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With the expansion of urbanization and the intensification of
environmental hazards, urban resilience has emerged as a key strategy for
crisis management and sustainable urban development. At the same time,
the concept of the smart city, grounded in advanced technologies, offers a
promising framework for enhancing resilience against both natural and
human-made risks. This study aims to analyze the role of smart city
components in improving urban resilience in the city of Zanjan. The
research adopts a mixed-methods approach. In the qualitative phase, key
components were identified through theoretical analysis and validated
using the Delphi method. In the quantitative phase, structural equation
modeling (SEM) was conducted using PLS software to examine the
impact of the identified components on urban resilience. The results
indicate that all dimensions of the smart city exert a significant and
positive influence on urban resilience. Among them, smart transportation,
data management and analytics, and smart infrastructure had the most
substantial effects. The overall coefficient of the smart city's impact on
urban resilience was calculated at 0.8846, highlighting the strong potential
of this variable in enhancing Zanjan’s resilience capacity. Therefore, the
findings underscore the importance of integrating advanced technologies
into the policy and development programs of Zanjan, suggesting that the
smart city can play a crucial role in shaping a resilient, adaptive, and
sustainable urban future.
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EXTENDED ABSTRACT

Introduction

In the contemporary era, alongside the accelerating trend of urbanization and the intensification of
climatic hazards, cities face increasingly complex challenges in sustainability and crisis management.
Zanjan, as one of Iran’s developing urban centers, iS no exception and contends with issues such as flash
floods, drought, land subsidence, and weaknesses in smart infrastructure. Under such circumstances, the
concept of “urban resilience,” which entails a city’s capacity to confront, adapt to, and recover from crises,
gains heightened importance. In this context, the emerging paradigm of the “smart city,” leveraging
technologies such as the Internet of Things, big data, artificial intelligence, and advanced communication
infrastructures, has been introduced as an effective tool to enhance urban resilience. The present study aims
to investigate and elucidate the role of smart city components in strengthening the various dimensions of
urban resilience in Zanjan against environmental hazards.

Material and Methods

This study adopts an applied research design with a mixed qualitative-quantitative approach. In the
gualitative phase, through a review of theoretical and empirical foundations, the relevant components and
subcomponents related to smart cities and urban resilience were identified. Subsequently, in the quantitative
phase, to measure expert opinions and build consensus on selected indicators, a two-round Delphi method
was employed with the participation of 35 specialists. For data analysis, statistical tests including mean,
standard deviation, Kendall’s coefficient of concordance, and Chi-square test were applied. Furthermore,
to evaluate the conceptual framework of the study and examine causal relationships among variables, Partial
Least Squares Structural Equation Modeling (PLS-SEM) and Confirmatory Factor Analysis (CFA) were
utilized. The reliability of the questionnaires was confirmed by Cronbach’s alpha coefficients exceeding
0.7, and model fit was validated using indices such as SRMR, NFI, and d_ULS.

Results and Discussion

The findings indicated that out of an initial 48 indicators, 42 were confirmed by expert consensus and
incorporated into subsequent analyses. In the factor analysis, all items exhibited factor loadings above 0.7,
demonstrating the model’s high structural validity. Various smart city components) including smart
transportation, data management and analytics, smart community, smart infrastructure, smart crisis
management, and smart economy (each showed significant positive effects on different dimensions of urban
resilience. Path analysis revealed that the greatest direct effect belonged to the smart transportation
component with a path coefficient of 0.349 and a t-value of 8.64. This was followed by data management
and analytics (f = 0.3081), smart community (f = 0.1855), smart crisis management (p = 0.1892), smart
infrastructure (p = 0.1789), and smart economy (§ = 0.1740), all of which had meaningful impacts on urban
resilience. Overall, the total effect coefficient of the smart city on the resilience of Zanjan city was
calculated as 0.8846, indicating a strong and direct relationship between these variables. The four
dimensions of urban resilience) social, economic, institutional, and infrastructural (were well explained by
the smart city components. Smart infrastructure played a crucial role in enhancing the city’s physical
robustness; smart community contributed to raising awareness, participation, and digital literacy among
citizens; smart data management and analytics optimized institutional decision-making; and the smart
economy supported the city’s economic sustainability during crises. These results underscore that
institutionalizing smart technologies within Zanjan’s urban structures can significantly improve the city’s
resilience against environmental threats.

Conclusions

In summary, the study’s findings emphasize that urban development in the twenty-first century
necessitates the intelligent integration of technology with sustainable governance. The results of this
research can serve as a practical model for policymakers, urban planners, and crisis managers aiming to
enhance urban resilience by leveraging smart city capacities. It is also recommended to take effective steps
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toward transforming Zanjan into a resilient and smart city through the expansion of digital infrastructure,
enhancement of data literacy, and strengthening of a knowledge-based economy. Continuation of this
trajectory requires multi-sectoral collaboration among government agencies, the private sector, universities,
and civil society to prepare adequately for complex and forthcoming challenges.
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Table 2 — Expert Survey and Opinions on the Smart City and the Enhancement of Urban Resilience in Zanjan City

S pg0 Al Ao Jgl al> e
Delphi Round One Delphi Round Two
Comdg S Sl (Sl B s Sy S Syl (Sl B s
Mean S. Deviation Mean  Experts Status S. Deviation  Mean  Experts

(Confirmed) o5t .894 3.99 35 (Confirmed) o5t .894 3.99 35 T1
(Confirmed) o365 .807 4.04 35 (Confirmed) .36 .807 4.04 35 T2
(Confirmed) a3t 714 4.18 35 (Confirmed) o5t 714 4.18 35 T3
(Confirmed) a3t .81098 4.1600 35 (Confirmed) o3t .81098 4.1600 35 T4
(Confirmed) o5t 72137 3.9150 35 (Confirmed) o5t 72137 3.9150 35 T5
(Confirmed) osb 74616 3.8550 35 (Confirmed) o5t 74616 3.8550 35 ST1
(Confirmed) a3t .61454 4.3150 35 (Confirmed) o3 .61454 4.3150 35 ST2
(Confirmed) a3t 74375 4.1400 35 (Confirmed) o3t 74375 4.1400 35 ST3
(Confirmed) o5t .72181 3.9600 35 (Confirmed) o3t 72181 3.9600 35 ST4
(Confirmed) o3t .87735 3.7100 35 (Confirmed) o5t 87735 3.7100 35 ST5
(Confirmed) a3t 71437 3.9150 35 (Confirmed) o3 71437 3.9150 35 ST6
(Confirmed) a3t .78168 3.5450 35 (Confirmed) o3t .78168 3.5450 35 ST7
(Confirmed) a5t 72554 4.0350 35 (Confirmed) o5t 72554 4.0350 35 ST8
(Confirmed) a5t .81443 3.7450 35 (Confirmed) ot .81443 3.7450 35 ST9

: (Delete) s> .89953 3.4300 35 S1
(Confirmed) a3t .80551 3.6200 35 (Confirmed) o3t .80551 3.6200 35 S2

(Delete) i .89351 3.2250 35 S3
(Confirmed) o3t .90087 3.7500 35 (Confirmed) o5t .90087 3.7500 35 S4
(Confirmed) a3t .89036 3.7850 35 (Confirmed) o3t .89036 3.7850 35 S5
(Confirmed) a3t .68051 4.1850 35 (Confirmed) o3t .68051 4.1850 35 S6
(Confirmed) a5t 84340 4.0850 35 (Confirmed) a.st .84340 4.0850 35 S7

(Confirmed) o5t .70488 4.1750 35 (Confirmed) o3t .70488 4.1750 35 S8
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(Confirmed) o3t .83750 3.8900 35 (Confirmed) o5t .83750 3.8900 35 S9
(Confirmed) st 77725 3.6700 35 (Confirmed) a.st 77725 3.6700 35  S10
(Confirmed) o3t .66431 3.9700 35 (Confirmed) ot .66431 3.9700 35 S11
(Confirmed) a5t .80476 3.6600 35 (Confirmed) o3t .80476 3.6600 35 S12
(Confirmed) o3t .68566 3.9150 35 (Confirmed) o5t .68566 3.9150 35 M1
(Confirmed) st 75362 3.9300 35 (Confirmed) ast 75362 3.9300 35 M2
(Confirmed) a5t 73114 3.9100 35 (Confirmed) o3t 73114 3.9100 35 M3
(Confirmed) a5t .77055 3.9350 35 (Confirmed) o3t 77055 3.9350 35 M4
(Confirmed) o3t 77198 3.7950 35 (Confirmed) o5t 77198 3.7950 35 M5
(Confirmed) st .79998 3.8650 35 (Confirmed) a.st .79998 3.8650 35 M6
(Confirmed) o5t .65415 4.3150 35 (Confirmed) o5t .65415 4.3150 35 C1
: (Delete) i .92269 2.7700 35 c2
(Confirmed) o3t .64629 4.3800 35 (Confirmed) o5t .64629 4.3800 35 C3
(Confirmed) o5t 79254 3.9950 35 (Confirmed) ot 79254 3.9950 35 C4
(Confirmed) o3t .86633 3.6150 35 (Confirmed) o3t .86633 3.6150 35 C5
(Confirmed) ot .84733 3.6250 35 (Confirmed) ot .84733 3.6250 35 Cé6
(Confirmed) o5t .54356 4.1050 35 (Confirmed) o5t .54356 4.1050 35 Ecl
(Confirmed) o5t .76605 3.6900 35 (Confirmed) ot .76605 3.6900 35 Ec2
(Confirmed) o3t .65338 3.9850 35 (Confirmed) o .65338 3.9850 35 Ec3
(Confirmed) ot .74076 4.0950 35 (Confirmed) ot .74076 4.0950 35 Ec4
* (Delete) i .88539 3.2000 35 Ec5

3 * (Delete) Lo .87804 3.2300 35 Ec6
(Confirmed) ot .70824 3.9700 35 (Confirmed) ot .70824 3.9700 35 Ec7
(Confirmed) o3t .66128 3.9300 35 (Confirmed) o .66128 3.9300 35 Ec8
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Table 3 — Expert Agreement Levels in Two Delphi Rounds Based on Kendall’s Coefficient of Concordance

Analysis
A pgd al> o $H Jgl ad> 0
Delphi Round Two Delphi Round One
o931 bl o931 bl
Test Statistic Test Statistic
35 (N)al-vw" 35 (N)ol-.ns
Sample Size (N) Sample Size (N)
01712 I’ Faalos o2 0/592 Jos Fanlon o2
Kendall’s Coefficient of Concordance Kendall’s Coefficient of Concordance
898/053 Al S jlaie 108/053 95l S5 o
Chi-Square Value Chi-Square Value
0 (df) sl a9 10 (df) 50131 az 5o
Degrees of Freedom (df) Degrees of Freedom (df)
lolixo lolxo
0/000 B o 0/000 o sl
Significance Level (p-value) Significance Level (p-value)
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Table 4 — Factor Loadings Results

shole b L;lzo w3 ;Lo kol b L;lro 55 ;Lo
Factor Loading Sub-Criteria Criteria Factor Loading Sub-Criteria Criteria

0/7300 M1 0.7423 T1
0/7522 M2 gools Ly pae 0/8707 T2 JWJQ’
0/7460 M3 M), Lo 0/8018 T3 (Masedgn
0/7942 M4 ) 0/8346 T4 Smart
0/7174 M6 Dz;tﬁdM::;%ﬁirzs nt 0/7052 T5 Transportation
0/7919 M7 0/7703 ST1
0/8071 C1l R JECHRW 0/7076 ST2
0/8529 C3 0/7694 ST3 - .
0/8702 C4 (E)oessn 0/8538 ST4 ,
0/8002 C5 Smart Crisis 0/7902 ST5 STasetin
0/8325 C6 Management 0/8440 ST6 Smart
0/8169 Ecl 0/7676 ST7 Infrastructure
0/7863 Ec2 0/8031 ST8
0/8905 Ec3 (EC)araisgn sladl 0/7385 ST9
0/8739 EC4 Smart Economy 0/7199 SlO
0/7525 Ec7 0/8292 S11
0/7088 Ec8 0/7188 S12
0/8067 =leizl 655l 0/7465 S2
0/7851 ol g5l ls S sl s 0/7455 S4 (S)siassn glazz]
0/8626 S WS Urban Resilience 0/8172 S5 Smart Community
0/8405 ol 6 slls 0/8313 S6

0/8124 S7

0/8156 S8

0/7499 S9
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Fig. 2. Results of PLS Analysis
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Table 5 — Path Analysis Results of Smart City Components on Urban Resilience

Direct Effect Direct Path
o amlis,  ololae mhaw Wi |
R - P_ye-uue o) - B o oy Alwly gurio Ji Y
) ) Significance T-Statistic Path Dependent Independent Variable
Confirmation Level (p- (t-value) Coefficient (B) Variable P

>l 0/0057 27777 0/1789 BDsindgn slacsly;
Confirmed Smart Infrastructure (ST)

o M) = g 00ls Cu e

. 0/0000 5/5475 0/3081 Data Management and Analytics
Confirmed
(M)
sl . T Lo oo

= 0/0000 4/8982 0/1855 SReD Syl (S)siatge lor
Confirmed Urban Smart Community (S)

0 0/0000 8/6472 013490 Resilience (Mg JiisJor
Confirmed Smart Transportation (T)

0 0/0092 217586 0/1892 ©xeign ol e
Confirmed Smart Crisis Management (C)

0 0/0058 2/5253 0/1740 EC)essn oLl
Confirmed Smart Economy (Ec)
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Table 6 — Effect of the Independent Variable (Smart City) on the Dependent Variable (Urban Resilience Against
Environmental Hazards)

256 oy Ay
Impact Coefficient (f) Hypothesis

The role of Smart City in enhancing urban resilience in Zanjan city
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Table 7 —Model Fit Assessment
a5t B Hlade oz Jae 0 ylaibiwl e
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