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Abstract

In the face of rapid and far-reaching technological transformations, small historical cities like Mehriz are
confronted with a dual challenge: on the one hand, they must harness emerging technologies to enhance the
quality of life for their citizens; on the other, they are compelled to preserve and reinforce their distinctive
historical and cultural identity. This study sought to identify and analyze the key drivers of smart urban
development in Mehriz, employing the Structural Analysis Method by using Matrix of Cross-Impact
Multiplications Applied to Classification (MICMAC) software to examine the interrelationships among these
drivers. Following the initial identification of relevant factors through a comprehensive literature review and
expert interviews, a cross-impact matrix was constructed to assess the influence and dependence of each factor.
The findings revealed that cultural tourism, smart infrastructure, and preservation of the historical fabric ranked
among the most influential drivers shaping the trajectory of smart city development in Mehriz. Building on these
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insights, the study proposed a framework that advocates for the adoption of context-sensitive and sustainable
technologies grounded in an identity-oriented approach. This framework holds the potential to serve as a
replicable model for other small historical cities across Iran.

Keywords: Urban Development, Smart City, Historical Identity, Mehriz, MICMAC.

Introduction

In today's world, cities function as pivotal arenas of economic, cultural, and technological transformation,
forming the bedrock of sustainable development. Among the emerging urban paradigms, the concept of the
smart city has garnered considerable attention as an innovative approach to urban governance. It emphasizes the
deployment of Information and Communication Technologies (ICTs) to enhance service delivery efficiency,
elevate citizens' quality of life, and foster sustainable urban growth. By leveraging technologies, such as the
Internet of Things (loT), big data analytics, and artificial intelligence, smart cities can optimize energy
consumption, improve public transportation systems, and bolster urban security.

Nevertheless, for historic cities, the rapid pace of technological advancement presents a multifaceted
challenge—namely, the imperative to reconcile modernization with the preservation of cultural heritage,
architectural character, and societal values. Historical identity understood as the synthesis of cultural,
architectural, and social dimensions must be actively safeguarded and reinforced within sustainable development
frameworks. The accelerating forces of urbanization and technological proliferation have placed mounting
pressure on traditional infrastructures, giving rise to issues, such as land-use conversion, erosion of social
cohesion, and deterioration of historic urban tissues.

While global cities like Barcelona and Amsterdam have demonstrated successful models of integrating smart
technologies with heritage conservation, many historic Iranian cities—particularly smaller ones like Mehriz—
have yet to develop localized frameworks tailored to such integration. Mehriz, a historic city in Yazd Province,
possesses a rich cultural legacy, including the UNESCO-listed Pahlavanpour Garden and notable landmarks like
Zeinoddin Caravanserai. As such, it offers a valuable case for examining how smart urban strategies can be
harmonized with the preservation of historical and cultural identity.

The absence of a coherent framework for integrating smart technologies with heritage protection policies has
resulted in urban inconsistencies and progressive erosion of the historical character of Mehriz. In response to this
challenge, the primary objective of the present study was to identify and analyze the key drivers of smart city
development that could contribute to the preservation and enhancement of the historical identity this city.
Employing a structural analysis approach (MICMAC), this research investigated the interrelationships among
these drivers in order to propose a systematic analytical framework for managing smart urban development
within historical contexts. The findings were intended to assist policymakers and urban planners in Iran in
designing smart city initiatives that respect cultural heritage while simultaneously fostering sustainable urban
transformation.

Materials & Methods

This study adopted the structural analysis method, an approach particularly well-suited for examining complex
systems and identifying the key factors influencing urban development processes. The analysis was carried out
by using MICMAC (Matrix of Cross-Impact Multiplications Applied to Classification) software, which
facilitated a systematic exploration of the interrelationships among the principal drivers of smart city
development in Mehriz. This method enabled the determination of how individual drivers influenced and
depended upon one another, thereby clarifying their strategic roles within the broader urban system.

The research was implemented through a multi-stage process. In the initial phase, a comprehensive literature
review was undertaken to identify the primary drivers pertaining to smart city development and the preservation
of historical identity. This review drew upon academic studies, policy documents, and urban planning reports
addressing the integration of technology with cultural heritage conservation.

Subsequently, a panel of experts—comprising urban planners, heritage specialists, and ICT professionals—
was convened to refine and validate the identified drivers through an iterative Delphi-based process. This
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approach ensured that the selected drivers were not only contextually relevant, but also aligned with the dual
objectives of smart urban development and historical identity preservation.

Subsequently, a cross-impact matrix was developed to assess the degree of influence and dependency among
the identified drivers. Experts evaluated the pairwise relationships on a scale ranging from 0 (no influence) to 3
(strong influence), yielding a 21 x 21 matrix comprising 362 interaction scores. The MICMAC software was
then employed to analyze both direct and indirect effects, categorizing the drivers into 4 groups: key, influential,
dependent, and autonomous variables. The results of this analysis were visualized through influence-dependence
maps and scatter plots, which graphically illustrated the systemic roles of each driver. To contextualize the
findings, data on the demographic, economic, and cultural characteristics of Mehriz were sourced from official
records and local studies.

Research Findings

The structural analysis revealed several key drivers exerting a significant influence on the development of
Mehriz as a smart city, while concurrently supporting the preservation of its historical identity. The cross-impact
matrix with an 82.08% fill rate indicated a high degree of interconnectivity among the 21 identified drivers. This
included 79 zero-value interactions, 122 weak impacts, 143 moderate impacts, and 97 strong impacts. The
analysis of both direct and indirect effects highlighted the following strategic drivers:

1. Big Data Systems for Monitoring Historic Areas— These systems emerged as a critical driver,
demonstrating high influence (direct impact score: 40,564; indirect impact score: 40,678). By integrating satellite
imagery, 10T sensors, and citizen-generated reports, big data enables real-time monitoring of environmental
changes and structural degradation in heritage sites like Pahlavanpour Garden. This capability aligns closely with
Sustainable Development Goal (SDG) 11, which promotes sustainable cities and communities.

2. 3D Modeling and Augmented Reality for Heritage Promotion — Demonstrating a strong influence score,
this driver facilitates the virtual reconstruction of sites like Mehrpadin Castle, thereby enhancing tourism
potential and expanding educational outreach. It also contributes to heritage preservation by simulating the
effects of restoration interventions prior to their physical implementation, thus minimizing unforeseen risks.

3. Citizen Reporting Systems for Heritage Damage — With direct and indirect impact scores of 38 and
41,432, respectively, these systems enable residents to report damage to historic structures through mobile
applications. This approach fosters community engagement and facilitates timely maintenance and protective
interventions.

4. Digital Educational Programs for Historical Awareness — These programs promote cultural awareness
through online courses and interactive media, thereby strengthening local identity and aligning with Sustainable
Development Goal 4 (Quality Education).

5. Increasing Green Cover in Historic Neighborhoods — With a direct impact score of 37, this driver
enhances both environmental sustainability and the aesthetic appeal of historic areas by integrating native,
drought-resistant species, such as pistachio and tamarisk. This initiative supports SDG 13 (Climate Action) and
SDG 15 (Life on Land).

The scatter plots and influence-dependency maps further revealed that strategic drivers—such as big data
systems and citizen reporting platforms—exhibited both high influence and high dependency, rendering them
pivotal to system dynamics. Influential drivers, including Al for heritage restoration and blockchain for digital
preservation, were sensitive to external changes yet remained critical for achieving long-term impact. Dependent
drivers, such as smart public transportation and virtual tours, relied on the activation of strategic drivers to
function effectively. Conversely, independent drivers—for instance, digital platforms for urban history
documentation—exerted minimal influence on overall system dynamics but might nonetheless support niche
aspects of development.

Discussion of Results & Conclusion

The findings underscored the potential of smart city technologies to enhance—rather than undermine—the
historical identity of Mehriz. The identified drivers aligned with global trends observed in cities, such as
Barcelona, where 10T and big data are employed to manage cultural heritage, and Amsterdam, where citizen
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engagement platforms have strengthened urban identity. Nevertheless, the distinctive context of Mehriz as a
small, arid city with limited resources necessitated a localized and context-sensitive approach. The pronounced
influence of big data systems and citizen reporting platforms reflected their capacity to address its specific
challenges, including the monitoring of adobe structures vulnerable to erosion and cultivation of community
participation among a population deeply connected to its cultural heritage.

Theoretically, this study reinforced the view that smart cities must integrate social, environmental, and
cultural dimensions to achieve genuine sustainability. The proposed "socio-technological ecosystem™ model—
which balanced techno-centric and people-centric approaches—is particularly pertinent for historic cities. On a
practical level, the strategic drivers identified in this research offer actionable pathways for the development of
Mehriz. For instance, the deployment of big data systems can provide real-time monitoring of heritage sites,
while augmented reality applications have the potential to boost tourism revenue, which could in turn be
reinvested into conservation efforts. Moreover, green cover initiatives supported by smart irrigation systems
address environmental challenges while simultaneously enhancing the city's visual and ecological appeal.

Nevertheless, several challenges persist, including the high costs of technology deployment, limited local
expertise, and acute water scarcity. These constraints can be alleviated through strategic partnerships with
academic institutions, such as Yazd University, private sector investment, and adoption of drought-resistant plant
species. In contrast to certain global smart city projects that have prioritized technological advancement over
cultural preservation, this study demonstrated that smart technologies can be effectively harnessed to safeguard
the identity of Mehriz, consistent with the synergistic approach advocated in contemporary scholarship.

In conclusion, the development of Mehriz as a smart city is not only feasible, but also imperative for
preserving its historical identity while fostering sustainable growth. The identified drivers provide a strategic
framework for policymakers to prioritize resource allocation, beginning with big data and citizen engagement
systems. By integrating smart technologies with cultural and environmental considerations, Mehriz can serve as
a replicable model for other small historic cities, demonstrating that modernization and heritage conservation can
indeed advance hand in hand.
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Table 2: Expert Profiles

2 Cross-Impact Matrix

3, 08,5 awass Ol / Cans (JW) b aals 2) WOE ) s s oLl s
\ Sronal s ol gd | oKl ade i s2e A §—S> J.g.__wéjla;JL.»L.JL_.J
S S5 Sl St Sladasln 5 doisa
slal co e 5 cbli= | Ko b Sl W3S JUEIUICEI Ul PPN WA K S COUPSII PR %Y W
Y Yo

L?.LL)LT :J'.gﬁ)\:.w\ C,.AJA.LJ:J! ﬁﬂ@l{@)u
)8 3
Sr—s Dbl (55ks | (g)ls g (g ke Hslis 0 sosks s s L sl i

v i W IT as))
(Smart City) 55 ' G T e

S

IMICMAC




VERO LY ) cpm o jlod cuas 5l (o Lab (5305000 T3

s, 08, awass Sljlu / Conn () el anla M Sk s ol s
S ——S5>
5 S S e | (G150 S stel e sla Bl 5l e ol s
¢ Vo s s
Sl b R : st 02 2
S
}u_<._a)_a 6)—<—~f‘>;—< o E—S5> ngf_.i:ﬁﬂé)}l_;.é/j\gfﬁ
0 35 5050 o ils sl K o _
Sl S8 b Sl s S
_ —b)5 ) 5
&H@\k}d)w u‘ﬁ)‘i—:‘nﬁjiﬁ)l'w LSLAL)Z)'JQ(..:A:_MA&L;_J‘
a1 YO | — 5 _
s R Sl S alad
Solens
. . _ . S——S3 L -
v ol el | Ol S e iy, . g 03 ol gla e la b lsd
Srolsp
S S sl Sl gt 5 S el ' Lol pp Sl el
S
_ C——53| » s sl Ol il Jdos
A S polidansl 35 o &KES0s sl YY
aadlas 03 gl>we

Olrl 5550 53 25 Ol (Kon b 5 Sl sla e 51 (S s onl andllas 350 03 5doms Ol o 32 0 e
VIOTV i Slama b el cul 20l 53 05 3 (Bt s kS T asde Aol o oS o
el el s S 50 Bl Sl e Wl (58 (sl s 38 Job 020V ek 5 e
VLY O Glal sl slaas 5 8 YEVE 5 gn eh Coma VA0 Jl (S 5 posd o308 (Sobocd e il
3 Pl S e 03 ea,00 5 2d COL L e B ladlons Jold g exsdons (IS S Il s gl S
Sl b glaesls 4l 5 (1720 Ol LT S 0 Sl e O gol sy 53 0S|y a5 5581 L Sl s Gl
3 eremr oS15aS 315 Sl 3 Sl Bl gy 53 (S edgdeme Sl S A5 YO 3 5d 5 g (5 S
53 GVsb gl lils (Aol I Sl 5 e el b (5 b S0be 51 VL OF s IS (Ss s 3
8 sl 5 (Soa s bLisl 53 ege SHB 5L o 3l s o3 g el el e Sl Gl glaesls s
(i g Sl Ol T b 5 03 C) 5 500ske L Ommen sadj )l slaby ol 4l Ol T (558 e
Aol o slomday ed pl (Fusb Cupa et ld ole ) dlg aio 5 pllen Sl (sl ge anls
SV gmame A5 5 Sl ) smas555LAS (6t e cs2leaBl dny 5o (B4 Lo AYAV (el 5Ll ki)
bl e i8S lal s (Il s o S5 03y Clioma Sl Glodas yiom Ol 5 aiy QLI
Bl (6,6 slaBl 53 Sleul b e ot ladln (b 5 (6 K30 8 o Ol (6,805 5 5 (Soa b S e
35008 o Pl DAL anw s LA 0515l A, O Ll b et l a5 sl b 51l
Golore b ()b ol 88 53 oS 5ol gha) Sa b o O &)ps Ldg 5 e ol

Ole 2ol 5 Jolad SIL S (sl sad 4 e 6 Sl 0l oo ) Slapcatli b e sla oo 5 (i



13% SKer 5 s b 5 JlaS e Pl s g K Sl his 5 oludiad sr G dala sbow! orw 31Se! axdlas

Ol Jslas sl L}.?LL_..,;QK,:\ Cda b candllas o5 5l Ol o as 5 g0 Ol (ol by sl Ji.u Sl s g A 5
L{ﬁjyéﬁ_iazjbw‘_}s‘&&jko_ﬂjé w‘wﬁQ)Hﬁ)u‘;ﬂ}AJ‘&bﬁéﬂ‘;é)Lﬂmﬁ

.CAMH.,\,J:MM),AWJSQg}éljlbdu%)ﬁ)l:@@ﬂo}uv\afﬁb

o
Sl s Gaob 516 At JeaSS 0Ll ylS 5 S5l (6800 b poiens Dl g Slo (i a5
L aS das o 0L g jile slaesls a5l o st ol il 5 Ll Jas o Sl (slas poaly ¢ Jiline
VA olaas pl 5l adal, YAY el §yomes 53 5 03 Y IXYY slal 6ol s Sle ol s ot Ls il 4 4
Llesls Solatstl 345 a1 e ldde Sl AV 5 53 Jlie 6l VEY oSG Slie VYT is i gl £l
550 TAY A o 5le (SUS 5 Olsee 5 Ao 4 S a0 s a5 e ¥ La ST sl il 5 slgiy Gillas (pmiees
g 3l lanils blize 56 SaSy 5 come gla el 5l deo s A Sl i 4 el O sdias0lis oS s
2 6l ger el 5l 5 oS L cpl & iles g pio e Dl Jlde VA« ua 5le 3 39 o Sl TY
45 s e DL T Ui it e S 5l oo a0 Sl 5 S Sl sl s
(b BT o 5 1S 6l gl s il 5 Sl Gble tadpa o e glacailen glajaxls
b Gl 53 SU 5 daipr pagee Jis o slaant b Kos (ssm 31 15 1 (6518 5T Ol o 2t
35 )y 6l Ol it (S b S e 5l blim i slses 53 Oy e St
S 30 XY Lol g a il s et ekt e oo DG e Sl o 53 ilesls oz
el 35 e edalin ¥ i 53 & 6 S0lea 555 s e gl it b S Ol B s sil,
L oS Mo ps syl | et b (618 86 Ol o it ¢ )b bl datipa Sy e slacl

a3 e L | edtns o (6 il Olpoe ot ¢ )b bl 3 S| 5 dedipa oo Ji5 o

ot s b 5 s (§ 2y 3l 5 (1S 1 Ol T s
Table 3: Direct and indirect impact and effectiveness of indicators
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Figure 1. Scatter of indicators on the impact-impact ability axis of the direct (right) and indirect (left) impact
matrix
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Figure 2. Graph of direct (right) and indirect (left) impacts
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Table 4: Description of the dispersion of indicators in the direct impact matrix
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