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Abstract 

 

Sustainable architecture attempts to find a way to minimize the negative environmental impact of 

buildings by improving the use of energy and the efficiency of material used. As new and more 

affordable technologies emerge, solar-generated electricity and hot water, as well as passive and active 

systems of natural heating and cooling are becoming more widespread.  Although advanced technology 

can provide some solutions, it may also be worth learning from energy-saving approaches of the past. 

This author believes that vernacular architecture can give us some clues to improve the environmental 

ǇŜǊŦƻǊƳŀƴŎŜ ƻŦ ǘƻƳƻǊǊƻǿΩǎ ŀǊŎƘƛǘŜŎǘǳǊŜΦ ! ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ƻǳǊ ŎǳǊǊŜƴǘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŀƴŎƛŜƴǘ 

techniques in addition to current knowledge about building science may help us find unique and 

powerful solutions. 

Ancient architecture used natural resources of energy to enhance the interior conditions of a building in 

the absence of modern cooling/heating systems. In this study, we review samples of architecture 

designed by such strategies; then, we move further to a specific example of sustainable features such as 

windcatchers, qanats, etc. located in Yazd, Iran. Windcatchers are the most remarkable well-adapted 

passive natural cooling and ventilation systems used in the harsh conditions in hot zones. In fact, the use 

of local materials and renewable energy resources in the most prominent feature of Yazd, the 

windcatchers, illustrate the harmony of human built-environments and nature. 

This thesis focuses on hot, hot-arid and hot-humid climates in Iran and some of the Arab countries in the 

Persian Gulf region. It uses the vernacular architecture of Yazd as an excellent example of the area, both 

culturally and climatically. Although this region is the focus of this study, the fundamental approaches 

can be manipulated for use in other hot-climate locations as a method of sustainable design.  

Literature reviews and analysis of case studies show that current Iranian designs do not achieve the best 

performance from an environmental aspect. It is proposed in this study that implementing vernacular 

architectural principles results in significant performance improvements over the current methods and 

offers a new architectural design language. In conclusion, a series of guidelines and successful strategies 

are ǇǊŜǎŜƴǘŜŘ ǘƻ ŀƛŘ ǘƘŜ ŘŜǎƛƎƴŜǊ ƻŦ ǘƻƳƻǊǊƻǿΩǎ ōǳƛƭŘƛƴƎǎΦ 
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encyinjordan/ 

 
Figure 91.             118 The main staircase is designed to work as a wind tower; view from 

inside and out 
Source: ibid 
 

Figure 92.             119  The section of the residence 
Source: ibid 

 
Figure 93.             119  The roof garden and the use of shading  

Source: http://www.archi-mag.com/eng/aqaba_eng.php 
 

 

 

 

 

 

http://archnet.org/sites/483/publications/2712
http://www.relbanks.com/asia/saudi-arabia/national-commercial-bank
http://www.jeddahpoint.com/balad-in-jeddah.html
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1.1. Introduction  

Sustainability in architecture, which is closely related to energy, climate and ecology, has been 

considered carefully in recent decades. An expanding world population, negative environmental impact, 

global warming, diminishing natural resources, etc., mean an uncertain future. Many architects have 

written books, newspaper and journal articles to address these problems so that future generations do 

not have to deal with them. Unfortunately, very few architects highlight the integral role that the now 

almost forgotten vernacular architecture (Dahl, 2010), which was very well-adapted to climate, played in 

previous generations.  

In developing countries in the Middle East, such as Iran, there are a number of excellent examples of 

sustainability in historical vernacular architecture and in old urban texture. However, their governments 

do not consider sustainability important. Moreover, the modernization of Iran has led to accelerated 

urban growth and development in cities, having a direct impact on vernacular and traditional 

architecture. This phenomenon has changed the relationship between the built environment and the 

cultural values of society (Shamollahi, Selamat, & Jamluddin, 2012); Changing attitudes and demands 

are the evidence of this change. Mass migrations to the cities, moving from old areas to modern and 

developed areas of cities, have resulted in the abandonment of valuable historical quarters. The 

residents of the historic core are seeking for living in the developed comfortable areas to utilize modern 

transportation systems and construction technologies.  

Iranian contemporary architecture has emulated modern architecture in terms of constructing high-rise 

buildings with modern materialsτsystem forms, urban grid forms, wide and straight streets, and 

suburban and urban highwaysτwithout considering the benefits of the fundamental sustainable urban 

principles in the cities (Yousefi & Nejadkoorki, 2012). Today, it seems that the city planning and 

designing are based on vehicle use and requirements instead of human needs and comfort. Jane Jacobs 

pointed to the widespread influence of changing the approach to city planning, which may cause 

different probleƳǎ ƛƴ bƻǊǘƘ !ƳŜǊƛŎŀƴ ŎƛǘƛŜǎΥ άǘƘŜ automobile has been the chief destroyer of 

ŎƻƳƳǳƴƛǘƛŜǎέ (Jacobs, 2004). She stated that 

The simple needs of automobiles are more easily understood and satisfied than the 

complex needs of cities, and a growing number of planners and designers have come to 
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believe that if they can only solve the problems of traffic, they will have solved the major 

problem of cities. Cities have much more intricate economic and social concerns than 

automobile traffic. How can you know what to try with traffic until you know how the 

city itself works, and what else it needs to do with its streets? You can't.Χ ¢ƘŜ ǇƭŀƴƴŜǊǎ 

do not know what to do with automobiles in cities because they do not know how to 

plan for workable and vital cities anyhowτwith or without automobiles (Jacobs, 1961). 

Modern cities are planned in order to give the automobile easy access, and the very basic needs of 

ƘǳƳŀƴ ŎƻƳŦƻǊǘ ŀǊŜ ōŜƛƴƎ ƛƎƴƻǊŜŘ ƻǊ ƴƻǘ ǘŀƪŜƴ ǎŜǊƛƻǳǎƭȅΦ ! ŎƛǘȅΩǎ distinguishable urban identity, cultural 

identity ŀƴŘ ǇŜƻǇƭŜǎΩ ŘŜƳŀƴŘǎ ŀƴŘ ƴŜŜŘǎ ŀǊŜ ŀŦŦŜŎǘŜd by the very familiar and complicated 

phenomenon of modernization.  

1.2. Problems of an Old Rich City  

Yazd, an extremely beautiful city in the heart of the Iranian plateau, embraces many historical and 

architectural wonders: irregular narrow and winding streets and alleys, several medieval mosques, 

religious schools, tombs, caravanseraisi and special architectural elements such as qanatsii, 

windcatchersiii and domed roofs. Yazd has always been known for its unique, dense and compressed 

urban fabric and adaptation to climate. The city, however, has gradually lost its cohesion in its physical 

and social context because of the rapid growth in population.  The resulting urban expansion has caused 

various issues that are still unsolved. Yazd can be used as an example of the challenges facing most 

Iranian cities and their historic buildings. The following sections explore each of these problems. 

мΦнΦмΦ ¸ŀȊŘΩǎ hƭŘ ¦Ǌōŀƴ CŀōǊƛŎ 

Sustainability in architecture can be defined as consuming fewer resources (material, energy, etc.) in the 

construction and operation of buildings and cities while releasing fewer pollutants and destroying fewer 

habitats. One approach to sustainability in architecture relies on natural forces to provide comfort and 

utility to buildings. The historical architecture of Yazd is a perfect example of the vernacular forms of 

architecture used in this approach. However, the wave of modernity has affected all aspects of this 

                                                           
i
 A roadside inn with a central courtyard where the travelers in the desert regions could rest. 
ii
 Ancient underground water canal system.  

iii
 A vernacular passive cooling system used in the Persian Gulf region. 

http://en.wikipedia.org/wiki/Public_house#Inns
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historical city. 

Today, different cities worldwide develop according to the global cultural features that impose western 

culture as the global culture. Therefore, these cities are very similar without a distinguishable urban 

identity. However, Yazd, as one of the oldest cities in Iran, has been affected by different historical 

influences and has always had a distinct urban identity and culture. Unfortunately, during the last 

century, the emergence of modernity and westernization significantly influenced both the cultural 

identity and social characteristics of the city. As a result, there was a major impact on the quickly 

disappearing local culture thereby destroying the sense of place. Due to the destruction of the sense of 

place and the inability of the city to maintain the vernacular monumental architecture, the identity and 

hiǎǘƻǊƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ Ŏƛǘȅ ǿƛƭƭ ōŜ ǎŀŎǊƛŦƛŎŜŘΦ ¸ŀȊŘΩǎ ǳǊōŀƴ ƛŘŜƴǘƛǘȅ ƛǎ ǎƘŀǇŜŘ ōȅ ƘƛǎǘƻǊƛŎŀƭ 

monuments and a cultural heritage iv that should be inherited by the next generations. Since 

modernization and western city planning are being followed instead of traditional and vernacular urban 

orientations, unfortunately other ancient cities in developing countries similar to Yazd are gradually 

being demolished. The modernization and urban developments in the urban texture of Yazd will have a 

direct negaǘƛǾŜ ƛƳǇŀŎǘ ƻƴ ¸ŀȊŘΩǎ ƛŘŜƴǘƛǘȅ ƛƴ ǘƘŜ ŦǳǘǳǊŜΦ LŦ ǘƘŜ ǳǊōŀƴ ŘŜǎƛƎƴŜǊǎ ŎƻŘƛŦȅ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǘƘŜ 

ǇǊŜǾƛƻǳǎ ŦǳƴŘŀƳŜƴǘŀƭ ŎƭƛƳŀǘƛŎ ŦŀŎǘƻǊǎ ƻŦ ǘƘŜ ƻƭŘ ŀǊŜŀΣ ¸ŀȊŘΩǎ ƛŘŜƴǘƛǘȅ Ŏŀƴ ōŜ ǊŜǾitalized in new urban 

textures (Shamollahi, Selamat, & Jamluddin, 2012).  

¢ƘŜ ǊŀǇƛŘ ƎǊƻǿǘƘ ƻŦ ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ǎƻŎƛŀƭΣ ŜŎƻƴƻƳƛŎ ŀƴŘ ŎǳƭǘǳǊŀƭ ŎƘŀƴƎŜ ƛƴ ǇŜƻǇƭŜΩǎ 

expectations about life due to more urban facilities and services becoming available. People may believe 

that their demands for the modern lifestyle cannot be met in historical neighborhoods of the city. These 

historical areas are gradually being abandoned as a result. In addition, the unfeasibility of changes in the 

conventional infrastructure results in the gradual demolition of historical neighborhoods and the loss of 

cultural heritage (Abouei, 2006). Although attempts have been made to use complicated controlling 

ǎȅǎǘŜƳǎ ƛƴ ŘŜǎƛƎƴƛƴƎ ƳƻŘŜǊƴ ōǳƛƭŘƛƴƎǎ ƛƴ ƻǊŘŜǊ ǘƻ ƳŀȄƛƳƛȊŜ ƻŎŎǳǇŀƴǘǎΩ ŎƻƳŦƻǊǘΣ ƛǘ ǎŜŜƳǎ ǘƘŀǘ ƛƴǎǘŜŀŘΣ 

their level of discomfort has increased. These problems can be the result of failure in modern 

fundamental principles of architectural designs.  

Rapid modernization of the historical quarters of cities has an impact on the lifestyles of residents. For 

instance, they need vehicles for various purposes; therefore, they need parking lots and easy access to 

                                                           
iv
 Cultural heritage is a term used for either physical artifacts such as objects and places or for ways of living, customs, folklore, 

practices, values, etc. defined by a community or society that are inherited from generation to generation. Cultural heritage 
embraces built environment (buildings, archaeological remains, etc.), artifacts (books, documents, objects, pictures, etc.), and 
natural environment (Wikipedia, 2012). 
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their homes in the historical part, which has narrow and irregular streets. Although the residents of 

these traditional buildings in historical quarters do not have access to modern facilities, most still enjoy 

the quality of living in these unique buildings; the lack of sound pollution, the calmness and peace in the 

large houses they share with family, privacy in their large houses with huge courtyards, plants and pools 

are more appealing features than living in a small, noisy flat or apartment, with no privacy. For tourists, 

the brick domed roofs, windcatchers, forms, designs and the traditional features of these houses are the 

main attraction to experience staying in these kinds of houses (Abouei, 2006). 

Another problem is that the older buildings in the historical part are not as resistant to earthquake 

damage as modern buildings. Reinforcing historical monuments not only helps reduce the number of 

fatalities and amount of destruction, but also conserves the cultural heritage. Preservation of the 

cultural heritage buildings and historical monuments is not only a cultural necessity but also an 

economic and development requirement for Yazd. The consequence is economic growth by attracting 

tourists which results in development to the city (Okhovat, Almasifar, & Bemanian, 2011). 

Climate adaptation designs in Yazd have some prominent architectural features such as the 

windcatcher, qanat, and cistern; all have been necessary due to the special climate of the region and 

built-in. Windcatcher, or wind tower, is a traditional ventilation and cooling system used in hot-arid and 

hot-humid climates that draws cool, fresh and clean air in and pushes the warm and polluted air out. It 

also provides humidity to the incoming air by means of a pond at the bottom end of the tower. Today, 

ŦƛǾŜ ƘǳƴŘǊŜŘ ǿƛƴŘŎŀǘŎƘŜǊǎ ƻƴ ǘƘŜ ǊƻƻŦǎ ƻŦ ¸ŀȊŘΩǎ ǘǊŀŘƛǘƛƻƴŀƭ ƘƻǳǎŜǎ ƛƴ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ŀǊŜŀ ǎƘŀǊŜ ǘƘŜ ǊƻƻŦ 

space with modern mechanical cooling and ventilating systems. The other feature, qanat, the water 

canal underneath the house that provides cold and fresh water during all the seasons can be accessed 

from the basement. There are 3,300 qanats in Yazd province; fortunately, 3000 are still in use. Since the 

number of inhabitants in the old urban fabric is decreasing and many of these architectural elements are 

not in use, they are falling into disrepair and risk removal or collapse.  Furthermore, due to the industrial 

waste of local factories in the city, these valuable traditional underground services are gradually 

becoming polluted (Abouei, 2006). 

1.2.2. Emerging of New Buildings in The Heart of Old Urban fabric 

Studying the characteristics of the traditional architectural elements helps architects to understand the 

diverse applications and flexibility of combining the old facilities with modern ones into a hybrid system 
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to increase productivity and do the least damage to the surrounding environment. Moreover, the hybrid 

designs in the old core of the city act as the link between the historical quarter and the new developed 

areas, connecting the ancient cultural identity to the modern unknown culture and history to the 

mysterious future.  

These types of design should embrace all aspects of vernacular principles and appropriate modern 

approaches. Unfortunately, very few are found as transition designs in city. Most of the new buildings in 

the old core neither consider following the vernacular principles of building design nor are compatible 

with the surrounding built environment.  

1.2.3. New Urban Fabric 

In the last few decades, there has been significant development and growth in the cities of Iran. 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ ŜǎǘƛƳŀǘŜǎΣ LǊŀƴΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛon will reach 80% of the total 

population in 2020 (Zanganeh Shahraki, et al., 2011), which is very close to Canada. Yazd, one of the 

provincial cities of Iran, is no exception. It has been reported that of the 60 million people who 

completed the last Iranian population survey in 1996, 37 million, or almost 61%, lived in cities. And 

within Yazd province, one of the most highly urbanized provinces in Iran, almost 75 percent of the 

population lives in cities. The city of Yazd has grown from a large town with a population of 63,000 in 

1956 to a mid-size city v with 330,000 residents in 1996 and 582,682 residents in 2012 (Modarres, 2006) 

[Figure 1]. The area of the city has grown to accommodate new population. 

 

 

 

 

 

 

                                                           
v According to the Ministry of Housing and Urban Development of Iran, a city with the population of 100,000 to 500,000 is 

considered a medium-sized city (Zanganeh Shahraki, et al., 2011). 

Figure 1. Population growth in Yazd, redrawn by author 
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Yazd has experienced two different kinds of organic and inorganic growth in order to accommodate the 

growing population. The physical or organic growth is the result of changes in population and lifestyles, 

whereas the inorganic growth is the result of small villages, by different organizations in the south, west 

and east, becoming part of the city as it expands (Yousefi & Nejadkoorki, 2012). Currently, Yazd city is 

expanding towards the northwest and southeast. The result of this expansion, which is the consequence 

of the population growth, is an increase in the local traffic and the level of industrial activities in the 

surrounding areas (Nejadkoorki & Ziajahromi, 2011). Consequently, these connections increase the 

urban growth in an inorganic way. Today, the city has become five times larger than in the 1950s 

(Modarres, 2006)[Figure 2]. 

Some of the historical parts of the city are vacant, whereas the city limits are continuously expanding.  

This is causing an imbalance in population density in different areas, the destruction and gradual 

demolition of older neighborhoods and the steady departure of residents. Due to this rapid and sudden 

growth, it is not surprising that the historical part of Yazd today has been lost. Unfortunately, some of 

these neighborhoods have become home to immigrants and poor residents who cannot afford to 

maintain or repair these houses that are the most important parts of Iranian heritage in vernacular 

architecture.  

 

 

 

 

 

 

 

 

 

Figure 2. Ages of different areas and the inorganic growth of Yazd are shown  
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1.3. Thesis Outline  

The most significant problems of this old rich city are the gradual destruction of the historical quarter 

and its valuable cultural heritage resulting from abandonment and depopulation. On the other hand, 

there is a disconnect between the old rich core and the developing areas in the new quarters of the city; 

the new buildings that have poor environmental performance, ugly tract housing and new regular 

suburban grid, which are inconsistent with local climate factors and history in terms of architecture and 

urban planning. These unanswered questions about these problems can be categorized in three sections 

that will be explored in the following chapters: 

1. How to conserve, preserve and reinforce the old urban fabric, as a successful example of 

sustainability and environmentally friendly architecture. (OLD) 

2. How new buildings in the old quarter should apply the vernacular, sustainable principles with a 

modern approach and interact with historical surroundings. (TRANSITION) 

3. How the new urban fabric and building designs should be developed. (NEW) [Figure 3] 

Figure 3. Parts of old, new and transition quarters for comparison ƛƴ ¸ŀȊŘΩǎ ǳǊōŀƴ ŦŀōǊƛŎ  
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This thesis focuses on the vernacular architecture found in hot-arid climates like in Iran and some of the 

Arab countries near the Persian Gulf. This thesis will use the vernacular architecture of Yazd as an 

example of the area, both culturally and climatically. Although this region is the focus of this study, the 

fundamental approaches can be manipulated for use in other hot-arid climate locations as a method of 

sustainable strategy.  

Literature review and case studies are used to show that current Iranian designs do not achieve the best 

performance from an environmental perspective. As the modern Iranian design approach does not 

respect the needs of modern Iranians to the traditions, the existing architectural language, living 

environment, quality of human life, and the success of vernacular architecture. 

A comparison between the old and new designs in nano, micro, meso and macro scales clearly shows 

the lack of sustainability concerns in designing modern buildings [Figure 5, 6]. This study proposes that 

an implementation of vernacular architectural principles would result in significant performance 

improvements over the current methods; it offers up a new architectural design language. A series of 

ƎǳƛŘŜƭƛƴŜǎ ŀƴŘ ǎǳŎŎŜǎǎŦǳƭ ǎǘǊŀǘŜƎƛŜǎ ǿƛƭƭ ōŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ǇǊŜǎŜƴǘŜŘ ǘƻ ŀƛŘ ǘƘŜ ŘŜǎƛƎƴŜǊǎ ƻŦ ǘƻƳƻǊǊƻǿΩǎ 

buildings. 
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Figure 5. Modern architecture; the new urban fabric in Yazd photo by Chris Belsten  

Figure 4. Very compact, connected and continuous urban fabric of Yazd in historical quarter, photo by Mehdi Khobrehdast  
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To understand how vernacular designs work it is necessary to briefly review the human comfort first. 

Second, it should be investigated how the traditional architects could link the human built environment 

with nature and cultural values. 

2.1. Arc hitecture and Human Comfort in Hot Climate Z ones  

Thermal comfort and climate-adaptive designs have always been very closely related. The ancient 

builders knew what the requirements for comfort were and how to adapt their designs to meet these 

conditions (Saberi, Saneei, & Javanbakht, 2002). One of the most significant goals of architecture has 

ŀƭǿŀȅǎ ōŜŜƴ ǘƻ ǇǊƻǾƛŘŜ ŀ ŎƻƳŦƻǊǘŀōƭŜ ǎǇŀŎŜ ǘƻ ƭƛǾŜΦ ¢ƘŜ ǘŜǊƳ άŎƻƳŦƻǊǘΣέ ŀǎ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ hȄŦƻǊŘ 

5ƛŎǘƛƻƴŀǊȅΣ ƛǎ άŀ ǎǘŀǘŜ of physical ease and freedom from pain or constraint; things that contribute to 

physical ease and well-ōŜƛƴƎΦέ Lƴ ²ŜōǎǘŜǊΩǎ /ƻƴŎƛǎŜ 5ƛŎǘƛƻƴŀǊȅΣ ŎƻƳŦƻǊǘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άŀ ǎǘŀǘŜ ƻŦ ŜŀǎŜ 

ŀƴŘ ǎŀǘƛǎŦŀŎǘƛƻƴ ƻŦ ōƻŘƛƭȅ ǿŀƴǘǎέ (Dahl, 2010)Φ ¢ƘŜǎŜ ŘŜŦƛƴƛǘƛƻƴǎ ŀǊŜ ǾŜǊȅ ŎƭƻǎŜ ǘƻ ǘƻŘŀȅΩǎ ǳǎŜ ŀƴŘ 

concept of this term.  

!ƭǘƘƻǳƎƘ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎŀƭ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎǎ Ǉƭŀȅǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǇŜƻǇƭŜΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ 

comfort, other factors have a direct impact on their definition of comfort level. Comfort temperature is 

not only the air temperature but more correctly refers to the operative temperature.  

 

The operative temperature is a combination of the air temperature, the weighted average of 

all surface temperatures of a space (defined by the mean radiant temperature, MRT), and air 

velocity. At low air velocity, the operative temperature is the simple average of the MRT and 

air temperature (Straube, 2009). 

 

The human body has a core temperature of 37° C: if this temperature rises or falls more than 1 degree, 

serious health impacts begin. Under most conditions, heat must be lost to the environment regulate the 

body temperature. 

Generally, heat transfer can occur by three different methods: thermal convection, thermal conduction 

and thermal radiation. With the same interior room temperature, even in the comfort zone, one person 

can be comfortable in one condition and another person uncomfortable in a slightly different condition. 
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To measure comfort accurately, environmental factorsτsuch as air velocity, air temperature, mean 

radiant temperature (MRT), humidityτand personal factors, such as metabolic rate and clothing, should 

be taken into consideration. The relevance of these factors to the comfort level of the human body is 

expressed as follows: 

 

Air Temperature is defined as the air surrounding the body and is in °C or °F. 

Mean Radiant Temperature (MRT) is an equivalent temperature due to radiation from or to surfaces in 

their surrounding environment. As humans give off and absorb heat by radiation, a lower MRT will result 

in more heat loss from a person, and a higher MRT (or direct solar radiation) will result in heat gain or 

less heat loss by a person. 

Air Velocity is defined as the speed of air which is measured by m/s and km/h. Since people are 

sensitive to air speed, it plays an important role in thermal comfort. If air flows over a person, heat loss 

by convection and evaporation cools them down. 

Relative Humidity (RH) ƛǎ άǘƘŜ Ǌŀǘƛƻ όŜȄǇǊŜǎǎŜŘ ŀǎ ŀ ǇŜǊŎŜƴǘŀƎŜύ ƻŦ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƳƻƛǎǘǳǊŜ ǿƛǘƘƛƴ ǘƘŜ 

air to the mŀȄƛƳǳƳ ŀƳƻǳƴǘ ƻŦ ƳƻƛǎǘǳǊŜ ǘƘŀǘ ǘƘŜ ŀƛǊ ŎƻǳƭŘ Ǉƻǎǎƛōƭȅ Ŏƻƴǘŀƛƴ ŀǘ ŀ ǎǇŜŎƛŦƛŎ ǘŜƳǇŜǊŀǘǳǊŜέ 

(Building Science Corporation). Low RH air allows for faster evaporation from the human body (resulting 

in cooling) whereas high RH shows evaporation.  

Clothing is very closely related to thermal comfort or discomfort as the addition or removal of layers of 

clothes changes the insulation level around the body. The insulation level provided by clothing is 

measured in units of Clo. Higher levels of insulation slows heat loss from the body, lower levels of 

clothing allows for increased heat loss.  

Metabolic Rate is the heat rate which is produced inside the human body as a result of physical activity. 

Higher activity generates more heat, which may require more cooling.  

The widely accepted definition of thermal comfort by ASHRAE, American Society of Heating, 

Refrigerating and Air-conditioning Engineers, ASHRAE Standard 55 is: 

ά¢ƘŜǊƳŀƭ /ƻƳŦƻǊǘ ƛǎ ǘƘŀǘ ŎƻƴŘƛǘƛƻƴ ƻŦ ƳƛƴŘ ǘƘŀǘ ŜȄǇǊŜǎǎŜǎ ǎŀǘƛǎŦŀŎǘƛƻƴ ǿƛǘƘ ǘƘŜ ǘƘŜǊƳŀƭ ŜƴǾƛǊƻƴƳŜƴǘέΣ 

ƛǘ ƛǎ ŀŎŎŜǇǘŀōƭŜ ǿƘŜƴ ƛǘ άŜƴǎǳǊŜǎ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŘŀƳŀƎƛƴƎ ŜŦŦŜŎǘǎ ƻƴ ƘŜŀƭǘƘ ŀƴŘ ŜƴǎǳǊŜǎ ǘƘŜ ǎŀǘƛǎŦŀŎǘƛƻƴ 

of at least 8л҈ ƻŦ ǘƘŜ ǳǎŜǊǎ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎέ (Dahl, 2010). It is commonly quoted that an acceptable 
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comfortable interior temperature for occupants is approximately 22°C ± 2°C (68 °F ς 75 °F) and 20-60% 

relative humidity. This range of temperature and RH assumes a specific set of clothing, MRT equal to air 

temperature, sedentary office worker metabolic rate, and no air flow.   

 

A more complete picture of comfort will include all of the important factors. To this end, a comfort chart 

was developed by combining information from Design with Climate by Victor Olgyay (Olgyay, 1963), 

(Quara, 2013) and (Bioclimatic Design, 2006) provide more information to better understand the 

comfort zone and comfortable condition [Figure 6]. In this chart, when the temperature is over 24°C, 

wind is needed to keep the comfort condition in balance; whereas when the temperature is lower than 

20°C, more solar radiation is necessary to maintain the comfort level. When the temperature is 25°C or 

higher, faster air flow as well as shading are required. When the relative humidity (RH) is lower than 20% 

or more than 60%, conditions become uncomfortable. Thus, according to the local climate conditions, 

passive thermal design strategies (natural ventilation, high mass, high mass with night ventilation and 

evaporative cooling) can be considered to meet comfort desires. 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Developed Bioclimatic Chart based on hƭƎȅŀȅΩǎ .ƛƻŎƭƛƳŀǘƛŎ /ƘŀǊǘ (and two other charts)  
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Although Figure 8 shows the impact of air speed, RH and sun within a building or specific room, different 

air temperatures may result in different comfort levels depending on solar radiation to and from the 

ǊƻƻƳΩǎ surfaces, and to and from the occupants. Radiation through windows, radiation to cold walls or 

air flow caused by ceiling fans can modify the comfort zone.  

To clarify, some examples explain these conditions of comfort based on simple physics laws and 

principles [Figure 7]. 

 

In Figure 7A, although the room air temperature in both conditions is 28°C, beyond the comfort zone, 

there is a significant difference in the overall feeling of comfort for these two occupants. The air 

movement (caused by ceiling fans) in addition to shading (due to overhangs) plays a major role in 

ŘŜŎǊŜŀǎƛƴƎ ǘƘŜ ΨŦŜŜƭǎ ƭƛƪŜ ǘŜƳǇŜǊŀǘǳǊŜΩ, whereas the solar radiation through windows has a direct 

impact on increasing the overall discomfort.  

 

In Figure 7B, even though the room air temperatures for both occupants are 24°C (in the comfort zone), 

shading decreased the direct impact of sun radiation on the overall feeling of comfort; one room feels 

like 24°C (still in comfort zone), whereas, the other feels like 28°C. 

 

In Figure 7C, the heat is transferred from the inside to the outside through the window, and the 

occupant is not comfortable since he radiates the heat to the cold windows and walls (low MRT), hence 

ǘƘŜ ΨŦŜŜƭǎ ƭƛƪŜ ǘŜƳǇŜǊŀǘǳǊŜΩ Ƙŀǎ ŘǊƻǇǇŜŘ ŦǊƻƳ ннϲ/ όƛƴ ǘƘŜ ŎƻƳŦƻǊǘ ȊƻƴŜύ to 19°C, whereas the other 

occupant is happy since the correct mass and insulation have been used.  
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 Figure 7. Examples of radiation, air temperature (MRT) and airflow on comfort, drawn by author 
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2.2. Vernacular Architecture:  Climate -adaptive Architecture  

Although attempts have been made to use energy intensive mechanical and complex control systems in 

ŘŜǎƛƎƴƛƴƎ ƳƻŘŜǊƴ ōǳƛƭŘƛƴƎǎ ƛƴ ƻǊŘŜǊ ǘƻ ƳŀȄƛƳƛȊŜ ƻŎŎǳǇŀƴǘǎΩ ŎƻƳŦƻǊǘΣ to some, it appears that the 

ƻŎŎǳǇŀƴǘǎΩ ƭŜǾŜƭ ƻŦ ŘƛǎŎƻƳŦƻǊt has actually increased (Abouei, 2006). The reason may be the differences 

in temperature, humidity, draught, light, sound etc. In contrast, in vernacular architecture, climatic 

adaptive design results in a high level of comfort for the occupants, with little or no mechanical 

equipment.    

Without access to mechanical air conditioning, the ancient builders attempted to adapt their designs to 

the climatic conditions to provide the best comfort they could, relying only on the accessible resources 

of the region (climate responsive design). In particular, in the desert regions, due to the lack of energy 

resources and water, they were forced to build houses based on minimum energy consumption to 

enhance the interior conditions of a building in the absence of modern cooling systems. The available 

natural resources such as prevailing winds and day-night swings, etc. were used. These strategies may 

be used today to provide healthy, sustainable and comfortable living space for the occupants.  

The interaction of use, control and climate is the key factor in vernacular architecture that has been 

neglected in contemporary architecture. A richer method of design can be achieved by a detailed study 

of climatic factors and the interaction of these factors with the human body and the building. A study of 

vernacular architecture proposes that understanding climatic adaption design is necessary to optimize 

natural resources in order to reach an actual level of sustainability in the built environment (Dahl, 2010). 

Two thousand years ago, Vitruvius, a Roman architect, stated in his 6th book of The Ten Books on 

Architecture  

If our designs for private houses are to be correct, we must at the outset note of the 

countries and climates in which they are built. One style of house seems appropriate to 

build in Egypt, another in Spain, a different kind in Pontus, one still different in Rome, and 

so on with lands and countries of other characteristics (Dahl, 2010). 

Architecture plays a role in connecting humans, climate and place. Vernacular architecture is based on 

the adaption to local conditions in different parts of the world (Dahl, 2010). Different factors can 

influence design, for instance, the availability of local materials to respond to the climate conditions, the 

religion or culture of people and the social character of that region.  
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It is interesting to note the similarity of materials used in Yazd and, for instance in other hot-dry regions 

such as New Mexico. Although they are located on different continents, very far from each other, both 

share very similar climatic conditions. This similarity in climatic conditions resulted in the same 

strategies and same use of available materials in both New Mexico [Figure 8, 9] and Yazd [Figure 10, 11] 

in order to provide occupants with a comfortable living space. 

 

 

The harmony of the human built environment with nature, cultural values and the climatic conditions of 

cities in different zones is definitely visible in the sustainable design strategies of the traditional 

architecture in these zones (TolouBehbood, Taleghani, & Heidari, 2010). 

 

 

Figure 8. Vernacular architecture in New Mexico  
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Figure 9. Material used in traditional buildings in New Mexico  

Figure 10. Vernacular architecture in Yazd  
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In vernacular architecture, successful solutions to the problem of climate were not based on a scientific 

way of thinking. Designs were based on countless accidents (experiment based) by different generations 

of traditional builders who learned to use what worked and to ignore what did not. For many centuries, 

the traditional architects were completely dependent on natural energy resources and available local 

materials to form their built environment, and they learned how to interact with their climate. They 

created and added sets of principles for the next generations based on all these accidents and 

experiments. These principles are about the process of the whole and in detailed designs are based on 

the availability of resources, choice of materials, consideration of climate, site selection, orientation of 

buildings, culture of the place, method of design, etc. (Fathy, 1986). 

 

Hassan Fathy in his book, Natural Energy and Vernacular Architecture, states that 

In the environment of continuously changing pressure, wind movement, temperature, 

humidity, cloud cover, an architect places a fix building. Such a rigid structure is intended 

to provide comfortable internal environment over a wide range of these external 

Figure 11. Material used in traditional buildings in Yazd  
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variables. How can a rigid man-made object respond ǘƻ ǘƘŜǎŜ ŎƘŀƴƎŜǎΚ {ƘƻǳƭŘƴΩǘ ƛǘ ōŜ 

like a living organism which continuously adapts itself to the flux of its environment? 

As mentioned previously, cultural values play an important role in traditional designs. The vernacular 

architecture in Yazd and Cairo, Egypt, both share more or less similar climatic conditions in addition to 

the same cultural values, resulting in some of the same strategies in the traditional designs of houses. 

An introverted architecture in these two cities is based not only on the climatic conditions but also on 

the need for privacy; for instance, the location of the entrance to the house is designed to prevent a 

straight view from the outside; the courtyard is inside the house instead of outside; iwans or openings 

such as windows are designed to face the inside courtyard, etc. (Dahl, 2010). 

2.3. Urban Design in Hot Climate s (Persian Gulf Area)  

Expanding awareness of the vernacular architecture of existing inherited cities of the past not only 

enriches the contemporary climate adaptive architecture but also expresses the need for preservation 

of these cultural heritages (Okhovat, Almasifar, & Bemanian, 2011). Contemporary designs in hot-arid 

zones still have much to learn from the past.  

Modernization has had a major impact on urban forms in the hot zones in Persian Gulf cities. In order to 

become modernized, these cities have replicated the western symbols of modernity such as high-rise 

buildings with modern materials and systems, urban grid forms, wide and straight streets, etc. Since the 

compatibility of the materials, forms and designs with climatic context is not considered, this 

phenomenon is out of sync with the history of the region (Ben-Hamouche, 2008). 

The overall layout of old cities was based primarily on the climate characteristics of their zones and 

defense strategies against their enemies during wars. The urban textures in hot climates, in particular in 

hot-arid regions, were built very densely in order to protect the occupants from the harsh climatic 

conditions. In fact, urban density was and is a key factor in traditional city planning as a response to hot-

arid climatic conditions. Almost all cities in hot-arid zones have prominent key components such as 

narrow irregular winding streets that surrounded connected residences with tall walls resulting in high 

density, courtyards with large gardens and pools, and use of materials with high thermal mass, etc. 

Yazd, Kashan (Iran), Cairo (Egypt), Manama (Bahrain), etc., are shaped by very dense and continuous 

urban fabric surrounded by narrow and irregular alleys. In Yazd and Kashan, in particular, buildings are 
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connected tightly together and oriented based on the direction of the sun and prevailing wind. A typical 

building plan for these kinds of houses, categorized as introverted architecture style, is a private central 

courtyard surrounded by one or two storey buildings. The local materials are mostly earth and unbaked 

bricks depending on the availability. The builders usually used the earth excavated for foundations and 

below grade space. Most of these principles of the old urban fabric of Yazd and Kashan are similar to 

other desert cities in the Middle East. 

 

One of the most interesting and prominent characteristics of these cities is the relationship between 

mass and void. The domination of mass over void at the city level is noticeable [Figure 12]. The ratio of 

mass over the voids of the houses is also very similar. On a city scale, void embraces open public areas, 

streets and alleys, central courtyards of the houses, etc., and on a residential scale, void includes all the 

openings such as windows, doors, etc. onto the mass of the walls (Ben-Hamouche, 2008). 

 

Generally, the urban texture of old cities in the Middle East was shaped by main components such as 

mosques, bazaars, palaces, maidans (squares), hammams (public baths), madrasahs (religious schools) 

and courtyard houses.  

 

 

 

 

 

 

 

 

 

 

Figure 12. The ratio of mass over void in the historical core of Yazd, drawn by author  
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After the Arab invasions of the Middle East countries, the structure of the cities transformed to meet 

Islamic requirements. Usually the mosque was built in the centre which was connected to the main 

traditional bazaar, palace, madrasah and hammam, and the remaining components were located 

around this core. This pattern is combined with the climatic conditions to form the old cities of this 

particular region (Sharifi & Murayama, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter III: Passive Natural Cooling and Ventilation Systems: 

Strategies 
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Diverse strategies in Persian vernacular architecture have been used on different scales in order to meet 

all the needs and requirements of the inhabitants: 

 

¶ In a building/residence: orientation of the building, seasonal migration, use of windcatchers, 

courtyards, vegetation, pools, mass, basements;  

¶ In a neighborhood: narrow, irregular winding covered alleys; and  

¶ In a city: orientation of the city, ratio of mass to voids, uniformity in the use of materials, 

gardens around the compact cities. 

 

Since the compact urban texture of Yazd includes various combinations of sustainable features that 

operate as an interconnected chain, it is very difficult to consider any of the sustainable pieces 

independently. However, in order to get an idea of their mutual functions, some of these features will 

be examined in this chapter and the following one. 

This chapter reviews the most important strategies used in hot-arid cities (in the Middle East) such as 

Yazd with regard to building scale. The neighborhood and city scales will be discussed in the next 

chapter.  

 

3.1. Typical Housing  Architecture  in the Region   

The typical Yazdi houses are courtyard housing. The courtyard is a private space, which contains a pool 

and a small garden, and is the main space that the openings face; all the doors and windows, directly or 

indirectly, open only to the courtyard. In the Persian Gulf area, in order to provide visual privacy for the 

houses, the only opening on the outside is the entrance door that is located in a place which protects 

the female residents from the eyes of male strangers and blocks a direct view from the outside. Visual 

privacy, which is a direct result of cultural values and religious standards, has a great importance in 

traditional courtyard housing. In some cities i.e., Cairo, Egypt, the outside openings are fully covered 

with exterior shading which blocks the view from outside. The houses are surrounded by high, thick and 

mostly blank walls with rare openings above eye level on the exterior and a bent passage from the 
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entrance to the courtyard or a stopping space called a hashti vi to prevent passersby from looking in 

[Figure 13] (Memarian & Brown, 2006), (Sadoughianzadeh, 2013). 

 

 

 

3.2. Thermal M ass 

Since there is a significant temperature swing between day and night in desert cities and thermal mass 

plays a vital role in the performance of buildings, this strategy is widely used in the cities of the region. 

                                                           
vi A small enclosed foyer or a stopping space, called hashti, which usually leads to the home's courtyard by a series of curved 

and narrow corridors to prevent strangers from looking in. 

Figure 13. Plan of a traditional courtyard house in Yazd, Golshan House; the dots show the bent entrance to 
the courtyards of the house, illustration by author 

 

http://en.wikipedia.org/wiki/Courtyard
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Thermal mass describes the inherent capacity of materials to absorb, store and release heat. Thermal 

mass strategy in building design, either passive or active, defines how the mass of buildings reacts and 

modifies the temperature while temperature fluctuates between day and night. When the interior 

temperature drops (during the night), these materials release the heat absorbed and stored from the 

sun during the day to the interior and the exterior: warming up the surroundings, and hence, increasing 

the comfort of the occupants (Sustainability Articles, 2013). 

Lƴ ǘǊŀŘƛǘƛƻƴŀƭ Ƴŀǎǎ ǿŀƭƭǎΣ ŜΦƎΦ ǘƘŜ ŀŘƻōŜ ƻǊ ǳƴōŀƪŜŘ ōǊƛŎƪ ǿŀƭƭǎ ƛƴ ƻƭŘ ¸ŀȊŘƛ ōǳƛƭŘƛƴƎǎΣ άƘŜŀǘ Ŧƭƻǿ ǿŀǎ 

ŎƻƴǘǊƻƭƭŜŘ ōȅ ǘƘŜ ǘƘŜǊƳŀƭ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ƳŀǎǎƛǾŜ ǿŀƭƭǎΣ ƴƻǘ Ƨǳǎǘ ōȅ ǾƛǊǘǳŜ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭǎΩ 

thermal conductivity like the specialized insulation layers commonly used in modern building 

ŀǎǎŜƳōƭƛŜǎΦέ These types of walls that were used for thousands of years not only carried the structural 

loads but also performed as an acceptable enclosure. The mass and thickness of walls could control 

heat, vapor, water and airflow; although the control of airflow through windows and doors was poorly 

managed, the walls were airtight (Struabe, 2010). Due to the building responsive design in Yazdi 

buildings, the walls were sheltered by other buildings so that the water/rain control was managed 

before reaching the inner surface of the buildings and causing damage. Using thick walls of materials 

such as mud brick, clay and adobe that have high thermal capacity was a traditional solution for 

temperature fluctuations in buildings in a hot-arid climate such as Yazd (Monshizade, 2008). 

 

3.3. Managing the Sun:   

3.3.1. Openings  

The overall orientation of the courtyard houses in most Iranian cities is north-east/south-west. The main 

winter suites or rooms are located on the north-east or north-west sides, whereas the main summer 

rooms are located on the south-east or south-west sides of the house. In winter, the rooms receive 

sunlight from the north-east openings, whereas, in summer, the rooms on the south-west side are 

located in the shade [Figure 14]. A seasonal movement occurs between rooms or suites in a courtyard 

house so that the occupants are comfortable throughout the year. It is true, though, that in winter, 

inhabitants move to the rooms with few openings in the corners and during the day, they use the larger, 

south-facing rooms (Memarian & Brown, 2006).   
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Typically, the window openings in the courtyard houses in Yazd are deep, tall and narrow with a thick 

wooden mullion. These tall and narrow window openings minimize the solar heat gain.  Frequently, the 

upper parts of the windows are designed with beautiful colorful glassworks [Figure 15].  

 

 

 

 

 

 

 

 

 

 

Figure 14. Summer and winter rooms and suites in Gloshan house; winter suites are illustrated by blue and summer rooms 
are shown by red, illustration by author 

Figure 15. The left picture is a beautiful glasswork in Dolatabad Garden, photo by Ali Golshan; the right one is the typical 
windows in traditional Yazdi courtyard houses photo by Lilo  
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 3.3.2. Roofs 

Traditional architects used various forms for roofs of the residences to minimize the solar heat gain. One 

of these techniques is dome techniques and vaults. The dome roofs and vaults are used to reduce solar 

gain while speeding up the heat loss of the room through the top hole (Monshizade, 2008). In hot-arid 

region cities such as Yazd, a combination of flat and dome roofs is used for residences. Dome roofs have 

been used to cover large areas in buildings such as mosques, churches, shrines, bazaars, etc. Due to the 

excellent thermal performance of dome roofs, they have been used in various buildings and on different 

scales. By inserting a hole in the top of the dome roof, passive cooling can be achieved by the negative 

pressure over the dome letting the air flow from openings toward the roof hole. The air flow decreases 

the inside temperature of the roof and consequently, less heat is transferred by convection and 

radiation to the interior space (Faghih & Bahadori, 2011) [Figure 16]. 

 

As well as structural applications, dome roofs have been used in Iran to achieve natural ventilation and 

passive cooling. The combined use of windcatchers and dome roofs can result in a pressure difference 

between the air entering the space from the wind tower and the air rising and exiting from the dome 

roof hole, ultimately causing natural air flow. The geometrical shape of dome roofs increases the wind 

ǾŜƭƻŎƛǘȅ ƻǾŜǊ ǘƘŜƳ ŀƴŘ ǊŜǎǳƭǘǎ ƛƴ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ άǘƘŜ ŎƻƴǾŜŎǘƛƻƴ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ŎƻŜŦŦƛŎƛŜƴǘέΦ Lǘ ƛǎ ǿƻǊǘƘ 

noting that the heat transfer from dome roofs is greater than from flat roofs. When the wind flows over 

the dome roofs, some of the heat is removed and the rest transferred by conduction through the roof 

(Faghih & Bahadori, 2011). 

 
Figure 16. Combination of dome and flat roofs in Yazdi traditional houses, photo by Reine  
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The opinions of various researchers about comparing the temperature in dome roof buildings and flat 

roof buildings need to be investigated. Konya showed in his research that the temperature of dome roof 

buildings is lower than of buildings with flat roofs, and Mainstone believes that the lower temperature 

ƛƴ ŘƻƳŜ ǊƻƻŦ ōǳƛƭŘƛƴƎǎ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ άƘƛƎƘŜǊ ƎǊƻǳƴŘ ŀƴŘ ǊŜŦƭŜŎǘŜŘ ǊŀŘƛŀǘƛƻƴ ƘŜŀǘ ƭƻǎǎέΣ ǿƘŜǊŜŀǎ hƭƎŀȅ 

stated that the reason for the lower temperature in dome roof buildings is lower absorption of solar 

radiation (Faghih & Bahadori, 2011). 

 3.3.3. Absorption, Reflection and Transmission 

The amount of sun radiation that is absorbed, reflected and/or transmitted depends on the colour of 

the surface. Different components of a building such as walls, windows and roofs are able to absorb, 

reflect and/or transmit various amounts of electromagnetic light; wherever absorption occurs, heat 

energy is produced. Dark colours absorb better than light colours so, dark materials become hotter.  

In all cases, absorption depends on the electromagnetic frequency of the light being 

transmitted (i.e. the colour) and the nature of the atoms of the object. If they are 

complementary, light will be absorbed; if they are not, then the light will be reflected or 

transmitted. In most cases, these processes occur simultaneously and to varying degrees, 

since light is usually transmitted at various frequencies. Most objects will selectively 

absorb light while also transmitting and/or reflecting some of it (Williams, 2011). 

In hot-arid regions in the Persian Gulf area, especially in Yazd, the material used for traditional buildings 

is adobe and unbaked brick, with a layer of clay and straw. The outer layer on walls and roofs reflects 

most solar radiation and a small amount is absorbed and then released to both exterior and interior 

spaces. A brilliant white would be a better color to reflect solar heat; however, this traditionally was 

achieved through the use of pure lime coating but such materials were not locally available as they 

require pure carbonate limestone to produce. It is also important to recognize that white surfaces will 

become covered with the light yellow dust of the surrounding landscape, without rain to wash them 

clean. 

¢ǊŀŘƛǘƛƻƴŀƭ Ǝƭŀǎǎ ǳǎŜŘ ƛƴ ǿƛƴŘƻǿǎΣ ƻŦ ŎƻǳǊǎŜΣ ŀōǎƻǊōǎ ƻƴƭȅ ŀ ǎƳŀƭƭ ǇŜǊŎŜƴǘŀƎŜ ƻŦ ǘƘŜ ǎǳƴΩǎ ŜƴŜǊƎȅΣ 

passing most of it directly to the inside. For instance, 6mm clear glass transmits almost 91% of the 

radiation, absorbs 4-5% and reflects 2-4% [Figure 17].  



Chapter III  Passive Natural Cooling and Ventilation Systems 

33 
 

 

 

 

 

 

 

 

 

3.3.4. Shading 

Thermal mass and reflective surfaces help reduce heat gain from the sun, but shading is even more 

effective when possible. 

3.3.4.1. Self-Shading ŀƴŘ bŜƛƎƘōƻǊǎΩ {hading 

The houses in this region are surrounded by high shared walls, which provide shady areas for both the 

neighboring courtyards and/or probably the courtyard and the narrow adjacent streets and alleys 

[Figure 18-20]. The compact neighborhoods and cityscape decrease the area exposed to solar radiation 

and heat gain. 

  

 

 

 

 

 

 

Figure 18. Self-shading in a traditional courtyard house in Yazd, photo by Fereydun Masomian  

Figure 17. Absorption, transmission and reflection in 6mm clear glass, 
drawn by author 
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The residents of traditional courtyard houses choose how to spend their time during the day according 

to the climate conditions. The spaces in shadow/shade, north-east and south-east, and the underground 

spaces are used to avoid heat during the hot days. The underground level generally has a lower 

temperature than the upper level. During the winter, residents choose the south rooms to receive the 

solar gain in order to reduce the fossil energy for heat (Monshizade, 2008). 

 

 

 

 

 

 

 

 

Figure 19. Self-shading in the afternoon/morning in a traditional courtyard house, Golshan House, illustration by author 

Figure 20. Self-shading in the afternoon/morning in a traditional courtyard house, Golshan House, illustration by author 
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3.3.4.2. Iwans: Semi Open Areas 

Iwans are the vaulted semi open areas (walled on three sides), which face onto the courtyard of a 

residence or mosque and provide a shady and cooler living area during the day.  

3.3.4.3.. Exterior Shading 

 Most of the residences in this region, especially in Arab cities, have always had shading on their exterior 

opening, which prevents strangers from looking into the interior of the residences [Figure 21]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Today, substitution of a double façade with various exterior shading systems, which are culturally widely 

accepted and provide both privacy and shading for the occupants are developing in the Persian Gulf 

ŀǊŜŀΦ ¢ƘŜǊŜ ŀǊŜ ǾŀǊƛŜǘƛŜǎ ƻŦ ŦƻǊƳǎ ƻŦ ŜȄǘŜǊƛƻǊ ǎŎǊŜŜƴǎ ǿƘƛŎƘ άǊŀƴƎŜ ŦǊƻƳ ōŜing constructed of heavy 

materials whose thermal mass is used to absorb heat, to lighter metals that can use fine cutting 

ǘŜŎƘƴƛǉǳŜǎΣ ǘƻ ǎŎǊŜŜƴǎ ǘƘŀǘ ŜƳǇƭƻȅ ŀŘǾŀƴŎŜŘ ŦŀōǊƛŎǎΦέ ¢ƘŜǊŜ ƛǎ ŀ ƎƻƻŘ ŜȄŀƳǇƭŜ ƻŦ ŜȄǘŜǊƛƻǊ ǎƘŀŘing in 

new buildings in Masdar City, whiŎƘ ƛǎ άŀ ǾŜǊȅ ŎƭŜŀǊ ƘȅōǊƛŘ ŦŀœŀŘŜ ǎȅǎǘŜƳ ǿƘŜǊŜ ǘƘŜ ƛƴƴŜǊ ƭŀȅŜǊ ƛǎ ƎƭŀȊŜŘ 

and the exterior precast screen uses traditional LǎƭŀƳƛŎ ǇŀǘǘŜǊƴǎΧΦThe thermal capacity of the screen is 

intended to decrease heat transmission to the cool interiors.έ (Boake, 2014) 

Figure 21. Traditional exterior shading in Cairo, Egypt  
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3.4. Courtyard s 

Courtyard housing strategies in Iranian and Arab cities in hot-arid regions can be investigated from 

ŘƛŦŦŜǊŜƴǘ Ǉƻƛƴǘǎ ƻŦ ǾƛŜǿ ǎǳŎƘ ŀǎ ŎǳƭǘǳǊŀƭΣ ǊŜƭƛƎƛƻǳǎΣ ŎƭƛƳŀǘƛŎΣ ŜŎƻƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭΦ ά¢ƘŜ ǘǊŀŘƛǘƛƻƴŀƭ 

courtyard house was a well-balanced organism where social cultural factors integrated with 

architectural/environmental ones.έ (Edwards, Sibley, Hakmi, & Land, 2006) 

According to historical evidence, courtyards have existed in Iran for 8000 years; however, their functions 

and types are different from one area to another: defining boundaries of properties, circulating air, 

creating a cool place. In hot-arid cities, the traditional courtyard plan is rectangular with rooms on two 

or four sides where members of extended or single families live (Karimi, 2012).  

In typical Iranian courtyards, since the architecture of houses is introverted and inward-looking in the 

compact urban fabrics in some cities such as Yazd, Shiraz, Isfahan, the function of courtyards includes 

broader criteria. Providing privacy for the residents is a key factor in this kind of architecture (Memarian 

& Brown, 2006). 

Central courtyard structure in both shape (geometry and element designs) and developing methods 

(technology and materials) are strongly in accordance with both local and climate considerations 

(Dehghan, Naghizadeh, & Nasrabadi, 2011). Variations in the climate have resulted in various responses 

in the architecture of the courtyard houses. The existence of a courtyard in hot-arid cities is an 

architectural response to the harsh climate of the region (Memarian & Brown, 2006). A number of 

strategies are combined with the use of courtyards to maintain comfort for the residence such as 

constructing basements, designing semi open spaces, using windcatchers, migrating seasonally planting 

ǾŜƎŜǘŀǘƛƻƴΦ ¢ƘŜ Ƴŀƛƴ ǊƻƭŜ ƻŦ ŀ ǘǊŀŘƛǘƛƻƴŀƭ ŎŜƴǘǊŀƭ ŎƻǳǊǘȅŀǊŘ ƛǎ άǘƻ Ŝxploit the buoyancy of the heated air 

to force ventilation through the smaller strategically-placed windowsέ (Edwards, Sibley, Hakmi, & Land, 

2006). 

The form of residential houses, which have a courtyard that contains a garden and a pool in the centre 

and openings only facing the courtyard, is an example of inward looking architecture. The design of the 

building is aimed to maximize passive potential to warm the residence in maximum penetration of the 

sun in winters and minimize it in summers by using passive cooling strategies (Monshizade, 2008)[Figure 

22]. 
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Figure 22. Different views of traditional courtyards in Yazd, the left photos by author, the top right by Nicolas Rapp and the 
bottom right by Alex Wilkinson   
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3.5. Planting Vegetation  and Placing a Pool  

Placing a pool in the centre of the courtyard, planting vegetation around it and locating a windcatcher(s) 

in the corner(s) of the house aid in climatic modification (Edwards, Sibley, Hakmi, & Land, 2006). In the 

afternoons, the interior spaces as well as the water surface of the pool, the plants and trees located at 

the centre of the courtyard get cool by means of the windcatcher that conducts the air to the space.   

Crofts in the courtyards are generally filled with those kinds of trees that need less water, such as 

pomegranate, fig, pistachio and grape. These trees not only provide fruits but also reduce the air 

dryness and provide shade (Dehghan, Naghizadeh, & Nasrabadi, 2011). 

 3.6. Windcatcher s 

3.6.1. The Role of the Windcatcher in Hot-arid Regions 

Since electricity production is the major source of carbon emissions, air conditioning and mechanical 

ventilation systems ŎƻƴǎǳƳŜ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ŀ ōǳƛƭŘƛƴƎΩǎ ŜƴŜǊƎȅ ŘŜƳŀƴŘΤ ǘƘŜ ƴŜƎŀǘƛǾŜ 

impact on the environment can be dramatically reduced by using low energy natural ventilation and 

cooling systems. Wind as a renewable driving force can provide fresh and healthy indoor thermal 

comfort by means of windcatchers, solar chimneys, etc. Over the past three thousand years, wind tower 

systems or windcatchers, from the very primitive to the complicated, have been the major cooling 

systems used in the Persian Gulf region to improve thermal comfort inside buildings (Saadatian, Haw, 

Sopian, & Soulaiman, 2012) [Figure 23].  

 

 

 

 

 

 

Figure 23. The earliest forms of windcatchers in Hyderabad, Pakistan  
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These ancient passive cooling and ventilation systems have been found in hot, hot-arid and hot-humid 

regions, particularly in Persian Gulf area countries such as Iran [Figure 24], Bahrain, the Emirates, etc. 

and North African countries such as Egypt. Windcatchers have different shapes and names from 

Pakistan to North Africa. The windcatcher is called baadgir in Iran, Iraq and the Persian Gulf area, malqaf 

in Egypt, bating in Syria and mungh or hawa-dani in Pakistan. 

 

 

 

 

 

 

 

 

 

Windcatchers are traditional tower-like structures projected through the top of roofs of buildings with 

openings toward the favorable prevailing wind to catch the warm wind, cool it down and transmit it to 

interior space to provide thermal comfort for occupants.  

The air flow occurs either due to the wind blowing or the temperature difference between the interior 

and exterior of the building. When the wind blows, the result is positive pressure on the windward side 

and negative pressure on the side of the windcatcher. In windless conditions, the windcatchers operate 

like a chimney or air trap according to the stack effect; hot and less dense air rises and outflows from 

ǘƘŜ ǿƛƴŘŎŀǘŎƘŜǊΩǎ ƻǇŜƴƛƴƎǎ (Ahmadikia, Moradi, & Hojjati, 2012)[Figure 25, 26]. 

 

 

 

Figure 24. Traditional windcatcher in Iran  



Chapter III  Passive Natural Cooling and Ventilation Systems 

40 
 

 

Figure 25. Ground floor plan of Golshan house; the orientation of the prevailing wind and the location of the wind tower is 
indicated, illustration by author 

 

Figure 26. Section of a traditional courtyard house, Golshan House, with a wind tower; air circulation is indicated with 
arrows, illustration by author 
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3.6.2. Categories Based on Function 

The main function of a wind tower system is to bring fresh air into a building and send the hot and 

polluted air out. The functional system of a windcatcher can be divided into three parts: 

¶ Convection 

¶ Air transfer 

¶ Evaporation  

Some of the windcatchers cool the building through air transfer only, whereas some others both 

transfer and evaporate air (Kianersi & Ahmadi, 2012) [Figure 27]. In general, the windcatchers are multi-

functional in operation according to the wind velocity and direction, the intensity of sun radiation and 

the air temperature. However, the operations of windcatchers are slightly different based on their use in 

specific regions, hot-humid or hot-arid climates. In hot-arid areas, in particular in desert climates 

because of the low relative humidity, ponds or underground water reservoirs are an additional major 

section that provides required humidity to the warm incoming air and cools it down through 

evaporation.  

 

 

 

 

 

 

 

 

 

 

 
Figure 27.Transferring and evaporating air by means of windcatchers in hot-arid regions  
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Considering the fact that there is a significant temperature fluctuation between day and night in desert 

climates, thermal mass plays a fundamental role in the operation of the windcatchers. The heat, which is 

absorbed and stored during the day by mud bricks, will be released at night. If the wind blows during the 

night, the incoming cool air becomes warm while passing the tower internal walls; if there is no wind at 

night, the tower, which has a higher temperature than the surrounding air, acts like a chimney and 

ŘǊŀǿǎ ǘƘŜ ǿŀǊƳΣ ƭŜǎǎ ŘŜƴǎŜ ŀƛǊ ǳǇǿŀǊŘ ǘƻ ƭŜǘ ƛǘ ŜȄƛǘ ŦǊƻƳ ǘƘŜ ǘƻǿŜǊΩǎ ƻǇŜƴƛƴƎǎΦ ¢ƘŜ ƴŜȄǘ ŘŀȅΣ ǿƘŜƴ ǘƘŜ 

warm wind blows, the air is cooled while contacting the internal walls of the tower that become cooled 

over the previous night and the cooled air flows into the space. If there is no wind during the day, the 

interior warm air, which rises to escape through the tower, cools down while making contact with the 

internal walls and becomes denser and cooler, and, therefore, is pushed down. This process continues 

to circulate the interior ambient air.   

Windcatchers have aesthetic and functional parts. In the most developed Persian windcatchers in hot-

arid climates, four different categories of components can be identified. (Kianersi & Ahmadi, 2012):  

1. The Shelf is the top part of the windcatcher that transfers the air to the body. The ornaments 

and shapes of this part may vary (the aesthetic function).  

2. The Stem Body is the part that is located between the roof and the shelf.  

3. The Blades are elements made of clay and brick to divide the air vent into the smaller vents. 

¶ Main Blade, the center wall, is located in the vent to divide it into smaller vents until the 

bottom end. 

¶ Secondary Blades are located between the main blade and the vent walls and do not 

continue to the bottom. 

4. The Eyelets are the space or the holes between two blades that allow air flow 

 

3.6.3. Orientation, Location and Form of Windcatchers 

Generally speaking, the windcatchers are oriented primarily according to the prevailing desired wind(s), 

designed plan and orientation of the building. The names of different types of windcatchers are derived 

from the directions of openings, e.g., uni-directional, bi-directional and multi-directional (four 

directional or eight directional towers). In Yazd, since the desired wind is from the north and the 

northwest, uni-directional windcatchers face these specific directions and have only one or two vents. A 
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1988 survey shows that only 3% of windcatchers in Yazd are uni-directional (Maleki B. A., 2011)[Figure 

28]. 

 

 

 

 

Two directional or bi-directional windcatchers, as the name implies, have two openings with the division 

of the main blade, a centre wall inside the tower. The openings usually face the north and the south 

(north-south). The survey reveals that 17% of windcatchers in Yazd are bi-directional [Figure 29]. 

 

 

 

 

The most popular windcatchers are four directional according to the survey. More than half of the 

windcatchers in hot-arid regions are four sided, divided into four vents by two additional main blades 

[Figure 30]. 

 

 

 

 

 

 

 

Figure 28. Typical plan of one directional windcatcher, drawn by author 

Figure 29. The typical plan of two directional windcatcher, drawn by author 

Figure 30. Typical plan of four directional windcatcher, photo by Alireza Javaheri  

http://www.panoramio.com/user/1317158?with_photo_id=84776641
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The eight directional towers or octagonal windcatchers are commonly used in cisterns and water 

reservoirs in Yazd. These kinds represent only 2% of the windcatchers in Yazd. The most famous one is in 

the Dolatabad Garden [Figure 31, 32]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The location of windcatchers may vary as follows: 

¶ The location is behind the hall in a symmetrical axis 

¶ The location is in the corner of the courtyard connected to the hall through pond space 

¶ The location is in the north corner of Yazdi houses (since the prevailing desired wind is from the 

north and the northwest) 

Figure 31. Typical plan of eight directional windcatcher, drawn by author 

Figure 32. Eight directional windcatcher in the Dolatabad Garden, the tallest 
windcatcher in Yazd, photos by Mauro  
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Any of the mentioned locations and directions can have a major impact on the cooling function of the 

whole system (Kianersi & Ahmadi, 2012). 

3.6.4. Structure and Ornaments 

The structure of the wind tower consists of sun dried or baked mud brick, which is covered with mud 

plaster with chopped straw in it, and reinforced with small wood beams. Timber beams are used in 

order to fasten the structure together to increase the shear resistance and also support the internal 

partitions in different levels of the tower. Timber beams stick out from the tower, which can be used as 

a ladder for maintenance and cleaning (Maleki B. A., 2011). 

 

The shape, dimension, height, decoration and elaboration of the wind towers vary. They may relate to 

the space they serve and the station, class and wealth of the house owner (Forouzanmehr, 2012). Some 

of these ornamental features of the wind towers are made with adobe and some are made with plaster 

decoration or brick works at the top of the tower. In fact, the form of ornamentations was the signature 

of the architect who used various form based on his preferences. These features were not based on any 

climate condition or functionality but the cultural reflection (Maleki B. A., 2011). 

In the following chapters, the historical and geographical contexts of Yazd city as well as the climate 

adaptive architecture from the old days until the present will be explored.  
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4.1. Historical Context  

Iran, a vast country with diverse climatic conditions, various ethnic groups and cultures, with a long 

history of different dynasties and their realms, has witnessed different stages of growth and decay. 

These complex features have a direct impact on the traditional to modern architecture in this country. 

Yazd, one of the oldest cities in Iran, which has still kept its own historical quarter despite all the 

invasions of Iran, has experienced various stages of development in architecture in different eras. This 

rich old city has been able to preserve its ancient religion, traditions, culture and unique style of 

architecture throughout its history. However, the pressure of modern developments has put the culture 

and history of Yazd at risk, just as in many other Middle Eastern cities with less historical significance. 

The name of this city is mentioned in various famous books such as Travels of Marco Polo (1272) and 

Masalik and Mamalik vii (Wikipedia, 2012). 

The historic core of Yazd has undergone various expansions and has grown during different periods. 

According to historical records, during the Achaemenid dynasty (the first Persian Empire from 550 to 

330 BC), the city of Yazd was called Isatis (or Ysatis). Another historical report, by Iraj Afshar, indicates 

that the development of Yazd goes back to the period of Alexander the Great who built Alexander Prison 

in Kasah city as Yazd was called at that time. Based on another historical report by the same author, the 

name of Yazd is probably derived from the name of a Sassanid Emperor, Yazdgerd, in whose realm the 

city witnessed major growth (Khademzadeh, 2004). 

During different dynasties, Yazd was always regarded as a safe haven due to its distance from the 

different capitals of Iran, remote desert location and difficulty of approach. After the Arab invasion of 

Persia, during the third Caliph of Islam in the seventh century AD, this city was felled by Muslim troops. 

Since Yazd was an important Zoroastrian center during the Sassanid and later dynasties, most of the 

Zoroastrians fled to this safe city from different parts of Persia. For a long time, Yazd remained 

Zoroastrian by paying a levy to the Islamic central government (Wikipedia, 2012). Today, only ten 

ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴ ƛǎ ½ƻǊƻŀǎǘǊƛŀƴǎ ǿƘƻ ǎǘƛƭƭ Ŧƻƭƭƻǿ ǘƘŜƛǊ ƻǊƛƎƛƴŀƭ ǊŜƭƛƎƛƻƴΦ ! 

famous Zoroastrian Fire Temple in the city has kept a traditional fire burning continuously for more than 

1300 years. 

                                                           
vii Masalik and Mamalik or the Book of Roads and Kingdoms is a famous book by the geographer Ibn Khordadbeh that was 

written in the 9
th

 century and contains maps and descriptions on the major trade roads of the Muslim world at that time. 

 

http://www.yazd.com/images/atashkadeh%201.jpg
http://en.wikipedia.org/wiki/Ibn_Khordadbeh
http://en.wikipedia.org/wiki/Muslim
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During the eleventh century AD, expansions and developments of Yazd, with the construction of gates 

and castles around the city, converted it to a prominent and prestigious city with a new identity. 

(Khademzadeh, 2004) The traditional city forms and architecture in addition to the inaccessibility of its 

geographical location kept this old city immune from major battles and the destruction of war. When 

Genghis Khan invaded Persia in 1200 AD, he destroyed and set fire to almost all cities on his way to the 

capital but because of its record of peace and security, Yazd was spared and became a safe place for 

scientists, artists and intellectuals (Wikipedia, 2012).  

In the fourteenth century, when the Mozzafarids were in power, the city began to expand toward the 

west and southwest. A new city wall with seven gates and various new buildings were built in this period 

as well (Khademzadeh, 2004). 

In the fifteenth century, with the rule of the Safavids, a period that was a glorious age in Persian 

architecture, unlike other cities of Iran (such as Isfahan, Shiraz, and Tabriz that were flourishing), Yazd 

did not develop much. The city centre, which was shaped around the Amir Chakhmagh Complex 

(consisting of the mosque, bazaar and water basin), remained in the same place, and new 

neighborhoods were added to the city on the other side of the existing city wall toward the west and 

southwest (Khademzadeh, 2004). 

During later dynasties such as Zands and Qajars, Yazd expanded toward the south with the construction 

of various building types such as schools, baths, etc. Although, in 1815, a new city wall was constructed 

to enclose the entire city, it could not stop the development of Yazd towards the south and southwest. 

(Khademzadeh, 2004) Throughout the reign of the Qajars, the first stage of Persian modern architecture 

began to appear as a result of growing communication between Iran and European countries (Diba & 

Dehbashi, 2004). 

With the rise of Pahlavi, Reza Shah (the king) wanted to create a modern Iran similar to what Mustafa 

Ataturk had done in Turkey at that time. The Shah made significant infrastructural reforms all over the 

country to change the look of the cities and even the people. The education, economy, culture, civil 

projects were all influenced by the West: constructing of wide streets in cities, changing buildings and 

neighborhoods, building new stores, introducing new types of entertainment and public spaces, such as 

cinemas, parks, clubs, developing transportation systems (Karimi, 2012) and forcing people to adopt 

nontraditional clothing and life styles, such as the removal of the hijab. The government that had a 

major role in the city planning and civil projects had asked western architects and contractors to design 
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and execute new buildings and plans in Iranian cities. Thus, the traditional designs of buildings changed 

considerably in this period. Symbols of Persian forms and features were not found in this type of 

architecture (Diba & Dehbashi, 2004). 

With the rise of Mohammad Reza Pahlavi in 1941, many commercial, residential and governmental 

buildings were built with no consideration of climatic factors in many cities such as Tehran, Kashan, 

Tabriz, Mashhad, as well as Yazd (Diba & Dehbashi, 2004). Although, the historical core of Yazd was kept 

intact, the city development accelerated again. The focus was more on the new developing areas [Figure 

33]. 

After the Second World War, the desire of Iranians to transform traditional residences to modern 

western housing began. Unfortunately, cheaper and faster constructions without any Persian 

ornaments, a lack of a variety of materials and use of new ones by the developers began at that time 

ŀƴŘ Ƙŀǎ ŎƻƴǘƛƴǳŜŘ ǳƴǘƛƭ ǘƻŘŀȅΦ .ǊƛŜŦƭȅΣ ǘƘŜ ǳƴǇƭŜŀǎŀƴǘ ΨōǳƛƭŘ-and-ǎŜƭƭΩ όǇƻƻǊ ǉǳŀƭƛǘȅ ƻŦ ŀǊŎƘƛǘŜŎǘǳǊŜύ 

combined with western modern designs was the major style of this period. Although there were some 

examples in some cities of prominent architecture by famous Persian architects, the typical architectural 

style of that era was influenced by this approach to building (Diba & Dehbashi, 2004). These 

ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎΣ ƛƴƧŜŎǘŜŘ άƳƻŘŜǊƴέ ƛƴǘƻ ǇŜƻǇƭŜΩǎ ƭƛŦŜǎǘȅƭŜ and had a major impact on the crisis of 

cultural identity. Therefore, most of the intellectuals opposed this approach by the Shah and the 

government. One of the famous Iranian writers, Jalal Al Ahmad, who was a critic of the new imported 

modern lifestyle, wrote in his book, A Plague from the West (Karimi, 2012) 

²Ŝ ŀǊŜ ƭƛƪŜ ǎǘǊŀƴƎŜǊǎ ǘƻ ƻǳǊǎŜƭǾŜǎΧƛƴ ƻǳǊ ŦƻƻŘ ŀƴŘ ŘǊŜǎǎΣ ƻǳǊ ƘƻƳŜΣ ƻǳǊ ƳŀƴƴŜǊǎΣΧ ŀƴŘ 

most dangerous to our culture. 

After 1979, by the Islamic Revolution in Iran, the new government showed more interest in Islamic 

identity instead of westernization, which was the symbol of Pahlavi. Rapid population growth, migration 

of villagers to cities, new social and economic situations and the aftermath of an eight-year war with 

Iraq (1980 to 1988), caused anarchy and chaos in the architecture of Iran. Copying and importing foreign 

architecture without any adaptation to the context was dominant in the country. Although the irregular 

growth of Yazd was the main factor that resulted in a lack of urban management, replacing vernacular 

architects by the developers and contractors who were not trained and familiar with aesthetics in 

Iranian architecture played a major role in this phenomenon. The priorities of the new government were 

the informal and rural areas and rapid and cheap housing (Derakhshani, 2011). Lack of regulations and 
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rules in building design and different points of view resulted in worthless architecture that only copied 

western versions especially residential high rises (Diba & Dehbashi, 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¢ƘŜ ǳǎŜ ƻŦ ǘƘŜ ǘŜǊƳ άǿŜǎǘŜǊƴ ŀǊŎƘƛǘŜŎǘǳǊŜέ ƛƴ LǊŀƴ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǎǘȅƭŜ ǳǎŜŘ ƛƴ ǘƘŜ мфрлǎ ŀƴŘ 

1960s, which respected neither the place nor the purpose of the building; this style was not compatible 

with climate, culture or the available resources of the site. However, during the last few decades, this 

approach has been completely disregarded and replaced with a new approach toward sustainable and 

environmentally responsive designs based on the climatic conditions and energy efficiency.  

Figure 33. Development of Yazd city 
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If western architecture could be considered not as a model to copy but as an achievement of the human 

architectural heritage, Iranians could benefit from the western ways of thinking and technology. They 

could incorporate them into their own architectural heritage and adapt them to the climatic conditions 

and therefore introduce a truly contemporary Iranian architectural language (Diba & Dehbashi, 2004). 

The geography and climate characteristics are major influences on the urban and architectural design in 

Yazd; thus, they are considered next. 

 

4.2. Geographical  and climatic  Context  

Iran is a vast country, the second largest country in the Middle East and the eighteenth in the world. This 

country is located between the Persian Gulf and the Oman Sea in the south, and the Caspian Sea in the 

North.  The expansion from North to South resulted in variety of climate conditions: hot-arid, hot humid, 

cold-arid and Mediterranean [Figure 34]. 

 

 

 

 

 

 

 

 

 

Kavir Desert and Kavir-e-Lout are two deserts located in the central part of Iran and occupy one seventh 

of the country. These barren regions with desert climate characteristics have a direct impact on the 

nearby cities and areas. Yazd province is situated in the central part of Iran [Figure 35]. This province has 

Figure 34. Location of Iran in Middle East  

http://www.worldatlas.com/webimage/countrys/me.htm
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a partial border with the Kavir Desert in the north, Khorasan province in the northeast, Kerman province 

in the south, Isfahan province in the west and a small border with Semnan province in the northwest. 

Two high mountains, Shirkuh and Kharaneq, form a wide, arid valley in this region that creates very dry, 

hot summers and very dry and relatively cold winters (Abouei, 2006). Yazd province has climate 

characteristics that make it one of the hottest and driest provinces of Iran: 

¶ dusty winds 

¶ Low rainfall, annual precipitation of about 60 mm and evapotranspiration more than 3500 mm 

(Dastorani, Bavani, Pourmohammadi, & Rahimian, 2011), resulting in low humidity and shortage 

of water 

¶ Low plant coverage 

¶ Very high temperature fluctuations between day and night (similar to other desert climates e.g. 

Las Vegas (Nevada), Phoenix (Arizona), Riyadh (Saudi Arabia), etc.) 

¶ Wide seasonal temperature swings: in the hottest months of the year, the temperature in the 

north and northeast areas of the province reach an intolerable 50° Celsius, whereas, in the 

coolest months, in western areas, in Shirkooh and Barfkhaneh mountains, the temperature 

drops to about -20° Celsius (Abouei, 2006).  

 

 

 

 
 
 
 
 
 
 

 

 

 

 

Figure 35Φ LǊŀƴΩǎ ǇǊovince divisions, Yazd Province and Yazd city, illustration by author  
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Yazd city, capital of Yazd province, like all other cities and towns in this province, is located in the desert 

region in the central part of Iran. As weather reports and graphs indicate, the maximum temperature in 

the hottest month of the year, mid-July, is almost 40°C whereas the minimum temperature in the 

coldest month of the year, February, is almost 0°C [Figure 36]. The day and night temperature in Yazd 

vary significantly. It is too hot during the day and cool (or sometimes cold) at night. 

 
 
 
 
 

 

 

 

 

 

 

For building designs, in particular sustainable and vernacular architecture, a deeper understanding of 

climate is often necessary. Hence, information about variations in temperatures, speed and frequency of 

desired and undesired wind, number of hours of sunshine per day [Figure 37], precipitation [Figure 38], 

relative humidity, etc. are useful. In the interaction between building design and climatic conditions, 

both limitations and possibilities should be considered carefully. 

 

 
 
 
 

 

 

Figure 36. Temperature variations of °C of Yazd city; the red line illustrates the minimum; the black one shows the maximum 
redrawn by author  

Figure 37. Monthly average number of hours of sunshine per day, redrawn by author  
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Wind speeds vary from a calm breeze, 0 m/s to 7 m/s, to, on rare occasions, a strong breeze greater 

than 12 m/s. The highest average wind speed of 3 m/s (light breeze) happens in June, when the average 

daily maximum wind speed is 6 m/s (moderate breeze); the average number of hours of sunshine is 11; 

and the average precipitation is approximately zero. The lowest average wind speed of 2 m/s (light 

breeze) occurs in December, when the average daily maximum wind speed is 4 m/s (gentle breeze), the 

average number of hours of sunshine is 6 and the average precipitation is 8 mm (Weather Spark, n.d.) 

[Figure 39]. 

 

 

 

 

 

 

 

 

 

 

Figure 39. Wind Speed (m/s) of the average daily: minimum illustrated by red, maximum by green, and average by black  

Figure 38. Any kind of precipitation including drizzle, rain, hail, sleet or snow, redrawn by author   
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In a year, the wind direction is from the west, 16% of the time, similarly from the northwest, almost 16% 

of the time and from the southeast, 13% of the time. The wind direction from the northeast is the least 

often: 2% of the time [Figure 40, 41]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Typically, the climate-adaptive architecture designs should be based on the worst time of the year, 

available resources and constraints. The resources of a hot-dry desert city are wind, sand/dirt and sun 

whereas the limitations include shortage of water, hot-dry weather and very low humidity, etc. Notably, 

¸ŀȊŘΩǎ ǾŜǊƴŀŎǳƭŀǊ ŀǊŎƘƛǘŜŎǘǳǊŜ Ƙŀǎ ŦƻƭƭƻǿŜŘ ŎƭƛƳŀǘŜ-adaptive rules, resulting in the city being a 

prominent example of this type of architecture. Taking these factors into consideration, the ancient 

builders tried to make the interior of the buildings more pleasant and comfortable considering the 

Figure 40. Various percentages of wind direction over the entire year  

Figure 41Φ άThe fraction of time spent with the wind blowing from the various directions on a daily basisέ  
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climate by choosing suitable orientations, by organizing space and by including different architectural 

features. 

4.2.1. Limitations 

Considering the fact that Yazd has very special climate characteristics according to its location in the hot-

arid zone, there have always been limitations for the builders and for the occupants. 

¶ Insufficient precipitation resulting in low humidity and shortage of water 

¶ Hot climate and sunlight  

¶ Very high temperature fluctuations between day and night 

¶ Dusty and sandy winds from the two near deserts 

¶ Insufficient herbal coverage 

Although these problems and limitations have always existed, the ancient builders attempted to use the 

available natural resources to respond to the harsh climate conditions based on their countless 

experiments and accidents. 

4.2.2. Opportunities 

The ancient architects learned how to address the problems in order to moderate the harsh climate 

condition by: 

¶ Using water reservoirs and qanats (underground water canals) to provide chilled water  

¶ Ventilating and increasing humidity to the interior space by means of a wind tower system 

¶ Locating openings in specific places with particular sizes to reduce heat gain 

¶ Using thermal mass  

¶ Opening up the openings of the windcatchers facing the desirable wind and closing the other 

openings to avoid dusty and undesired winds. 

¶ Planting trees and bushes and placing a pool in the middle of courtyards in order to provide 

shading and humidity 
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4.3. Yazd Architecture Adaptation  to Climate  

Iranian vernacular architecture, which is still unknown in the West, has always been successful in the 

ingenious use of renewable energy resources such as wind, sun, etc. Without having to consume 

additional power to enhance comfort and performance of the buildings, it decreases costs and reduces 

ecological damage (Kianersi & Ahmadi, 2012). The techniques and specific strategies used are the 

ŀƴŎƛŜƴǘ ōǳƛƭŘŜǊǎ  ǊŜǎǇƻƴǎŜ ǘƻ ǘhe hot-arid climatic conditions [Figure 42]. 

A comparison of harmony of the human built environment with nature, cultural values and the climatic 

conditions of the vernacular architecture in Yazd to the architecture of today in that region proves that 

the traditional designs and strategies were more compatible with complicated climatic factors and 

provided comfortable living space. These strategies can be divided into four categories:  

 

¶ Macro scale (Macro climate responsive design) that can be defined as scale of the city and the 

urban fabric. It includes the orientation of the city, enclosed urban environment, the irregular 

and narrow streets and alleys, the distance between the buildings and neighborhoods, etc. 

¶ Meso scale (Meso climate responsive design) that defines specific site features such as wind 

tower systems or windcatchers, air traps, iwans, riwaqs or arcades, qanats etc. that can modify 

the climate of each building.  

¶ Micro scale (Micro climate responsive design) as the subset of the macro climate responsive 

design focuses more on the site and the building itself. This category includes building form, 

building envelope, self-efficiency in materials, etc. 

¶ Nano scale (Nano climate responsive design) that defines the characteristics of the building 

materials used such as U-value (TolouBehbood, Taleghani, & Heidari, 2010). 
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Traditional Yazdi builders applied all these four categories to their climate responsive designs resulting 

in the old city of Yazd. As mentioned previously, one approach to sustainability in architecture relies on 

natural forces to provide comfort and utility to buildings. The historical architecture of Yazd is a perfect 

example of the vernacular forms of architecture used in this approach. In addition to the design of the 

residences in hot-arid regions, some other strategies were used by the occupants in order to respond to 

the harsh climate. For instance, an internal seasonal migration took place; often, the northern rooms 

were used in the summer and the southern rooms in winter.  During the summer, since the ground level 

rooms were heated, most of the time, iwans were used as living space in the evening and rooftops for 

sleeping at night. In the morning, the ground level rooms have lost their heat and become fresh and cool 

(Ben-Hamouche, 2008). 

Figure 42. Compact, connected and continuous urban fabric of Yazd; a response to the harsh climate condition  
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Comparative analysis of the traditional urban design with the new urban patterns helps us to learn from 

the past and understand the failures and successes to be able to use what worked and to ignore what 

did not, and then, apply the knowledge of the scholars and experts in those successful areas to create a 

hybrid system that can meet the demands of modern life as well as respect this complicated and 

ingenious climate responsive architecture.  

 

4.4. Traditional Layout of Yazd  

Most historical urbanists have divided Persian urban planning into two categories: pre-Islamic (from 9th 

century B.C to 7th century A.D) and post-Islamic periods. After the Arab invasion, a new style of urban 

planning emerged to meet the Islamic requirements. It was a combination of pre-Islamic and Islamic 

impressions. The cities were composed of integrated components. The mosque was usually built in the 

centre, which was connected to the main traditional bazaar, palace, madrasah (religious school) and 

hammam (public bath) of the city, and the remaining components were located around this core (Sharifi 

& Murayama, 2013). In general, the overall layout of the city in all dimensions, with its hierarchy 

principles and consideration of climate for the comfort of private users, occupants of residences, or 

public users, pedestrians, created a uniform environmentally friendly city.  

Lƴ ǘƘŜ ƻƭŘ ǳǊōŀƴ ǇŀǘǘŜǊƴΣ ǘƘŜ ǇŀǘƘǎ ǿŜǊŜ ŘŜǎƛƎƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǇŜŘŜǎǘǊƛŀƴǎΩ ƴŜŜŘǎ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ 

providing comfort. In fact, the mass and voids were planned to provide shady outdoor areas and 

shelters for the pedestrians in the harsh climate conditions.  

Traditional urban areas had a compact and mixed used pattern, were well-connected 

through a network of pedestrian paths and local characteristics, safety measurements 

were also considered in the design process. Combination of these qualities made the 

traditional city successful in achieving needs such as accessibility, equality, housing, 

employment, privacy, social relations, collective actions, etc. which are regarded as 

necessary for achievement of social sustainability (Sharifi & Murayama, 2013). 

The old city fabric of Yazd shows traditional courtyard houses woven together to create a harmonized 

and complicated urban texture. Yazd has the largest uninterrupted historic urban fabric in Iran [Figure 

43]. ¢ƘŜǊŜ ŀǊŜ ǾŀǊƛƻǳǎ ŦŜŀǘǳǊŜǎ ŀƴŘ ǎǘǊŀǘŜƎƛŜǎ ƛƴ ¸ŀȊŘΩǎ ǾŜǊƴŀŎǳƭŀǊ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ ǳǊōŀƴ ǘŜȄǘǳǊŜΥ 
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¶ Very compact, connected and continuous urban fabric  

¶ Orientation of the city based on climatic factors 

¶ Buildings positioned in a suitable wind direction  

¶ Use of appropriate local materials  

¶ Walls with high thermal capacity 

¶ Central courtyards with pools and plants  

¶ Organization and hierarchy of space  

¶ Use of domed roofs  

¶ Windcatchers to provide ventilation and a cooling system 

¶ Connected water canals from the underground level of the residences  

¶ Compatible direction of streets based on the desirable wind  

¶ Narrow and irregular streets [Figure 44, 45] 

¶ Covered alleys (Sabaats)  

¶ Residences below alley level, etc. 

 

 

Figure 43. Old urban fabric of Yazd city; historical quarter. Amir Chakhmagh complex (the main square) in the heart of 
the historical quarter is distinguishable  
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Figure 44. Narrow and irregular winding streets, photos by author 

Figure 45. Narrow and irregular covered winding alleys  
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4.5. Modern Layout: Comparison between the Historical Quarter and Suburbs  

New, successful urbanists pay attention to various aspects of urban design such as sense of location, 

civic places, appropriate density, community identity, affordable housing, neighborhoods, citizen 

responsibility, safety and security, local values, public transportation, reduced automobile dependency 

and economic health, etc. (Leccese & McCormick, 2013). In a historical city like Yazd, urbanists are also 

inspired by the traditional urban design to respect the historic patterns for a cohesive design for urban 

society.  

Today, urban planning in Yazd appears inconsistent with the climatic factors and the designs fail to meet 

environmentally friendly requirements. As mentioned previously, the urban fabric in the historic quarter 

is entirely different from the new urban fabric. Since the old urban texture was designed and 

constructed based on climatic considerations, the characteristics and shapes of elements, buildings, 

streets and alleys are closely related to climatic principles, whereas in the new urban fabric, which is not 

compatible with climatic factors, few sustainable elements or constructions can be found. Climatic 

considerations create unity and cohesion on nano, micro, meso and macro scales of construction; 

however, this harmony is not visible in the new areas of the city. Glaring inconsistencies in the city 

planning of the new urban fabric are a result of the lack of a comprehensive urban plan to address the 

ongoing rapid growth of Yazd [Figure 46]. 

Although the builders have had a perfect example of micro scale responsive design to emulate, they 

have not considered it important to follow this pattern: the scale and the urban fabric, which include 

orientation of the city, urban environment, street and alley forms, distances between the buildings and 

proximity of neighborhoods, etc. 

The micro scale is only a copy of Western urban planning based on easy access to automobile without 

considering pedestrians, whereas in ancient times, the main focus of a design was to provide 

comfortable, easy access for people. The new areas are designed as follows: 

¶ Chaotic orientations of the city 

¶ Western urban grid forms   

¶ Very wide and straight streets  

¶ Suburban and urban highways 
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None of the designs considers the benefits of the fundamental sustainable urban principles used in the 

old city:  

¶ Appropriate orientation of the city 

¶ Narrower streets and alleys with high walls to provide shady passages  

¶ Enclosed urban environment 

¶ Proper distance between the buildings and proximity of neighborhoods 

!ǎ ƳŜƴǘƛƻƴŜŘ ƛƴ ǘƘŜ ƘƛǎǘƻǊƛŎŀƭ ŎƻƴǘŜȄǘΣ wŜȊŀ {ƘŀƘΩǎ ƳƻŘŜǊƴƛȊŀǘƛƻƴ ǇǊƻƎǊŀƳ ǿŀǎ ǊŜƭŀǘŜŘ ǘƻ significant 

infrastructural reforms in the country to transform the economy, culture and politics of the Iranian 

society. The government that played a major role in city planning and civil projects asked the western 

architects and contractors to design and execute new buildings and plans in cities. The civil projects 

were entirely influenced by the West: constructing of wide streets in cities, changing in buildings and 

neighborhoods, building new stores along the streets, introducing new public spaces and developing 

transportation systems (Karimi, 2012). 

Figure 46. Visible dissimilarity in new and old urban fabric of Yazd  
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The major change in the look of the cities was the new street network to provide accommodation for 

automobile use. As a result, the integrated and cohesive urban structure of the cities began to 

disappear. Consequently, the functionality of the traditional components of the city was lost. The 

traditional bazaar was neither the central axis of the urban structure nor the main commercial centre. 

The dimension of the maidan changed, and it no longer functioned as a gathering public space; it was 

converted to a small square for automobile movements. After the establishment of the modern 

education system and construction of private baths in houses, the religious school and public baths lost 

their functions as well (Sharifi & Murayama, 2013). 

Unlike the traditional street network, unfortunately, the priority is no longer the environmental comfort 

principles for humans; the modern street grid is only oriented toward automobile easy access and 

transportation. Today, a very basic problem of the new urban fabric is related to the street planning in 

this city [Figure 47].  

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 47. Street map of Yazd in the mid-1990s, identifying selected street added or completed during 
last three decades  
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The goal of urban planning should be to decrease the negative environmental impacts on all scales. 

However, in the new areas of the city, the streets and boulevards with planting in the middle, are 

designed only for aesthetic reasons and do not consider providing environmental comfort for the 

pedestrians [Figure 48, 49]. Simply planting vegetation to provide enough shade can have a significant 

environmental impact [Figure 50, 51]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 48. A boulevard in one of the new quarters of Yazd, photo by author 

Figure 49. Poor use of vegetation in wide modern streets with little shade, drawn by author 



Chapter IV   Yazd & Climate Adaptive Architecture 

67 
 

It is worth noting that the main streets in the historic core are designed and oriented based on the 

desired wind. Even though the street in Figure 50 is not narrow, the correct use of planting aims to 

provide enough shade for the pedestrians on hot summer days. 

 

 

 

 

 

 

 

 

 

 

Figure 51Φ ¢ƘŜ ŎƻǊǊŜŎǘ ǳǎŜ ƻŦ ǾŜƎŜǘŀǘƛƻƴ ǇǊƻǾƛŘŜǎ ǎƘŀŘŜ ŦƻǊ ǘƘŜ ǇŜŘŜǎǘǊƛŀƴǎΩ ǎƛŘŜǿŀƭƪǎΣ ŘǊŀǿƴ ōȅ ŀǳǘƘƻǊ 

Figure 50. Use of trees to provide shade for the pedestrians  


