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Abstract

The increasing population pressure, drastic land use changes, and rapid urbanization have made cities susceptible
to various natural and human-induced hazards. Therefore, enhancing the resilience of urban settlements is
crucial, particularly in the context of megacities. This research investigated urban resilience levels, prioritized
resilience indicators, and compared resilience status between Districts 5 and 6 of Tabriz Metropolitan Area. The
study employed a descriptive-analytical method with a developmental-applicative focus. Data were collected
through library research, field surveys, and questionnaires, targeting the residents of Districts 5 and 6. A sample
size of 342 individuals was determined using Structural Equation Modeling (SEM) and the gamma exponential
method. In this study, 37 observed indicators of urban resilience were analyzed across 4 latent categories: social,
economic, institutional-management, and physical-infrastructure. Latent indicators were prioritized based on
their significance and impact through multiple regression analysis using SPSS software, while observed
indicators were assessed via confirmatory factor analysis in LISREL software. A fuzzy logic model was
employed within a GIS environment to map the effective indicators. Results revealed that the social latent index
ranked highest in District 5 of Tabriz Metropolitan Area with a beta coefficient of 0.384 (33.83%) followed by
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the physical-infrastructural (0.305, 26.87%), economic (0.267, 23.52%), and institutional-management (0.179,
15.77%) indicators. In District 6, the physical-infrastructural latent index led with a beta coefficient of 0.528
(42.58%) followed by the institutional-managerial (0.337, 27.18%), social (0.265, 21.37%), and economic
(0.110, 8.87%) indicators. Additionally, the findings indicated that the northwestern and central parts of District
5 exhibited better resilience, ranking in the upper-middle tier, while the southern areas showed poor resilience.
Conversely, the northern parts of District 6 also displayed weak resilience, ranking in the lower average range,
while the southern and central regions were categorized as upper average in terms of resilience.

Keywords: Urban Resilience, Natural Hazards and Disasters, Districts 5 and 6 of Tabriz, Multiple Regression,
Fuzzy Logic Model, Confirmatory Factor Analysis.

Introduction

As the population continues to grow, land use undergoes drastic changes and urbanization accelerates, while
cities increasingly become hotspots for both natural and human hazards. Resilience of urban settlements is
therefore crucial, particularly in the context of megacities. This research investigated urban resilience levels,
prioritized resilience indicators, and compared the resilience status of Districts 5 and 6 within Tabriz
Metropolitan Area.

Materials & Methods

This research employed a descriptive-analytical methodology and had a developmental-applicative focus. Data
were collected through library studies, field surveys, and questionnaires. The statistical population comprised
residents of Districts 5 and 6 of Tabriz Metropolitan Area. The sample size was determined to be 342
participants, using Structural Equation Modeling (SEM) and the gamma exponential method. In this study, 37
observed indicators of urban resilience were analyzed and categorized into 4 latent indicators: social, economic,
institutional-management, and physical-infrastructure. Prioritization of these latent indicators was conducted
based on their relative importance and impact by utilizing multiple regression analysis in SPSS software. The
observed indicators were assessed through confirmatory factor analysis using LISREL software. Additionally, to
create a map of effective indicators, a fuzzy logic model was implemented within the GIS environment.

Research Findings

The results indicated that the social latent index with a beta coefficient of 0.384 (33.83%), ranked first in terms
of resilience in the 5" District of Tabriz Metropolitan Area. It was followed by the physical-infrastructural,
economic, and institutional-management latent indicators, which were ranked second, third, and fourth with the
beta coefficients of 0.305 (26.87%), 0.267 (23.52%), and 0.179 (15.77%), respectively. In the 6" District of
Tabriz Metropolitan Area, the physical-infrastructural latent index held the highest importance with a beta
coefficient of 0.528 (42.58%). This was followed by the institutional-managerial, social, and economic latent
indicators, which ranked second, third, and fourth in importance with the beta coefficients of 0.337 (27.18%),
0.265 (21.37%), and 0.110 (8.87%), respectively.

Discussion of Results & Conclusion

The findings indicated that the northwestern and central regions of the 5™ District of Tabriz exhibited better
resilience, ranking in the upper-middle tier. In contrast, the southern areas of this district demonstrated poor
resilience. Similarly, the northern parts of the 6™ District were characterized by low resilience, placing them in
the lower average tier. However, the southern and central regions of the 6" District showed improved resilience,
positioning them in the upper average tier.
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Figurel: From right to left, sampled points for districts eand <of Tabriz metropolis, respectively

G slaarls 035 Slles gl ol sl 03Y Sledlbl 5 Laosls L;),T@? Sl s ol oo

L e ol s c e slaad o bl andlas ol 53 ool o eslinal & S il B s 458 g3l

10) ol 058 Lasli £ B s ez sl laadl e e 5 ) il Oliisee iy Slalllas 4 sl

V0) ol s — S 5 (el Laxla V) o e — (oolg (OKET Lals 0) olasl (KT axls

Dl S8 a5 ley oy S eslizal b oY Glaosls e 5 gduazws ST Lo la WY 5 (ST jaxls

5 ¢S Wl 3 eslinal L OT bl 5 Olaasis i 5l eslinal b 55 aelinn  lsy A3 (55T mer anliis
(Y Js) Clmosls (VU (oLl 5 Soalen sS4 s ns SPSS 1 58le 3 Lo

Grrs AR\ 50 Gbla) walids S 5 (65510l slal 51 K pa (sl a8 ST o 1Y Jgar
Table 2:Cronbach's alpha coefficient for each dimension of resilience and the entire questionnaire (districts
5 and 6 of Tabriz city)

(&) Fliy S W (0 &ilae) Fl55 8 W dl g 3las gasL
/AN /) \D sl
V/VE +/AY 0 3Lzl
A AN v Serte— 3l
A VY V0 sl - g8
NS v /40 \n% wliew p IS

VEOY (agn sl pte

Jlwi SPSS s aslBr O s S5 iy 3l eslial U Waesls (U'Y Slaesls L;)j—‘co;.- S addllas ol s
L s sslama laosls «ul 5 g s ko s 525 GIS s (36 o ke 5 LISREL L3 sl Jlale
9 A_E.:b ST WY wl—».ﬂ‘f )K_&I 9 dl‘@":‘ 6Lbu.a_>-u 9 J.:.L>J LISREL 9 SPSS )‘J'ﬂff )\ oslaa! L' 9 ML..;'M.»J.:



v OL\Ker g (g rm 55, 25 AN 50 bl 5,88 g5l Al mlie 5 U5l

S 635105 laas b Cons s L aa GIS Jlgble 5 5,15 ey A o 55 i (sbuy bl (5,138 56
St glsesls lal ke a5 esls QLS (6 par Do i 4 SOIS TN 5 0 bl (ladlee oo
S 20353 Jes cday Ao 55 0 1 3 GIS Lases 4y (BEXCEl s 55 aay S 6056 )lASUS (glaesls)
GlaN 5l plaS s s S o, IDW s, 5l Los,s Slp a8 Al el J5e sla ez ls 5l oS ja
T 50 Ghle sladwe AU 55 it jaxli Canss 0 B Ll by Lid (6 ) Y & (IDW) ol 5L 0550
o g ki ol Sltel 0 208 5 Cond g Sl SA30LE ) s aS el L esls LS 5 55
) 51 laslasl pl 51 plaS pa ol oLt Sy o SIBAN 5 Slitsl SV 53 OLES (o pb o ST 35 0 s
Fuzzy o5, L laa¥ 5l elas n s i ¥ L 5l o sl ol oals iled oosline S5, b b 0
o5 50 Gblie gladlos SIS 1 e $oslol la atls Cunsy 5 Ls (g5l 3 Membership
Cand g O S 3 asOlis Jawo sde § Coandy o i skasOLil Vode &S (g sbas s 0 QLIS G 5 jo
sla_axls Weighted SUM 55 5l eslitad bl aplons ST gla 2 Ls oS 055 4yl 51 o
LB bl gl O doe oS A e3ls 13 Jligen 5550 5 S 5 U L Olgy als a a by e ST
S Jol e ulgns 2 sl ol ol s el cslasl (IS slayastls Sl pliS A (sl 1S 5
Fuzzy 1) sleslecal U otlo 3-8 5 o pde— ool (oolal ( elarl Olgs sla astls S 5
SLalS Sl eslial L 3,57 50 Ghla sl suslob ale 228 LG b3 5 @35 13 Sliyea 5,5 Overlay
Gl 5 0l 4 2,5\ 50 Gbls gl S0 L 4w LS plaatds (ol Ad e 5 0V 5 /A /4

Al ol g0 g_;lal;.aé)ﬂglj Candy olg L8 Olgsa g S35 Cundly & &

6ol S¥slas Jo 5 ol Jule Jow
SilasT (gl 48 titen o e (5ol LSS (g ke SVsles g3l e 5 (CFA) sl Jlile o
S ls gazme) S ie Jusle O gl Jile s 48 b5 005,515 eslinad 3550 & 5 L as 2 S

(it e L i e b o) Loy (bl S¥lae e cas o 13 b 550 5 sl 1 (ol o
(9Phakiti, 2018, P. 45) .S o 3 1 | sddedalin slaize nlo b by belse Ola s

$3B Joe
|y 428U ek slaedb b U Lol 3 Lo 5555 ol S A 5 e (1965) Askarzadeh L g50 is sazs (555
Gladou 5l i (a0l ens 3330 Gl 4 O 51 &S (56 6,55 b shaie L(Regmi et al., 2010) 5 S ol
(o) 3y el L (Slosed 4 A 5 AS glaesls L 0T 53 oS ol Slkes 53 oo ol AS
Al b 3 S i 53 3 e 43S S 4 Gl g a5 55 el (gl e cpl (8) L o YV

L e gazs (5555 085 53 (VA0 AN L o IYAY (g oalb 5 5) ol and (0l 5 Glas &S 95 Ol i



VErE le (01 gl) gl oot sl Sl plb 53l A

L oadaly 55 1y &o goe Ol 45 (Openshaw & Abrahart, 2000, P. 173-174) 5,0 | 3 536 oo s2e o e
(v J2) (Regmi et al., 2010) uS 0 0l Lol Slis 51 &+ 5

(Eastman, 2012, P. 156 :ame) o S 48 some Jolia)s (556 o e ol 5 1Y K2
Figure2: Fuzzy membership functions versus crisp sets.

HAGE) ) ae WU ol s e 03150L5 (gl 536 (658 slall 31 S S (530 sl

Loy ol (7)) K5 s 253 0 oslinal 03 S63b (gl a5 e oy gae BB LSl e 5l e yasia
o3> DL ) il oyt 5 oy B 3L, S (Pahlevani, 2008) sy e esls ol S = 1)
(Ertugrul & Karakasoglu, 2007) > 5. =

(%)

>
1 m 1

Figure3: Fuzzy diagram with triangular membership function



A3 OL\Ker g (g rm 55, 25 AN 50 bl 5,88 g5l Al mlie 5 U5l

ol S sumsglis aS 5B e peseine ) B Al 5 (650 o sae a0 L 630 A game S
(Eastman, 2012, P. 155) .(v |C5) Wb o [ml5sl ) B v Lals 55 e 30 o) sems ol ply 9 S iy 25 |,

sl andllas 55 guowe oLl
ol ol ss el |y 5 8 el Camny S 51 Ao 3V /T 350 s SLSa YOV s 4 5,5 0 ddkae
Lol mha 5l g, VAT BVENY plisyl ik s 3185 5 Blda 500 ed (3,3 dled 5 G2 s aide
a8 51,58 5O Gble ooalme 3 5,5 0 ddbee oS3 Comb e Blodan ol 4 S 13 5050
B &l e s EIYNIYE VY0 Jlw e ol e (8 S
Sl sl e 20 VO ol (6505 5L 5 o (o8 5 e 20 VYT dslns aiate ) s Szl
ﬁj_m*zod;woiﬁu_gwuduvs\j_:ﬁgﬁ)mmq@ﬁ\)gf@pdﬂ,u
A ol Js 555 5 ol b has S es oY dgdl Gladne (3 Say 52,5 0 Al 53 ol LS
3V o el Gladlons 5 0S1 530S 635 53 Y el Jy 57 i Al ) i Al i Al
VYEY/N Gy a5 5V iilaie w50 s g g addaie 53 5L 5 oS15 5 Lols I3 Javste oS15 835 3 ) &gl
o ld ol |y g Sl S 5l ao T spi oS ol 555 g8 Al o S 5 oSS S
b e W Y e elinyl Aab T\ Aikaie mhan s ok Gl ST 5 Coles w ar 5 Lo
e S s 1y addkeis S 5l do s VEA s SLSKa YOTE sgd Comlis b aS ol alaie ol 53 31 S 5 55 ib
Ll sda 5 5V a G s5ls sy g Cusgdoms Oy 5 Hlsen o)l do s A o)l dab -l 5 ol
ol aml il e s s e s S s 5V 5t bl Coysloe j Sl b
e YWY Jslas sddians b sl &l o sl 8 AAQY s 15 \TA0 Jlw 53 7V didate Cmar (2 JS2)
A3 Vs adlie OIS slags polS JoS 1ol m e e BOVY ol (65 5L 5 5o 2L1 5 20
S Jald et O/8Y sl sl 4 5505 A5 5SS 4 5L £Y1 sl
L;u«.bu%;gﬁ);‘\w;ﬁ);.wbmﬁj_,ﬁnﬂJ>LM‘\1_£EAWUAL_5-{.51J_J
Yook F ol slaalone 5 0S1 508 855 53 Sl 5 Y OB pla ) OBl ol oY bl S gs ) el S el

1 5 49 0L VS\;M@\)J Syls 18 .b.w):.ors‘} 83, 5 Yeuk=



VErE le (01 gl) gl oot sl Sl plb 53l g

(\i'Y ‘g;..h‘g}; 6\.%4:3\.; c—-ﬂ) sl asilae ‘_;.bl..n C‘.:&;‘,A K2 JSJ
Figure4: The location of the study areas
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Table 3: The results of multiple regression analysis for the 5th district of Tabriz metropolis
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Table 4: The results of multiple regression analysis for the 1th district of Tabriz metropolis
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Table 5: Standard coefficients and fuzzy weights of urban resilience indicators in the oth district of Tabriz

metropolis
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Table 6: Fuzzy weights of obvious indicators of urban resilience in the 1th district of Tabriz metropolis
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