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Abstract:

Objectives:

Methods:

Results:

Conclusion:

Different indices are used to evaluate heat stress in outdoor environments. This study was aimed at examining the applicability of the Relative
Strain Index (RSI) to the assessment of heat stress in several climates of Iran.

Based on the Koppen classification, three different climates were studied. Arak, Bandar Abbas, and Sari were selected as representative of semi-
arid and cold climates, hot and dry, and Mediterranean, respectively. The data recorded by the meteorological organization, including air
temperature, relative humidity and air velocity were surveyed during 15-year period in three different climates. The RSI index was calculated by
the formula. Also, the Wet Bulb Globe Temperature (WBGT) index was computed using a model presented by the Australian Bureau of
Meteorology (ABM). Data were analyzed using SPSS v.22, descriptive statistics, Pearson correlation coefficient, and linear regression.

The mean RSI index in summer of the 15 years in Arak was 0.033 + 0.33, in Bandar Abbas 0.54 + 0.6 and for Sari was 0.17 + 0.05. A high
correlation was found between environmental variables and RSI index in three different climates. As well, there was a positive and significant
correlation between both RSI and WBGT indices in three different climates (R*>0.96).

The RSI index is a simple and empirical index and can be used for the evaluation of heat stress along with other indices. The index estimates the
situation more than expected to be stressful in warm and dry conditions. So, it is not a useful index for hot and dry climates such as Bandar Abbas.
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1. INTRODUCTION

Heat stress and its effects in outdoor environments have
become one of the biggest health challenges. If due to high
ambient temperatures people cannot balance between the
generated and received heat by the body and lost heat, the heat
generated is greater than the lost heat, due to which heat stress
can occur (Asghari et al., 2017b, Nassiri et al., 2018b, Nassiri
etal., 2017, Nassiri et al., 2018a).

* Address correspondence to this author at the Department of Occupational
Health Engineering, School of Public Health, Arak University of Medical
Sciences, Arak, Iran; Tel: +989121915049; E-mail: t.rezatajik@yahoo.com

According to the definition of the United Nations
Framework Convention, climate change is any variation in
climatic conditions that differs with atmospheric compounds in
the past and directly or indirectly affects the human activity.
Climate change and global warming, produced by greenhouse
gases, have caused heat wave especially in the warm seasons,
to put many people at risk of hyperthermia and other heat-
related complications. Not only workers, but also all the people
in the community especially the elderly and children are at risk,
who are vulnerable (Heidari et al., 2018). Moreover, the
military and athletes are among the high-risk groups exposed to
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heat (Asghari et al., 2017a).

In recent decades, the heat waves have caused severe
health outcomes in the world. For example, the Athens
heatwave resulted in about 2,000 deaths in 1987 (Yazdanpanah
et al., 2015), Europe about 70000 deaths in 2003 (Robine et al.,
2008), Russia 55000 deaths in 2010 (Barriopedro et al., 2011),
among others are the examples of the effects of heat waves on
human health. Each year in the United States, on average 400
deaths are directly related to heat, particularly among people
over 65 years (Yazdanpanah et al., 2015).

Different indices are used to measure and evaluate heat
stress. More than sixty heat stress indices have been presented
by researchers for evaluation that are divided into three groups
of rational, empirical, and direct indices (Nassiri et al., 2018a).
In most assessments, we have tried to evaluate the amount of
heat stress using meteorological information such as air
temperature, relative humidity, air flow velocity (wind), solar
radiations, and/or a combination of them. Among these
parameters, temperature and relative humidity have more
influence on human health and well-being, for this reason,
most human thermal comfort models have been developed
based on these two parameters (de Freitas and Grigorieva,
2017).

The Wet Bulb Globe Temperature (WBGT) is one of the
most reliable and standard indices that is widely accepted and
used worldwide (Mazlomi et al., 2017). Despite the widespread
use of the WBGT index globally, it has limitations. Factors
such as the expensive measuring device for many industries,
especially small and medium ones, require accurate calibration
of the measuring sensors particularly the radiation temperature
sensor; furthermore, the long relative equilibrium time for
temperature stability of measuring sensors have caused other
existing indices to be considered and used (Budd, 2008).

An equation has been provided by the Australian
Meteorological Agency for this index, which is based on
temperature and water vapor pressure variables. In this
equation, the water vapor pressure is estimated by taking into
account temperature and relative humidity variables (Lemke
and Kjellstrom, 2012). It should be noted that it has been used
in various studies (Kakamu et al., 2017, Leroyer et al., 2018).

One of the indices based on temperature and relative
humidity variables (water vapor pressure) for assessing thermal
comfort in summer is the Relative Strain Index (RSI). This
index was introduced by Lee and Henschel and then Kyle (de
Garin and Bejaran, 2003, Alfano et al., 2010). The RSI shows
the ratio of the amount of required sweat evaporation to the
extent of possible evaporation according to the environmental
conditions, and also this index is without the unit (de Garin and

Table 1. Specifications of the studied stations.
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Bejaran, 2003). To interpret the index, five levels are
considered. This index can be used when the air temperature is
less than or equal to 35°C. Moreover, even with changes in
relative humidity at temperatures below 26°C, the index values
are always at comfort or convenience level (Alessandro and de
Garin, 2003).

It should be noted that the assessment of climate variables
for calculation of heat stress indices is usually costly and time
consuming. Therefore, weather data can be used to solve this
problem in environmental assessments of outdoor
environments. Meteorological data have the advantage of
continuous recording, providing a cheap and comprehensive
data bank at our disposal. There is a possibility of access to
meteorological variables and calculation of momentous indices
in most cases (Farhang Dehghan et al., 2015). Variables such
as dry temperature, wet temperature, relative humidity, air
velocity, and amount of solar radiations are measured at most
meteorological stations, and these data can easily be used to
assess heat stress in different environments. On the other hand,
in most studies, there are high correlations between measured
and meteorological data, which is a solid reason for using this
data for environmental topics (Hajizadeh ef al., 2016).

In the present study, at first, the correlation between RSI
index and climate variables affecting heat stress including air
temperature, relative humidity, Mean Radiant Temperature
(MRT) and air velocity were determined. Also, the correlation
between this index and the Wet-Bulb Globe Temperature
(WBGT) as a standard index was investigated. This study
aimed at the feasibility of RSI to the assessment of heat stress
in outdoor environments along with the WBGT index using
meteorological data in three different climates of Iran.

2. METHODOLOGY

Based on the Koppen classification, there are 10 different
climates in Iran. According to this classification, 80, 16.7,
3.2% of Iran's climate have dry, moderate, and cold weather,
respectively. In this study, three cities from three different
climates were selected and evaluated. a) Arak was selected as
representative of the central part of Iran from the semi-arid and
cold climatic; b) Bandar Abbas was representative of the
southern coast of the country from the hot and dry climatic
region, and c) Sari was representative of the northern coast of
the country from the Mediterranean climatic (Fallah Ghalhari
et al., 2016). The locations studied are shown in Fig. (1) and
their geographic characteristics in Table 1. The required data to
calculate the heat stress indices including mean temperature
(°C), relative humidity (percentages on daily scale) for 15 years
during the period of 2000-2014 was obtained from the
meteorological organization of Iran.

Row| Station |Location in Iran|Latitude(Longitude Altitude from the Sea Level (m)
Arak Center 34.06 49.42 1700
Bandar Abbas South 27.13 56.18 16
Sari North 34.36 53.37 20
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Fig. (1). The geographic locations of the studied regions.
As mentioned before, other variables such as air velocity (Ta—21)
and MRT can influence heat stress. Air flow velocity (m/s) was RSI = G8—e) ?2)
obtained from the meteorological organization. The MRT
arameter expresses the thermal effect of solar radiation and
P . P T: Temperature (°C)
ambient temperature on human and represents the temperature
of a uniform surface from a hypothetical site that surrounds the E: water vapor pressure (hPa)
subject. Given that this parameter is not directly measured, it is
calculated according to equation 1 (Blazejczyk, 2011). RH ta
g q ( Jczy:! ) e = X 6.112 X 107'5X237.7+ta A3)

25

Tmrt = [((R’ +0.5Lg + 0.5La) /Sh.s)]"- (=273 M

R'= Solar radiation absorbed by the naked man.

Lg = Radiation of the Earth

La = Returned Radiation

S, = Emission factor for the human body equal to 0.95

S = fixed by Stefan—Boltzmann (5.667x10° W. m”. K.

RayMan software was used to calculate this variable
(Fallah Ghalhari et al., 2015).

2.1. Relative Strain Index (RSI)

RSI index is used to assess the heat stress of outdoor
environments. It is obtained from two variables of air
temperature (°C) and water vapor pressure (hectopascal)
(Equation 2). Due to the fact that at some stations there is no
access to water vapor pressure variable, therefore this
parameter is determined by using the two variables of air
temperature and relative humidity, according to Equation 3
(Ionac and Ciulache, 2007, Kyle, 1992):

100

T: Temperature (°C)
RH = Relative humidity (%)

Table 2 shows the RSI index classification in five levels.

2.2. Wet Bulb Globe Temperature (WBGT)

Unfortunately, due to the lack of measurement of globe
temperature (Tg) by meteorological stations, it is not possible
to report the heat stress conditions based on the WBGT index
provided by the International Organization for Standardization
(ISO) (Equation 4). Therefore, the model presented by the
Australian Bureau of Meteorology (ABM) was used in this
study (Equation 5) (Lemke and Kjellstrom, 2012). This model
has been used in several studies abroad (Kakamu et al., 2017,
Leroyer et al., 2018) and inside the country (Farhang Dehghan
et al., 2015, Hajizadeh et al., 2016).

WBGT out = 0.7Tqw+ 0.2Tg+ 0.1T, “

Where,

Tnw, Ta and Tg are natural wet temperature, dry
temperature and globe temperature in terms of (°C),
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respectively (Nassiri et al., 2017). The water vapor pressure in
equation 5 is obtained from equation 6 (Lemke and Kjellstrom,
2012).

WBGT = 0.567 Xt, +3.94+ 0.393 X E 5)

17.27%

RH .
E=—x6.105X%e 237.7+t; (6)

100

Ta = Average air temperature (°C)
RH = Relative humidity (%)
E = water vapor pressure (hPa)

The classification of this index by the American College of
Sports Medicine (ACSM) is presented in Table 3, which is
categorized in four levels (Epstein and Moran, 2006).

Data analysis was performed using Microsoft Office Excel
2010 and SPSS 22 software, descriptive statistics, Pearson
correlation coefficient and linear regression were used.

3. RESULTS

The mean of environmental variables such as air
temperature, relative humidity, and also RSI and WBGT
indices of the three studied climates in the summer months are
separately presented in Table 4. In the Arak city during the last
15 years, the maximum air temperature was observed in July
(28.12 £ 0.65), the maximum relative humidity in June (24.7 £+
1.55), the maximum amount of RSI and WBGT indices was
related to July, 0.151 + 0.013 and 23.26 + 0.4, respectively.

Asghari et al.

In the Bandar Abbas city, the maximum air temperature
was in July (34.27 £ 0.26), the maximum relative humidity was
observed in August (68.38 + 2.4), and the maximum amount of
RSI and WBGT indices was obtained in July (0.6 = 0.03) and
(37.22 + 0.43), respectively.

In the Sari city, the maximum air temperature was
observed in August (27.54 £ 0.57), the maximum relative
humidity was related to June (73.8 + 1.9), the maximum
amount of RSI and WBGT indices was obtained in August
0.21 +0.02 and 30 £ 0.47, respectively.

Correlation between environmental variables and the
studied indices in three different climates are separately shown
in Table S. There is a high correlation between RSI index and
air velocity in two hot and dry and, Mediterranean climates.
Only in the semi-arid and cold climate, the relationship
between the index and the air velocity was not statistically
significant (r=-0.056, P>0.05). Between RSI index and air
temperature, the variable was obtained at a very high
correlation coefficient in semi-dry and cold climate and as well
as Mediterranean climate. There was a direct significant
correlation between RSI index and relative humidity in hot and
dry climate, and in other two climates, an inverse significant
relationship was observed. The MRT showed a high correlation
with the desired index in the three studied climates, especially
in the Mediterranean weather. The WBGT index also had a
high correlation coefficient with environmental variables,
which was similar to the RSI index. Additionally, there is a
very high correlation between RSI and WBGT indices in three
different climates. Correlation between the thermal indices in
three different climates is shown in Fig. (2).

Table 2. Classification of the relative strain index levels (Blazejczyk, 2011).

Amount of Relative Strain Index Interpretation of Index
RSI<0.15 Climate comfort
0.15<RSI<0.25 Discomfort for sensitive individuals such as the elderly and children
0.25 <RSI <0.35 Discomfort for all people
0.35 <RSI<0.45 The risk of exposure to excessive heat (heat stroke risk) for 50% of people and more
RSI>0.45 The risk of hyperthermia for all people

Table 3. Risk Levels of the wet bulb globe temperature index.

Wet Bulb Globe Temperature Risk Level
<18 Low (down)
18-23 Medium
23-28 High
>28 Very high

Table 4. Mean and standard deviation of environmental variables and heat stress indices in the three climates studied during

three months.

Month Station Air Temp. (°C) RH (%) A.V(m/s) MRT RSI WBGT
Arak 25.16+1.37 24.7+1.55 2.1+0.17 47.7£1.27 0.083+0.028 21.26+0.94
June Bandar Abbas 33.73+£0.5 60.3+0.13 3.6+0.13 25.54+0.52 0.48+0.04 35.28+0.84
Sari 24.87+0.79 73.8+1.9 1.86+0.1 18.15+1 0.11+0.26 27+0.85
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(Table 4) cont.....
Month Station Air Temp. (°C) RH (%) A.V(m/s) MRT RSI WBGT
Arak 28.12+0.65 22.95+1.25 240.18 49.05+0.98 0.151+0.013 23.26+0.4
July Bandar Abbas 34.27+0.26 66.5+£2.46 3.8+0.17 26.26+0.37 0.6+0.03 37.22+0.43
Sari 27+0.75 73.74£1.75 1.7+0.17 20.24+0.71 0.19+0.27 29.44+0.77
Arak 26.84+1.1 23.1+2.44 1.75+0.2 46.35+1.87 0.117+0.022 22.3+0.64
August | Bandar Abbas 33.58+0.56 68.38+2.4 3.8+0.16 25.75+0.6 0.55+0.3 36.6+0.43
Sari 27.54+0.57 73.7+0.17 1.6+0.17 20.47+0.17 0.21+0.02 30+0.47
RH = Relative Humidity; AV= Air Velocity.
Table 5. Correlation between environmental variables and the studied indices in three different climates.
Index Station Air Temp. (°C) RH (%) A.V(m/s) MRT
Arak r, p-value 0.999, 0.0001 -0.614,0.0001 -0.056, 0.599 0.642, 0.0001
RSI Bandar Abbas r, p-value 0.612, 0.0001 0.664, 0.0001 0.567, 0.0001 0.711, 0.0001
Sari r, p-value 0.999, 0.0001 -0.280, 0.007 -0.562, 0.0001 0.840, 0.0001
Arak r, p-value 0.982, 0.0001 -0.486, 0.0001 -0.022, 0.832 0.642, 0.0001
WBGT Bandar Abbas r, p-value 0.520, 0.0001 0.733, 0.0001 0.590, 0.0001 0.661, 0.0001
Sari r, p-value 0.988, 0.0001 -0.254,0.014 -0.546, 0.0001 0.875, 0.0001
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Fig. (2). Correlation between the studied indices; A, in a semi-arid and cold climate (Arak); B, in hot and dry climate (Bandar Abbas); C, in the

Mediterranean climate (Sari).

4. DISCUSSION

Exposure to heat stress can cause a wide range of disorders
and complications in people and in some cases can cause death
(Farhang Dehghan et al, 2015, Asghari et al, 2018).
Moreover, it can reduce the productivity and performance of
individuals (Mazloumi et al., 2014). Therefore, evaluation of
this harmful factor in outdoor environments can be considered

as a priority. In this regard, different indices are used to assess
the heat stress and each of them has advantages and
disadvantages (Nassiri et al., 2018a).

In this study, the RSI index along with the WBGT index
offered by the Australian Meteorological agency was studied
for evaluating several different climates in Iran. Recorded data
at the meteorological stations of each region were used to
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estimate the thermal indices (Heidari et al., 2018). The results
showed that the mean RSI index for 15 years in the summer
season for semi-arid and cold climate, hot and dry climate, and
Mediterranean climate were 0.123 + 0.33, 0.54 £ 0.6, and 0.17
+ 0.05, respectively. The highest rate of the index was
observed in the cities of Arak and Bandar Abbas in July but in
Sari was related in August, which was due to higher
temperature parameter in the mentioned months. Given the
results of Table 4, in Arak there is a thermal comfort in June,
thermal discomfort in July that can be dangerous for
susceptible people such as the elderly and children, and in
August there is thermal comfort. In Bandar Abbas, there is a
risk of hyperthermia for all people in the summer months. In
Sari, thermal comfort was also observed in June, and thermal
discomfort was related to July and August, which can be
dangerous for people who are sensitive to heat. In several
studies, the RSI index was investigated, which was similar to
the results in the present study, especially in areas where high
relative humidity was reported. For example, the relationship
between RSI index and mortality in Buenos Aires was studied
by de Garin and Bejaran. They displayed that there is a thermal
discomfort in 75% of summer days, and for values of RSI
greater than 0.2, a sudden death occurred that is indicating
influence of the high thermal strain (de Garin and Bejaran,
2003). A study by Eludoyin et al. was designed to evaluate
thermal comfort wusing effective temperature (ET),
temperature—humidity index (THI) and RSI index between
1951 and 2009. The mean RSI index was 0.2 (0.18)°C and due
to various weather conditions, RSI provided contrasting
expressions for thermal comfort in Nigeria. They revealed that
the heat stress has increased since 2000 at most of the stations,
especially in the south and northwest. The weather conditions
were heterogeneous and recommended the analysis of multiple
thermal indices (Eludoyin et al., 2014). In another study
Abuloye et al. evaluated effective temperature, RSI index and
dew point temperature in southwest Nigeria. Air temperature
has increased by about 1°C at the most stations between 1961
and 2013. Areas near the Atlantic coast were under the heat
stress conditions, which increased since 1991 (Abuloye et al.,
2017).

Ramezani et al assessed the climate comfort and
determined the optimal tourist destination in the Rudsar city
using the RSI index during the 10-year period (Ramezani et al.,
2018). The results showed that the bioclimatic comfort
conditions were maintained in the months of April to
December. The results of Molanejad study, with the aim of
correlation between climate and human thermal comfort, in the
urban environment using RSI index showed that northern parts
of Tehran had appropriate comfort during hot period, but
southern regions had inappropriate comfort. It was predicted
that thermal discomfort is exacerbated by increasing the air
temperature during the hot months (Molanejad, 2015). The
results of our study in the Sari climate confirm the findings of
the study by Ramezani et al., and the results of Molanejad
study are consistent with the results of this study in two
climates of Bandar Abbas and Arak.

Based on the results of this study, the mean WBGT index
for Arak city in the summer season was obtained 22.3 + 1.07,
which for Bandar Abbas and Sari cities was 36.4 + 1 and 28.86
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+ 1.47, respectively. In Arak, mean risk levels were obtained in
June and August and high-risk levels were achieved in July. In
Bandar Abbas, the amounts of every three months of the
summer were very high-risk. In Sari, a high risk in June and
very high risk in July and August was observed. Considering
that the majority of Iran has a hot climate and is located in
desert and semi-desert areas (Amiri and Eslamian, 2010),
increasing air temperatures in hot seasons can have an
influence on the general public and on the performance of
outdoor workers (Malakouti and Rahimi, 2014, Hajizadeh et
al., 2015, Jafari et al., 2016). Amounts of WBGT greater than
32°C can increase the core body temperature and sweat rate,
especially in unacclimatized subjects. With increasing
humidity content significantly reducing the time of tolerance,
unacclimatized subjects may be at risk for heat-related
diseases, if the working plans are not adequately managed
(Claassen and Kok, 2007). Moreover, in very hot and high
humidity areas, the amount of heat stress using the WBGT
index may be estimated less than the actual amount (Bates and
Schneider, 2008).

Here, the RSI and WBGT indices showed the same
correlations with environmental variables, so that a positive
and significant correlation between both indices and air
temperature is found. There was a direct significant correlation
between thermal indices and relative humidity in the hot and
dry climate, and also an inverse significant relationship was
observed in other two climates. The MRT showed a positive
and significant correlation with both indices in the three
studied climates. As well, between these indices and air
velocity variable in the hot and dry climate and the
Mediterranean climate were obtained direct and indirect
correlations, respectively, and in the semi-arid climate, this
relationship was not significant. Additionally, between RSI
index and WBGT index a very high correlation was found in
the three climates. The highest correlation was related to the
Mediterranean climate (r > 0.991). The result indicated that a
significant correlation between studied indices in three
surveyed climates, shows appropriateness of using the RSI
index to assess thermal comfort in different climates. In the
study by Alina, bioclimatic indices of RSI, THI, Discomfort
Index (DI), and Wind Chill Equivalent Temperature (WCET)
showed the same comfort or discomfort conditions in different
seasons of the year (Alina, 2016).

Regarding the advantage of using RSI index, it should be
noted that data measured by meteorological organizations can
be used to predict and timely announce the state of heat stress
in different regions. If preventive management measures are
taken by the relevant organizations, the occurrence of stressful
conditions and its complications will reduce among exposed
people. The low cost for measuring and easy interpretation RSI
index is one of its benefits. On the other hand, given the
climate change phenomena and global warming in the coming
decades, the amount of this index by considering different
scenarios of climate change can be predicted. It is hoped that
this way steps to maintain and protect the health of individuals
can be taken, especially the manpower of outdoor work
environments.
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CONCLUSION

Based on the results, the RSI index can be used as a simple
and empirical index for the evaluation of heat stress along with
other indices. Indices based on temperature and humidity are
not suitable for hot and dry climates like Bandar Abbas and is
recommended to use rational indices for evaluation of heat
stress, so that more logical results can be achieved. It should be
noted that each of the heat stress indices has its own
advantages and disadvantages, and cannot achieve acceptable
results by examining an index. At the same time, by evaluating
and comparing the indices for a single environment, better and
accurate evaluation can be done.
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