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Abstract:

This study aimed to conduct a systematic and bibliometric review of research on natural ventilation in vernacular architecture of humid temperate climates to
identify major research trends, dominant ventilation strategies, conceptual knowledge structures, and existing research gaps. A systematic review combined
with bibliometric analysis was conducted. Data were retrieved from the Scopus database, and 2,280 publications published between 1978 and 2026 were
analyzed. VOSviewer and Bibliometrix software were employed to examine publication trends, international scientific collaboration, citation patterns, keyword
networks, and the conceptual structure of the field. The findings indicated that cross ventilation, accounting for 42% of identified strategies, was the most
frequently used natural ventilation approach in vernacular buildings, whereas stack ventilation, with 16%, had the lowest occurrence. The field entered a phase
of accelerated scientific growth after 2020. The highest average citation impact was observed in 2021, reaching 150 citations per article. China ranked first
with 509 publications, while Iran contributed 40 publications with 30% international collaboration. Keyword analysis revealed that “natural ventilation,”

”

“thermal comfort,” “computational fluid dynamics,” and “vernacular architecture” were the most influential research themes. The results demonstrate that
vernacular natural ventilation strategies, particularly cross ventilation, can substantially improve thermal comfort, indoor air quality, and energy efficiency in
humid temperate climates. Furthermore, integrating traditional climatic knowledge with advanced numerical simulation techniques offers a promising pathway

toward sustainable and low-energy architectural design.
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Extended Abstract

Introduction

Natural ventilation has become a central strategy in sustainable architectural design because buildings consume substantial
amounts of energy and contribute significantly to greenhouse gas emissions through the extensive use of heating, ventilation,
and air-conditioning systems (1, 2). In this context, passive ventilation strategies based on wind pressure, thermal buoyancy,
air movement, and climate-responsive design offer an important alternative to mechanically driven cooling and ventilation
systems (5, 6). Vernacular architecture is particularly valuable in this regard because it reflects long-term adaptation to local
climate, available materials, social patterns, and environmental constraints (15, 16). In humid temperate climates, especially
regions such as the southern coast of the Caspian Sea, vernacular dwellings have historically employed natural ventilation to
reduce indoor humidity, improve thermal comfort, and maintain indoor air quality. Prior studies have shown that natural
ventilation can support energy efficiency, reduce dependence on air-conditioning, and improve environmental performance in
buildings (9, 26). The relevance of this topic has increased as contemporary architecture seeks to integrate traditional passive
strategies with computational tools such as computational fluid dynamics and bibliometric mapping (4, 8). Although previous
studies have examined passive cooling, windcatchers, courtyards, underground spaces, and climate-responsive vernacular
forms, the literature remains fragmented across regions, building types, and methodological approaches (30-33). Therefore, a
systematic and scientometric review is necessary to clarify the current state of knowledge, identify dominant research themes,
evaluate geographical and temporal publication trends, and determine how vernacular ventilation strategies can inform
sustainable architectural design in humid temperate climates.

Methods and Materials

This study was conducted as a systematic review with a scientometric and bibliometric approach. The research focused on
studies related to natural ventilation, vernacular architecture, climate-responsive design, thermal comfort, indoor air quality,
and passive ventilation strategies in humid temperate climates. Relevant publications were identified through a structured
search strategy in the Scopus database. The time span of the reviewed literature covered publications from 1978 to 2026. After
identification and screening, 2,280 scientific documents were included in the final analysis. The extracted documents were
analyzed according to publication year, country of origin, authorship pattern, international collaboration, citation impact,
keyword frequency, and conceptual structure. Bibliometric indicators were used to assess the development of the field,
including annual growth rate, average citation per document, number of contributing authors, number of single-authored
documents, co-authorship patterns, and keyword occurrence. VOSviewer was used to map co-occurrence networks, keyword
clusters, and thematic relationships. Bibliometrix and Biblioshiny in RStudio were also used to organize, visualize, and interpret
the bibliometric data. In addition to the bibliometric analysis, selected vernacular houses from Mazandaran Province, located
in the humid temperate climate of the southern Caspian Sea, were examined according to their natural ventilation strategies.
These examples were classified into three main categories: single-sided ventilation, cross ventilation, and stack ventilation.
The analysis emphasized the relationship between building form, opening configuration, climatic responsiveness, and

ventilation performance.
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Findings

The analysis showed that research on natural ventilation in vernacular architecture has grown substantially over time. Across
the 1978-2026 period, 2,280 documents were identified, written by 4,887 authors. The annual growth rate of publications was
10.25%, indicating a clear upward trend in scholarly attention. The average age of the documents was 9.11 years, and the
average citation per document was 39.06, suggesting that the field has achieved a relatively strong citation impact. Of the total
documents, 149 were single-authored, while most were produced through collaborative authorship. The average number of
authors per document was 3.83, and 27.81% of publications involved international collaboration.

The temporal analysis revealed three major phases in the development of the field. The first phase, from 1978 to 1999, was
characterized by limited attention and low publication volume. The second phase, from 2000 to 2019, represented gradual
growth and thematic consolidation. The third phase, from 2020 to 2026, showed accelerated growth, with publication output
increasing sharply. The highest number of publications was recorded in 2025, with 192 articles. The citation analysis showed
that the highest average citation rate occurred in 2021, with 150 citations per article, followed by 2020 and 2023. This indicates
that recent studies have had strong scientific influence, particularly those addressing emerging themes in sustainable design,
simulation, and passive ventilation performance.

The geographical analysis showed that China was the leading country in this research area, with 509 publications, accounting
for 22.3% of the total. The United Kingdom ranked second with 192 publications, followed by the United States with 148
publications. Spain, Italy, Australia, Japan, Hong Kong, Brazil, Portugal, Korea, India, Iran, Singapore, Canada, Denmark,
France, Belgium, and Germany were also active contributors. Iran ranked thirteenth, with 40 publications and 30% international
collaboration. The highest rates of international collaboration were observed in Germany, Hong Kong, Brazil, Denmark, and
Australia, while countries with larger publication volumes, such as China, the United Kingdom, and the United States, relied
more heavily on single-country publications.

<.

The keyword analysis revealed that “ventilation” was the most frequent term, followed by “natural ventilation,”
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“computational fluid dynamics,” “air quality,” “thermal comfort,” “air conditioning,” “energy efficiency,” “buildings,” “energy
consumption,” and “indoor air pollution.” These results indicate that the field is organized around four main conceptual axes:
natural ventilation as the central phenomenon, computational fluid dynamics as a dominant analytical method, thermal comfort
and indoor air quality as major performance goals, and vernacular architecture and climate as sources of design inspiration.
More specific keywords, including airflow, cooling, carbon dioxide, vernacular housing, climate, and energy saving, further
confirmed the interdisciplinary nature of the field.

The analysis of vernacular houses in Mazandaran Province showed that three main natural ventilation strategies were used:
cross ventilation, single-sided ventilation, and stack ventilation. Cross ventilation was the most frequent strategy, accounting
for 42% of the observed cases. It was identified in Siyasi House in Behshahr, Sardar Jalil House in Sari, and Fazeli Mansion in
Sari. This strategy allows air to move across the building through openings on opposite sides, making it especially suitable for
humid climates where moisture removal and continuous air circulation are essential. Single-sided ventilation was observed in
Shahriari House in Behshahr, Kolbadi Mansion in Sari, and Malek House in Amol. This method depends strongly on wind
direction and external wind speed and is generally less effective in humid climates unless the building is properly oriented
toward prevailing winds. Stack ventilation was the least frequent strategy, accounting for 16% of cases, and was identified only
in Haj Mirza House in Noor. Its limited use can be explained by the relatively small vertical temperature difference in humid
temperate climates and the reduced effectiveness of buoyancy-driven airflow under high humidity conditions.

Discussion and Conclusion
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The findings indicate that natural ventilation in vernacular architecture has become an increasingly important research topic,
particularly after 2020. This growth reflects broader concerns about energy consumption, climate change, indoor environmental
quality, and sustainable building design. The strong increase in publication output and citation impact suggests that the field is
no longer limited to historical or descriptive studies of vernacular architecture, but has developed into a multidisciplinary
research domain combining architectural history, environmental design, building physics, simulation, and sustainability
science.

The dominance of cross ventilation in the vernacular houses of humid temperate Mazandaran is consistent with the climatic
requirements of the region. In humid climates, the main environmental challenge is not only heat but also moisture
accumulation, which can reduce comfort, damage building materials, and contribute to biological growth. Cross ventilation
responds directly to this challenge by creating continuous airflow and facilitating the removal of warm and humid indoor air.
The relatively lower use of stack ventilation also appears reasonable because this strategy requires stronger vertical temperature
gradients, which are usually more effective in hot-dry climates than in humid temperate regions. The presence of single-sided
ventilation in several cases suggests that vernacular design was also shaped by constraints such as land orientation, privacy,
neighboring buildings, and spatial organization.

The bibliometric findings show that the research field is strongly shaped by themes of energy efficiency, thermal comfort,
indoor air quality, and computational simulation. The prominence of computational fluid dynamics indicates that contemporary
researchers increasingly seek to evaluate traditional passive strategies through quantitative and digital methods. This is
important because vernacular knowledge, although rooted in empirical adaptation, requires measurable validation for
integration into contemporary building standards and design practices. The combination of traditional climatic knowledge with
simulation-based performance assessment can help transform vernacular principles into applicable design guidelines for
modern architecture.

Overall, this study demonstrates that vernacular natural ventilation strategies, particularly cross ventilation, offer valuable
lessons for sustainable architectural design in humid temperate climates. The results suggest that future building design can
benefit from integrating local architectural knowledge, climatic responsiveness, and advanced analytical tools. Such integration
can reduce dependence on mechanical cooling systems, improve indoor air quality, enhance thermal comfort, and support low-
energy architecture. The study concludes that natural ventilation in vernacular architecture should not be understood merely as

a historical design feature, but as a practical and adaptable environmental strategy for contemporary sustainable buildings.

References

1. Nikghadam N, Sabernejad J. Optimization of the Direction and Number of Atrium Openings in a Centralized Model for Improving
Thermal Comfort in Office Buildings in Hot and Dry Climates (Case Study of Yazd City). Space Ontology International Journal. 2025;14(3):43-
61.

2. Zhong HY, Sun Y, Shang J, Qian FP, Zhao FY, Kikumoto H, et al. Single-sided natural ventilation in buildings: a critical literature
review [Review]. BUILDING AND ENVIRONMENT. 2022;212.

3. Javid P, Nikghadam N, Karimpour A, Sabernezhad Z. A Systematic Bibliometric Analysis of Energy Optimization Methods in
Buildings. The Monthly Scientific Journal of Bagh-e Nazar. 2025;22(142):41-56.

4. Javid P, Nikghadam N, Karimpour A, Sabernejad J. Design Optimization of Atrium Skylights for Enhanced Office Building
Performance Using NSGA-II: Case Study in Yazd, Iran. JOURNAL OF DAYLIGHTING. 2025;12(2):520-47.

5. Chenari B, Dias Carrilho J, Gameiro Da Silva M. Towards sustainable, energy-efficient and healthy ventilation strategies in
buildings: A review [Review]. Renewable and Sustainable Energy Reviews. 2016;59:1426-47.

6. Pan Y, Zhong W, Zheng X, Xu H, Zhang T. Natural ventilation in vernacular architecture: A systematic review of bioclimatic
ventilation design and its performance evaluation [Review]. BUILDING AND ENVIRONMENT. 2024;253.

7. Javid P, Nikghadam N, Karimpour A, Sabernejad J. Optimal Skylight-to-Roof Ratio in Central Atriums for Thermal Comfort based
on solar-induced ventilation: Case Studies from Yazd and Tabriz. Iranica Journal of Energy & Environment(Articles in Press). 2025.



1F0 JW

. & ¢ > £ lggn 99
Glrsghess o

8. Nikghadam N, Javid P, Karimpour A, Sabernejad J. Bibliometric Study of Energy Simulation Tools in Building Performance
Optimization: A Review of Recent Research. Hoviatshahr. 2026;20(1):129-48.

9. Aflaki A, Mahyuddin N, Al-Cheikh Mahmoud Z, Baharum MR. A review on natural ventilation applications through building fagcade
components and ventilation openings in tropical climates [Review]. ENERGY AND BUILDINGS. 2015;101:153-62.

10. Nikghadam N, Javid P, Karimpour A, Sabernejad J. Optimizing Channel Configurations to Enhance Thermal Comfort in Connected
Enclosed Atrium (Case Studies: Yazd and Tabriz). International Journal of Architecture and Urban Development. 2025;15(2):31-50.

11. lea B. The critical role of buildings. International Energy Agency; 2019.

12. Chandel SS, Sharma V, Marwah BM. Review of energy efficient features in vernacular architecture for improving indoor thermal
comfort conditions [Review]. Renewable and Sustainable Energy Reviews. 2016;65:459-77.

13. Gonzalez-Torres M, Pérez-Lombard L, Coronel JF, Maestre IR, Yan D. A review on buildings energy information: Trends, end-uses,
fuels and drivers [Review]. ENERGY REPORTS. 2022;8:626-37.

14. Garcia-Pulido LJ, Pica V. Bioclimatic behaviour of traditional domestic buildings in the mediterranean basin. Some cases of study
[Article] Ricerche di Storia dell Arte. 2014(112):53-66.

15. Nguyen AT, Truong NSH, Rockwood D, Tran Le AD. Studies on sustainable features of vernacular architecture in different regions
across the world: A comprehensive synthesis and evaluation [Article]. FRONTIERS OF ARCHITECTURAL RESEARCH. 2019;8(4):535-48.

16. Sargazi MA, Tahbaz M. Effects of Climate Responsive Strategies and Adaptive Behavior of Occupants on Thermal Comfort in

Indoor Environments of Vernacular Architecture: A Review of Necessities and Goals [Review]. Nakhara: Journal of Environmental Design
and Planning. 2022;21(2).

17. Manzano-Agugliaro F, Montoya FG, Sabio-Ortega A, Garcia-Cruz A. Review of bioclimatic architecture strategies for achieving
thermal comfort [Review]. Renewable and Sustainable Energy Reviews. 2015;49:736-55.

18. Ozarisoy B. Energy effectiveness of passive cooling design strategies to reduce the impact of long-term heatwaves on occupants’
thermal comfort in Europe: Climate change and mitigation [Review]. JOURNAL OF CLEANER PRODUCTION. 2022;330.

19. Soflaei F, Shokouhian M, Zhu W. Socio-environmental sustainability in traditional courtyard houses of Iran and China [Review].
Renewable and Sustainable Energy Reviews. 2017;69:1147-69.

20. Zhang T, Zhong W, Yu CW. Energy agenda of architectural formation: To progress sustainable built environment through the
approach of energy-driven architectural formation [Editorial]. INDOOR AND BUILT ENVIRONMENT. 2021;30(10):1591-5.

21. Wang L, Yang D, Yang Y, Cui Y, Pan H. Vernacular Wisdom in Hani Ethnic Courtyard Houses: Architectural Heritage and
Construction Systems in the Samaba Terraced Landscape [Article]. BUILDINGS. 2025;15(20).

22. Beccali M, Strazzeri V, Germana ML, Melluso V, Galatioto A. Vernacular and bioclimatic architecture and indoor thermal comfort
implications in hot-humid climates: An overview. Renewable and Sustainable Energy Reviews. 2018;82:1726-36.

23. Vedhajanani B, Amirtham LR, Kamal MA. Impact of Courtyards on Climatic and Spatial Attributes in a Vernacular House: Case of
Kumbakonam in Tamil Nadu, India [Article]. SSRG International Journal of Civil Engineering. 2025;12(8):1-20.

24, Hu M, Zhang K, Nguyen Q, Tasdizen T. The effects of passive design on indoor thermal comfort and energy savings for residential
buildings in hot climates: A systematic review [Review]. Urban Climate. 2023;49.

25. Yang W, Xu J, Lu Z, Yan J, Li F. A systematic review of indoor thermal environment of the vernacular dwelling climate
responsiveness [Review]. JOURNAL OF BUILDING ENGINEERING. 2022;53.

26. Sakiyama NRM, Carlo JC, Frick J, Garrecht H. Perspectives of naturally ventilated buildings: A review [Review]. Renewable and
Sustainable Energy Reviews. 2020;130.

27. Janssen JE. The history of ventilation and temperature control: The first century of air conditioning. Ashrae Journal. 1999;41(10).
28. Ackermann M. Cool comfort: America's romance with air-conditioning: Smithsonian Institution; 2013.

29. Banham R. Architecture of the Well-tempered Environment: University of Chicago press; 2022.

30. WenY, Lau SK, LengJ, Zhou K, Cao SJ. Passive ventilation for sustainable underground environments from traditional underground
buildings and modern multiscale spaces. Tunnelling and Underground Space Technology. 2023;134.

31. Bagasi AA, Calautit JK, Karban AS. Evaluation of the Integration of the Traditional Architectural Element Mashrabiya into the
Ventilation Strategy for Buildings in Hot Climates. ENERGIES. 2021;14(3).

32. Jomehzadeh F, Nejat P, Calautit JK, Yusof MBM, Zaki SA, Hughes BR, et al. A review on windcatcher for passive cooling and natural

ventilation in buildings, Part 1: Indoor air quality and thermal comfort assessment. Renewable and Sustainable Energy Reviews.
2017,;70:736-56.

33. Jomehzadeh F, Hussen HM, Calautit JK, Nejat P, Ferwati MS. Natural ventilation by windcatcher (Badgir): A review on the impacts
of geometry, microclimate and macroclimate. ENERGY AND BUILDINGS. 2020;226.

34, Bienvenido-Huertas D, de la Hoz-Torres ML, Aguilar AJ, Tejedor B, Sanchez-Garcia D. Holistic overview of natural ventilation and
mixed mode in built environment of warm climate zones and hot seasons [Review]. BUILDING AND ENVIRONMENT. 2023;245.

35. Zhong W, Pan Y, Xiao W, Zhang T. Identifying bioclimatic techniques for sustainable low-rise high-density residential units:
Comparative analysis on the ventilation performance of vernacular dwellings in China. JOURNAL OF BUILDING ENGINEERING. 2023;80.

36. Lotfinejad P, Tarkashvand A, Sanaieian H. A computational approach for integration of greenhouse and “Shanashir” to enhance
thermal comfort of occupants, utilizing NSGA-II algorithm. BUILDING AND ENVIRONMENT. 2025;273.

37. Nasiri N, Rahbar N, Mofidi Shemirani SM, Moradinasab H, Khaksar A. Achieving thermal comfort through vernacular wisdom: a
morphological typology of earth-sheltered dwellings in hot-arid climates (Semnan, Iran). Energy and Buildings. 2025;349.

38. Qian W, Liu Y, Zhang P, Li N. Optimizing thermal environments in traditional vernacular dwellings of Beijing’s western shallow
mountains: balancing energy efficiency and heritage conservation with air source heat pump heating. Energy and Buildings. 2025;348.



140 S

0 & N >
S s ";‘;":;;

39. Lira JS, da Silva EA. A systematic literature review of dynamic life cycle assessment in Buildings: Challenges and guidelines.
JOURNAL OF BUILDING ENGINEERING. 2025;111.

40. Wandscher K, Helbach J, Pieper D, Hoffmann F. We used standard Cochrane methods” — observational study on reporting
according to PRISMA-A in Cochrane review abstracts between 2016 and 2023. Journal of Clinical Epidemiology. 2025;181.

41. valialah NT, Rafieian M, Esmailpoor N, Saremi H. Analysis of the theoretical Context of gender justice in urban public spaces
(Scientometrics and Systematic Review). Hoviatshahr. 2025;18(3):71-82.



