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Introduction:

The building sector is a major contributor to global energy consumption and energy-
related carbon emissions, making the improvement of building energy performance an
important component of climate and sustainability policies. In Iran, Chapter 19 of the
National Building Regulations (2020 edition) provides the principal regulatory framework
for reducing building energy demand and improving the thermal and energy performance
of buildings. However, its scope is mainly focused on minimum requirements for the
building envelope and technical systems, while several aspects addressed by
contemporary green building assessment systems, including renewable energy, air
infiltration, mechanical ventilation, and operational energy management, receive limited
attention. This issue is particularly relevant in hot-arid cities such as Kashan, where high
cooling loads, solar radiation, envelope characteristics, and the potential for solar energy
generation simultaneously influence building energy performance. International
assessment systems such as China's ESGB and Singapore's Green Mark consider a broader
range of energy and environmental criteria and establish different levels of performance.
Despite numerous studies comparing green building assessment systems, limited
research has directly evaluated the performance of an office building designed according
to Iran's Chapter 19 against both ESGB and Green Mark within the climatic context of Iran.
The present study addresses this gap by linking the requirements of the Iranian regulation
to quantitative building-energy performance indicators and comparable criteria within
two Asian assessment frameworks.

The Purpose of the Research:

The study aims to comparatively evaluate the energy performance of a representative
office building in Kashan according to Chapter 19 and examine its alignment with the
relevant requirements of China's ESGB and Singapore's Green Mark 2021. The research
also evaluates the contribution of a photovoltaic system to reducing energy consumption
and electricity purchased from the grid. Accordingly, the study seeks to determine the
effectiveness of Chapter 19 as a basis for energy reduction and identify the regulatory
areas that require further development to approach the broader scope of international
green building assessment systems.

Methodology:

The research follows a quantitative approach and is applied in purpose, with a descriptive-
analytical method based on building energy modeling and simulation. A two-story office
building with a total useful floor area of 480 m?, located in Kashan's hot-arid climate, was
selected as the case study. A three-dimensional model was developed in SketchUp and
transferred through OpenStudio to EnergyPlus version 23.2. Annual energy simulations
were performed using a six-minute time step and considering climatic conditions,
envelope properties, occupancy schedules, internal loads, lighting, equipment, and HVAC
systems. Three simulation scenarios were developed. The Base Case represented the
building without energy optimization measures and included uninsulated walls and roof,
single-glazed windows, a conventional heating system, conventional cooling equipment,
and higher air-infiltration rates. The Optimized Scenario incorporated the requirements
of Chapter 19, including a 15-degree adjustment in building orientation, improved
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thermal insulation, Low-E windows, more efficient heating and cooling systems, reduced
air infiltration, and horizontal shading. The third scenario combined the optimized
building with a 40 kWp photovoltaic system consisting of 114 polycrystalline 350 W panels
with a total area of 228 m2.

Because measured operational data were not available, model verification was performed
using three complementary procedures: annual energy-balance checking, sensitivity
analysis of key parameters, and comparison of the resulting energy-use intensity with
values reported for comparable office buildings in hot-arid climates. The simulated energy
indicators were subsequently compared with relevant ESGB and Green Mark criteria. A
sequential parametric analysis was also used to determine the relative contribution of
individual optimization measures to the reduction in annual energy consumption.
Findings and Discussion:

The annual simulation results showed that energy consumption decreased from 75,823
kWh in the Base Case to 58,301 kWh in the Chapter 19-compliant Optimized Scenario,
corresponding to a 23.11% reduction. The largest individual contributions to this
reduction were associated with optimal building orientation (7.03%) and continuous
thermal insulation of the envelope (5.08%), followed by improved heating and cooling
systems (4.52%), Low-E windows (3.36%), and horizontal shading (3.12%). These results
indicate that reducing the building's energy demand through coordinated envelope and
system improvements is more influential than relying solely on renewable energy
generation. The integration of the 40 kWp photovoltaic system produced approximately
40,500 kWh annually and reduced electricity purchased from the grid to 17,850 kWh per
year. The resulting net energy use intensity reached 37.19 kWh/m?/year. Nevertheless,
photovoltaic generation was insufficient to fully offset the building's annual energy
demand; therefore, the building did not achieve a true near-zero-energy condition.

The comparative assessment revealed that the building performed relatively well against
the energy-saving requirements of ESGB. It achieved the required energy-saving
improvement, complied with the assessed envelope and window-to-wall-ratio criteria,
and satisfied the requirement for energy simulation. However, deficiencies remained in
air-infiltration testing, operational energy management and monitoring, mechanical
ventilation with heat recovery, and the extent of renewable-energy integration. Based on
the eight shared criteria considered in the study, the project's alignment with ESGB was
50%. The comparison with Green Mark 2021 revealed a more substantial gap. The
calculated Envelope Thermal Transfer Value remained below the 50 W/m? limit for non-
residential buildings, indicating acceptable overall envelope performance according to
this indicator. However, the project did not satisfy the prescribed U-value requirements
for individual envelope components and lacked several measures associated with
advanced building performance, including mechanical ventilation with heat recovery, air-
infiltration testing, continuous energy management, and sufficient renewable-energy
contribution. The resulting alignment index with Green Mark was only 12.5% (1 of 8
criteria). These findings indicate that the principal difference between Chapter 19 and the
two international systems is not limited to the stringency of thermal requirements. More
importantly, the international systems cover a broader range of operational and
environmental performance dimensions. Chapter 19 can therefore provide an effective
regulatory basis for reducing operational energy consumption, but compliance with its
requirements alone does not ensure comprehensive green-building performance or near-
zero-energy operation.

Conclusion:

The study demonstrates that applying the energy-efficiency measures of Chapter 19 can
substantially improve the performance of office buildings in hot-arid climates. In the case
study, the optimized configuration reduced annual energy consumption by 23.11%, while
the photovoltaic system further reduced dependence on grid electricity. However, the
building remained above the near-zero-energy threshold because renewable generation
did not completely offset annual demand. The comparative assessment also shows that
the main limitation of Chapter 19 is not simply insufficiently stringent thermal
requirements, but its narrower scope compared with comprehensive green building
assessment systems. Greater alignment with ESGB and Green Mark would require further
development of requirements for envelope performance, air-infiltration control and
testing, mechanical ventilation with heat recovery, renewable-energy integration, and
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operational energy monitoring and management. The findings are limited to a single
office building in the hot-arid climate of Kashan and rely on simulation-based verification
rather than measured operational data. Future studies should therefore examine
additional building typologies and Iranian climate zones and incorporate field
measurements, air-infiltration testing, and long-term operational monitoring. Developing
a locally adapted green building assessment framework that integrates energy
performance, renewable energy, indoor environmental quality, operational
management, life-cycle carbon, and Iran's climatic conditions could also provide a basis
for future revisions of national building regulations.
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- Chapter 19 reduced energy use by 23.11%;

- A 40 kWp PV system reduced grid dependence;

- Chapter 19 has a narrower green-building scope.
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Introduction:

Over the past two decades, urban green infrastructure (UGI) has evolved from isolated
landscape elements into a complex socio-ecological system. Within this paradigm, parks,
street trees, green roofs, corridors, and blue spaces form an interconnected network,
positioning multifunctionality at its core — where a single spatial unit supports multiple
ecological, social, and economic functions (Hansen & Pauleit, 2014). Consequently, UGI
performance cannot be deduced solely from physical attributes. As Andersson et al.
(2019) demonstrate, ecosystem service benefits emerge through "co-production,"”
contingent upon three systemic filters: the interplay among green, blue, and built
infrastructures; institutional and governance capacities; and individual and shared
perceptions and values. UGI is thus fundamentally a network of relations rather than a
mere spatial structure.

Against this relational backdrop, the "smart" transformation gains significance. Remote
sensing, sensor networks, spatial analytics, and artificial intelligence enable integrating
environmental data, identifying latent patterns, and generating design alternatives (Lyu
et al., 2022; Lee et al., 2024; Wang & Zhang, 2025). Crucially, this transcends mere
efficiency. Algorithms do not merely process data; by selecting inputs, defining evaluation
criteria, classifying phenomena, and prioritizing options, they actively shape the definition
of the design problem itself.

Despite this shift, the literature largely overlooks this critical juncture. Studies of Al
applications in urban design often examine algorithms instrumentally, prioritizing
predictive accuracy and computational speed. Conversely, algorithmic governance studies
emphasize that these systems are non-neutral: Busuioc (2021) argues that accountability
concerns the values embedded within model design, while Frost (2024) contends that
integrating machine learning into public decision-making alters relationships among
expert knowledge, public participation, and accountability mechanisms. These streams
remain disconnected, leaving three distinct gaps: an ontological gap regarding when
algorithms become decision mediators, a theoretical-applied gap in applying Actor—
Network Theory (ANT) to UGI, and a normative gap linking transparency discourses to
concrete design mechanisms such as green space siting and species selection.

The Purpose of the Research:

To address these gaps, this study conceptualizes algorithmic agency in smart UGI design
using ANT (Latour, Callon, Law). The focal analytical lens is translation — comprising
problematization, interessement, enrolment, and mobilization — used to trace actor-
network formation (Callon, 1986). ANT is chosen comparatively: while structuration
theory (Giddens, 1984) and the social construction of technology (Pinch & Bijker, 1984)
ultimately reduce action to human agency or social consensus, and agential realism
(Barad, 2007) or assemblage theory (DelLanda, 2006) acknowledge non-human agency
without offering operational stepwise categories, ANT integrates both strengths.
Additionally, Latour's (2005) continuum between "intermediaries" (transporting meaning
without transformation) and "mediators" (transforming and translating what they
convey) frames the algorithm's position.

Methodology:

Methodologically, this qualitative study adopts a theoretical-conceptual strategy,
drawing on primary ANT texts and peer-reviewed articles (2010-2026) from Scopus, Web
of Science, and PubMed Central across UGI, Al and smart cities, and algorithmic
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governance. Purposive sampling continued until conceptual saturation. Analysis followed
four steps: (1) formulating guiding questions; (2) deriving analytical categories deductively
from ANT; (3) re-reading five Al applications in UGI through the four translation moments
a generative deep neural network framework for green space design optimization (Wang
& Zhang, 2025), morphological spatial pattern analysis (MSPA) combined with random
forest (Peng et al., 2026), the cumulative urban heat island (UHI)-hours metric (Oh et al.,
2020), urban digital twins (Dawkins & Kitchin, 2025), and the SylvCiT tree-species
recommender (Nicol et al., 2026); and (4) synthesizing findings into a conceptual
framework. Cases were purposively selected for concrete UGI application, sufficient
technical documentation to trace the translation chain, and deliberate variation in
prescriptive degree.

Findings and Discussion:

Findings indicate that algorithmic agency manifests during problematization, prior to
solution generation. UGI multifunctionality translates into a calculable multi-criteria
structure; ecological morphology decomposes into machine-readable categories (core,
edge, branch, islet); and metrics such as UHI-hours shift evaluation from instantaneous
heat intensity to temporal exposure, redefining the problem itself. This supports Stinson's
(2022) assertion that algorithmic bias stems from variable selection and model structure,
not data alone. In the interessement phase, translation stabilizes relations: expert—
environment interaction becomes data-mediated; decision credibility emerges from the
combination of professional expertise, data quality, and model construction; and
integrated monitoring systems, databases, and evaluation standards establish durable
infrastructural dependencies.

During enrolment, these dependencies solidify into stable roles across four actors:
designers shift from sole option-generators to evaluators and moderators; algorithms
move from analytical tools to co-generators of alternatives; ecological elements become
translatable functional traits, marginalizing dimensions such as cultural meaning and lived
experience that resist quantification; and regulatory institutions shift from ex-post
arbiters to embedded design constraints. In mobilization, metrics such as NDVI, land
surface temperature, and morphological indices transcend analysis to become a common
language for coordination in environmental governance, though this stabilization remains
contingent upon institutional acceptance.

The study's central finding is that differences among systems depend on the position the
algorithm secures within the decision network. This is governed by three moderators:
model prescriptiveness (explanatory versus generative), integration with formal decision-
making infrastructures, and the scope for reversibility and human intervention.
Consequently, generative optimization frameworks exhibit strong algorithmic mediation
by generating and ranking options within embedded regulatory constraints; MSPA-based
morphological analysis provides an observational language without generating options;
and recommender systems such as SylvCiT possess bounded, negotiable agency owing to
their advisory role and capacity for human review.

Conclusion:

Synthesizing these findings yields a conceptual framework of algorithmic agency
comprising three dimensions: procedural (the recursive translation cycle), network
(interaction among technological, socio-institutional, and ecological domains), and
intensity (the three moderators functioning as a diagnostic scale). Theoretically, the
framework converts the intermediary/mediator dichotomy into a graded, assessable
variable, distinguishing the mere presence of an algorithm from actual algorithmic agency
and thereby resisting technological determinism. Practically, agency is constituted prior
to model execution: initial choices determine which environmental attributes become
calculable data at all. Algorithmic accountability must therefore extend beyond model
outputs to the translational logic that defines the boundary of the calculable a logic with
direct spatial consequences for green space siting, species selection, and intervention
prioritization.
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Introduction:

Climate change, increasing greenhouse gas emissions, and the growing intensity of
environmental hazards have created major challenges for contemporary urban planning.
Cities are both important sources of carbon emissions and highly vulnerable to the
environmental consequences of climate change. Therefore, achieving carbon neutrality
requires not only reducing greenhouse gas emissions but also strengthening the capacity
of urban systems to adapt to environmental stresses and climatic disturbances. In this
context, environmental resilience and the carbon-neutral city represent complementary
approaches to sustainable urban development. Environmental resilience emphasizes the
capacity of urban and ecological systems to maintain functions, adapt to changing
conditions, and recover from environmental stresses, while the carbon-neutral city
focuses on reducing greenhouse gas emissions and balancing emissions with carbon
absorption. Integrating these approaches can create synergies, as strategies such as green
infrastructure, sustainable transportation, energy efficiency, and ecological resource
management can simultaneously reduce carbon emissions and strengthen environmental
resilience. However, previous studies have identified related indicators in a fragmented
manner, with differences in definitions, spatial scales, data requirements, and
measurement approaches. Moreover, many theoretically relevant indicators cannot be
operationalized at the local urban scale because of data availability and spatial
measurability limitations. Consequently, a context-sensitive and spatially measurable
framework is needed to translate the theoretical dimensions of environmental resilience
and carbon neutrality into operational indicators. District 6 of Tehran Municipality,
characterized by high building and population density, intensive urban activities, major
transportation corridors, and significant environmental pressures, provides an
appropriate context for developing such a framework.

The Purpose of the Research:

The purpose of this research was to develop a conceptual-operational model of
environmental resilience based on the carbon-neutral city approach, with emphasis on
localizing and spatially measuring indicators in District 6 of Tehran Municipality. The study
sought to identify and organize indicators associated with environmental resilience and
carbon-neutral cities in the international literature and subsequently determine which
indicators could be operationalized within the specific spatial and data conditions of the
study area. Rather than selecting indicators solely according to their frequency of
occurrence in previous studies, the research considered their theoretical relevance,
spatial measurability, data accessibility, compatibility with the local context, and
suitability for quantitative and computational analysis. The final framework was intended
to provide a spatially explicit basis for assessing environmental resilience and supporting
monitoring, prioritization of interventions, and data-driven urban planning toward
resilient and carbon-neutral urban development.

Methodology:
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The research employed a systematic literature review combined with qualitative content
analysis and descriptive analysis of the identified indicators. The review process followed
the PRISMA 2020 framework to increase transparency and reproducibility. Searches were
conducted in international databases using combinations of the terms “Environmental
Resilience,” “Ecological Resilience,” “Carbon-Neutral City,” and “Carbon Neutral City.”
Following the identification and screening stages, 56 relevant studies were ultimately
selected for detailed analysis. The full texts of the selected studies were systematically
examined to identify indicators related to environmental resilience and carbon-neutral
cities. This process resulted in the extraction of 81 initial indicators. The indicators were
subsequently organized into five dimensions: physical, environmental, economic, social,
and institutional-governance. To develop an operational framework for District 6, the 81
indicators were evaluated using five criteria: theoretical repeatability and relevance,
spatial and quantitative measurability, availability of data at the parcel scale, compatibility
with the local context, and suitability for computational modeling. Accordingly, frequency
was considered as supporting evidence rather than an independent selection threshold.
After applying these criteria, 12 indicators were selected as the final operational
indicators. These indicators were transformed into spatial, raster, or parcel-scale
information layers within a GIS environment, allowing their application in spatial analysis
of environmental resilience.

Findings and Discussion:

The findings demonstrated that environmental resilience and the carbon-neutral city are
interconnected through interactions between urban pressures and ecological regulating
capacities. The systematic review identified 81 indicators across five dimensions. The
physical and environmental dimensions included indicators related to urban form,
building density, transportation accessibility, vegetation, air pollution, water resources,
climatic conditions, albedo, energy efficiency, and carbon processes, while the economic,
social, and institutional dimensions incorporated indicators associated with energy
consumption, population, quality of life, participation, governance, and environmental
policies. The localization process resulted in 12 operational indicators structured into two
groups. The first comprised urban drivers and pressure indicators, including building
density, population density, accessibility to metro and bus stations, nighttime light
intensity, and air pollution. Public transportation accessibility can reduce private vehicle
dependence and transportation-related emissions, while nighttime light intensity serves
as a proxy for urban activity and energy consumption. The second group included
ecological and environmental regulating indicators, namely vegetation density, sky-view
factor, land surface temperature, water resources, albedo, and annual precipitation,
representing capacities that support climatic regulation and adaptation.

The selected indicators showed direct and indirect relationships. Vegetation density,
water resources, annual precipitation, and albedo had positive direct effects on
environmental resilience. Vegetation contributes through carbon sequestration, shading,
and evapotranspiration; water resources support thermal regulation and ecological
capacity; precipitation contributes to moisture and water availability; and albedo
influences solar radiation reflection. Conversely, air pollution and land surface
temperature act as environmental stressors with negative direct effects on resilience.
Other indicators operate through indirect or mediated relationships. Public
transportation accessibility can influence resilience by changing mobility behavior and
reducing private vehicle use, thereby decreasing traffic-related emissions and air
pollution. Higher building and population densities can increase energy demand and
urban activity, with effects reflected in nighttime light intensity. Dense development may
also reduce the sky-view factor, restrict natural ventilation, and increase heat retention,
contributing to urban heat island effects. These interactions indicate that environmental
resilience emerges not from isolated indicators but from interconnected physical,
demographic, environmental, and functional processes.

Conclusion:

The research concludes that integrating environmental resilience with the carbon-neutral
city approach provides a comprehensive framework for understanding and managing
urban environmental conditions. The systematic review demonstrated substantial
conceptual and functional overlap between the two approaches, particularly in reducing
environmental pressures, carbon emissions, and climatic vulnerability while
strengthening ecological capacities. Although 81 indicators were identified from the
international literature, their direct local application was constrained by differences in
spatial context, data availability, and analytical requirements. The selection of 12
operational indicators therefore represents a transition from a broad theoretical
framework toward a spatially measurable and context-sensitive model.




Publisher: Iran University of Art

ARTICLE INFO ABSTRACT

The proposed conceptual—-operational model represents the relationships between urban
pressures and environmental regulating capacities in District 6 of Tehran. Its main
contribution is transforming theoretically identified indicators into measurable spatial
variables that can be represented as GIS-based raster or parcel-scale datasets. This
reduces the gap between theoretical discussions of environmental resilience and practical
urban planning applications, providing a foundation for spatial monitoring, vulnerability
identification, intervention prioritization, and evidence-based decision-making.
Moreover, the computational compatibility of the selected indicators provides an
appropriate data foundation for subsequent quantitative and machine-learning analyses.
Ultimately, resilient and carbon-neutral urban development requires an integrated
approach that reduces anthropogenic pressures, strengthens ecological capacities,
improves environmental quality, and supports carbon reduction. The framework provides
a localized methodological basis for these objectives and can be adapted to other urban
contexts following appropriate local assessment and validation.
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Introduction:

Seljuk-period caravanserais are among the most important manifestations of architectural
and cultural heritage in Iran and Anatolia. They developed in close connection with
historical communication and trade networks and played an important role in facilitating
travel, trade, and cultural exchange. In addition to providing shelter and security for
travelers, caravans, and goods, caravanserais functioned as important elements of the
historical transportation network. Their architectural organization reflects the functional,
social, cultural, climatic, geographical, and security requirements of their time.

Iran and Anatolia, as two interconnected cultural-geographical regions, maintained
significant political, economic, and cultural relations during the Seljuk period. The
caravanserais constructed in these regions share numerous architectural characteristics,
while also displaying differences resulting from local historical, cultural, social, climatic,
geographical, technical, and constructional conditions. A comparative study of these
buildings can therefore provide a better understanding of the continuity, transmission,
transformation, and localization of caravanserai architecture. This research adopts a
comparative approach to examine the architectural plans, spatial organization, and
physical characteristics of Seljuk caravanserais in Iran and Anatolia and to identify their
major similarities and differences.

The Purpose of the Research:

The main objective of this study is to comparatively examine the plans and architectural
characteristics of Seljuk caravanserais in Iran and Anatolia and to identify the similarities
and differences in their architectural layouts and physical structures. The research also
seeks to identify the primary and secondary architectural elements of the caravanserais
and determine the relationship between these elements and the spatial and functional
organization of the buildings.

Furthermore, the study aims to investigate the factors underlying architectural similarities
and differences and to clarify how historical, cultural, social, political, climatic,
geographical, technical, and constructional conditions influenced the development of
caravanserai architecture in the two regions. Through this comparison, the research seeks
to clarify the position of each region within the historical development of caravanserai
architecture.

Research Method:

This research employs a qualitative methodology based on a historical-interpretive and
comparative strategy. Case study and purposive sampling were used to select and
examine the relevant caravanserais. The research population consists of Seljuk-period
caravanserais in Iran and Anatolia.

Each selected caravanserai was examined individually, and its primary and secondary
architectural elements were identified, evaluated, and compared. Particular attention
was given to the overall plan, spatial composition, organization of architectural elements,
hierarchy of access, spatial circulation, completeness of the design, geometric
proportions, symmetry, axial organization, and overall integration of the plan. The
collected information was classified and presented in analytical tables, allowing
systematic comparison between Iranian and Anatolian examples. Finally, the similarities
and differences in the architectural characteristics of the two groups were identified and
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interpreted.

Findings and Discussion:

The findings indicate that Seljuk caravanserais in Iran and Anatolia share fundamental
architectural and functional characteristics but differ in the degree of development and
organization of their architectural plans. Iranian Seljuk caravanserais generally
demonstrate a more complete and mature spatial composition, particularly in terms of
the organization of architectural elements, access hierarchy, spatial circulation,
completeness of the overall plan, geometric proportions, symmetry and bilateral balance,
axial organization, and integration of the architectural design.

This greater degree of development can be related to Iran’s long historical experience and
rich architectural background in the design and construction of caravanserais. The
findings also show that the basic concept and functions of caravanserais in both regions
were similar. Providing shelter, security, resting facilities, and support for travelers,
caravans, and commercial activities constituted their principal common functions.
Although the caravanserai concept and many of its architectural principles were
transmitted from Iran to other regions, including Anatolia, these principles did not remain
unchanged. Over time, they were adapted to local conditions and acquired characteristics
associated with the cultural, social, historical, geographical, and environmental identity of
Anatolia. Therefore, Anatolian caravanserais can be understood as architectural
manifestations that retained fundamental characteristics of the Iranian caravanserai
tradition while developing a distinct regional expression.

Conclusion:

The comparative analysis of the plans and architectural characteristics of Seljuk
caravanserais in Iran and Anatolia demonstrates numerous shared architectural elements
and confirms the similarity of their principal functions. The physical organization of both
groups reflects common requirements related to travel, accommodation, security, and
commercial activities. However, differences can be observed in the organization and
development of their architectural plans, which are associated with the particular
historical, cultural, social, political, climatic, geographical, technical, and constructional
conditions of each region.

Historical inscriptions and textual evidence further indicate that Iranian Seljuk
caravanserais are considerably older than Seljuk caravanserais in Anatolia. This
chronological precedence, together with Iran’s extensive experience in caravanserai
design and construction, may have contributed to the development and transmission of
architectural patterns from Iran to Anatolia. Nevertheless, these patterns underwent
adaptation and localization in Anatolia and gradually acquired regional characteristics in
response to local cultural and environmental conditions.

Overall, the comparative study demonstrates that the architecture of Seljuk caravanserais
in Iran and Anatolia represents both continuity and transformation. Identifying the
common elements and understanding the distinctive features of each region can
contribute to a more accurate interpretation of the historical development of
caravanserai architecture. Furthermore, the recognition of shared and differentiated
architectural elements can provide valuable guidance for conservation and restoration
practices. In particular, where architectural components have been lost, destroyed, or
damaged, comparative evidence from related caravanserais can assist conservation
professionals in identifying probable architectural patterns and developing more
appropriate and historically informed restoration strategies.
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Introduction:

Traditional Iranian architecture is the product of accumulated collective knowledge,
historical experience, and adaptation to environmental and socio-cultural conditions. In
traditional Iranian houses, spatial organization integrated cultural values, social relations,
psychological needs, and climatic requirements into a coordinated system. However,
much existing interpretation has concentrated on physical features and formal
characteristics, while the strategic logic underlying spatial configurations has received less
systematic attention. This has encouraged the reproduction of visible historical elements
in contemporary architecture without sufficient understanding of the principles that
generated them. The present study addresses this gap by reconsidering traditional Iranian
houses through a strategic design perspective. It interprets architectural elements as
deliberate spatial responses to objectives such as privacy, hospitality, social organization,
environmental sustainability, and resource management. The central problem is how
traditional Iranian architecture can be reinterpreted beyond imitation of historical forms
toward identifying and translating its underlying principles and decision-making logic.

The Purpose of the Research:

The main purpose is to develop a conceptual model explaining the relationships among
strategic objectives, design strategies, and architectural elements in prominent traditional
Iranian houses in the hot and arid climate. The study identifies the strategic objectives
guiding traditional residential design, examines the strategies used to achieve them, and
clarifies how architectural elements embodied multiple functions simultaneously. It
particularly examines privacy and hospitality as strategic objectives that actively shaped
spatial organization rather than as cultural characteristics expressed after the formation
of space. A further purpose is to derive practical lessons for contemporary Iranian
architecture by translating traditional design logic into flexible principles instead of
reproducing historical forms literally. The study therefore shifts interpretation from asking
only “how” spaces were arranged toward understanding “why” they were arranged and
“for what purpose.”

Methodology:

The research adopts a qualitative and conceptual approach and applies an analytical-
strategic method. Data were collected through rereading and analyzing historical-spatial
evidence related to traditional Iranian houses and previous studies concerning privacy,
spatial organization, hospitality, social relations, climatic adaptation, and sustainability.
The study focuses on prominent houses in Isfahan, Yazd, and Shiraz within the hot and
arid climatic zone. Analysis was conducted in three stages: identifying values and strategic
objectives; extracting corresponding design strategies; and linking these strategies to
architectural elements and their multiple functions. The theoretical interpretation
combines sustainable strategic planning with design thinking to examine traditional
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architecture as an integrated and goal-oriented process. Because the research is
qualitative and conceptual, it does not claim quantitative measurement of thermal or
behavioral performance. The resulting framework is instead proposed as a conceptual
model for interpreting traditional architecture and informing contemporary design.

Findings and Discussion:

The findings show that the spatial organization of traditional Iranian houses cannot be
explained by a single functional, formal, or climatic factor. Their design logic results from
the integration of several strategic objectives. Four major strategic directions were
identified: inward orientation, controlled entrances, the public-private system of biruni
and andaruni, and environmental and energy sustainability. Inward orientation
functioned as a comprehensive strategy for protecting privacy and establishing spatial
hierarchy. Organizing spaces around a central courtyard while limiting direct visual
relationships with the street created a protected interior domain and enabled controlled
access to light, air, vegetation, and water. Controlled entrances strengthened privacy by
transforming access into a gradual process. The hashti and indirect passages acted as
physical and visual filters, preventing immediate exposure of private areas and regulating
movement between public and private domains. Entrance design therefore operated as a
proactive strategy for preventing unwanted visual intrusion, rather than merely
facilitating circulation.

The distinction between andaruni and biruni was a fundamental strategy for managing
social relations and user experience. It enabled the simultaneous protection of family
privacy and provision of appropriate spaces for guests. The private realm supported family
life and seclusion, whereas the public realm structured hospitality without disrupting the
household. Hospitality was organized through differentiated spaces, controlled access,
and attention to the visitor experience. Within the private realm, the sanduqg-khaneh
provided a fine-grained response to privacy and psychological needs by offering a
secluded place for rest, worship, contemplation, and storage of personal belongings.
Environmental sustainability and energy management formed the fourth strategic
direction. Traditional houses responded to the hot and arid climate through an
interconnected system rather than a single device. The orientation and seasonal zoning
of spaces around the courtyard supported shading, ventilation, solar adaptation, and
thermal moderation. Courtyards, iwans, ravags, windcatchers, water features, and
subterranean spaces worked together to create favorable microclimatic conditions and
reduce dependence on non-renewable energy. The central courtyard was especially
important because it connected environmental and social strategies: it supported family
interaction and hospitality while contributing to daylight, natural ventilation, shading,
humidity regulation, and thermal comfort. Iwans and semi-open spaces also acted as
climatic and visual filters. The findings demonstrate that architectural elements
frequently performed several strategic tasks simultaneously. The hashti and entrance
passage could regulate access, protect privacy, manage social interaction, and moderate
light and climate, while the courtyard could support inward orientation, social cohesion,
hospitality, and environmental performance. Thus, the principal advantage of traditional
architecture lies in the integration of strategies and its capacity to address multiple
objectives through coordinated spatial decisions.

Conclusion:

The study concludes that traditional Iranian houses can be understood more effectively
as integrated, goal-oriented systems rather than collections of historical forms. Its main
contribution is a three-level conceptual model linking strategic objectives, design
strategies, and architectural elements. Privacy and spatial hierarchy, social relationship
management and hospitality, and environmental sustainability and energy management
emerge as major strategic concerns, while architectural elements are interpreted as
physical instruments for realizing them. The strength of traditional Iranian architecture
therefore lies not in reproducing specific forms, but in the capacity of its spatial system to
respond simultaneously to cultural, social, psychological, and environmental
requirements. This interpretation provides a basis for moving from form-based imitation
toward strategy-based translation in contemporary architecture.

The framework has implications for contemporary housing, architectural education, and
human-centered urban planning. Spatial hierarchy, controlled access, flexible territorial
boundaries, individual privacy, hospitality, and courtyard-based organization can be
reinterpreted within modern housing without directly copying historical elements. The
courtyard, for example, can be reconsidered as a contemporary organizing device
supporting both environmental performance and social interaction, while layered access
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can reinterpret traditional principles of privacy and territorial control. The study is limited
to selected prominent houses in Isfahan, Yazd, and Shiraz and to the hot and arid climatic
context; therefore, its conclusions should be generalized to other Iranian climatic regions
with caution. Moreover, its qualitative and conceptual nature means that it does not
include systematic quantitative measurements of thermal or behavioral performance,
and the conceptual model has not been validated through field studies, resident
interviews, or post-occupancy evaluation. Future research can test the framework
through mixed-method studies, comparisons across different climatic regions, post-
occupancy assessment of contemporary applications, and expert validation through
Delphi studies or focus groups.
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Introduction:

Rapid urbanization and spatial expansion exacerbate pressures on urban ecosystems,
causing resource depletion, biodiversity loss, and microclimatic degradation. In modern
urban planning, urban parks serve as essential green infrastructure, providing critical
ecosystem services, promoting public health, mitigating urban heat islands, and
attenuating stormwater runoff. These functions are particularly crucial in ecologically
vulnerable regions such as Mazandaran Province in northern Iran, which faces high tourist
influx, shifting coastal-mountain microclimates, land-use conversion, water scarcity, and
rising energy demands. However, merely expanding physical green space does not ensure
operational sustainability. The long-term resilience of urban parks depends on how they
are designed, maintained, and governed. In response, the “green management” approach
provides an integrated framework that optimizes resource consumption, adopts smart
technological innovations, and systematically minimizes environmental impact through
climate-resilient landscaping, smart water recycling, decentralized renewable energy, and
regulatory compliance. Despite expanding literature on urban green infrastructure,
existing studies remain fragmented, primarily examining isolated operational metrics
rather than conducting holistic analyses. A significant research gap persists regarding
systemic structural foresight that evaluates the overarching Political, Economic, Social,
Technological, Environmental, and Legal (PESTEL) forces shaping urban park
development. Without an integrative structural methodology, urban planners risk
misallocating finite municipal resources to superficial symptoms rather than addressing
critical leverage points that drive sustainable systemic transformation.

The Purpose of the Research:

This study aimed to identify, validate, and structurally analyze the critical drivers shaping
the future sustainable development of urban parks in Mazandaran Province from a green
management perspective. The primary research question directing this investigation was:
Which drivers, and through what systemic patterns of mutual influence and dependence,
govern the future sustainable development and green management of urban parks in
Mazandaran Province? To address this question comprehensively, the research sought to
achieve four interconnected operational objectives: first, to extract an exhaustive catalog
of potential drivers from the intersection of sustainable urban green infrastructure and
green management literature; second, to contextualize, refine, and validate these drivers
specifically for the socio-ecological landscape of Mazandaran Province through rigorous
expert consensus; third, to map the intricate structural web of interrelations, direct and
indirect impacts, and systemic feedback loops among the verified drivers using structural
cross-impact analysis; and fourth, to determine the structural role of each driver—
differentiating input/determinant forces and critical linkage variables from secondary
dependent outcomes and autonomous factors. By achieving these objectives, the study
moves beyond traditional, reductionist, one-dimensional evaluations to deliver a systemic
roadmap that equips urban municipal authorities, environmental planners, and park
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administrators with evidence-based leverage points for long-term strategic spatial
planning.

Methodology:

This study employed a structural foresight approach based on a pragmatic paradigm,
conducted in four main stages. First, an extensive review of the literature on urban green
spaces, green management, climate resilience, and smart resource systems was carried
out to extract preliminary drivers, which were then categorized under the six PESTEL
dimensions. Second, the content validity, clarity, and regional relevance of the drivers
were refined through consultation with a panel of 16 purposefully selected experts in
urban planning, environmental science, and municipal management. Third, a three-round
Delphi technique was utilized to screen and validate the drivers based on expert
agreement; ultimately, 18 strategic drivers achieved high consensus and were retained
for structural modeling. Fourth, the interactions among these 18 drivers were analyzed
using a cross-impact matrix in MICMAC software. Expert assessments were aggregated to
construct the direct influence matrix, and both direct and indirect relationships were
computed. Finally, the drivers were mapped onto Cartesian coordinate planes and
classified into four strategic groups: input/determinant, linkage/relay, output/dependent,
and autonomous variables.

Findings and Discussion:

The structural analysis revealed that the 18 identified drivers play distinct roles in the
green management system of Mazandaran’s urban parks. Legal and policy-oriented
factors emerged as the primary “engines” of the system (input/determinant quadrant),
exerting significant influence while remaining structurally independent. These serve as
the essential starting point for any systemic transformation. Technological and
environmental factors function as critical “linkage” variables, acting as conduits that
translate these high-level policies into operational reality. Conversely, financial and
economic factors were classified as dependent variables; rather than acting as initial
drivers, they are secondary results that materialize only after robust regulatory and
technological frameworks are successfully established. Finally, several socio-cultural and
operational factors were found to be largely autonomous, demonstrating weaker direct
links to the system’s core. These findings align with international literature, reinforcing
that sustainable urban development requires prioritizing legislative mandates and
technological infrastructure over immediate financial incentives. This confirms that
financial sustainability is a downstream benefit of sound green management policy, rather
than its initial precursor.

Conclusion:

The strategic foresight investigation concludes that the future sustainable development
and green management of urban parks in Mazandaran Province operate as a
hierarchically organized, highly interdependent structural system. The systemic
architecture demonstrates that sustainable transformation is initiated by upstream
legislative mandates and sustained policy incentives, propagated through intermediary
linkage conduits of climate adaptation and smart water-energy technologies, and
ultimately culminated in downstream operational cost-efficiencies and expanded
ecological returns. Consequently, urban policymakers, municipal authorities, and green
space planners must abandon fragmented, piecemeal interventions and instead sequence
structural initiatives in strict alignment with the systemic hierarchies identified by the
MICMAC model. Municipal authorities must establish the first strategic implementation
phase around institutional and regulatory governance: formally embedding mandatory
smart-technology prerequisites within park construction and renovation licensing codes
(L1), codifying measurable zero-energy operational targets for municipal public assets
(L2), and linking administrative and financial concessions directly to verified energy
monitoring performance (P1, P2). Once an unyielding legal baseline is secured, capital
investments in the second strategic phase must be directed toward the linkage core
specifically deploying automated sensor-based irrigation networks (T1), closed-loop
graywater recycling treatment plants (En2), and decentralized solar/biomass energy
systems (T3) configured specifically to reinforce local microclimatic resilience (Enl).
Financial returns, measured through tangible reductions in municipal water and energy
utility budgets (E2), must be utilized as systemic performance indicators and
accountability benchmarks rather than upfront prerequisites.

While this study provides an empirically robust, structurally validated roadmap, its
methodological boundaries present productive avenues for subsequent scientific inquiry.
The empirical focus was restricted specifically to designated urban parks within
Mazandaran Province and did not encompass suburban forest parks, protected riparian
belts, or unmanaged urban green corridors. Additionally, the structural configuration
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reflects the collective expert consensus of the selected panel at a specific analytical
junction. Future research should formulate dynamic, multi-directional future scenarios
based on the four determinant drivers identified, conduct cross-regional structural
comparisons across diverse biogeographical zones with differing institutional capabilities,
and substantiate the predictive structural pathways through empirical, multi-year
longitudinal assessments measuring actual kilowatt-hour energy savings, volumetric
water recycling rates, and operational life-cycle cost reductions.
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- Identification and validation of 18 PESTEL drivers shaping the future of urban parks in Mazandaran Province using Delphi and
MICMAC structural analysis.

- Legal, regulatory, and climate drivers (L2, L1, En1) emerged as the primary influential and input variables driving the green

management system.

- Economic indicators act as dependent output variables, indicating that cost reduction is a consequence rather than an initiating
driver of green management.
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