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increased energy consumption and cooling costs. Under these conditions, natural cooling is
considered an effective approach to achieve climatic comfort. The Chaharsofeh houses of
Zavareh represent a notable example of urban-rural dwellings adapted to the hot-arid
climate of Iran, where cooling mechanisms are integrated into the architecture itself;
however, they have not been thoroughly studied. This article aims to fill this gap by
examining the architectural framework of Chaharsofeh from a climatic perspective,
focusing on the building section as a key axis of natural cooling and ventilation.

Method: The research adopts an analytical-exploratory approach within the
methodological framework of the case study research method, focusing on sixteen
Chaharsofeh houses with basements in Zavareh, documented for the first time with special
attention to their climatic components. Data were collected across six dimensions and
analyzed through a triangulated method combining theoretical pattern matching, field-
based evaluation, and cross-case pattern comparison.

Results: The study identifies the climatic form of Chaharsofeh, consisting of eight effective
climatic components structured vertically in four sectional layers, forming an integrated
system that enables the “breathing” of the building. Due to the simultaneous application of
solar chimneys, earth cooling, and, in some cases, the addition of in-wall windcatchers, the
framework functions as a synergistic system.

Conclusions: Ultimately, the Miankhaneh-basement cooling system of Zavareh’s
Chaharsofeh houses is established as an independent, distinctive, and universal natural
cooling model for hot-arid climates, alongside the reference model of the windcatcher. The
findings further reveal the crucial role of the building section in the climatic performance
of Iran’s hot-arid architecture, underscoring the necessity of integrating such strategies—
outlined in this study—into the early stages of design for similar climates at both national
and global scales.
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Introduction

In the Persian language and culture, the word “Khonak™ carries both perceptual and sensory
connotations. In classical Persian literature, Khonak has often been used in the sense of
“pleasant” or “blessed.” For example: “Khonak that day when I lay down my life at your feet
/ casting away the reason and clamor of the world” (Sa’di, Ghazaliyat), “Did you not see how
it all perished in the wind? / Khonak is he who departed with wisdom and justice” (ibid.), or
“You rest Khonak at noon in the sanctuary / while the stranger outside burns in the heat”
(Sa’di, Bustan). Similarly, Hafez writes: “I said, blessed be the breeze rising with the morning
wind / he replied, Khonak the zephyr that comes from the beloved’s quarter” (Divan-e Hafez).
Thus, in Persian, Khonak goes beyond the physical sensation of coolness: it conveys a sense
of promise, serenity, and delight. Iranian architecture has also emerged within this traditional
vision. In contrast, the technical term “cooling” (Sarmayesh), used for mechanical systems,
lacks such cultural and sensory resonance. Khonak refers to a quality distinct from
mechanical cooling; it is experienced with the arrival of clouds, the sprinkling of water on an
adobe-paved courtyard raising the smell of wet soil, a passing breeze, the shade of a tree, or
the cool freshness of a Khakshir-Nastaran sherbet drink. In other words, it is natural and
carries qualities beyond the mere reduction of temperature. Cooling, on the other hand, is
limited to a change in degrees. Therefore, architects must reclaim their role by implementing
Khonak-oriented design as a spatial and cultural quality, not merely a mechanical service,
thereby surpassing the domain of mechanical engineering. Accordingly, in this paper, due to
the centrality of traditional climate-responsive architecture and natural ventilation, the
emphasis is on Khonak-sazi (natural cooling) rather than on the conventional “passive
cooling” term. The Earth is warming rapidly, while resources remain finite and populations
continue to grow. Climate change has lengthened hot seasons, intensifying energy use,
cooling costs, power shortages, and the strain on infrastructure. The building sector accounts
for nearly 40%of global energy use and greenhouse gas emissions; in Iran, about 70%of this
demand arises from residential cooling and heating (Mizan, 2023). The International Energy
Agency’s Net Zero by 2050Roadmap identifies housing as a key field for decarbonization
(IEA, 2011). Demand for cooling equipment is projected to reach 650million units by
2030and exceed two billion by 2050, particularly in developing countries. Accordingly,
improving building envelopes, bioclimatic design, and efficient materials are emphasized as
essential strategies (IEA, 2021, pp. 141-142). In hot-arid climates, natural cooling
techniques can significantly reduce energy demand (Net Zero 2050, 2021).

Within this context, climate-responsive design is a critical imperative in contemporary
architecture. This approach relies on natural resources—Ilight, wind, thermal mass, vegetation,
and water—to provide thermal comfort with minimal dependence on mechanical systems
(Altan et al., 2016). Iranian vernacular architecture in hot-arid regions demonstrates notable
precedents, employing elements such as windcatchers (badgir), courtyards, ganats, and iwans
(Esmaeili, 2013). Roaf (2007) demonstrated that windcatchers function as robust physical
systems rather than historic artifacts, while Ergun and Becklin (2024) documented sixteen
traditional strategies reused in contemporary projects. Mahdavi-Nejad et al. (2013)
highlighted the role of spatial organization and transitional spaces, such as shavadan, in
adapting to climatic conditions.

Recent studies emphasize that passive cooling techniques must be integrated into design
from the conceptual stage (Arif, 2012). While affirming their effectiveness, scholars stress
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the need for upgrading vernacular strategies for modern lifestyles. Perez (2018) found that
some natural cooling methods in Mexico achieved results comparable to active systems.
Moscoso and Quesada (2023) concluded that even vernacular houses in Ecuador require
design improvements for comfort. Bahadori (1994) confirmed the efficiency of windcatchers
but noted limitations such as dust infiltration and calm weather. Foruzanmehr and Vellinga
(2011) argued that vernacular sustainability depends on technical, cultural, and socio-
economic factors. Iran’s diverse climatic architecture holds significant potential for global
models. Among its typologies, the Chaharsofeh houses of Zavareh, Isfahan Province, stand
out as resilient dwellings that have maintained habitability in hot-arid climates for centuries.
Yet, comprehensive research on Chaharsofeh remains scarce; most studies focus on isolated
elements rather than their integrated climatic system.

This paper seeks to address this gap by redefining the concept of the “climatic section” and
analyzing its role in structuring natural cooling and ventilation. The main research questions are:
1. What natural cooling strategies are employed in Chaharsofeh houses?

2. What are the components of their climatic framework?

3. How does this model resemble or differ from the windcatcher?

4. What design lessons can be extracted for contemporary climate-responsive architecture?
5. Why can the Mian-khaneh—basement model serve as a reference for hot-arid climates?

Method

This research is analytical-exploratory in nature and, due to its case-oriented character, was
designed within the framework of Yin’s case study methodology (Yin, 2018). By analyzing
multiple sources of evidence across 16Chaharsofeh houses, the study aimed to extract and
validate their climatic performance pattern. Yin’s framework emphasizes the study of
phenomena in real-life contexts rather than artificial simulations, making it particularly
suitable for “how” and “why” questions in disciplines such as architecture and urban studies.
Data were collected from six sources—field observations, documents and maps, informal
interviews, physical artifacts, quantitative temperature and humidity measurements, and
visual records. Inspired by case study triangulation, a three-pronged analytical structure was
developed, including theoretical pattern matching with prior studies on mechanisms such as
solar chimneys and earth cooling, field-based evaluation through direct measurements and
observations, and cross-case pattern comparison with the badgir (windcatcher) as a universal
Iranian reference model in hot-arid climates. This triangulated approach provided the
foundation for identifying and validating the climatic functioning of the Chaharsofeh houses.

Results

In this study, the basement, moist pits, and brick air ducts of the Chaharsofeh were surveyed
and documented. Findings show that these elements function synergistically as an integrated
natural-cooling system. Thus, the Chaharsofeh—alongside the windcatcher—can be
considered a broadly applicable archetype of passive cooling. Its signature attributes are:

1. Hybridity (synergy): concurrent use of ground cooling (earth-to-air exchange), a solar
chimney, cross-ventilation, and windcatchers;

2. A multi-functional intermediate space (the central hall, miyankhaneh) with a relatively
stable temperature, acting as a thermal buffer and center of social interaction;

3. Space-system character of components: climatic function is fused with spatial and bio-
social performance;

4. Graded temperature-humidity regimes along airflow paths that enhance thermal comfort.
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Conclusions

The Chaharsofeh embodies a living climatic framework where architecture breathes through
the synergy of soil, water, air, and light. Its time-sensitive rhythm aligns form, space, and
climate, inspiring architects to design beyond mechanical cooling by reviving natural
strategies. In this respect, seven climatic design strategies are proposed for the contemporary
use of natural cooling:

1. Climate-conscious conceptual design from the earliest stages;

2. Section-based design;

3. Synergistic integration of multiple cooling strategies;

4. Recognition and use of climatic components in design;

5. Spatial coordination of elements and airflow paths;

6. Integration of climatic function with living space; and

7. Aesthetic incorporation of climatic elements into form while retaining vernacular
expression.
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