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Abstract. Cognition of the bioclimatic conditions in any place can be the first step in conducting many 

environmental studies. This study was performed with the aim of determining the thermal stress of Iran. 

For this purpose, the daily data of the climatic variables in 288 synoptic stations were prepared from the 

Iran Meteorological Organization during the period 1981-2010. First, the bioclimatic conditions in each 

of the stations were calculated based on UTCI (Universal Thermal Climate Index) and PET 

(Physiologically Equivalent Temperature) indices. Then, using the thermal stress of 288 synoptic stations, 

the bioclimatic conditions throughout Iran were interpolated using a Simple Kriging method. The results 

of this study showed that the bioclimatic conditions are immensely varied spatially and temporally, such 

that in specific times all bioclimatic conditions can be seen in Iran. Also, during the year, each place can 

experience different bioclimatic conditions. Based on UTCI, extreme cold and extreme heat stress are the 

only bioclimatic conditions that do not exist during the year. However, based on PET, all bioclimatic 
conditions exist during the year. Also July and January, respectively, are the hottest and coldest months of 

the year. Based on UTCI in April, October and November, more than 70% of Iran has comfortable 

conditions, whereas PET showed that in March and October 24.6 and 23.7% experienced comfortable 

conditions respectively. It seems that the obtained results of PET index have high efficiency in 

relationship with UTCI index to show Iran’s bioclimatic conditions. 

Keywords: applied climatology, bioclimatic conditions, climatic comfort, human heat balance, extreme 

climatic conditions 

Introduction 

Climate and weather conditions are the most important components of the 

environment. Atmospheric conditions can have an effect on some activities and even 

create restrictions in our lives. Identification and understanding the weather conditions 

in any place is inevitable and necessary. It is clear that there is no place in the world 

experiencing favourable conditions and thermal comfort throughout the year. 

Nowadays, there has been much interest in the study of differentiation of bioclimatic 

conditions in outdoor spaces (Nikolopoulou, 2004; Geletič et al., 2018). Most of the 

research performed in different countries has been focusing on aspects such as the 

relations between thermal comfort, microclimate, behavior and use of place and spatial 

variation (Nikolopoulou and Lykoudis, 2006 and 2007; Thorsson et al., 2007; Kántor et 

al., 2012a, b). Such research is often carried out because of climate change and 

increased occurrence of heat stress in the earth’s surface (Frich et al., 2002; Givoni et 

al., 2003; Matzarakis et al., 2013). An important use of bioclimatic studies is energy 

management and architecture. In many parts of Iran, architecture is designed to 

harmonize with the climate (Pourvahidi and Ozdeniz, 2013). In general, for 
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comprehensive and sustainable development, environmental studies, especially 

bioclimatic studies are very important. In the past years, many indices on different aims 

and goals were developed to assess the suitability of climate for tourism activities and 

thermal stress issues including adaptation factors (Morgan et al., 2000; Maddison, 2001; 

Lise and Tol, 2002; Potchter et al., 2018). The recognition of human bioclimatic 

comfort in geographical areas is important for the planning of tourism (Matzarakis, 

2006; Kovács et al., 2017). It could also help in the planning of building and housing, 

architectural patterns and the use of natural attractions of ecotourism in environmental 

planning (Ramazani Gourbi, 2010; Milošević et al., 2016). 

The evaluation of bioclimatic conditions and atmospheric variables in each place can 

be used to choose the best time and place to travel, requirements that are important for 

tourism purposes (Caliskan et al., 2012). For example, research by Shakoor (2011) 

showed that in the Yazd province, the best season for tourists activities is autumn and 

the most ideal bioclimatic conditions with the emphasis on tourists health is seen in the 

Anar region (south west of Yazd province). Evaluation of the role of climate on tourism 

in the northwest of Iran, using the PET (Physiologically Equivalent Temperature) index 

showed that the months of June, July and August are in the comfortable category 

representing the most suitable months for tourism and tourist activities (Farajzadeh and 

Matzarakis, 2009). In another study using the Predicted Mean Vote (PMV) index the 

highest level of climatic comfort for Tabriz is in August, July and September, while the 

lowest value of climatic comfort is in November, December, January, February and 

March (Ghavidel Rahimi and Ahmadi, 2013). In another study, Eslami and Tirandaz  

(2011) showed up in their study that there are suitable conditions during the days, from 

May to November and during the night, from June to September in the Gilan province. 

There are several indicators to check the bioclimatic conditions. According to research 

by Cendrowska (2013) UTCI (Universal Thermal Climate Index) compared to the PET 

index is more efficient in assessing the bioclimatic conditions of urban areas for tourism 

and recreational purposes. In addition, climatic conditions can affect the health and 

welfare of humans. For example cold or very hot weather types, especially in young 

people and children can aggravate respiratory diseases (Lecha Estela, 1998). Several 

studies on bioclimatic conditions in different regions have been carried out. 

Most studies that have been done in this field in Europe and the United States have 

been centered on human health (Scott et al., 2004; Ruuhela et al., 2017; Basarin et al., 

2018). For example, the role of the climate on mortality rates in US cities was studied 

by Kalkstein (2008). The Dadbakhsh et al. (2017) study was conducted to evaluate the 

relation between respiratory-related mortality and temperature in Shiraz, Iran. Heat 

stress in Greece stuadied by Matzarakis and Mayer (1997). In Austria, has been studied 

heat-related mortality in Vienna (Matzarakis et al., 2011). A similar study was 

conducted by Nastos and Matzarakis (2008) on Athens. Such studies in Japan, to assess 

the environmental effects and in particular the effect of weather conditions on human 

activities and behaviors have also been done (Ichinose et al., 2008; Matzarakis, 2008). 

Studies in this discipline have progressed in China, similarly to popular studies in 

Europe, although the climatological background and acclimation potential of the 

peoples of China are partially similar to those of Japan. 

Temperature and humidity are the important determinants of the bioclimatic 

conditions in any place. In addition to these two variables, wind speed, cloudiness and 

vapor pressure have an important role in our sense of climatic conditions. Though, each 

person is affected by a series of climatic variables simultaneously, their perception, 
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feeling and response to these factors, however, due to physiological characteristics and 

coverage, are different (Lin et al., 2011). The review of a number of recent studies has 

shown that identification of bioclimatic regions has become an attractive issue worthy 

of investigation. These studies were focusing on tourism activities, diseases and health 

(Matzarakis, 2006). In this study, bioclimatic zones of Iran were identified by UTCI and 

PET indices. These indices are the best indicators used to assess the bioclimatic 

conditions in all climatic regions (Richards and Havenith, 2007; Bröde et al., 2009; 

Matzarakis et al., 1999). 

The main purpose of current research is study of the bioclimatic conditions of Iran 

using PET and UTCI indexes. In fact, the obtained results of research can be the 

foundation of other research including planning of building and housing, architectural 

patterns, ecotourism, health, and so on. It is pinpointed that the two mentioned indexes 

rarely have been performed to show the bioclimatic conditions of Iran based on monthly 

scale in previously. Therefore, the characteristics and scope of each area based on 

bioclimatic regions were evaluated and final results of both indices were compared. 

Materials and methods 

In this study, the bioclimatic conditions in 288 synoptic stations of Iran based on the 

PET and UTCI indices were evaluated. However, these stations studied, did not have 

the statistical period equal. For example, Tehran, Isfahan, Tabriz, Mashhad and some 

old stations had a statistical period of more than 30 years, while in some other stations; 

the length of the survey period was less than 10 years. 

Therefore, due to the inequality of the length of the study period, their long-term 

average daily was used. If the station has daily 10-year data, the long- term daily 

average of that station is calculated based on 10 years. For stations with more or less 

data, the same calculations have been done. In fact, in this study have been used long-

term average daily data and maps provide with this data. 

Atmospheric variables including average temperature, wind speed, relative humidity, 

cloudiness, and water vapor pressure were used. A database of meteorological variables 

mentioned was created for each station on a daily basis. After calculating the 

bioclimatic conditions of each station on daily, the long-term average daily thermal 

stress was calculated. Then, using interpolation techniques, bioclimatic conditions in 

Iran was estimated. The PET and UTCI indices were calculated by RayMan and 

BioKlima software respectively. Both indices can be calculated by several 

meteorological variables manually. But manual calculations are often difficult and very 

complex. Therefore, in most bioclimatic indices related software are often used in these 

cases (Mohammadi and Karimi, 2017). In this research, the homogeneity of the data 

was done using a Kolmogorov-Smirnov test .The data used were normal distribution, so 

their homogeneity was confirmed. The data used was obtained from the Meteorological 

Organization of Iran (Fig. 1). 

Usually studies carried out in the field of bioclimatic conditions are in two different 

groups; bioclimatic conditions in outdoor and indoor spaces. Theoretically, the same 

indicators that the study of thermal stress indoors (climate discussion of architecture) 

are used, can also be used in open spaces of thermal stress. But the indices used for any 

geographic environment should be precisely identified. In fact, in evaluating thermal 

stress in outdoor spaces, many climate variables are not in the control of the researcher. 

So to solve this problem, the UTCI and PET, with the aim of a better assessment of 
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thermal stress for the outdoors, were presented. In this study, to investigate thermal 

conditions of Iran, two indices (UTCI and PET) as the biometeorological indices based 

on the human heat budget are applied (Cendrowska, 2013). In fact, UTCI offers a better 

portrayal of biothermal conditions for human beings compared to other indices 

Temperature Effective (TE), Wet Bulb Globe Temperature (WBGT), Heat Stress Index 

(HIS), Wind Chill Temperature (WCT), Physiological Subjective Temperature (PST) 

and Physiological Strain (PhS) (Blażejczyk et al., 2012). Many variables are used to 

calculate and estimate this index. In addition to climatic variables, some personal 

variables such as metabolic rate and thermal resistance of clothes, was chosen. Another 

benefit of using PET and UTCI indices is their calculating units (°C). Calculation in 

degrees Celsius creates a better understanding of these indices by experts in the fields of 

energy management, health and environmental planing (Lin and Matzarakis, 2008). To 

calculate the UTCI index, variables of air temperature (°C), relative humidity (%), 

vapor pressure (hPa), wind speed (m/s) and the sun altitude (degree), during the period 

1981-2010, were used. Therefore, a database of these variables for each of the stations 

was prepared to a dimension of 365 * 5. In this database, 5 is the number of variables 

and 365 is also the number of days of the year. For each station, bioclimatic conditions 

of Iran were calculated individually. Although UTCI index can be calculated by 

complex equations, in this study Bioklima 2.6 software was used to assess of thermal 

stresses. Different values of the UTCI have been classified according to thermal stress 

(Table 1). All steps for calculating the UTCI index were also performed for the PET 

index. The PET Index is one of the best indicators that based on the human energy 

balance equation (Matzarakis et al., 1999; Gulyas and Matzarakis, 2007; 

Charalampopoulos et al., 2013). The results of this index can be displayed as 

bioclimatic maps. The PET index is appropriate to evaluate the bioclimatic conditions in 

different geographical regions (Gulyas, 2005; Matzarakis et al., 2013). In this research, 

air temperature (°C), relative humidity (%), average wind speed (m/s), and cloudiness 

(Octas) were used to calculate PET values for Iran. 

 

 

Figure 1. The geographic distribution of 288 synoptic stations in Iran 
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Table 1. Ranges UTCI and of PET indices for different grades of thermal stress and 

thermal perception by human beings (Ketterer and Matzarakis, 2012) 

Thermal stress based on UTCI index (°C) Thermal perception based on PET index (°C) 

Extreme heat stress above +46 Very hot below 4 

Very strong heat stress +38 to +46 Hot 4 to 8 

Strong heat stress +32 to +38 Warm 8 to 13 

Moderate heat stress +26 to +32 Slightly warm 13 to 18 

No thermal stress +9 to +26 Comfortable 18 to 23 

Slight cold stress +9 to 0 Slightly cool 23 to 29 

Moderate cold stress 0 to -13 Cool 29 to 35 

Strong cold stress -13 to -27 Cold 35 to 41 

Very strong cold stress -27 to -40 Very cold above 41 

Extreme cold stress below -40 - - 

 

 

Due to the complexity of the calculations, in this study, PET and UTCI indices 

were calculated using RayMan 1.2 and BioKlima 2.6 software respectively. 

The PET index is calculated as follows in several stages: 

 In the first step body temperature must be calculated with MEMI (Munich 

Energy balance Model for Individuals) model based on meteorological 

parameters. 

 In the second step the calculated values of mean skin temperature and core 

temperature imported into the MEMI model and energy balance equation for 

air temperature based on Ta (with v = 0.1 m/s, VP = 12 hPa and Tmrt = Ta) 

dissolved. Eventually air temperature obtained is equivalent to the PET. 

 

The UTCI is defined as the air temperature (t) of the reference condition causing 

the same physiological response as the actual condition. Thus, UTCI is the air 

temperature which would produce under reference conditions the same thermal strain 

as in the actual thermal environment. Therefore, with the help of the mathematical 

relation, the UTCI can be calculated: 

 

 UTCI = CalcUTCI (temp, wind, mrt, hum)  

 

Where temp: air temperature (°C); wind: wind speed (m/s); mrt: mean radiant 

temperature (°C); hum: humidity ratio (%). 

By calculating the bioclimatic conditions of all stations, two databases from output 

UTCI and PET indices with dimensions of 288 * 365 were prepared. In this database, 

365 and 288, respectively, are the numbers of days of the year and stations. One 

purpose of this research was the mapping of Iran’s bioclimatic conditions. To draw 

these maps from the estimated heat stress, data of 288 of Iran’s synoptic stations based 

on PET and UTCI were used. In fact, using thermal stress to calculate these stations, 

interpolation was performed. In the atmospheric and geographical field of numerical 

analysis, interpolation is a method of constructing new data points within the range of 

a discrete set of known data points. In some cases it may be the average value of a 

parameter to be estimated over an area. This average, by the Simple Kriging method 
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will be calculated on different parts of that region and from their average the results 

will be achieved. Therefore, in this study, the Simple Kriging method was used to 

estimate Iran’s bioclimatic conditions. In Simple Kriging, all input points are used to 

calculate each output pixel value. The output of a Simple Kriging method is a raster 

map. For each pixel in the output map, a value is calculated by an interpolation on 

input point values. Finally, based on this database, bioclimatic conditions in Iran were 

estimated. Thus, for each day throughout the country, a bioclimatic map was prepared. 

In addition to using monthly averages of bioclimatic conditions, bioclimatic maps 

were drawn. 

Results 

Annual and seasonal differentiation of bioclimatic conditions 

Based on the UTCI index, Iran’s bioclimatic conditions during the year showed, on 

average, a comfort bioclimatic condition prevailing in 45% of Iran. In total, 31.7% of 

Iran has gone towards a warming condition over the year (the moderate heat stress, 

strong and very strong heat stress). On the other hand, cold bioclimatic conditions 

(slight cold stress, moderate cold stress, strong cold stress and very strong cold stress) 

in 21.3% of Iran have been seen. It should be noted, according to UTCI, strong and 

very strong heat stress condition, did not prevail in any part of Iran over the year. 

Each of the bioclimatic conditions during different months of the year, have shown a 

different situation. So, strong cold stress and strong heat stress conditions have not 

been seen, at any time, in Iran. Other bioclimatic conditions, such as very strong cold 

stress, has been record in Iran, for both January (0.9%) and February (0.2%). Also a 

very strong heat stress condition has been determined in Iran, for June (6.5%), July 

(10.7%) and August (6.8%). PET analysis on Iran’s bioclimatic conditions during the 

year showed that, on average, a comfort bioclimatic condition has been experienced in 

11.9% of Iran. In total, 55.6% of Iran has experienced warming conditions over the 

year (slightly warm, warm, hot and very hot). On the other hand, 32.5% of Iran has 

experienced cold conditions (low cold stress, cold stress, strong and very strong cold 

stress). It should be noted, according to this index, very cold and hot bioclimatic 

conditions, 3.5 and 15.1%, respectively, are in the lowest and highest parts of Iran. In 

general, according to Table 2, we can say that each of the bioclimatic conditions 

during the year have shown a different situation. For example, comfortable and 

slightly warm conditions were seen throughout the year in Iran. Other bioclimatic 

conditions, like very cold, have been reported in Iran, during winter and autumn. Also 

a very hot condition has been experienced in Iran during spring and summer. Other 

conditions and affected zones in different seasons can be seen in Table 2 and 

Figure 2. 

In general, in the annual assessment of PET and UTCI indices from Iran, 

significant differences were observed in thermal stress. Comparing Iran’s annual 

differentiation of bioclimatic conditions based on mentioned indices, suggests that the 

PET index has a more reasonable estimate of Iran’s thermal comfort compared to the 

UTCI index. Because Iran was located in the world’s desert belt and also identified as 

an arid and semi-arid region, the thermal comfort does not dominate climatic 

conditions. Hence PET's assessment of Iran’s thermal comfort is closer to the climatic 

reality. The difference in the quality of assessment of these indices can also be seen 

clearly in monthly maps. 
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Figure 2. Iran’s bioclimatic conditions in winter, spring, summer and autumn 

 

 
Table 2. The spatial extent (percent of the territory of Iran) of various categories of thermal 

stress and thermal perception in Iran, mean seasonal values for the period 1981-2010 

Autumn Summer Spring Winter UTCI 

0.0 0.0 0.0 0.0 Extreme cold stress 

0.0 0.0 0.0 0.4 Very strong cold stress 

0.4 0.0 0.0 4.9 Strong cold stress 

6.9 0.0 0.1 19.3 Moderate cold stress 

21.7 0.1 2.7 32.9 Slight cold stress 

63.1 22.5 52.0 42.3 No thermal stress 

7.1 40.3 28.3 0.3 Moderate heat stress 

0.7 31.3 14.7 0.0 Strong heat stress 

0.0 5.8 2.2 0.0 Very strong heat stress 

0.0 0.0 0.0 0.0 Extreme heat stress 

Autumn Summer Spring Winter PET 

3.5 0.0 0.0 10.5 Very cold 

7.5 0.0 0.1 14.4 Cold 

17.5 0.0 4.0 26.9 Cool 

20.1 0.1 18.8 22.1 Slightly cool 

19.3 0.7 36.0 15.7 Comfortable 

17.1 7.7 61.8 8.9 Slightly warm 

9.9 23.5 74.9 1.5 Warm 

4.8 35.1 60.8 0.0 Hot 

0.1 32.8 43.8 0.0 Very hot 
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Monthly differentiation of bioclimatic conditions 

January 

Studying the bioclimatic conditions of Iran by UTCI showed that extreme heat stress, 

strong and very strong heat stress, moderate heat stress and strong cold stress conditions 

in January, have not been experienced in Iran. In 27.4% of Iran’s territory, any thermal 

stress has not been seen. In this month, southern and southwestern regions of Iran, as 

well as scattered parts of the Caspian Sea coasts do not have heat stress. In January, 

slight cold stress in large parts of Iran (37.8% of Iran) was dominant. In addition, 

moderate cold stress, strong cold stress and very strong cold stress, with 25.6, 8.3 and 

0.9%, respectively, covered a considerable part of Iran in northern latitudes and higher 

elevations. In January, by reducing the height and latitude, Iran’s bioclimatic conditions 

have changed to climatic comfort. Based on the PET index, Iran does not have warm, 

hot and very hot bioclimatic conditions in January. In this month, cold conditions are 

dominant from the south to the northwest and northeast of Iran. However, the northwest 

of Iran, Kurdistan and Hamadan provinces are coldest places in Iran. Of course, on 

along the northwest to the southeast of Iran to the center of Kerman province, also 

Alborz Mountains and some parts of northeast and north of Iran, cold conditions has 

been experienced. On the other hand, slight warmth is experienced only in some parts of 

Hormozgan, Sistan and Baluchistan provinces. Generally, in this month, cool, cold and 

very cold conditions, 32.3, 20.3 and 18.2%, respectively, covered most parts of the 

country. Also, 10% of Iran was located in differentiation of bioclimatic conditions 

(Fig. 3). 

 

February 

Bioclimatic conditions of Iran in February revealed a very similar thermal stress to 

that of January. In this month, extreme heat stress, very strong heat stress, strong heat 

stress and moderate heat stress was not observed in Iran. In addition, extreme cold stress 

in any part of Iran cannot be seen. In this month, bioclimatic conditions with no thermal 

stress, compared to January, have shown a significant increase. The scope of areas 

without any thermal stress has increases from 27.4% in January to 33.2% in February. 

Slight cold stress in large parts of Iran (37.7%) has not been experienced. In this month, 

the extent of areas under moderate cold stress, strong cold stress and very strong cold 

stress has been reduced. In February, very hot and hot conditions cannot be seen in Iran. 

Compared to January, the extent of the areas that had experienced cold conditions has 

reduced. As well as the extent of areas with differentiation of bioclimatic conditions, 

slightly warm and warm conditions increased. From the southwest to the southeast of 

Iran, thermal comfort and slightly warm conditions are prevalent. In this month, in the 

highlands, as well as high latitude, there are cold conditions. In February such as in 

January, the northwest experienced colder conditions than other regions of Iran. Cool, 

cold and slightly cool conditions were experienced in 27.5, 24.4 and 16.5% of Iran, 

respectively (Fig. 3). 

 

March 

In March, extreme cold stress and very strong cold stress in the territory of Iran had 

not been seen. Compared to the months of January and February, cold stress in March is 

dominant in smaller parts of Iran. Therefore, it can be said that in March the beginning 
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of heat stress become evident in Iran, meaning that in March, the comfort conditions, 

compared to January and February, have been experienced in more parts of Iran. In fact, 

thermal comfort in March is the most abundant bioclimatic conditions of Iran. These 

conditions prevailed in 66.2% of the territory of Iran. By reducing the height and 

latitude, cold stress conditions in Iran has declined. Also start of heat stress can be seen 

in the Persian Gulf and Southeast of Iran. There is an obvious difference among Iran’s 

bioclimatic conditions in March compared to January and February. In March, the heat 

stress conditions in large parts of this country have developed. In other words, in this 

month, Iran was beginning to get out of the cold climatic conditions (slightly cool to 

very cold). There are cold and very cold conditions in less than 8% of Iran. In contrast, 

slightly cool, comfortable and cool conditions, have been experienced, in 25.5, 24.6 and 

20.8% respectively, of Iran. In this month, more than 20% of Iran’s climatic conditions 

tend to be warm. For example, areas that are in high latitudes and with greater height 

have experienced relatively colder bioclimatic conditions (Fig. 3). 
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Figure 3. Iran’s bioclimatic conditions in January, February and March 

 

 

April 

In April, bioclimatic conditions of extreme cold stress, very strong cold stress, strong 

cold stress, extreme heat stress, very strong heat stress and strong heat stress has not 

been seen in Iran. No thermal stress conditions in April, compared to the previous 

months (winter), in the wider parts have expanded. In this month, more than 76% of 

Iran has experienced no thermal stress conditions. The important point in this month is 

an increase in the range of moderate heat stress conditions that Iran has experienced. 

Within 15.5% of Iran, there was moderate heat stress. The belt of the south, southeast, 

parts of the southwest of Iran as well as parts of Kerman province are in the territories 

of moderate heat stress. In this month, scattered parts of the Kurdistan province and also 

along the Zagros Mountains have cold stress. In April, Iran’s bioclimatic conditions 

have changed compared to winter, especially in the months of January and February. In 

this month, severe bioclimatic conditions (very cold and very hot) are not experienced 

in Iran. In general, slightly cool, cool, cold conditions ruled about 20% of Iran’s 

territory. Unlike March, in this month, the extent of the regions with climatic comfort is 

reduced. Warm conditions also extended in large areas of Iran. In this month slightly 

warm, warm and comfort to the respectively 28.8, 23.1 and 21% in the major part of 

Iran have been seen. Southern of Iran being the warmest in this month and the 

northwest of Iran to the Alborz and Zagros Mountains being the coolest parts of the 

country (Fig. 4). 

 

May 

Bioclimatic conditions prevailing in May show a significant increase in heat stress. 

In this month, only a small part in the northwest of Azerbaijan is experiencing slight 

cold stress. From the beginning of the year (from January to May) cold stress with 

different intensities is seen in a small region of Iran. The important point in this month 

is the reduction in areas affected by thermal comfort. From January to April, the extent 
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of comfort conditions showed an increasing trend. This condition in Iran has shown a 

significant reduction (dropping from 76.6% in April to 54.6% in May). By contrast, 

moderate heat stress and strong heat stress were observed in 29.7 and 15.3% of Iran’s 

territory. Therefore the warming trend of Iran in this month suddenly increased. In this 

month, in reduced elevation and latitude, heat stress has increased. In fact, large parts of 

central Iran and also Iran’s southern tapes have experienced this situation. Iran’s 

bioclimatic conditions in May, is very similar to April. In May, bioclimatic conditions 

of very cold, cold and cool have almost left Iran. Moreover, only 2.4% has experienced 

slightly cool conditions. Comfort condition in less than 15% (highlands and higher 

latitudes) has prevailed. Also for the first time, about 10% of Iran is in hot conditions. 

Hot, warm, and slightly warm conditions have covered Iran, 28.3, 23.4 and 22.1%, 

respectively. In this month, only scattered parts of the northwest of Iran have slightly 

cool conditions (Fig. 4). 
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Figure 4. Iran’s bioclimatic conditions in April, May and June 

 

 

June 

In June, almost all cold stress bioclimatic conditions in Iran have vanished based on 

the UTCI index. In only 0.1% of Iran slightly cold stress conditions prevailed. From the 

northwest of Iran to the south of Isfahan province, scattered areas in the northeast of 

Iran and the middle of Kerman province comfort conditions prevail. These areas include 

about 24.9% of Iran. Other parts of Iran are under the influence of moderate heat stress 

(39.8%); strong heat stress (28.7%) and very strong heat stress (6.5%), respectively. 

Generally, in June, the severe heat stress can be seen. Heat stress in the lower latitude 

and longitude, as well as Iran’s low-lying areas, is more than other regions. Based on 

the PET, very cold, cold, cool conditions have not been seen in Iran. However, there is a 

slightly cool condition in about 0.1% and thermal comfort in about 0.6% of a small part 

of the northwest of Iran. Thus, in more than 99% of Iran, warm conditions with 

different intensities have been reported. It should be noted that in the highlands and of 

course the higher latitude there is less intense heat. In this month, very hot, hot, and 

warm conditions are seen in 34.4, 30.6 and 23.5%, respectively, of Iran (Fig. 4). 

 

July 

Iran’s bioclimatic condition in July is similar to June. In July, almost no cold stress is 

seen in Iran. Less than 0.1% of the Iranian region has experienced slight cold stress 

conditions. However, there is a significant difference in July compared to June. Thermal 

stress in this month has declined to 7.8%. Only in small parts of Iran, no thermal stress 

can be seen. In this month, more elevated areas and areas with higher latitude have 

experienced thermal comfort conditions. Reduced thermal stress and the lack of cold 

stress condition in this month, expanding heat stress condition with varying severity, 

have been confirmed. Overall, more than 90% of the region has experienced heat stress 

conditions with different intensities. The current bioclimatic conditions of this month, is 

a strong heat stress condition (42.2% of Iran). Bioclimatic conditions of moderate heat 
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stress with 38.3% and very strong heat stress with 10.7% prevailed in large parts of the 

country. The PET index showed that in July, no part of Iran experienced slightly cool, 

cool, cold and very cold conditions. In this month, the thermal comfort condition was 

experienced in only in 0.2% of Iran (a small part of the northwest of the country). 

Therefore, 99.8% of Iran’s territory experienced warm conditions. Large parts of the 

country (45.1, 33.3 and 18.9%) were in very hot, hot, and warm conditions, 

respectively. Heat intensity in the higher places (Alborz and Zagros mountains) and the 

northwest is less than other parts of Iran (Fig. 5). 

 

August 

No significant changes can be seen in the bioclimatic conditions of Iran in August 

compared to July and June. In August, only 0.1% is under the influence of slight cold 

stress. Cold stress with more intensity like Jun and July cannot be seen in any part of 

Iran. In August, comfort conditions, compared to previous months, increased slightly. 

In this month, 13% of Iran, including parts of the northwest and northeast of the 

country, west of Isfahan province and central Kerman, experienced no thermal stress 

conditions. Increasing climatic comfort conditions (no thermal stress condition), on 

the one hand, and a reduction in the range of areas that have experienced very strong 

heat stress and strong heat stress on the other hand, indicates the relative cool air in 

Iran. In this month, very strong heat stress conditions are limited to 6.8%. Also the 

strong heat stress conditions decreased to 35.1%. In this month, the thermal stress 

condition reduction in the highlands and northern latitudes is remarkable. Based on 

the PET index, Iran’s bioclimatic conditions in August are very similar to July. In this 

month 99.8% of Iran is experiencing hot conditions (with different intensities). In 

total, only 0.2% of Iran is in thermal stress and slightly cool conditions. In this month, 

cool, cold and very cold conditions in the scope of Iran cannot be seen. However, a 

significant difference is in the extent of very hot bioclimatic conditions between July 

and August. The extent of the hot condition in August (39.3%) is lower than in July 

(45.1%) in Iran. However, hot and warm conditions in August compared to July have 

increased significantly (Fig. 5). 

 

September 

Bioclimatic conditions in September showed that in many parts of Iran, the severity 

of heat stress is reduced. Contrary to June, July and August, very strong heat stress 

conditions in the territory of Iran have been eliminated. In addition, strong heat stress 

and moderate heat stress in comparison with the months before 16.5 and 37.6%, 

respectively, has decreased. Among the bioclimatic conditions, no thermal stress 

conditions were experienced in 45.8% of the territory of Iran. An increase in the range 

of areas that have no thermal stress conditions on the one hand, and a reduction in the 

severity of heat stress on the other hand, represent a new stage entering Iran’s 

bioclimatic conditions. In this month highlands (including the Zagros mountain range, 

Alborz and northeast of Iran) and also northern latitudes of Iran have bioclimatic 

comfort conditions (no thermal stress). In the lowlands and lower latitude, strong heat 

stress can be seen. Based on the PET index, the intensity of heat over Iran has reduced 

in September. In addition, comfort condition has expanded to 1.8%. Along the Zagros 

and Alborz mountains, and generally highlands, heat with intensity is further reduced 

(Fig. 5). 
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Figure 5. Iran’s bioclimatic conditions in July, August and September 
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October 

With the onset of autumn in October, significant changes in Iran’s bioclimatic 

conditions have occurred. In this month, limited parts of Iran are under slight cold stress 

(0.7%) and moderate cold stress (less than 0.1%). The province of west Azarbaijan and 

Kurdistan, Zanjan and Hamedan experienced such conditions. The most important 

bioclimatic characteristics of this month, is the lack of heat stress conditions in 79.1% 

of the country. Most parts of Iran compared to other months are in the range of climatic 

comfort. Cold stress conditions in the narrow strip of the southwest to the southeast can 

be seen. Moderate heat stress and strong heat stress was reported only in 18 and 2.1% of 

Iran. The increasing extent of no thermal stress on the one hand and reduced thermal 

stress on the other hand, are indicative of the start of the cold period. Based on PET, 

slightly cool and cold conditions can be seen in less than 0.10 of Iran. However, in 

October, cold and very cold conditions have not yet begun. Heat conditions in this 

month to the lower latitude and low-lying areas have receded. In fact, the highlands 

with high-latitude have moved towards cold conditions. In this month, slightly warm, 

comfortable and warm conditions were seen in 30.6, 23.7 and 22.3% of Iran, 

respectively. Very hot conditions are in less than 5.0% of Iran. Therefore, October, can 

be called a transitional month moving towards cold conditions (Fig. 6). 
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Figure 6. Iran’s bioclimatic conditions in October, November and December 

 

 

November 

In November, only 3.3% of the territory of Iran (including southern Iran) has 

reported heat stress conditions. In fact, with the exception of the southern coast, heat 

stress conditions with different intensities are not seen in Iran. In parts of the Khorasan 

province and from the northwest of Iran to Kerman province, slight cold stress and 

moderate cold stress dominates the region. What is obvious is that compared to October, 

conditions of heat stress and no thermal stress conditions have shown a significant 

decrease. Moreover, significant increase, especially in slight cold stress condition 

(23.5%) and moderate cold stress (1.9%) can be observed. Based on the PET index, the 

bioclimatic condition in November shows a major difference with October. In this 

month, very hot and hot conditions have left Iran and on the other hand very cold and 

cold conditions are reported only in about 5% of the region. Overall, in about 20% of 

Iran, slightly warm and warm conditions can be seen. Compared to October, in 

November, there is a slight increase in the expansion of thermal comfort (24%). In this 

month 29, 24 and 22% of Iran respectively, is surrounded by slightly cool, comfort and 

cool conditions. Also thermal stress to the low latitudes and low-lying areas has been 

displaced (Fig. 6). 

 

December 

The Cooling trend in Iran that began in September has become more intense in 

December. In December, in no part of this country have heat stresses been experienced. 

In addition, thermal stress conditions of 71.3% in November decreased to 39% in 

December. In this month, no thermal stress conditions are experienced in low-lying 

areas and low latitudes especially in coastal areas as well as parts of the Caspian Sea. 

Overall, more than 60% of Iran has experienced cold stress with different intensities. 

Highlands and higher latitudes have more severe cold stress conditions. Temperature 

reduction in December continues based on the PET index. In this month, only 0.2% is in 

hot conditions and 7.9% of Iran was in slightly warm conditions. Therefore, any effect 

of hot and very hot conditions cannot be seen in Iran. On the other hand, very cold and 
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cold conditions have shown a significant increase in December compared to April to 

November. In fact December, after the months of January and February, is the coldest 

month in Iran. In addition, significant reductions in thermal stress can be seen in this 

month. In this month, thermal stress can be seen in about 10% of Iran. Cold severity to 

the northwest of Iran and highlands is more. However, in some parts of the south coast, 

slightly warm conditions can still be experienced (Fig. 6). 

Discussion 

Iran is one of the largest countries that located in Middle East. Iran has an area of 

1,648,195 square kilometres. It lies between latitudes 24° to 40° N, and longitudes 44° 

to 64° E. Iran consists of the Iranian Plateau and it is one of the world’s most 

mountainous countries, its landscape dominated also by rugged mountain ranges. 

Therefore, Iran’s climate is very diverse ranging from arid and semi-arid, to subtropical 

along the Caspian coast and the northern forests. This study was performed with the aim 

of determining the thermal stress and bioclimatic conditions of Iran. Most of the 

researches in terms of bioclimatic conditions in Iran have been done within the cities 

and/or provinces. However, in the estimation of bioclimatic conditions of Iran, the 

different indices are used. Comparison of this research to other researches that have 

been conducted in different parts of the country shows there are slight differences in the 

estimation of bioclimatic conditions. Without a doubt, such differences may be caused 

by the type and volume of data and the different methods used. However, analysis of 

bioclimatic conditions in Iran is the most important feature of this research. The impact 

of bioclimatic conditions on thermal comfort in different areas of the world has been 

carried out recently, indicating the impact of urban bioclimatic on human morbidity 

(Schwartz et al., 2004; Nastos and Matzarakis, 2006), tourism potential and decision 

making (Didaskalou and Nastos, 2003; Hamilton and Lau, 2003), urban planning 

(Nikolopoulou and Lykoudis, 2006; Thorsson et al., 2007), and mortality (Analitis et 

al., 2008; Almeida et al., 2010). In general, the result of this research is almost in 

alignment with the work of Ramazani Gourbi (2010). Looking at the map of bioclimatic 

Iran, it can be said that in the eastern and western parts of the Gilan province, comfort 

conditions can be seen throughout the year. However, the eastern parts of this province 

have more thermal comfort. The results of this study have some differences to the 

research that Shakoor (2011) conducted on on Yazd. Shakoor believes that in the 

months of October, November and January, favourable climatic conditions exist in 

Yazd. The findings of this study are no in alignment with the findings of Ghavidel 

Rahimi and Ahmadi (2013). The results of this study are however in line with the 

studies of Tavoosi and Sabzi (2013) and Mohammadi (2014). However, there are the 

slight differences between findings of this study and other researches, a part or parts of 

Iran have studied. In these regions, temperatures rarely fall below freezing and the area 

remains humid for the rest of the year. To the west, settlements in the Zagros basin 

experience lower temperatures, severe winters with below zero average daily 

temperatures and heavy snowfall. The eastern and central parts of Iran are arid, with 

less than 250 mm of precipitation, and have occasional deserts. Average summer 

temperatures rarely exceed 38 °C. The coastal plains of southern Iran have mild winters, 

and very humid, sultry and hot summers with annual precipitation of less than 350 mm. 

Generally the results of this study showed that Iran’s bioclimatic conditions are very 

diverse during the year. 
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According to UTCI, all bioclimatic conditions (except extreme cold and extreme heat 

stress conditions) in a limited time and a small territory of Iran were at least 

experienced. In contrast to some areas experiencing cold condition in winter (with 

different intensities), some areas of Iran show a thermal comfort conditions which 

highlights the climatic diversity of the country as well as high tourism potential 

throughout the year. These regions are mostly located in south latitudes and Iran’s 

lowland areas which display the lowest thermal stress conditions. In spring, cold stress 

and comfort conditions is reduced. However in this season, especially, thermal stress 

condition is prevalent in considerable parts of Iran, but heat stress conditions with 

different intensities is expanding. At the beginning of the summer the regions that have 

experienced thermal stress conditions have decreased. The results of this research reveal 

that heat stress with different intensities has been experienced in more than half of Iran. 

In late summer, heat stress in Iran will gradually decline. In the autumn, with the 

increasing cold stress and reducing heat stress, we can see the cooling process in Iran. 

The other results of this study showed that moderate cold stress and thermal stress 

conditions can be seen all year round. In fact, the existence and expansion of thermal 

comfort and generally bioclimatic conditions with different intensities at any time of 

year (in large or small parts of Iran), shows Iran’s bioclimatic ability. The occurrence of 

simultaneous bioclimatic conditions also reflects the fact that Iran is a country of four 

seasons. This means, when many parts of Iran (northwest, west and northeast) are 

experiencing strong cold stress conditions in December, January and February, other 

parts of the country are experiencing comfort and moderate heat stress conditions. Such 

a contradiction in the bioclimatic conditions event is even in some provinces of the 

country. For example, very diverse bioclimatic conditions have been experienced in the 

months of June and July in the Isfahan province. Kerman province has this climate 

variety in August, September and December. Comparisons of the results of PET and 

UTCI indices showed that in some months of the year (such as January and February) 

there is very little difference between the estimated bioclimatic conditions in Iran. 

However, in March, April, May, September, October and November, there are 

considerable differences in bioclimatic conditions estimated by these indices. 

Compared with previous studies of thermal stresses in other parts of Iran, the 

advantage of the method employed in this research is that the PET index is more 

understandable for people who (tourists) can assess the outdoor thermal condition based 

on their experience in an indoor environment (Farajzadeh et al., 2015; Roshan et al., 

2018). About half the country is covered with mountains and moreover due to the 

vastness of Iran, it has various and different climates. Iran’s climatic diversity in terms 

of spatial and temporal scale is visible. According to studies that published in Farsi, Iran 

is divided into several climatic regions. The south of Iran has very humid hot weather. 

Winters are very pleasant. Iranians travel to the south of Iran in winters; especially Kish 

and Gheshm islands have the best weather in winters. Therefore, the temperature 

difference in different parts of Iran can reach up 40 to 50 degrees in winter. Considering 

such explanations, we can say it seems that the PET index compared to the UTCI index 

showed a great ability in estimating Iran’s bioclimatic conditions. In fact, the PET Index 

shows Iran’s climatic diversity better than the UTCI index. Bioclimatic maps that are 

presented in this study can provide a good platform for doing a lot of planning, energy 

management, human activities such as tourism and even other environmental studies. 

Furthermore, the results of this study are important for government agencies to offer 

detailed tourism climate information to improve the success of the tourism industry. 
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Conclusion 

The evaluation of the bioclimatic conditions for Iran was carried out based on the 

analysis of the UTCI and PET indices. The results of this study showed that at the 

spatial and temporal scales Iran has different bioclimatic conditions. The results of this 

research have several applications in the fields of tourism, agriculture, medical, and 

architecture, etc. In general, bioclimatic maps in this research have a useful uses for 

decision makers on various levels, including health, tourism and regional planning. The 

results of this study suggest that the bioclimatic conditions of Iran during the year are 

very diversity. However, warm and very warm bioclimatic conditions in most cases 

have been experienced in the southern parts of Iran and areas with lower altitude. These 

regions are affected by heat stress in spring and summer seasons. Analysis of the 

bioclimatic conditions is subject of applied investigation among various scientists such 

as urban planners, climatologists, architects, and biologists. According to the studies 

mentioned in discussion section can be said that there are several research 

recommendations in the field of bioclimatic conditions in Iran. To better understand the 

bioclimatic conditions of Iran, the trend analysis of the Iran’s bioclimatic conditions has 

been suggested. Also, the relationship between bioclimatic conditions and the rate of 

hospital admissions for cardiovascular disease in Iran can be the other topic for future 

research. 
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