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 Background: In terms of occupational health and the effects of global warming on 

worker's health, especially workers in outdoor environments has not been much 
attention unfortunately. Objective: One of the most important consequences of the 

temperature rise, especially in outdoor environments, is creating a thermal stress and 

discomfort. So, in this investigation using Discomfort Index (DI), thermal condition of 
occupational outdoor environments throughout the country Iran was evaluated. 

Methods: Environmental parameters including dry air temperature and wet temperature 

were measured for 9 climatic areas of Iran, at 3 time intervals in a shift work (early, 
middle and end of the shift work) and twice a year (spring and summer). Discomfort 

Index was calculated for the stations and the obtained results showed graphically  in 6 

separate geographic maps using Arc/GIS 10.2 software.  Results: The obtained results 
indicated that the values of discomfort index (DI) are varied in different seasons and 

climatic regions (P< 0.001). Also according to recommended values of DI , 28.8 

percent of measurements were in area without any discomfort in spring. Unlike, the 
largest percentage of discomfort index for summer was at area with severe heat load 

(61.2%). Regardless of seasons, 76.4 % of measurements have been discomfort values 

higher than 24 °C (Areas with moderately to severe heat load).  Conclusion: According 
to the results in this study heat stress can be exist especially in central and southern 

areas of Iran, which similarly have been predicted as areas with more influences by 

climate changes in other performed studies. Therefore, it is necessary to take prevention 
measures for outdoor workers who spend a lot of times outdoor under unhealthy 

conditions. 
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INTRODUCTION 

 

 The human has a significant role on climate behavior. Increasing human population, greenhouse gases, 

changes in the levels of the earth through deforestation, dam, desertification and etc. can cause transformations 

in climate system [1]. Global warming, climatic and environmental changes and resulting from it may be have 

destructive effects on human's life [2]. The effects of climate change- including rising temperatures, changes to 

rainfall patterns, sea level rise and more intense weather events—have serious consequences for our health. As 

climate change continues, scientists anticipate that these health impacts will get worse [3]. The impacts of 

climate change on health will depend on many factors. These factors include the effectiveness of a community's 

public health and safety systems to address or prepare for the risk and the behavior, age, gender, and economic 

status of individuals affected. Impacts will likely vary by region, the sensitivity of populations, the extent and 

length of exposure to climate change impacts, and society's ability to adapt to changes .Of all climate-related 

projections by scientists, rising temperatures are the most robust. Higher temperatures are also the most 

influenced by human behavior: the fewer heat-trapping emissions we release into the atmosphere, the cooler we 

can keep our planet[4]. Although most studies conducted in different parts of the world are about climate 

changes and the environmental impacts of this phenomenon [5-8], but in terms of occupational health and the 
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effects of global warming on worker's health, especially workers in outdoor environments it has been less 

noticed [9]. Working in hot and humid environments is associated  with challenges about both performance and 

occupational health and safety [10]. Global changing climate can produce a lot of health problems duo to 

occupational heat exposure [11]. One of the most important consequences of the temperature rise, especially in 

outdoor environments, is creating a thermal stress and the consequences of it. Some performed studies on 

climate changes in Iran showed that this country will also be accompanied by an increase in temperature, 

particularly in the south and central regions in the decades to come [2]. Climate changes and raising temperature 

can be affected on outdoor workers more. Outdoor workers are exposed to many types of hazards that depend on 

their type of work, geographic region, season, and duration of time they work. Industry sectors with outdoor 

workers include the agriculture, forestry, fishing, construction, mining, transportation, warehousing, utilities, 

and service sectors. Outdoor workers include farmers, foresters, landscapers, groundskeepers, gardeners, 

painters, roofers, pavers, construction workers, laborers, mechanics, and any other worker who spends time 

outside. They are often exposed to severe environmental heat stress, which may deteriorate work efficiency and 

productivity and may even threaten survival[12-13]. One of the environmental comforts is the thermal comfort 

based on climatic conditions. If we accept that climate has a critical role in the definition of activities and user 

assignment in outdoor environments, then need to understand how the impact of environmental factors in order 

to increase thermal comfort.[14].Thermal comfort is defined as: ―that condition of mind which expresses 

satisfaction with the thermal environment [15-16].  

 Human body is essentially a constant-temperature device. Heat is continuously produced by metabolism 

and dissipated in an automatically regulated manner to keep the body temperature at narrow range constant. 

Heat stress occurs when the body's means of controlling its internal temperature starts to fail, which occurs 

when one’s body gains heat faster than it loses. When this condition persists without relief, there is the danger 

that worker can experience heat discomfort [15]. 

 The main factors that influence thermal comfort are those that determine heat gain and loss, namely 

metabolic rate, clothing insulation, air temperature, mean radiant temperature, air speed and relative 

humidity[17]. For instance, in a study was performed in Turkey, the influences of garment on heat loss and 

thermal comfort was investigated. The results showed that selection of an appropriate ensemble can provide 

thermal comfort for users significantly [18]. Several indices are provided in order to determine the thermal 

comfort in different environments. Some of them are the effective temperature (ET), corrected effective 

temperature (CET), predicted mean vote (PMV), discomfort index (DI) and universal temperature climate index 

(UTCI). In a study was done recently, an outdoor comfort index framework based on GIS for supporting optimal 

environment was introduced. Proposed framework had calculation engine and present method that provides 

comfort on a map effectively. Through this, it is possible for user to understand outdoor comfort situation in 

advance, and live in perfect comfort area [19] . 

 Generally, there are three groups of indices to evaluate the thermal stress in the work environment that 

includes analytical, experimental and direct indices [20]. The major problem of thermal indices is evaluation of 

average thermal comfort and climate condition in each region, in the event that more people experience various 

spaces during the day with different climatic conditions [14]. On the other hand, there are several direct indices 

which based on two environmental parameters: wet bulb and dry bulb temperatures. Some of them include: 

Oxford index (WD), Discomfort index (DI), Fighter index of thermal stress (FITS), Modified discomfort index 

(MDI) and Wet- bulb dry temperature (WBDT) [15]. Of all the mentioned above direct indices, only the 

discomfort index (DI) is that over 4 decades, along with other valid indices, in particular WBGT, will be used 

[15]. For comfort purposes in most researches has used frequently the predicted mean vote (PMV) index, in the 

event that the low assessment domain of index, its restrictions on the minimum and maximum levels as well as 

its dependence to individual characteristics have caused it was not being an appropriate index to assess the 

thermal comfort in outdoor environment [14]. On the other hand, the bioclimatic index most commonly used in 

urban climate studies to describe the level of thermal sensation that a person experiences due to the modified 

climatic conditions of an urban area, is the discomfort index (DI) of Thom. The advantage of DI is that it 

expresses the effects of combined thermal influences in a single variable that is easy to interpret and explain in 

relation to occupant thermal comfort. On the other hand, this index simply can be calculated based on the daily 

measured parameters of Meteorological Organization in weather stations. There are several studies which 

evaluate thermal comfort and stress in different environments including indoors and outdoors using discomfort 

index [21-24], but because of the main role of occupational hygienists, provision the optimal thermal comfort 

for occupants of each environment in this case, we used discomfort index in this investigation in order to 

evaluate thermal conditions throughout Iran at warm and hot areas with different humidity intensities. 

 

MATERIALS AND METHODS 

 

 In this cross- sectional study was done during spring and summer, 2013, nine provinces of Iran including 

hot and dry, hot and humid and temperate regions were selected to evaluate thermal comfort or discomfort in 

http://en.wikipedia.org/wiki/Metabolic_rate
http://en.wikipedia.org/wiki/Clothing_insulation
http://en.wikipedia.org/wiki/Mean_radiant_temperature
http://en.wikipedia.org/wiki/Relative_humidity
http://en.wikipedia.org/wiki/Relative_humidity
http://en.wikipedia.org/wiki/Relative_humidity
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outdoor environments. These provinces were Gilan, Mazandaran and Golestan (as representative of temperate 

regions), Khozestan and Hormozgan (as representative of very hot and humid regions), Kerman and Khorasane 

Razavi (as representative of hot and dry) and finally Yazd and Qom provinces (as representative of very hot and 

dry regions). The climatic categorization was based on the prevailing weather in hot seasons of year (Table 1). 

This selection was carried out aimed to generalize the results to all provinces of the country with the same 

weather (except for the mountainous areas of west and northwest of the country, as demonstrated in the maps by 

not included areas). 24 to 30 measurements from each province during a work week were recorded for 

evaluation of thermal comfort conditions. Some of them including railroad workers, farmers, shipbuilding, steel, 

cement and asphalt industry, etc. Measurements were performed twice in the year (one in a spring and another 

one in summer). To assess thermal comfort we used discomfort index (DI). DI reflects the proportionate 

contribution of air temperature (Ta) and relative humidity (RH) on the human thermal comfort [25]. The DI was 

originally proposed by Thom[26] and was slightly modified by Sohar et al [27], as follows: 

 

DI=0.5Tw+0.5Ta                                                                                              (Eq. 1) 

 Where, Tw and Ta are Mean values of wet and dry temperatures, respectively. In this equation, Tw 

substituted with RH.  

 Environmental parameters including air temperature and wet temperature were measured also 

simultaneously in three interval periods of shift work at 9: 00 a.m., 12: 00 a.m. and 15: 00 relating to early, 

middle and end of shift work, respectively. Since all of the workers have standing work station, the readings 

were made in the workplaces at approximately 1.5 - 2 meters height which represent the environment in which 

the workers beings work. To give generalization of studied stations to similar climatic regions in country, at 

first, the measured values of DI for each station were linked to similar climatic stations. The values of the 

indicator were categorized in the statistical software media and then link to the climatic zoning of the data in the 

GIS information layers, in which, DI values relating to selected stations were given generalization to similar 

climatic regionalization. So that, in this process the spot information was converted to regional information. 

Finally, according to the DI recommended values [15], four ranges as presented in table 2 were assumed. In the 

selection of these values, we supposed all workers are acclimatized and have moderate work load. The results of 

heat stress situations in spring and summer as well as interval periods of a shift work presented graphically on 

several maps of Iran country using Arc/GIS 10.2. Finally according to obtained results, some recommendations 

and preventive measures of heat stress were offered. 

 
Table 1:  Description of studied regions.  

Studied regions* Climatic category Nominal category 

Qom 1 Arid, cool and warm to very warm region 

Ahwaz 2 Semi-arid, moderate and very warm region 

Mashhad 3 Semi-arid, cool and warm region 

Kerman 4 Arid, cool and warm region 

Yazd 5 Arid, cool and very warm region 

Bandarabbas 6 Arid, moderate and very warm region 

Sari 7 Humid, cool and warm region 

Gorgan 8 Semi Humid, cool and warm region 

Rasht 9 Post Humid, cool and warm region 

* The name of studied cities in Iran 

 
Table 2: Recommended values for discomfort index.  

Description DI values 

No heat stress is  encountered < 22 

Most people feel a mild sensation of heat 22-24 

The heat load is moderately heavy, people feel very hot, and 

physical work may be performed with some difficulties 
24-28 

The heat load is considered severe, and people engaged in 
physical work are at increased risk for heat illnesses 

>28 

 

Results: 

 As mentioned above, to calculate discomfort index it is necessary to measure two environmental parameters 

including wet- bulb and dry- bulb temperature for each station and use mean value of them to compute 

discomfort index. In this research, totally we have 1452 measurements. The table 3 demonstrates minimum, 

maximum, mean and standard deviation for each measured parameters. The data were separated for each 

climatic region and season, too.  The number of climatic regions is the synonym of the provinces, which 

particular weather conditions have. 
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Table 3: Range of environmental parameters in this study. 
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Environmental parameters (N=1452) 

Spring Summer 

Dry- bulb temperature (°C) Wet- bulb temperature(°C) Dry- bulb temperature (°C) Wet- bulb temperature(°C) 

Min Max 
Mean ± 

SD 
Min Max Mean ± SD Min Max 

Mean ± 
SD 

Min Max 
Mean ± 

SD 

1(n=25) 17.9 33.4 
25.6± 

4.89 
14.2 20.5 17.77±19.6 31.2 41.6 

36.18± 

3.83 
19.6 23.8 

21.89± 

1.3 

2(n=27) 25.4 37 
31.14± 

3.80 
15.3 26.4 22.66±2.41 29.5 46 

39.56± 

5.13 
22 30.4 

25.99± 

2.33 

3(n=30) 24 35.1 
30.95± 

3.81 
17.1 22.7 20.46± 1.85 28.8 38 

33.4± 

3.76 
21.1 25.6 

23.46± 

1.46 

4(n=30) 18 27.7 
24.42± 

2.6 
13.2 18.1 16.07± 1.23 26 35.3 

32.5± 

2.99 
17.9 22.2 

20.03± 

1.28 

5(n=24) 32.1 40.7 
37.45± 

2.5 
22 26.4 23.94± 1.34 29.8 41.8 

37.2± 

4.29 
19.2 28.7 

23.06± 

3.03 

6(n=27) 31.4 40.3 
35.45± 

2.81 
26.9 31.3 28.58± 1.34 33.9 41 

38.4± 

2.42 
30.6 32.5 

31.35± 

0.76 

7(n=24) 14.6 23.1 
19.52± 

2.75 
14 18.7 16.6± 1.53 25.9 35.1 

31.23± 

3.26 
23.5 27.4 

25.59± 

1.38 

8(n=25) 23.9 30.3 
27.42± 

2.06 
19.7 21.5 20.44± 0.52 28.8 37.5 

33.64± 

3.02 
24.3 29.7 

27.58± 

1.67 

9(n=30) 22.7 30.1 
26.6± 
2.81 

20.7 24.6 22.64± 1.47 25.7 34.6 
29.6± 
2.72 

23 27.9 
25.64± 

1.46 

 

 As noted in table 3 we can see the range of environmental parameters measured is very broad, especially at 

spring season. For example, the dry air temperature has a wide range from 14.6 to 40.7 degrees (range is equal 

to 26.1 °C), and 20.3°C (ranging from 25.7 to 46 °C) for summer. In the case of wet- bulb temperature, also 

similar trends can be seen. These values, which in spring and summer and from different parts of the country 

achieved, confirming the existence of a very diverse climate conditions in the country. The obtained results 

showed that the values of discomfort index (DI) are varied in different seasons and climatic regions (P< 0.001). 

Also according to recommended values of DI (table 2), 28.8 percent of measurements were in area without any 

discomfort in spring (Table 4). This is the largest percentage of all. Unlike, the largest one for summer was at 

area with severe heat load (61.2%). Regardless of seasons, 76.4 % of measurements have been discomfort 

values higher than 24 °C (Areas with moderately to severe heat load). On the other hand, as shown in table 5, 

the mean amount of discomfort index in summer was not lower 24 (°C) in any climatic regions. This is 

demonstrated that outdoor workers experience thermal discomfort and heat stress throughout the country 

especially in regions of 2, 5 and 6, which relating to central and south of the Iran. 

 
Table 4: Frequency of discomfort index in different ranges. 

 Frequency of discomfort index in each category (%) 

DI values Spring Summer Total 

< 22 209 (28.8) 9 (1.2) 218 (15.0) 

22-24 118 (16.3) 6 (0.8) 124 (8.5) 

24-28 202 (27.8) 267 (36.8) 469 (32.3) 

>28 197 (27.1) 444 (61.2) 641 (44.1) 

Total 726 (100.0) 726 (100.0) 1452 (100.0) 

 

 Fig. 1 shows the discomfort index distribution in four ranges according recommended values for DI in 

different times of sift work and seasons. The comparison of obtained results shows that in the spring there are 

little differences in thermal discomfort condition between 12 am and 15 afternoons. However, in the case of 

summer the obtained values significantly varied.  

 In order to show better thermal discomfort condition throughout the country, after the data connection of 

the measuring stations to the stations with a similar climate and generalized the results throughout the country, 

using Arc/GIS 10.2. Program, thermal condition in both the spring and summer, as well as at different hours of 

the day (9, 12 and 15) and on the four thermal comfort regions (as mentioned in table2) was shown in six 

graphic maps separately (Fig. 2).  

 

Discussion: 

 This study which aimed to evaluate thermal discomfort among Iranian outdoor workers indicated that due 

to the very wide diversity of climatic conditions in this country, different parts of the country varied in thermal 

comfort situation significantly. There is also a wide range between minimum and maximum dry and wet 

temperature measured especially for some regions. For instance, maximum temperature ranges of dry bulb 

temperature which obtained for Qom and Ahwaz were as equal to 15.5 and 16.5 °C, respectively (Table 3). The 
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results were almost the same for wet- bulb temperatures. The DI values obtained in the different hours of the 

day, also showed that until the early hours of the day (approximately 10: 00 a.m.) in spring, the environmental 

thermal conditions in most parts of the country, except stations of 2, 5 and 6 which related to Ahwaz, Yazd and 

Bandarabbas, respectively, is not appropriate and heat stress and discomfort always can be seen. These stations 

with very hot- dry and very hot – humid climates are in southern and central regions of the country. These 

regions have also been identified as regions with the most effect of climate change and temperature rising [2, 1]. 

The comfort condition disrupted throughout the summer, so that in none of the measuring stations, even for the 

early morning hours, the index values have gotten less than 24 °C.  As in the maps was determined only in the 

early hours of shift work in spring safe conditions can be seen throughout the country. This situation gradually 

becomes less in the middle of the day hours and replaced the warning status and stress and finally, in the final 

hours of work shift thermal stresses reach its peak. These conditions, as specified in the maps for the summer 

are worse. So in the final hours of the summer almost neither safe nor warning conditions (DI < 24) could not be 

seen and working across the country along with extreme thermal stress.  

 
Table 5: Mean and standard deviation of discomfort index (DI) in spring and summer in different regions and times of shift work. 

Climatic category Time 

Discomfort Index(°C) 

Spring Summer 
M± SD M± SD 

1 9 AM 18.75± 3.49 25.81± 0.26 

 12 AM 22.59± 2.48 29.48± 0.44 

 15 PM 23.72± 1.47 31.82 ± 0.66 
2 9 AM 25.03±1.12 28.56 ± 1.38 

 12 AM 27.49± 2.66 33.54± 1.19 

 15 PM 28.17± 3.13 36.22± 1.54 

3 9 AM 22.70± 2.61 25.89± 0.58 

 12 AM 27.36± 1.52 28.52± 2.48 

 15 PM 27.07± 1.12 30.86± 1.06 

4 9 AM 18.98± 1.94 24.26± 2.12 

 12 AM 20.80± 1.82 27.02± 0.27 

 15 PM 20.99± 1.20 27.60± 0.74 
5 9 AM 28.74± 0.97 25.80± 0.80 

 12 AM 31.53± 0.70 30.47± .97 

 15 PM 31.81± 1.67 34.11± 0.78 

6 9 AM 29.92± 0.58 33.11± 0.51 

 12 AM 31.70± 0.33 35.50± 0.71 

 15 PM 34.43± 1.16 36.03± 0.42 

7 9 AM 17.72±1.17 25.45± 1.05 

 12 AM 17.89± 2.39 29.20± .53 

 15 PM 18.62± 2.50 30.57± 0.35 
8 9 AM 22.98± 1.14 28.03± 1.37 

 12 AM 24.26± 0.51 31.64± 1.76 

 15 PM 24.54± 1.04 32.16± 0.53 

9 9 AM 22.49± 0.49 26.19± 0.95 

 12 AM 25.88± 1.88 27.92± 2.15 

 15 PM 25.49± 2.22 28.76± 1.92 
 

Test results 
df F p-value 

One way ANOVA within 
cities in spring 

8 303.18 < 0.001 

One way ANOVA within 

cities in summer 

 

8 
 

93.64 
< 0.001 

Equality test of means in the 
spring and summer regardless 

of the climatic category* 

1336.26 

 
t = - 21.74 < 0.001 

* Using T-test 

 

 In another study was done in hot and humid regions of Iran, evaluation of heat stress using Wet Bulb Glob 

Temperature (WBGT), Required Sweat Rate (SWreq) and Discomfort Index (DI) demonstrated that the thermal 

conditions exceeded the maximum limit of exposure throughout the summer [28]. In a study was done in oil 

terminals in southern regions of Iran which located in tropical regions and consequently, disorders of heat stress 

among workers are expected. The means and standard deviations of WBGT, Effective Temperature (ET), and 

Corrected Effective Temperature (CET) in the outdoor workplaces were 29.76±3.51, 28.03±4.05, 29.36±3.51 

°C, respectively[29]. This result which all exceeds the limit values of exposure to thermal conditions in south 
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regions in Iran has agreement with our finding. Aljawabra indicated in his research that thermal comfort has 

direct relation with solar radiation, so that in open spaces such as outdoor environments, the people time spent in 

outdoor decreased whenever duration of solar radiation increased [30]. In central regions of the Iran, for 

example sites of 1 and 5 which related to Qom and Yazd, respectively, duo to long time of solar radiation, we 

can see more thermal discomfort during a shift work. On the other hand, the humidity is another important 

parameter, which can cause thermal discomfort enhancement when couple with high temperature. This situation 

exists in southern areas of Iran. The North of Iran, sites 7, 8 and 9 in this research, has moderate to high 

humidity, but because of the lack of severe high temperature, thermal discomfort is not the main problem in 

these areas. In a study done by A. Tzesouri and N. Georgi, in order to determine the effect of vegetation 

parameters and water in climate change of different areas for urban used discomfort index. For this purpose two 

areas include a park with too much green space and a small square in the center of the city without any green 

space was selected. The results showed that temperature starts to fall in the park area faster than in the central 

place and thermal comfort was more quickly achieved. The discomfort was expanded neither in the afternoon 

nor in the first evening hours, as it happens in the empty square. Finally the results proved: vegetation and water 

contribute to the improvement of the bioclimatic conditions in the open spaces of the town [22]. Therefore, it 

can be concluded that vegetation and water, two parameters exist in north regions of Iran simultaneously, to be 

the reason for relatively appropriate thermal comfort situation in such areas. By the way, in spite of important 

proportion of dry and wet air temperatures as main factors contributed to thermal comfort or discomfort, there 

are some other parameters can influence thermal comfort condition especially for outdoor environments. These 

parameters that include solar radiation, vegetation and water, outdoor activities, wind speed and direction, social 

and behavioral parameters and so on, can be effective on workers perception of thermal comfort conditions 

which strongly suggested to other researchers to pay attention them in a serial investigations. On the other hand, 

it is indicated that workers awareness about heat stress and health hazards can be helpful to regulate work rate in 

hot and humid environments by them-self. It was cleared in the study performed on North Western Australian 

mineworkers that the workers were able to regulate work rate in hot environments to maintain core temperatures 

below ISO safety guidelines [10]. It can be resulted that workers education as an administrative policy can have 

prevention effect on exposed persons in hot environments [31]. 

   

 
 

Fig. 1: Thermal Discomfort in spring and summer. 

  

Conclusion: 

 Unlike a conditioned indoor environment, outdoor climatic conditions vary widely, and so the thermal 

comfort of people in an outdoor setting is influenced by many factors. This issue needs to pay more attention 

considering climate change and global warming and their effects on different areas of Iran. Since engineering 

controls such as ventilation, dehumidification and air conditioning are not generally the cases for outdoor 

environments, and inappropriate thermal discomfort condition exists throughout the country during hot months 

of year, it is necessary to take prevention measures for outdoor workers who spend many times outdoor under 

unhealthy conditions. It seems that administrative controls such as selection of acclimatized workers for hot 

environments, decrease of exposure time to heat, doing heavy activities in the early morning hours or other 

times with less air temperature, planning education programs and provision of plenty of healthy and cool water 

can be more effective for outdoor workers.   
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Fig. 2: Situation of thermal discomfort throughout the country considering seasons and different hours of the 

day. 
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