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The cities located in the hot and dry regions are characterized by the intense solar 

radiation and having two extremely opposite hot summer and cold winter. The 

traditional architecture of this region demonstrates that the compactness in the urban 

form while having some open spaces like the courtyard is the best answer to this 

extreme climate. In the case of Yazd city, a unique public courtyard pattern 

surrounded with colonnades is identified in the historical area as the main solution 

for building urban open spaces in the past. But the contemporary urban design 

disregards the traditional solution due to the need to include vehicular traffic and a 

greater degree of activity to support social urban life. The aim of this research is to 

study the effects of courtyard form on its thermal environment by focusing on the 

role of solar radiation in Yazd during summer. The study uses ENVI-met® which is 

a computational climatic modeling tool that simulates the microclimatic changes 

within the urban environment. The effects of courtyard design parameters of 

orientation, size, aspect ratio H/W and colonnade aspect ratio h/w on outdoor 

thermal environment are evaluated in this research. Ten square shape courtyard 
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models are simulated to assess the effects of design parameters on air temperature 

Ta, air humidity RH, wind speed WS and mean radiant temperature Tmrt as well as 

thermal index of predicted mean vote PMV. A field measurement of air and globe 

temperature is also conducted in an existing public courtyard in order to be 

compared with the result of computer simulation. The results show the courtyard 

space can decrease the Tmrt up to 40°C and the PMV value up to 2.5 in shaded area 

compared to unobstructed area. A comparison of all experimental models reveals 

that the thermal intensity and the amount of sunlit areas inside a courtyard strongly 

depends on courtyard orientation, aspect ratio H/W and the colonnade aspect ratio 

h/w. It is also found that the direct solar radiation and its resulted Tmrt are the 

primary indicator of outdoor thermal environment in hot and dry climate of Yazd 

during summer day. The study concludes that creating comfortable thermal 

environment in outdoor spaces in hot and dry climate is beyond the reach of any 

architectural design using passive strategies. However, mitigating the extreme heat 

of the summer through a careful combination of courtyard design parameters is 

possible. The strong cooling effect of colonnades surrounding a courtyard is also 

highlighted by this research. This study contributes new architectural knowledge for 

the architects to design more thermally comfortable public courtyards in hot and dry 

climate. The future researches can look forward to test the applicability of the 

study‟s findings in the winter condition as the thermal comfort is needed through the 

whole year and in all spaces. 

Keywords: Outdoor thermal environment, Hot and dry climate, Courtyard, 

Colonnade, ENVI-met, PMV 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

PRESTASI TERMAL MUSIM PANAS BAGI RUANG „COURTYARD‟, 

BANDAR YAZD, IRAN 

Oleh 

ALI SADEGHI HARIRI 

Julai 2012 

Pengerusi: Profesor Dato' Ar. Elias @ Ilias Salleh, PhD 

Fakulti: Rekabentuk dan Senibina 

Bandar yang terletak di kawasan panas dan kering adalah terdedah kepada radiasi 

matahari yang kuat dan mempunyai musim panas dan musim sejuk yang melampau. 

Seni bina tradisional di kawasan ini memaparkan kepadatan bentuk bandar di mana 

ruang ‟courtyard‟ adalah penyelesaian reka bentuk ruang terbaik untuk iklim 

melampau. Bagi kawasan bersejarah di bandar Yazd, reka bentuk „courtyard‟ yang 

dikelilingi tiang „collonades‟ dilihat sebagai penyelesaian bagi membangunkan 

ruang terbuka. Walaupun begitu reka bentuk bandar kontemporari di kawasan ini 

mengabaikan penyelesaian tradisional disebabkan keperluan kepada penggunaan 

kenderaan dan peningkatan aktiviti bagi menyokong kehidupan social bandar. 

Matlamat kajian ini adalah untuk mengkaji kesan reka bentuk „courtyard‟ ke atas 

termal lingkungan dengan memfokuskan kepada radiasi solar musim panas di 

Bandar Yazd. Kajian menggunakan ENVI-met yang merupakan alat permodelan 

iklim pengkomputeran yang mensimulasi perubahan iklim mikro dalam persekitaran 

bandar. Kajian ini mengukur kesan parameter reka bentuk „courtyard‟ seperti 

orientasi, saiz, aspek ratio H/W dan aspek nisbah H/W „colonnade‟ pada termal 



© C
OPYRIG

HT U
PM

v 
 

lingkungan luar. Sepuluh model „courtyard‟ berbentuk segi empat disimulasikan 

untuk menilai kesan parameter reka bentuk ke atas  suhu udara Ta, kelembapan 

udara RH, kelajuan angin WS dan purata suhu „radiant‟ Tmrt serta purata jangkaan 

indeks termal PMV. Ukuran lapangan suhu udara dan global juga dilakukan di ruang 

„courtyard‟ untuk dibandingkan dengan hasil simulasi komputer yang direkodkan. 

Keputusan menunjukan ruang „courtyard‟ di bawah teduhan boleh menurunkan 

tahap Tmrt hingga ke 40 °C dan nilai PMV hingga ke 2.5 berbanding dengan ruang 

terbuka. Perbandingan semua model eksperimen menunjukkan bahawa tahap 

kekuatan termal dan pancaran matahari di dalam sebuah „courtyard‟ sangat 

bergantung kepada orientasinya, aspek ratio H/W dan aspek ratio barisan 

„collonade‟ h/w. Kajian ini juga mendapati bahawa pada siang hari di musim panas, 

radiasi langsung dari pancaran solar dan kesannya kepada nilai Tmrt adalah 

petunjuk utama kepada termal persekitaran lingkungan luar bagi iklim panas dan 

kering di Yazd. Kajian ini menyimpulkan bahawa di dalam reka bentuk seni bina, 

adalah mustahil untuk mewujudkan persekitaran terma selesa di lingkungan terbuka 

di dalam cuacapanas dan kering dengan menggunakan strategi pasif. Namun, 

terdapat kemungkinan menurunkan suhu panas yang melampau ketika musim panas 

melalui kombinasi secara efektifparameter reka bentuk „courtyard‟. Kajian ini juga 

menunjukkan kesan penyejukan yang kuat hasil dari teduhan tiang yang 

mengelilingi „courtyard‟ tersebut. Kajian ini menyumbang kepada pengetahuan 

baharu reka bentuk kepadapara arkitek untuk  mereka bentuk ‟courtyard‟ awam 

yang mempunyai tahap keselesaan termal bagi kawasan ber iklim panas dan kering. 

Di masa hadapan, ujian kepadaaplikasi penemuan kajian ini boleh dijalankan di 

dalam kontekskawasan ber musim sejuk memandangkan keselesaan termal bagi 

semua jenis ruang adalah diperlukan pada sepanjang tahun. 
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CHAPTER 1 

INTRODUCTION 

This study investigates the climatic effects of public courtyard on pedestrian thermal 

environment. The public courtyard which acted as the main urban open spaces in the 

traditional architecture of Iran were very common and could still be seen in most 

part of the country. 

In the hot and dry climate of Iran, there have been many studies indicating that the 

traditional architecture could create much better thermal and socio-cultural 

environment (Ali Vakili-Ardebili, 2006; Maleki, 2011; Tavassoli, 1982). In the city 

of Yazd in particular, there is a big gap between the old structure and the new 

development of the city in terms of the style of architecture and urban design that 

causes the discontinuity in creating climatic responsive urban areas. This gap has 

motivated this study to examine the public courtyard more deeply in order to 

discover those forgotten principles to apply in current practice of architecture. 

1.1 Background of Study 

The large area of Iran is covered by hot and dry climate. Among the cities of this 

region, Yazd is the most famous one for its unique architecture and urban design 

(Tavassoli, 1982). The historical structure of Yazd has been existed without any 

noticeable changes and has also been listed in the “World Heritage Centre” by 

UNESCO (UNESCO, 2007). 
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It has been globally accepted that the climatic factors are the key issues in 

architectural and urban design (Eben Saleh, 2001; Gaitani et al., 2007; Golany, 

1996; Pressman, 1989). The usefulness of climatic responsive architecture in 

improving the quality of life has also been shown through the vernacular 

architecture of the recorded history (Cook, 1996; Zhai and Previtali, 2010). As a 

result of industrial revolution and access to the new types of energy, unfortunately, 

the attention to the environmental conditions was undermined. Consequently, the 

geographically and climatically oriented architecture of the past was replaced with a 

new worldwide style of architecture with little respect to the specific conditions of 

each place. In the case of Yazd city, these changes started to happen in the late 20
th

 

century (Tavassoli, 1982). What we have seen after that in Yazd and also in Iran, is 

the appearance of very similar urban areas in both form and structure. These 

similarities have led to the emergence of poor urban areas in addressing the visual, 

thermal and spatial needs of the people. Therefore, researchers have been recently 

emphasized the importance of compatible built environment with consideration of 

the specific conditions of its surroundings. The failure in this modern approach of 

urban planning and design has highlighted the need to investigate the specific 

characteristic of each place and make an exclusive design decision. 

In the hot and dry climate, the designers are faced with two opposite conditions 

which are the extreme heat in the summer versus the extreme cold in the winter. In 

theory, the architecture need to be exposed to the sun in the winter to receive solar 

heat, but in the summer, the solar radiation should be avoided. The traditional 

architecture of this region demonstrates that the compactness in the urban form 

while having some open spaces for urban activities is the best answer to this extreme 
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climate (Johansson, 2006). But the new aspects of urban life such as the use of 

vehicles and the need to have bigger spaces are against the traditional concepts and 

lead to the creation of uncomfortable thermal environment in urban areas (Ali-

Toudert and Mayer, 2006; Tavassoli, 1982). Therefore, the continuation of 

traditional style of architecture was doomed to failure in recent decades and similar 

urban design patterns started to appear in most parts of the country. 

In the field of urban design, the role of urban open spaces and urban canyons is very 

important, because they affect both indoor and outdoor microclimate (Ali-Toudert 

and Mayer, 2006; Johansson, 2006). As a result, the thermal sensation of people and 

the energy consumption inside buildings are influenced by these open spaces. The 

importance of the open spaces is multiplied in the cities with extreme climate like 

Yazd. It is because of the dominant role of climatic factors in creating urban spatial 

form in this context. Moreover, it has been revealed that the solar radiation has the 

main role among these climatic factors in Yazd (Tavassoli, 1982).  

In the traditional Iranian architecture, the solution to the issue regarding the need of 

urban open spaces was the creation of courtyard. The courtyard idea has been widely 

used in both residential houses (private courtyard) and urban areas (public 

courtyard) since 2000 B.C. all over the Persian Empire (Tavassoli, 1982). The 

regular application of this idea especially in hot and dry climate of Iran until a few 

decades ago inherited us a great numbers of cities and villages with private and 

public courtyards. Furthermore, the popularity and the positive experience towards 

the public courtyard encourage the designers to still practice this idea in their new 

designs. Therefore, there is an opportunity to find out more about the relations 

between the climatic factors and the thermal conditions of public courtyard in the 
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traditional Iranian architecture. Eventually, we can adapt and improve the past 

experience to use in the current practice of architecture and urban design. 

This study seeks to examine the microclimatic effects of traditional public courtyard 

in order to promote the human thermal environment that can benefit the current 

practice of architecture and urban design. 

1.2 Research Problem 

The contemporary architectural and urban design have failed to address all aspects 

of urban life as well as the need for comfortable thermal environment (Golany, 

1996). It is due to the lack of attention to the particular climatic conditions of each 

place and design based on the global matters. It is stated that the traditional 

architecture and urban design within the hot and dry climate has much better thermal 

environment in comparison to their surrounding contemporary urban areas (Al-

Azzawi, 1994; Johansson, 2006; Tavassoli, 1982). The recent bioclimatic studies 

have also revealed that the climatic responsive architecture strengthens the use of 

urban open spaces (Johansson, 2006; Nikolopoulou et al., 2001).  

In the case of Yazd city, there are still a lot of efforts to build open spaces in new 

urban development based on the traditional courtyard idea. But the effort to create 

suitable thermal environment in these new urban open spaces is deemed 

unsuccessful due to the lack of design knowledge on building climatic responsive 

public courtyard. As a result, there is a lack of urban open spaces to improve thermal 

environment especially in new developed area in spite of having some good 

examples in nearby historical area of Yazd. 
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The courtyard idea in traditional architecture of Yazd has been identified as a 

valuable architectural pattern for further investigation in this study. The purpose is 

to develop the potential of the courtyard idea to be applied in the current situation by 

discovering the relations between its form and different thermal boundaries. The aim 

is to provide more comfortable thermal environment in the selected geographical 

context. 

1.3 Research Questions 

The main research question is: 

How can we control solar radiation in a public courtyard of Yazd for improving 

thermal environment? 

Sub-research questions are: 

Sub RQ1<who>: What is the traditional public courtyard pattern in the city of 

Yazd? 

Sub RQ2<what>: What is the current condition of thermal environment in these 

traditional public courtyards? 

Sub RQ3<how>: How to utilize design parameters for public courtyard to achieve 

more comfortable thermal environment and be used in the current urban design 

practice? 
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1.4 Point of Departure 

In the field of outdoor thermal environment, there is still a shortage of study 

especially on urban open spaces. Most of the previous studies have been conducted 

in the public spaces such as streets which are shared by both vehicle and pedestrians 

(Ali-Toudert and Mayer, 2006; Fahmy and Sharples, 2009; Shashua-Bar and 

Hoffman, 2003). Therefore, additional studies are highly advisable in particular in 

pedestrian streets and urban open spaces where comfort is required all day and in the 

whole area of urban canyon. 

In addition, previous studies mentioned above have focused their analysis on the 

thermal conditions of the whole urban space. The results are gathered by using the 

average of climatic conditions of the whole area or by choosing a single point to 

represent that area. So, the need to study different thermal boundaries in a single 

space and analyze the different sides separately is therefore necessary (i.e. different 

sides of a street). 

It is found that the data collection strategy of the previous studies in Yazd was based 

on the field research (mainly on-site observation and interview) and field 

measurement (Maleki, 2011; Tavassoli, 1982). This method limits those studies to 

only examine the existing traditional architecture in its current situation. As a result, 

all the information produced is a description about the suitable ideas and techniques 

of traditional architecture and their degree of effectiveness. To deeply examine the 

traditional public courtyard pattern in a wider range, we therefore need to conduct an 

experiment using a computer simulation approach. 
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1.5 Research Aim and Objectives 

The aim of this research is to study the effects of courtyard form on its thermal 

environment by focusing on the role of solar radiation in the city of Yazd. 

Based on the above aim, three objectives are developed as follows: 

1) To determine the traditional public courtyard pattern of Yazd by studying the 

existing courtyards. 

2) To evaluate the current thermal environment of an existing public courtyard by 

both field measurement and computer simulation. 

3) To assess the different possibility of design parameters by computer simulation 

and propose recommendations for designing more thermally comfortable public 

courtyards. 
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1.6 Research Methodology 

This study uses a quantitative research methodology by conducting a computational 

experiment of the climatic factors using ENVI-met model. 

In order to answer the research questions, this research adopts the following 

methods: 

First, is to gather the observational data of the historical area of Yazd city by maps, 

photos and manual sketch. This data will indicate the traditional public courtyard 

pattern of the Yazd city. 

Second, is to conduct a field measurement of the climatic factors in a selected public 

courtyard in the historical area of Yazd. The measurement includes air temperature 

Ta and globe temperature Tg. 

Third, is to do a computer simulation of the selected public courtyard along with ten 

other proposed courtyard models to predict their microclimatic conditions. This data 

will be used to make the design recommendations for building more thermally 

comfortable public courtyards in the city of Yazd. 

1.7 Research Framework 

The research is organized as illustrated in the Figure 1.1. 
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1.8 Scope and Limitation of Research 

This research deals with the effects of solar radiation on creating different thermal 

environment in public courtyards of Yazd. The focus of this research is on Mean 

Radiant Temperature (Tmrt) which sums up all short-wave and long-wave radiation 

fluxes absorbed by a human body in urban environment. However, the effects of 

other factors like Air Temperature (Ta), Wind Speed (WS) and Relative Humidity 

(RH) is also considered by the use of PMV index. Although the strategy toward the 

use of solar radiation in the summer and winter are opposite, this study is limited to 

the summer condition.  

Therefore, the outcome of this research is applicable to the design of public 

courtyards for the summer use only. Additional studies will be needed to test if the 

findings of this research are applicable to the winter condition. However, this lack 

would be resolved if a designer check the solar access index SAI in his design to 

insure the presence of desired winter solar radiation while applying the 

recommendations of this study. 

1.9 Significance of Research 

First and foremost, a common traditional pattern for building urban open spaces is 

evaluated in this study. The outcome of this research will provide a helpful resource 

(Aldawoud, 2008; Muhaisen and B Gadi, 2006) for designing the public courtyard in 

Yazd and even other cities with similar climate. It can be used as a guide for 

architects to design more thermally comfortable urban open spaces particularly in 

the urban development in the hot and dry regions. 
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Second, the usefulness of colonnade attached to the courtyard sides to provide 

shading is examined in this study. Consequently, the cooling effects of colonnade 

with the different formal properties will be presented in detail. 

Third, the results of this study will contribute towards the application of a traditional 

pattern into the current urban design to promote comfortable thermal environment. 

Furthermore, by defining conditions of comfort for outdoor environments, an 

important step towards designing the optimum urban pattern for the city of Yazd can 

be made. 

Fourth, the new microclimatic tool of ENVI-met for simulating all the interactions 

between the climate and urban form is used in this study. Using the ENVI-met 

model, this research is able to examine the effects of courtyard form on all the 

climatic factors of Ta, WS, RH and particularly the Tmrt. Consequently, the most 

suitable use of each courtyard design parameters will be recommended for providing 

comfortable thermal environment in outdoor spaces. 

1.10 Research Organization 

This thesis includes five chapters. Chapter 1 provides a brief introduction of the 

study includes the background and the problem of research, research questions, 

POD, aim and objectives, research methodologies, scope and limitation, and 

significance of research. Chapter 2 presents the most significant findings in the 

literature related to urban form, courtyard form and design, microclimatic condition 

in outdoor spaces particularly in hot and dry climate, and outdoor thermal 

environment and its assessment methods. This chapter also introduces the Yazd 
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climate and the relevant simulation tools with a detailed description of ENVI-met 

tool for simulating climatic condition in micro scale urban areas. Chapter 3 

describes three methodologies of gathering observational data from Yazd, field 

measurement and computer simulation used in this study. The results of courtyard 

study, field measurement and computer simulation using ENVI-met are presented 

and analyzed in Chapter 4. The results presented in the previous chapter are 

comprehensively discussed in Chapter 5 in order to highlight the findings of this 

study and make recommendations for designing public courtyards in Yazd. Chapter 

6 finalizes this study by summarizing its findings and making conclusion and 

recommendations for further studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

228 
 

REFERENCES 

Ahmed, K. S. (2003). "Comfort in urban spaces: defining the boundaries of outdoor 

thermal comfort for the tropical urban environments." Energy and Buildings 

35(1): 103-110. 

Al-Azzawi, S. (1994). "Indigenous courtyard houses: A comprehensive checklist for 

identifying, analysing and appraising their passive solar design 

characteristics Regions of the hot-dry climates." Renewable Energy 5(5-8): 

1099-1123. 

Aldawoud, A. (2008). "Thermal performance of courtyard buildings." Energy and 

Buildings 40(5): 906-910. 

Ali-Toudert, F. (2005). Dependence of outdoor thermal comfort on street design in 

hot and dry climate. Freiburg, Berichte des Meteorologischen Institutes der 

Universität Freiburg. PHD Thesis. 

Ali-Toudert, F., M. Djenane, et al. (2005). "Outdoor thermal comfort in the old 

desert city of Beni-Isguen, Algeria." CLIMATE RESEARCH 28: 243–256. 

Ali-Toudert, F. and H. Mayer (2006). "Numerical study on the effects of aspect ratio 

and orientation of an urban street canyon on outdoor thermal comfort in hot 

and dry climate." Building and Environment 41(2): 94-108. 

Ali-Toudert, F. and H. Mayer (2007). "Effects of asymmetry, galleries, overhanging 

façades and vegetation on thermal comfort in urban street canyons." Solar 

Energy 81(6): 742-754. 

Ali Vakili-Ardebili, A. H. B. (2006). Quality concept in Persian precedent 

architecture: a lesson in eco-building design. PLEA2006 - The 23rd 

Conference on Passive and Low Energy Architecture. Geneva, Switzerland. 

Ancient-History-Encyclopedia. (2012). "UR."   Retrieved Aug 23, 2012, from 

www.ancient.eu.com/ur. 

Arnfield, A. J. (2003). "Two decades of urban climate research: a review of 

turbulence, exchanges of energy and water, and the urban heat island." 

International Journal of Climatology 23(1): 1-26. 

Asawa, T., A. Hoyano, et al. (2008). "Thermal design tool for outdoor spaces based 

on heat balance simulation using a 3D-CAD system." Building and 

Environment 43(12): 2112-2123. 

http://www.ancient.eu.com/ur


© C
OPYRIG

HT U
PM

229 
 

ASHRAE (2003). ASHRAE® STANDARD 55P, American society of heating, 

refrigerating and air conditioning. 

ASHRAE (2009). Chapter 36 - Measurement and instruments. Handbook of 

fundamentals, American society of heating, refrigerating and air 

conditioning. 

Bahadori, M. N. (1978). "Passive cooling systems in Iranian architecture." Scientific 

American 2 238: 144–152. 

Bruse, M. (2011). "ENVI-met homepage."   Retrieved Aug 23, 2012, from 

www.envi-met.com. 

Bruse, M. and H. Fleer (1998). "Simulating surface-plant-air interactions inside 

urban environments with a three dimensional numerical model." 

Environmental Modelling and Software 13(3-4): 373-384. 

Chalfoun, N. V. (2001). Thermal comfort assessment of outdoor spaces using 

MRT© and fish-eye lens photography of architectural scale models: a case 

study of the “arts oasis” plaza at the university of Arizona, USA. 18th Int. 

Conf. on PLEA. Florianópolis, BRAZIL. 

Chen, H., R. Ooka, et al. (2004). "Study on outdoor thermal environment of 

apartment block in Shenzhen, China with coupled simulation of convection, 

radiation and conduction." Energy and Buildings 36(12): 1247-1258. 

Chow, W. T. L. and A. J. Brazel (2012). "Assessing xeriscaping as a sustainable 

heat island mitigation approach for a desert city." Building and Environment 

47: 170-181. 

Cook, J. (1996). "Architecture indigenous to extreme climates." Energy and 

Buildings 23(3): 277-291. 

Coronel, J. F. and S. Álvarez (2001). "Experimental work and analysis of confined 

urban spaces." Solar Energy 70(3): 263-273. 

Dear, R. and A. Auliciems (1985). "Validation of the predicted mean vote model of 

thermal comfort in six Australian field studies." ASHRAE Transactions 

91(2): 452-468. 

Dear, R., K. Leow, et al. (1991). "Thermal comfort in the humid tropics. Part I. 

Climate chamber experiments on temperature preferences in Singapore." 

ASHRAE Transactions 97(1): 874-879. 

http://www.envi-met.com/


© C
OPYRIG

HT U
PM

230 
 

Eben Saleh, M. A. (2001). "The evolution of planning & urban theory from the 

perspective of vernacular design: MOMRA initiatives in improving Saudi 

Arabian neighbourhoods." Land Use Policy 18(2): 179-190. 

Fahmy, M. and S. Sharples (2009). "On the development of an urban passive 

thermal comfort system in Cairo, Egypt." Building and Environment 44(9): 

1907-1916. 

Fahmy, M., S. Sharples, et al. (2010). "LAI based trees selection for mid latitude 

urban developments: A microclimatic study in Cairo, Egypt." Building and 

Environment 45(2): 345-357. 

Fanger, P. O. (1970). Thermal comfort: analysis and applications in environmental 

engineering, Danish Technical Press. 

Fathy, H. (1986). Natural Energy and Vernacular Architecture. Chicago, The 

University of Chicago Press. 

Gagge, A. P., J. A. J. Stolwijk, et al. (1986). "A standard predictive index of human 

responses to the thermal environment." AHSRAE Transactions 92: 709-731. 

Gaitani, N., G. Mihalakakou, et al. (2007). "On the use of bioclimatic architecture 

principles in order to improve thermal comfort conditions in outdoor spaces." 

Building and Environment 42(1): 317-324. 

Givoni, B. (1998). Climate considerations in building and urban design, John Wiley 

& Sons, Inc. 

Golany, G. S. (1996). "Urban design morphology and thermal performance." 

Atmospheric Environment 30(3): 455-465. 

Gulyás, Á., J. Unger, et al. (2006). "Assessment of the microclimatic and human 

comfort conditions in a complex urban environment: Modelling and 

measurements." Building and Environment 41(12): 1713-1722. 

Hana, R. and P. Simpson (1996). "The climate and the social climate of a design 

stereotype: the courtyard paradigm." Traditional dwellings and settlements 

working paper series 88. 

Höppe, P. (1999). "The physiological equivalent temperature – a universal index for 

the biometeorological assessment of the thermal environment." International 

Journal of Biometeorology 43(2): 71-75. 

Höppe, P. (2002). "Different aspects of assessing indoor and outdoor thermal 

comfort." Energy and Buildings 34(6): 661-665. 



© C
OPYRIG

HT U
PM

231 
 

Integrated-Environmental-Solutions-(IES). (2012). "IES <Virtual Environment>."   

Retrieved Jan 18, 2012, from www.iesve.com. 

Jendritzky, G. and W. Nübler (1981). "A model analysing the urban thermal 

environment in physiologically significant terms." Meteorology and 

Atmospheric Physics 29(4): 313-326. 

Johansson, E. (2006). "Influence of urban geometry on outdoor thermal comfort in a 

hot dry climate: A study in Fez, Morocco." Building and Environment 

41(10): 1326-1338. 

Johnson, G. T. and L. J. Hunter (1995). "A numerical study of dispersion of passive 

scalars in city canyons." Boundary-Layer Meteorology 75(3): 235-262. 

Kostof, S. (1999). The city assembled:  The elements of urban form through history, 

Thames & Hudson. 

Li, X., Z. Yu, et al. (2005). "Numerical analysis of outdoor thermal environment 

around buildings." Building and Environment 40(6): 853-866. 

Lynch, K. (1992). The image of the city, MIT Press. 

Maleki, B. A. (2011). "Traditional sustainable solutions in Iranian desert architecture 

to solve the energy problem." International Journal on Technical and 

Physical Problems of Engineering (IJTPE) 3(6): 84-91. 

Masmoudi, S. and S. Mazouz (2004). "Relation of geometry, vegetation and thermal 

comfort around buildings in urban settings, the case of hot arid regions." 

Energy and Buildings 36(7): 710-719. 

Matzarakis, A. and H. Mayer (1997). "Heat stress in Greece." International Journal 

of Biometeorology 41(1): 34-39. 

Matzarakis, A., H. Mayer, et al. (1999). "Applications of a universal thermal index: 

physiological equivalent temperature." International Journal of 

Biometeorology 43(2): 76-84. 

Matzarakis, A., F. Rutz, et al. (2006). Modelling the thermal bioclimate in urban 

areas with the RayMan Model. PLEA2006 - The 23rd Conference on Passive 

and Low Energy Architecture. Geneva, Switzerland. 

Mayer, H. (1993). "Urban bioclimatology." Cellular and Molecular Life Sciences 

49(11): 957-963. 

Mayer, H. and P. Höppe (1987). "Thermal comfort of man in different urban 

environments." Theoretical and Applied Climatology 38(1): 43-49. 

http://www.iesve.com/


© C
OPYRIG

HT U
PM

232 
 

Meir, I. A., S. C. Roaf, et al. (2004). The vernacular and the environment towards a 

comprehensive research methodology. The 21st Conference on Passive and 

Low Energy Architecture (PLEA). Eindhoven, The Netherlands. 

Mentor-Graphics. (2012). "FloVENT."   Retrieved Jan 18, 2012, from 

www.mentor.com/products/mechanical/products/flovent. 

Mohsen, M. A. (1979). "Solar radiation and courtyard house forms II: Application of 

the model." Building and Environment 14(3): 185-201. 

Muhaisen, A. S. and M. B Gadi (2006). "Shading performance of polygonal 

courtyard forms." Building and Environment 41(8): 1050-1059. 

Muneer, T., C. Gueymard, et al. (2004). 6 - Ground Albedo. Solar Radiation and 

Daylight Models (Second Edition). Oxford, Butterworth-Heinemann: 303-

316. 

Niachou, K., I. Livada, et al. (2008). "Experimental study of temperature and airflow 

distribution inside an urban street canyon during hot summer weather 

conditions. Part II: Airflow analysis." Building and Environment 43(8): 

1393-1403. 

Nikolopoulou, M., N. Baker, et al. (2001). "Thermal comfort in outdoor urban 

spaces: understanding the human parameter." Solar Energy 70(3): 227-235. 

Nikolopoulou, M. and S. Lykoudis (2006). "Thermal comfort in outdoor urban 

spaces: Analysis across different European countries." Building and 

Environment 41(11): 1455-1470. 

Oke, T. R. (1984). "Towards a prescription for the greater use of climatic principles 

in settlement planning." Energy and Buildings 7(1): 1-10. 

Oke, T. R. (1988). "Street design and urban canopy layer climate." Energy and 

Buildings 11(1-3): 103-113. 

Pickup, J. and R. D. Dear (1999). An outdoor thermal comfort index (OUT-SET*). 

15th ICB & ICUC. Macquarie University, Sydney. 

Plumley, H. J. (1977). Design of outdoor urban spaces for thermal comfort. 

Proceedings of the conference on metropolitan physical environment, 

Syracuse, N.Y., U.S. Department of Agriculture, Forest Service, 

Northeastern Forest Experiment Station. 

Pressman, N. (1989). "Final report: UN/ECE research colloquium on human 

settlements in harsh living conditions." Habitat International 13(2): 23-29. 

http://www.mentor.com/products/mechanical/products/flovent


© C
OPYRIG

HT U
PM

233 
 

Ratti, C., D. Raydan, et al. (2003). "Building form and environmental performance: 

archetypes, analysis and an arid climate." Energy and Buildings 35(1): 49-

59. 

Reynolds, J. S. (2002). Courtyards. New York, John Wiley & Sons, Inc. 

Safarzadeh, H. and M. N. Bahadori (2005). "Passive cooling effects of courtyards." 

Building and Environment 40(1): 89-104. 

Santamouris, M. (2005). Passive cooling of buildings. Advances in Solar Energy. Y. 

Goswami. London, James and James (Science Publishers). 16: 532. 

Santamouris, M., N. Papanikolaou, et al. (1999). "Thermal and air flow 

characteristics in a deep pedestrian canyon under hot weather conditions." 

Atmospheric Environment 33(27): 4503-4521. 

Santamouris, M., N. Papanikolaou, et al. (2001). "On the impact of urban climate on 

the energy consumption of buildings." Solar Energy 70(3): 201-216. 

Sasaki, K., H. Mayer, et al. (2009). Field measurement on thermal comfort in 

outdoor location. The seventh International conference on urban climate. 

Yokohama, Japan. 

Sharlin, N. and M. E. Hoffman (1984). "The urban complex as a factor in the air-

temperature pattern in a Mediterranean Coastal Region." Energy and 

Buildings 7(2): 149-158. 

Shashua-Bar, L. and M. E. Hoffman (2002). Quantitative evaluation of the effects of 

built-up geometry and trees on diurnal air temperature in canyon-type 

courtyards. Advances in Building Technology. M. Anson, J. M. Ko and E. S. 

S. Lam. Oxford, Elsevier: 1493-1500. 

Shashua-Bar, L. and M. E. Hoffman (2003). "Geometry and orientation aspects in 

passive cooling of canyon streets with trees." Energy and Buildings 35(1): 

61-68. 

Spagnolo, J. and R. de Dear (2003). "A field study of thermal comfort in outdoor 

and semi-outdoor environments in subtropical Sydney Australia." Building 

and Environment 38(5): 721-738. 

Spagnolo, J. C. and R. J. D. Dear (2003). "A human thermal climatology of 

subtropical sydney." International journal of climatology (23): 1383-1395. 

Spalding, B. (2011). "PHOENICS homepage."   Retrieved Oct 6, 2011, from 

www.cham.co.uk. 

http://www.cham.co.uk/


© C
OPYRIG

HT U
PM

234 
 

Swaid, H. and M. E. Hoffman (1990). "Climatic impacts of urban design features for 

high- and mid-latitude cities." Energy and Buildings 14(4): 325-336. 

Tanabe, S.-i., K. Kobayashi, et al. (2002). "Evaluation of thermal comfort using 

combined multi-node thermoregulation (65MN) and radiation models and 

computational fluid dynamics (CFD)." Energy and Buildings 34(6): 637-646. 

Tavassoli, M. (1982). Urban structure and architecture in the hot arid zone of Iran. 

Tehran. 

Thorsson, S., T. Honjo, et al. (2007). "Thermal Comfort and Outdoor Activity in 

Japanese Urban Public Places." Environment and Behavior 39(5): 660-684. 

Trenkle, R. (1988). "The absorption of solar energy in a courtyard." Energy and 

Buildings 11(1-3): 309-317. 

UNESCO. (2007). "The Historical Structure of Yazd."   Retrieved Aug 23, 2012, 

from www.whc.unesco.org/en/tentativelists/5191. 

Wania, A., M. Bruse, et al. (2011). "Analysing the influence of different street 

vegetation on traffic-induced particle dispersion using microscale 

simulations." Journal of Environmental Management. 

Wong, N. H. and S. K. Jusuf (2008). "GIS-based greenery evaluation on campus 

master plan." Landscape and Urban Planning 84(2): 166-182. 

Ye, G., C. Yang, et al. (2003). "A new approach for measuring predicted mean vote 

(PMV) and standard effective temperature (SET∗)." Building and 

Environment 38(1): 33-44. 

Zhai, Z. and J. M. Previtali (2010). "Ancient vernacular architecture: characteristics 

categorization and energy performance evaluation." Energy and Buildings 42(3): 

357-365. 

 

 

 

 

 

 

 

http://www.whc.unesco.org/en/tentativelists/5191

	THERMAL PERFORMANCE OF PUBLIC COURTYARDS IN YAZD, IRAN DURING SUMMER
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



