional threats, assessing the resilience of road networks as critical infrastructure is an inevitable
necessity to reduce vulnerability. The current research, by using the spatial multi-criteria decision-making
model, analyzes the physical resilience of Tehran's road network in order to provide a new framework for crisis
management and planning in the direction of passive defense, while understanding the current condition of the
road network.

Materials and Methods

The present study is a mixed-method study with a descriptive-analytical approach and an applied-developmental
objective. First, by studying the background of the research, the criteria and sub-criteria effective in the physical
resilience of the urban road network were collected and prepared through the statistical blocks of 2015, then their
weighting was done based on the hierarchical analysis model. Next, by using the obtained weights, a zoning map
of the physical resilience of the road network was prepared using analyses and functions of Euclidean distance,
fuzzy and TOPSIS model. Also, to evaluate the dispersion pattern of the physical resilience of the study area and
the favorable and unfavorable clusters, Moran's statistic and hot and cold spots were used in the ArcGIS
environment, and finally, by determining the physical resilience status of the road network in the study area,
effective strategies and solutions were presented to increase physical resilience and reduce the vulnerability of
road networks.

Results

Based on the latest version of the data prepared from the OSM open-source system, Tehran's urban road
networks are divided into five main groups including; Local-residential road, primary road, secondary road,
tertiary road and trunk were classified. Thus, 50% of the total road networks of Tehran metropolis are local-
residential road, 5% include primary, 28% are secondary, 10% are tertiary, and nearly 7% are trunk. To evaluate
the physical resilience of the communication network of Tehran metropolis, Fuzzy-TOPSIS modeling was
performed. The results of implementing the TOPSIS model on the Tehran metropolitan road networks indicate
an unfavorable state in most of these roads. According to the model output, nearly 70 percent of the road
network has medium to low physical resilience, and only 30 percent of the road have a favorable state.
Considering the total roads in the Tehran metropolis, according to the TOPSIS model, 16.53% of the roads are in
the very low category, 12.26% in the low category, 34.13% in the medium category, 30.31% in the high
category, and 75.6% in the very high category in terms of physical resilience. Considering that the value of the
standard statistic (746.57) is at 1% level, the distribution behavior of road networks at the regional level has a
strong cluster pattern with high concentration. According to the results of the physical resilience of road
networks based on the research criteria in Tehran metropolis, newly built and newly developed areas have a
favorable state compared to areas with old texture and high density, and are less vulnerable to all kinds of
hazards and have high physical resilience. Finally, the results of the Gi index showed that at a significance level
of 99%, the road networks of the central areas of Tehran metropolis, such as areas 2, 6, 7, 10, and 11, were
identified as hot and unfavorable clusters, and on the other hand, the road networks of bordering areas, such as
areas 3, 4, 20, and 22, were identified as cold and favorable clusters. In other words, the roads in the central areas
have a lower value than the average, and as we move towards the boundaries, the value of the utility of road
networks increases.

Conclusion

The object of the current research is the spatial analysis of the physical resilience of the urban road network
against severe threats in the metropolis of Tehran. For this purpose, based on library studies, 19 effective sub-
criteria in the physical resilience of road networks were collected and in the form of six criteria; Distance from
facilities and equipment, distance from medical centers, natural factors, physical quality, security factors and
socio-environmental factors were classified. Physical resilience modeling of the road network was done by
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fuzzifying the criteria’s and using the hierarchical analysis model to determine the weights of the criteria. Urban
road networks of Tehran metropolis were classified into five main groups based on the data of OSM open-source
system: local-residential road (50%), fprimary (5%), secondary (28%), tertiary (10%) and trunk (7%). The
results showed that nearly 70 percent of the roads in the Tehran metropolis are at a medium to low level in terms
of physical resilience, and only 30 percent of the roads are at a high and very high level, in other words, in
favorable conditions. Also, the resilience map shows that the central parts of the city with a low score are less
resilient than the bordering parts of the city, and in case of unfortunate accidents, the destruction will be at a very
high level, therefore it requires special attention. According to the physical development of the city from the
bordering areas and new constructions and the favorable conditions of the criteria in these areas, the resilience
situation is relatively acceptable. The results of Moran's test show the existence of a cluster pattern with high
concentration, so that the communication networks of the central areas of Tehran metropolis were identified as
warm or unfavorable clusters and peripheral areas as favorable and cold clusters. According to a review of
previous studies, the results obtained are consistent with the research of Mohammadi and Hosseini (2016);
Pourahmad et al. (2018); Shakibamanesh and Kariminia (2019); Mehrnezhad and Khorsandi (2019), and Afsari
et al. (2022) and similar results have been obtained.
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Given the z-score of 746.57346, there is a less than 1% likelihood that this clustered pattern
could be the result of random chance.



V4o 2900 S 9 sl | I M B )] A5y (st (55T o LS i

Global Moran’s | Summary
Moran’s Index NI PN
Expected Index —feeees q

Variance R
Z-score VES/OVYES
P-value fevraan

(V¥ F B8, i) G Jdo (1590 b)loi u,o)i R

S 20w (DL 1 SaSl Cusgliae (b o

oaSed 1o ol o YU sla i)l b e claass plolis Ll 3l plgis & Gi agas )bl (sl
avasgs LT SaS ol (glodyind 3,8 olad sla Lo > a8 (adls cpl s edlatul oles s M b))
S o aSuie Wi (b3 4l 5,Sles 5 cutiS ) plate g dliie sl o sl a5l bld ¢ sLas

Bblis 15ke a5 b (65 po Gblio Wbl (sladSed oy A (g,lolins b 15 &S ol L5 Lot ] gl
G¥e F X gblie e glable sblio Lblo,) claaSud o blis 15 g wollach 5 p)5 (sloadss oloic 4 V)9 Ve ¥ & Y
u»))l s 6585 Gble ) derg0 sasis s o)le 4 ol Cgllae g D0 (slaadies ")l?;.c 4 VY

GBcsloy) 5 plee cuoliol Jl3ls wumar YU o515 (i cpd <8l L & 5550 gble adly )5 e
S Capgllae 5 (65l Coles 3 & Wit gy (gwiund (SlaCydgie 5 Lad Sl ile SIL b (BT
sbad cwlio oy b plae 3929 (ng (i dmeg > 4 BN 4t sblie blde 3 md e pialS ) (bl
Carsllae Gl 4 pskar 00508 52 63Vl CadeS 5 g0l Sl (JB 5 Joo (ol (sloaSid 4y o yiod 9 i Sl
5 S0l B plpe Copde 5 Glophial (Sloycles ln | e slacus B slails Gble 3 (bl ass

A3 e Sy Glasl g (anb Cl)blre ply 3 (6 pdcl

77 ) WL 2 & 7 A Y s\‘!ur:'

155

COLD SPOT WITH 99%
CONFIDENCE

COLD SPOT WITH 95%
CONFIDENCE

COLD SPOT WITH S0%
CONFIOENCE

NOT SIGNIFICANT

HOT SPDT WITH S0% [/
CONFIDENCE

HOT SPOT WITH 95%
CONFIDENCE

HOT SPOT WITH 99%

CONFIDENCE

DISTRIGTS OF TEHRAN

TOPSIS HOT SPOT et e

Coordinate System: GCS WGS 1984

(V¥ (BI85 rte) 05 R oIS (S ) Al G (550U glhaali g glhan (glaanios &1 597 A JSCud



VFed) (38 0 ylois S 0,99 o534 yeoli s g LS/ i V4%

S AR

u.)‘9> u:l c)aé‘ dlmJL» 99 Al ))Jog.,«.wa] ‘_;;L»)‘ 9 Uz,u.b Lgl;)’t ﬁ‘ﬁ » «\wlﬁ PR =) LSLQ’W u]yf— LY Lb).Q(.»
(o8 Sty dgueS 5 cawliol (g3ya0lp Jud 4 layedd 5 gyl ilod)S D)lg (gt s Sloy; 4 ol ol ylus
Wilgny &S Wloads b (4l 4 oyl Sy o blis i adol clbs 4 cliS L g bedloy; deds 4 B
ol g )l cov gl elatel 5 (S5 bt o cnl 4 g im0 plosl ) LI Sl dgu 5 Ca e <t
il pols Gimgy 5l Ban i ol 4 digd e aB LS g0l lajed plsie 4 lojed cal Wl (i 5Slos
ool sglate cpl 4 Al g RSO 3 s SISl 3 b (bl aSd WIS syl ol
Sl 51 aliold lne 23 AB )3 5 (6pgleen (blo)) (loaSs a5 6y5l0b 5 Hge pite VA (lasluls” Clallas
A ganaid Jaore— clanl Jolgs 5 el Jolgs 0l CurS (b Jolss ((loyd STye | alold clias g
gl o sl e b s Jao 5l edlisal 5 apuite (gilosiB b (BLi) 4Sd gudS g0l giludae
isbol 09)5 &y 4 OSM 5l (ye alob slaosls lul o gliad B s 0ed (o)) (slaased al ploxl o pusie
Vo) a8 i 5 gar daoys YA) 53 ey by (o 8) Sy ks Sy o 04) gSws e (sloeed

531 38 ol 4 bgie gaw 5> S oyl 115 51 a8 RSO plee 2oy Ve S5 oy (LS gl
amd e i Epgleol Al izman 5yl 558 ogllae Laylid il 4 2y (S g ok i 0 plee a0 T Lo
E85 Coge )3 5 o> gyieS Gyglol pd glapdls Claciand & Cund ol jliel S b o G5 0 slaciand
S g 503 9w o |y lodag 4yl > (red 492 algd oYLl aw 13 055 lSL el
Lyl b ond cely cul 391 olyad ayin clojlogcdlu b g 4l syias (clapdls o gelm blo 5 buas a5 45
ol 2 (b)) e (IS )l s en 4 a3l Fogllas b gblie n )5 gl 2 S5e (sl i
2 Fpslie G dxwgi 9 Sk il 3390 aladises plgis 4]y Gble cpl Glgiee 5 3,1 )8 (J5d BB aw o b iy
)8 alael8 LW 1y

b)) laaSi (pasutio yobo & sl pd o )3 YU 503 b gladss (580l gy oaim i (ige (190] b

bl g (splycaml 3505 Sl & wlord plolid Cgllasl b €p )5 sladdgsy clgis & olps oM 35y 3blie
1S ok w5ls Colha b €y slaads> Sloie 4 hnils gblie (blie 5> sl Gblio ol )3 (gyslls Cinds
Couodl (ladgs lad (ool .l Com luas plp )0 b sy ol yide Cuwglio 5 YL (6yglol 35 ped oaimd b
sl )Sal; Bul @ygps g WS e syl 1y Gl Copte 5 cpd slacsiiacly ) ladlaie slaclis 4 g
L ool Canty s (A8 Clllae qwyp & drgi b djloiee diuay 1) ol 50 o lulyd b cuslise 5 (ldlaie

isleig

P L bl slaoly 4l a8 d)akﬁb UlBl o Jole e 28l 5,55, b pj s paly ol )85 Clae 4 ar gl
298 4l D6 BN daw 3 (b g Sl ikl g589 1 oAU Ollus JalS cae



\R\Y% 290 JUSE 9 Gl | I M B )] A5y (st (55T o LS i

Llaags
5 )lk] o > lisl (Y
S5l g S ols jslate 4 pollsi g giaiio ¢ SgSume Ailo pie slag )l gl )ikl slagy > (gl 5 s
kel Il
polie (ilop; (¥
25500 g by deosls cogar Jolds o Slusl 9 b Slbbre plp 3 pglie slacsloy silwesly ¢ ik
il sl e Sl (F
(lg> o8y ()loj 50 335 et (sl (3Nl 9 Gilge o jeme (b g (i
laglosl o (6 e oot (B
M el
oSl o515 i (8
s Ul ab ol rals jelate 4 )J,\,wl able j» sladls S15 tals
cwlio pdlas jl odlisl (V
sl ansly
9l pons b3y (A
Wl g ol Copde emgg )l 2505, b (bl (adSus S gyl ) (dloygy sla b)) plos]
.l:on sy g cand bl olwlid sly Joleue
Ol RBOHS (b)) a8 (5ygl ol elisy] gl pols Comyly o lsie 4 A8l5 oo 005 Blaiiy )lge
Olgso «sdlpguing lolu8l pl Mal b .69 (gilwdigy cilaio b byld 4 ase by 1,8 18 eolatel 340
ailsiz 5 gl 3,5ay o afl5 5 RAMS oo SIS ol Caghs (IS o & 35 Sl e Ll

e d)a.hwl oials Coge s & yol Cpl ddl o Sde axols g WolKiily ¢ Jod sladles o () Ken Jolis &S ol
Sl dales W&l 50 1) GUSle S5 Curs Sl g o (Sl 5 b s ply )

&bo

how Cupde dolilader (s dilaio S )3 By g ol 4SS 1(63)90 adlllas) diedan EMes I 3 (St
Yo Jole e by axan doliofs



VFed) (38 0 ylois S 0,99 o534 yeoli s g LS/ i ARV

olps ywdld Sl a5 it SIS LIS (VWAD) sl (g bl

J& g Joo 4l s Jawiln b3yl () Lojreme (olimme 9 e (bl il (pisilen (g syl
APY=AFA (YN las oldlas all ol plwl 0 Jelepsasly 3,5, L sl
Doi.org/10.30488/gps.2021.265835.3356

2 O S oyl b (Byd e (o)) a5 il 16 b)) L) g g ol (Il 1315 ,8 b
FWV=0N0 (MY el (slia> )3 3 slo s, s b 50510

il a2 ity (V) Laj (bS5 dllpai ols e s seme (ol Campd o) (T plall
MY AW csipstolin 12 493 ] e 5 (o bdlpe

5090 adlllas) guiis o Mo gyl OU Cundy p lod (1Y) 038 (gl 5 ey gy (lge ol

2 i b 5> Jolopd ably Sliged o gy ((MYAY) (300 «s3b b g e el (s alb ool
YV - ) CY; ‘L;)'e’“' W)J.Lo cL;LlW L;.))i‘{s)

w398 il S gysl ol cadlie olad Llos (WYAY) Lojle (Bolo o il culS gyl fhonl wanlyg

AR c(\)/\ ‘ufw L!)")“"’[")" ‘(OI)QKJ d)l.))q(\ﬁ Voo ddleioe 38d)y90 n\.-JUa.o) Aj)J) ).3]);. AT SY I
Doi.org/10.22108/sppl.2018.109941.1178

Sl dadio oo a0l 5l eolatal b o blie caidly (opicwn] Juloo (YY) olo)l by g 5 9 ol
A¥=0N (VWY clas Liglol 5 (g ydolips « (5lyd ¥ ddlaio 1 63 y90 aslllao)

(ole e 8Ly (3540l y Caa 39,50 e s le oLyl (WWAR) age 8Ly g pdlo (gawl {pun o inel (s

163,90 dadllas) A5 lou osad 3 loliss) ©)slol deme b Cugime alaly pus (WWAR) Sy cbyle 5y
ol o5l Sl ool pylas A thsias ol ol (W) 551 e dasns
4 ol Copde 35055 b b <8l M gyl b)) (VF4F) o)l bl nl g dabold (gilins Al g, ¢ gor

DOi: N0--WA (WY oned 0 5 lslo Olellae okl 500 153,50 dige GIS (il oS
10.22080/usfs.2024.27435.2454

938 Syaebiy g Cupte lojlo (Ve v) g Gl (glo] dolills

slag luw oS .(\\°~ ~) ﬂl@é (i85 oluess g dlas dadizod (gl {ledesto ((Gigmd i ((Sdurw
XYY (¥)Vo ‘Lé_écjz‘:z‘[o/’} S ydoliss o yhio y> Obl.g] b o 1 (63)50 axlllas) (650 (slo 0 L;)J«,;U
Sblo pldlis e oz b 153y90 adllae) (ldlyie LMol e | ool boj ) cyaj ol > 60
Y¥-VY ¢(\V)() 92

M 6ygl b lise Gioxi pslais 4 line py8 aSd o il 5| (300 (MTAA) bl s (gou)S 5 ol (stialisSid
AN (AN oo/ ppd o)) oo el Sinn aloro 1 g3y 3y90 diged) (6 b Mo 8Ly



144 290 JUSE 9 Gl | I M B )] A5y (st (55T o LS i

Sed sloale (5yglb lise byl g Gl (MY (e colod g e ldozme Gaol (595 thum ¢ olé pi
AVWY V(YY) ccoped s irtolipn 5 pimg s {015 Red S35 30 i50) isodise U305 2l 5

Jole e 2281y o005 1 algm (lodlen 5 (0 (53200002 gllao )5 (WAY) sugo 8y 5 Garedeseo (Siuje
IV o gupd Olellao ()05 V) ddlaie V 4l z(63)50 dalllac)

VAN Glow St 5 (oSl il il j sl olom Capde (ITA+) bmw (8L 5 g w0l S8

At 3 il gy (28 ol SU pp (F4)) S5 dile sl i) g mpe ks Sl a0 S
Doi: SYA-YOY NF(A+) «cidolb 5 Lolis (6l awe oliwmd lalivg) Sy :6d)50 adllas) CMew
.10.22034/gp.2021.46066.2840

@l 18 50 s ad el sl b slaail ol )y (VT) dilow allito (Ll 5 dblé ¢ ey S
A=Y A (V) g g a5l ] (1S o) 5 (655l

ko g8 Jle olSils Ll eyl 05 ol 5 Lo sl o oo yd luagr (WAY) o el _slalllas 05,5

gl ob oS s slapadls olad s (VWAA) 349l ¢ SlesS wlie g (odla wodljle ¢ dlans cdouinod (chexe
(V) Y coned sipolin cbois clojing (lal md oM 1 (63)90 adllas) J& 5 Joo Lypd colupj
XVO-YA)

28ly 95809, b (2lon EMen plyr )3 (60ed oy (s pdicnl 2bj) (VYVF) dedige o s g 2ol (Gdoe

$7S53 0)9> Al o olepé disly 0B jl digy 55 ) 5 (oped Dol ALilSo SL[I(WAR) (sige e 000

XEY0 (yliow Co o dolidaded (Sl il sla oo ply )0 e d”igl}'

el Jwbo .L.J])S JAA l.’ ‘_,’.’b.b).v u»lml 2 LS)'Q(“’ Lg)iw.))f u’.’b)l)l) (\\“ﬂ') 0515 ‘L;)ab‘ 9 Juxw ‘)9%_)""1 “_,’.LC >0
Avy

Ao MR gy 5 (bisel 3 ye (il o)l os clbtgs ojes 4 0g, b ol bty (WWAR) dllie ¢ Sl
Sl Sl
References

Adafer, S.; Bensaibi, M. (2017). Seismic vulnerability classification of roads, Energy Procedia 139,
624-630.

Afsari, R., balist, J., Darabi, H., & Mirzaei, M. R. (2022). Assessing the Potential Threat of Road
Transport Networks with Passive Defense Approach in Khuzestan Province. Geographical
Planning of Space, 12(2), 149-167. doi: 10.30488/gps.2021.265835.3356. [In Persian]

Anari, Fa, Igbali, N and Movidfar, R. (2018). Evaluation of the impact of the communication network
structure of the eastern area of the strategic plan of the city of Tehran on urban resilience, Journal
of Human Geography, 12(1), 617-595. [In Persian]

Asgharpour, M J. (2005). Multi-criteria decision making, 4th edition, Tehran University Press,
Tehran. [In Persian]



VFed) (38 0 ylois S 0,99 o534 yeoli s g LS/ i Yoo

Azizi, M. & Bornafar, M. (2012). Optimal process of urban planning in air attacks, based on the
passive defense approach (case study: district 1 of region 11, Tehran city). Motaleate Shahri, 1(1),
9-22. [In Persian]

Babaiyan Ateni, R., Shariat Panahi, MV., Fallah Tabar, N. and Khodayi, Z. (2021). zoning the degree
of vulnerability of Semnan city infrastructure with passive defense approach in Geographical
Information System. Application Geographic Information system and Remote Sensing in
Planning, 12(1), 73-88. [In Persian]

Bahrami, Sirvan, Sarwar, Rahim and Asadian, Fardeh (2018). An analysis of the resilience situation
in the neighborhoods of Sanandaj (The case study: sartapoleh, shalman and hajiabad
neighborhoods), Haft Hesar J Environ Stud, 6(22), 45-62. [In Persian]

Dehkhoda, A. A., (1972). Dehkhoda dictionary; fourth volume, University of Tehran publication,
Tehran. [In Persian]

Eftekhari, A (2006). Autopsy of Threats, Tehran: Dafos Sepah Publications. [In Persian]

Eskandari, M., Omidvar, B., & Tavakoli Sani, M. S. (2015). Loss estimation of interdependent
infrastructures in targeted attacks, Emergency Management, (Special Issue of Passive Defense
Week 93), 19-30. [In Persian]

Ghaffarian, S., Shafapourtehrany, M., Lagap, U. et al. Earthquake-based multi-hazard resilience
assessment: a case study of Istanbul, Turkey (neighborhood level). npj Nat. Hazards 2, 15 (2025).
https://doi.org/10.1038/s44304-025-00065-8

Ghorbanzadeh, V., and Bagheri, S. (2013). Crisis management for infrastructure, Disaster Prevention
and Management Knowledge, 121-165 [In Persian]

Hajipour, K., Payab, A. (2019). Vulnerability Analysis of Urban Defense Using Analytic Hierarchy
Process (Case Study: The Second City Area of Shiraz). MJSP, 23 (1) :52-84. [In Persian]

Heidari sarban, V. (2020). Explaation of Sprrituality Relation with Improvement of Villagers
Resiliency Regarding Earthquake Crisis, Case Study: Varzeghan County. MJSP, 24 (3) :170-200.
[In Persian]

Hosseini Amini, H., Asadi, S. and Barnafar, M. (2009). Evaluation of the structure of the city of
Langrod for non-active defense planning, JOURNAL OF GEOGRAPHICAL SCIENCES,
15(18),129-149. [In Persian]

Karami, F., Bayati khatibi, M. and Rostami Homaiolia, N. (2022). Resilience Study of Rural Areas of
Peri-Urbanization against Floods: A Case Study of the some rurals of midanchay village. Journal
of Geography and Planning, 26(80), 251-271. doi: 10.22034/gp.2021.46066.2840. [In Persian]

Karimi, F. & Jalilisadrabad, S. (2020). Investigating the Status of Urban Infrastructure Resilience

Indicators in the Resilience Cycle Process and Their Interaction from Experts’ Viewpoints.
JOURNAL OF RESILIENT CITY, 2(8), https://sid.ir/paper/386909. [In Persian]

Kim, S.,Yeo, H. (2016). A Flow-based Vulnerability Measure for the Resilience of Urban Road
Network, Procedia-Social and Behavioral Sciences, 218,13-23.

Mehrnezhad, P., Khoorsandi, M. (2021). Presenting the model of a safe urban road network based on
the passive defense principles in order to improve city resilience against human-made crisis case
study: 12th region of Tehran. Emergency Management,9,35-46. [In Persian]

Mileti, N. (1999). Disasters by Design: A Reassessment of Natural Hazards in the United States.

Modiri, M. (2009). requirements for locating urban facilities and providing an optimal model from
passive defense, Ph.D. thesis in Geography and Urban Planning, Faculty of Geography, University
of Tehran. [In Persian]

Mohammadi, H., Hosseini, S.B. (2019). Evaluation of the Vulnerability of Urban Morphology to Air
Attacks Using Passive Defense Approach Case Study: 6th District of Tehran. JOURNAL OF
ARCHITECTURE AND URBAN PLANNING, 11(21), 59-76. SID. https://sid.ir/paper/215901/. [In
Persian]


https://sid.ir/paper/386909
https://sid.ir/paper/215901/

'\ 290 JUSE 9 Gl | I M B )] A5y (st (55T o LS i

Mohammadi, M. Alizadeh, H., Abbasi Gujani, D. (2019). Spatial analysis of resilient indicators in the
arterial infrastructure of transportation Case Study: Ahvaz Metropolis. Geographical Urban
Planning Research, 7(2), 375-391. SID. https://sid.ir/paper/261261.[In Persian]

Morelli, A. B., Cunha, A. L. (2021). Measuring urban road network vulnerability to extreme events:
an application for urban floods, Transportation research part D: transport and environment, 93,
102770.

Movahed, A. Amanpour, S. and Naderi, K. (2012). Urban tourism marketing based on branding with
Analytical Hierarchy Process (AHP) (case study of kermanshah city). Spatial Planning, 1(3), 17-
36. [In Persian]

Nabati, E. (2009). passive defense with an approach to the field of threats, Tehran, publications;
Martyr Lt. Gen. Sayad Shirazi educational and research center. [In Persian]

Naeini, A.M. (2010). CompaRrative Analysis of Triple Threats, Hard, Semi Hard and Soft Threats.
DEFENSE STRATEGY, 8(30), 157-177. [In Persian]

National Security Study Group (2008). Threats of national power, indicators and dimensions, Tehran,
National Defense University Publications. [In Persian]

Parizadi, T., Hosseini Amini, H., and Shahryary, M. (2011). Passive Defense Arrangement Analysis
of Sagez City in The Approach. Urban Managment, 8(26), 191-206. SID.
https://sid.ir/paper/92181. [In Persian]

PourAhmad, A., Ziyari, K. and Sadeghi, A. (2018). Spatial Analysis of Physical Resilience
Components of Urban attrited/beaten tissues against Earthquakes (Case Study: District 10 of
Tehran Municipality). Spatial Planning, 8(1), 111-130. doi: 10.22108/sppl.2018.109941.1178. [In
Persian]

Rahimi, R., Shabanpour, F., & Irvanloo, A. (2025). Assessing the Physical Resilience of the Urban
Fabric with a Crisis Management Approach Based on GIS (Case Study: Hadi Shahr Babolsar).
Urban Structure and Function Studies, 12(1), 119-150. doi: 10.22080/usfs.2024.27435.2454. [In
Persian]

Saaty, T. L., Ozdemir, M. S. (2003). Why the magic number seven plus or minus two, Mathematical
and computer modelling, 38(3-4), 233-244.

Saeedi, J., Firoozi, M. A., Mohammadi Dehcheshmeh, M. Shamsaei Zafarghandi, F. (2021).
Compilation of scenarios of resilience of border cities (Case Study: Abadan and Khorramshahr
Cities). MJSP, 25 (4),1-43. [In Persian]

Salmani Moghadam, M., Amir Ahmadi, A., Kavian, F. (2013). Application of land use planning in
increasing urban resilience against earthquakes using geographic information system (case study:
Sabzevar city) arid regions Geographic studies, 5(17), 17-34. [In Persian]

Shakibamanesh, A., Kariminia, F. (2018). using form-based network analysis to measure the physical
resilience of urban neighborhoods (case study: Sanglaj neighborhood, Tehran) Journal of Safe
City, 2(8), 1-18. [In Persian]

Singh, R., Prasad, S., Vinay S., Vijhani, A.,Neha, P. (2018). Vulnerability Assessment of urban road

network from urban flood, International Journal of Disaster Risk Reduction,
https://doi.org/10.1016/j.ijdrr.2018.03.017.

The country's management and planning organization (2021). Statistical yearbook of Tehran
province. [In Persian]

Zarghami, S., Teymouri, A., Mohammadian, H., & Shamaei, A. (2017). Measuring and evaluating
urban neighborhood’s resilience against earthquake: the case of Zanjan downtown, Journal of
Research and Urban Planning, 7(27), 77-92. [In Persian]


https://sid.ir/paper/261261
https://sid.ir/paper/92181
https://doi.org/10.1016/j.ijdrr.2018.03.017

