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Abstract

Background: Climate change is one of the most complex human challenges in the future. One of
the consequences of climate change is the exposure of people to heat stress, especially in the outdoor
environments. The aim of this study was to model the changes in the trend of exposure to heat stress
in outdoor environments in the coming decades in the context of climate change and global warming.
Methods: The Wet Bulb Globe Temperature (WBGT) index, Canadian Earth System Model (CanESM2),
and the Statistical Down Scaling Model (SDSM) were used in a semi-arid climate. In this study, Arak
station was considered as a representative of Iran’s semi-arid climate. In this research, the daily data of
the minimum and maximum temperatures, humidity, and WBGT index were used from 2011 to 2099.
Results: The minimum and maximum air temperatures in the study station show an increasing trend in
three time periods. Also, based on the three studied scenarios, air temperature and WBGT index have
an upward and positive trend and relative humidity has a downward and negative trend in the coming
decades.

Conclusion: In general, increasing the exposure of people to heat stress at the study station in the
coming decades and based on the simulations of atmospheric general circulation models (GCM:s), will
not be unexpected.
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Introduction (4). This warming trend, especially the warming of the

Climate is the most important environmental element
affecting life on the earth (1). Climate is not fixed in a
region and changes under the influence of two factors:
Factors that cause annual climate change and factors that
create long-term change trends. Climate change is one of
the most complex challenges that humans will face in the
future (2).

The studies of the Intergovernmental Panel on Climate
Change (IPCC) in the Fifth Report showed that the
Earth’s surface temperature increased by 0.78°C (with
a confidence interval of 0.72-0.85°C) in the period of
2003 to 2012 compared to the base period of 1850 to
1900 (3). The average global temperature in the period
of 2018 to 2100 will increase by 0.5-1.8°C according to
the RCP4.5 scenario and by 0.7-3.7°C according to the
RCP8.5 scenario compared to the period of 1986 to 2005

mid-twentieth century to the present, is more likely due
to the increasing concentration of greenhouse gases due
to human activities. Even if greenhouse gas emissions are
stopped now, climate change will continue until the end of
the 21st century (5). The increase in the concentration of
greenhouse gases in recent decades and the resulting rise
in temperature have disturbed the balance of the planet’s
climate system and caused widespread climate changes in
most parts of the world (6). Studies have shown that this
phenomenon can have negative effects on various sectors
including water resources, agriculture, environment,
health (7), industry and economy (8-10).

The Middle East and the Mediterranean are known as
sensitive regions for climate change. Climate change is
the transformation of patterns and long-term weather
conditions (11). One of the most important countries in
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the Middle East is Iran. Iran is located in an arid and semi-
arid region and is mainly known for its low rainfall and
high temperatures (12).

Global warming due to the increase in greenhouse gas
concentrations and the resulting heat waves, especially
in the hot seasons of the year, puts many people at risk
of heatstroke and other effects of heat and death (9). In
general, all members of society, especially the elderly
and children, are vulnerable to heat (8). Investigating
the environmental, economic, and social effects of global
warming and climate change is of great importance. For
this reason, long-term simulation of climate elements and
taking the necessary measures to deal with the adverse
effects of climate change have been considered by many
international scientific communities (13,14). For this
reason, general circulation models (GCMs) have been
developed (15). Since in these models, climatic elements
are simulated on a large spatial and temporal scale, to
use these simulated elements on a smaller scale, the
output of these models must be downscaled with various
techniques. For this purpose, scientists have developed
several methods, which together are called downscaling
techniques (16).

Despite the importance of climate change and global
warming, ithas not been addressed in terms of heat stress in
the outdoor environment, and studies have focused solely
on temperature and precipitation changes, and heat stress
in the outdoor environment has received less attention. To
assess the amount of heat stress in outdoor environment,
one environmental parameter or meteorological cannot
be enough and it is necessary to use heat indicators (17).

Obviously, neglecting outdoor environment and
atmospheric conditions can have various consequences,
including creating and increasing the prevalence of heat
stress, diseases and complications caused by heat, such as
heatstroke, heat shock, and various skin disorders caused
by heat. Heat can also directly cause accidents and reduce
production and productivity by affecting the physical
capacity, mental and cognitive function of individuals.
Therefore, it is necessary to predict and evaluate thermal
stress in such environments.

The present study aimed to model the trend of changes
in the exposure to heat stress in outdoor environments in
the coming decades with respect to the topic of climate
change and global warming. For this purpose, Wet
Bulb Globe Temperature index (WBGT), The second
generation Canadian Earth System model (CanESM2)
and statistical downscaling model (SDSM) have been used
in a semi-arid climate.

The results of this study can be used for future
planning, preventive strategies and control measures
to maintain human health in environmental and urban
planning. It should also be noted that the study of the
trend of temperature changes and thermal indicators used
during different years can be used as a guide, health and

environmental management solution, because various
studies have shown that severe temperature changes lead
to various diseases, and even, death of people.

Materials and Methods

Study area

Arak station is located at latitude 34° 6’ N and 48° 46’ E.
The altitude of this station is 1708 meters above the sea
level. By investigating the data of Arak meteorological
station, it was determined that Arak city has the climatic
characteristics of the central plateau of Iran (Figure 1).
Winters are cold and humid and summers are hot and dry,
and winters are often long, lasting from 4 to 6 months.
In general, desert climate with dry and hot winds and
dry and rainless months in summer and cold winters, is
one of the general characteristics of Arak city. Arak city
is a semi-arid region according to De Martonne climate
classification, cold dry based on Amberger climate
classification, and a semi-arid and cold region based on
Koppen climate classification (17).

Data collection and information

In the present study, Arak station was considered as a
representative of semi-arid climate and the required data
such as environmental parameters of the minimum and
maximum temperatures, and relative humidity (RH)
were obtained based on the meteorological data recorded
during 1975 to 2005 as hourly and daily values.

The second generation Canadian Earth System model
(CanESM2)

The Atmospheric General Circulation Models (AGCMs)
are the most reliable tools for studying the effects of climate
change on different systems and are also able to model
climate parameters for a long-term period using the IPCC
approved scenarios. In this study, the CanESM2 was used
for modeling, which was developed by the Canadian Center
for Climate Modelling and Analysis (CCCMA) under
the auspices of the Canadian Environment Assessment
Agency (18). The CanESM2 is a comprehensive and
paired model, and the Fourth generation coupled global
climate model (CGCM4). Moreover, it is a part of the
coupled model intercomparison project phase 5 (CMIP5)
and the fifth assessment report of the IPCC. In this model,
the whole Earth is networked as 128 x 64 cells. Table 1
shows the specifications of the model (19).

Data scaling using the statistical downscaling model

The main weaknesses of the AGCMs models are their
low spatial resolution, which requires the output of these
models to be microscale before being used in the studies
of the climate change assessment. There are two ways
to overcome the disadvantage of low spatial resolution
in the AGCMs models, one of which is the SDSM and
another one is the dynamic downscaling model. Statistical
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Figure 1. The geographic position of the selected station (Arak city) in Iran
methods require fewer parameters than dynamic methods, total radiation induction will reach its peak of 20 W/m?
therefore, they have been more considered in studies of by 2050, and after which it will follow a decreasing trend.
meteorological sciences. One of the most widely used In scenario RCP 4.5, which is a constant scenario with
models in statistical methods is the SDSM model (20). increasing total radiative induction power until 2100 (4.5
Moreover, it is one of the most efficient statistical W/m?) and with stable concentrations after 2100. Also, the
models for climate studies today, which was developed by RCP 8.5 scenario is continuously increasing the radiative
Wilby et al as a tool for statistical exponential microscale induction power until the end of the 21st century and is
in the United Kingdom (21,22). The basis of this model approximately equal to 8.5 W/m? (25).
is multivariate regression and is used to predict climatic
parameters such as temperature and rainfall in long-term. The use of modeling data to calculate wet bulb globe
Comparison of the model with other methods of statistical temperature (WBGT) for the coming decades
exponential microscale shows that it has the necessary From the climatic point of view, four elements of air
ability to predict climatic variables (23). In this study, temperature, relative humidity, air velocity and radiation
SDSM 4.2.9 model was applied to exponential microscale are involved in the formation of human comfort
the output data. conditions. Among them, temperature and humidity are
considered as basic parameters and have a greater impact
Scenarios used in the study on human health and comfort. Therefore, most of the
Three scenarios of optimistic (RCP 2.6), intermediate (RCP heat stress indices are based on these two parameters (26).
4.5), and pessimistic (RCP 8.5) were used in this study. Therefore, in this study, two parameters of temperature
These scenarios are the difference between the radiant and RH were used.
energy received from the sun and the energy returned to In this study, the WBGT index was used to evaluate
the atmosphere by the Earth. Positive induction (more heat stress. WBGT 1is a valid and standard index that
input of solar radiation) increases and negative induction has wide acceptance and applicability around the world
(more output of energy) decreases the temperature of the (27). This index was introduced by Minard and Yaglue in
Earth. Radiation induction, as the most important cause 1957 and adopted with the ISO-7243 standard in 1989.
of climate change, is used to evaluate and compare each WBGT index shows the thermal conditions as a number,
of the natural and human causes of climate change (24). considering the natural wet temperature (t ), dry

It should be noted that in RCP 2.6, as the lowest RCP, the temperature (t ), and globe temperature (tg). The index in

Table 1. The specifications of the CanESM2 model (18)

Model Atmospherlc res.olutlon Oce.an resolu.tlon Founding Historical/future simulation course Simulation Scenarios
(longitude x latitude) (longitude x latitude) group
CanESM2 2.81°x2.81° 1.41°x0.94° CCCMA 2006-2100 RCP 2.6, RCP 4.5, RCP 8.5
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outdoor environments is calculated by equation 1 (28).
WBGT =07t +02t +0.1t, (1)

Due to the lack of measurement of t_ by meteorological
stations, it is not possible to report heat stress conditions
based on the WBGT index. Therefore, one should look
for a model or relationship that can estimate the WBGT
without the need for t parameter and complicated
equipment. In this regard, the Australian Meteorological
Agency has introduced a model for estimating the WBGT
index, which has two parameters of t and water vapor
pressure (equation 2). In this model, the water vapor
pressure can be determined using two parameters of t,
and RH, which is shown in Equation 3. The validity of
this index has been examined by Teimori et al, in outdoor
environments (29).

WBGT =0.567xta+3.94+0.393%E 2)
1727x—ta
E= RH 6.105xe P77 3)
100

Where ¢ is average air temperature (°C), RH is relative
humidity (%), and E is water vapor pressure (hPa).

In this study, Equation 2 was used to estimate the
WBGT and the amount of temperature, humidity and
WBGT index are forecasted on daily for the coming years
from 2011 to 2099. The classification of the recommended
values of this index is provided by the American College of
Sports Medicine (ACSM), which is mentioned in Table 2.
Finally, data were analyzed using SPSS 23 and Excel 2013
software.

Results

The values of the studied parameters including the
minimum temperature (T __ ), the maximum temperature
(T ), and relative humidity (RH) in the base period from
1976 to 2005 are shown in Table 3. In addition, modeling
of these parameters during the coming decades (2011-
2099) using three scenarios for the studied station are
given in Table 4.

As shown in Table 4, according to the scenario RCP 2.6,
the minimum temperature for decades of 2011 to 2040,
2041 to 2070, and 2071 to 2099 was associated with an
increase of 2.6, 3, and 3.1°C, respectively, compared to
the base period. The rate of rise in temperature varied
between 0.055°C (for July) to 5.85°C (January).

According to scenario RCP 4.5, these increases were
equal to 2.35, 3.42, and 4°C for decades of 2011 to 2040,
2041 to 2070, and 2071 to 2099, respectively, compared to
the base period. According to the recent scenario, the rate
of rise in temperature varied between 0.433°C (for July) to
6.1°C (for January).

Finally, based on the results of the scenario RCP 8.5,

the raising of the minimum temperature in the periods
of 2011-2040, 2041-2070, and 2071-2099 were 2.6, 4.4,
and 6.4°C, respectively, compared to the base period. It
should be noted that from 2011 to 2099, the temperature
augmented from 1.66°C (for April and July) to 7.28°C (for
January), compared to the base period.

The results of the maximum temperature parameter
using the scenario RCP 2.6 showed that in the period of
2011-2040, it raised 3.4°C compared to the base period,
in the period of 2041-2070, raised 4°C, and in the last
decades of the 21st century, raised 4.1°C. The rate of
increase in the maximum temperature varied from 1.4°C
(for April) to 6.9°C (for January). Based on the scenario
RCP 4.5, the maximum temperature for decades of 2011
to 2040, 2041 to 2070, and 2071 to 2099 compared to the
base period was associated with an increase of 3.2, 4.64,
and 5.35°C, respectively. In addition, between 2011-2099,
an increase in the maximum temperature from 1.85°C
(for April) to 7.4°C (January) was observed in comparison
with the base period.

Also, the results of the scenario RCP 8.5 showed that
in the period of 2011-2040, the increased maximum
temperature was 3.5°C, in the period of 2041-2070, it was
5.8°C, and in the last decades of the 21 century, it was
8.4°C, compared to the base period. It should be noted
that between 2011-2099, the maximum temperature
augmented from 2.8°C (for April) to 8.8°C (for August
and January) compared to the base period.

The results of the relative humidity parameter using

Table 2. Classification of WBGT index by the American College of Sports
Medicine (30)

Conditions description Risk level WBGT index (°C)
Comfort — no risk Low <18

Warm — caution Moderate 18-23

Hot — extreme caution High 23-28

Very hot — danger Very high >28

Table 3. The mean and standard deviation of the studied parameters in the
base period from 1976 to 2005

Months T . (C) T (C) RH (%)
Jun -5.95+5.5 4.17+6.18 71.9+13.85
Feb -4.0+5.87 6.9624.9 65.28+15.7
Mar 1.11£4.3 12.9545.25 55.85+16.85
Apr 71537 19.95+4 4585115
May 10.75£2.9 25.25+4 40.7+14.86
Jun 15.4242.4 32.243 28.58+9.5
Jul 19.1£2.27 35.52+2.56 27.2548.2
Aug 14.32+8.36 30.5+9.28 22.18+17.25
Sep 13.05+2.63 30.742.95 27.0£7.74
Oct 7.63£3.23 22.68+4.1 41.4%15.87
Nov 2.0+1.98 14.43.95 57.6£15.2
Dec 2.4+4.72 7.61£5.4 67.814214.4
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Table 4. Modeling of T_., T,

max’

and RH over the coming decades using three scenarios

Months Scenarios/ Trin Uiz RH
L A B c A B c A B c
RCP2.6 -0.19 -0.047 -0.05 1.2 1.1 1.1 47.8 47.7 47.5
Jan RCP4.5 -0.86 0.650 0.925 10.25 121 12.6 49 47 46.15
RCP8.5 -0.158 1.22 2.93 10.9 12.95 15.05 48.5 45.2 42.2
RCP2.6 0.71 1 1.3 12.25 12.25 12.7 46.1 44.9 44
Feb RCP4.5 0.5 1.4 1.76 11.52 12.92 13.6 45.6 43.7 43.37
RCP8.5 1 23 3.5 12.6 13.8 15.55 45.2 42.9 40.8
RCP2.6 33 3.8 43 15.65 15.85 16.8 39.8 39.2 38.2
Mar RCP4.5 3.53 3.85 4.75 15.85 16.45 17.4 39.7 38.3 36.66
RCP8.5 3.83 4.7 6.55 16.5 17.6 19.8 38.8 36.5 335
RCP2.6 71 7.87 8.33 20.3 215 22.3 321 31 29.8
Apr RCP4.5 7.3 8.4 8.85 20.6 221 22.7 32 29.35 29
RCP8.5 7.2 8.9 10.2 20.6 22.8 24.95 31.95 28.5 25.8
RCP2.6 1.7 12.35 12.4 26.3 27.45 27.45 22.9 21.75 22.37
May RCP4.5 1.8 12.75 13.6 26.45 27.95 29.15 22.95 215 19.4
RCP8.5 1.9 13.43 15.1 26.7 29 314 23.15 19.5 16.6
RCP2.6 16.7 17.3 17.2 33.75 34.2 34.2 12.55 12.05 1.7
Jun RCP4.5 16.53 17.35 18 33.6 34.5 354 12.15 1.8 10.3
RCP8.5 16.57 18.3 20.3 33.35 35.8 38.25 13.3 10.35 5.4
RCP2.6 18.8 19.4 19.2 37.05 37.85 37.53 9 7.65 7.75
Jul RCP4.5 18.5 19.7 20.4 36.7 38.2 38.9 8.95 7.23 5.8
RCP8.5 18.9 20.9 22.8 371 39.45 42 8.3 5.2 1.3
RCP2.6 18.34 18.9 19.05 36.53 37.55 37.6 10 9.66 9.68
Aug RCP4.5 17.75 19.2 20 35.85 37.9 38.8 12.05 8.85 7.2
RCP8.5 18.2 20.3 22.8 36.63 39.45 42.65 10.15 7.26 2
RCP2.6 15.2 15.6 15.6 32.33 33.2 33.3 17.8 16.9 16.73
Sep RCP4.5 14.6 16.3 16.95 321 34.1 35 18.2 15.7 14.9
RCP8.5 15.15 17.4 201 325 35.65 38.9 17.8 13.3 8.6
RCP2.6 10.7 10.8 10.8 26 26.6 26.3 27.5 26.9 27.3
Oct RCP4.5 10.25 11.35 11.83 25.95 27.35 27.9 28.2 26.45 25.75
RCP8.5 10.55 12.7 15.3 26.1 29.05 32.2 27.8 24.4 19.8
RCP2.6 5.6 6 5.6 19.26 20 19.3 38.4 36.8 38
Nov RCP4.5 5.05 6.3 6.6 19 20.7 20.8 38 36.6 36
RCP8.5 5.05 7.6 10.1 18.85 21.55 25.05 39.2 34.7 29.9
RCP2.6 1.23 1.75 1.5 13.3 141 13.3 45.5 44.4 45.6
Dec RCP4.5 1.2 1.95 2.6 13.35 14.3 14.9 46.1 44.7 43.3
RCP8.5 1.3 3.2 5 13.45 15.5 18 45.5 42.4 39.65

*A: Years from 2011 to 2040; B: Years from 2041 to 2070, and C: Years from 2071 to 2099.

the scenario RCP 2.6 indicated that in the periods of
2011-2040, 2041-2070, and 2071-2099 compared to the
base period, the values were associated with a decrease
of 16.8%, 17.7%, and 17.8%, respectively. The highest
reduction of relative humidity was related to January,
February, and December, respectively. The decrease of
9.43% (September) to 23.92% (January) was observed
in comparison with the base period. According to the
scenario RCP 4.5, in the periods of 2011-2040, 2041-2070,

and 2071-2099 compared to the base period, the values
were associated with a decrease of 16.6%, 18.4%, and
19.5%, respectively. The highest reduction in the relative
humidity belongs to January, February and December,
which ranges from 10.3% (for September) to 24.2% (for
January). Furthermore, based on the scenario RCP 8.5, in
the periods of 2040-2011, 2041-2070, and 2071-2099, the
mean of relative humidity was decreased as 16.8%, 20.15%,
and 23.9%, respectively. The highest reduction of relative
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humidity was related to January, February, and December,
respectively. Also, from 2011 to 2099, the decrease in
relative humidity ranged from 13.34% (for September) to
26.28% (for January).

The average WBGT index in the studied station over the
coming decades were examined using the three scenarios,
the results of which are shown in Figure 2.

According to Figure 2A, the results of the scenario RCP
2.6 showed that the WBGT index has an upward trend
until 2099; this growth of the index in January, February,
and December is more significant. The findings of this
study displayed an increase of 0.63 to 3.65°C in the amount
of the index by the end of the last century compared to the
basic decades. In summer season and the months of May,
June, and July, there is a downward trend in the index.

With respect to the results (Figure 2B) obtained from
the scenario RCP 4.5, the WBGT has also an upward trend
until 2099. This rise in the index in January, February, and
December is more considerable. Based on the scenario,
an increase of 0.033 to 3.92°C in the amount of the
index until the end of the last century was observed in
comparison with the basic decades. In summer season
and the months of June and July, there is a decrease in the
amount of the index.

According to the results (Figure 2C) obtained from the
scenario RCP 8.5, the WBGT has an upward trend until
2099, this increase in the index in January, February,
November, and December is more significant. The results
showed an increase of 0.55 to 4.7°C in the amount of the
index until the end of the last century compared to the
basic decades. It should be noted that in July, there is a
decrease in the index.

Table 5 shows the indices of model evaluation. As
shown in this table, the coefficient of determination (R?)
between the observed and modeled values for t and HR
are 0.85 and 0.62, respectively, which indicate acceptable
precision. The root-mean-square error (RMSE) for t _and
HR is 4°C and 10.7%, respectively. The standard error (SE)
of the observed and modeled values for t and HR is 0.13°C
and 0.11%, respectively, which shows the high accuracy of
modeling. The absolute maximum error (MAE) for t_and
HR was obtained 5.9°C and 8.7%, respectively, which is
acceptable.

Discussion

The phenomenon of climate change and global warming
has become one of the biggest environmental problems
today that has affected all members of society. Climate
change is leading to rising heat waves, fires, air pollution,

Table 5. Evaluation of the produced data by the model in the studied station
based on the observed data performance assessment of SDSM during
validation period (1991-2005) for T

mean

Name R RMSE SE MAE
T, 0.85 4 0.13 59
RH 0.62 107 0.1 8.7
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Figure 2. Comparative evaluation of WBGT index in the base and coming
periods up to 2099 in different months of the year; A) The trend of the index
changes using scenario RCP 2.6, B) The trend of the index changes using
scenario RCP 4.5, and C) The trend of the index changes using scenario
RCP 8.5.

and war over water resources, infectious diseases, and
so on. Given the trend of global warming in the present
century, the importance of paying attention to the issue of
heat stress and related disorders and diseases, such as heat
shocks, is felt more than ever (31). Therefore, this study
was performed to model the trend of heat stress based on
the WBGT index in the coming decades using the general
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atmospheric circulation model (CanESM2) and the SDSM
microscale model in one of the climatic regions of Iran
(Arak station) using three scenarios including optimistic
scenario RCP (2.6), intermediate scenario RCP (4.5), and
pessimistic scenario RCP (8.5). The results showed that
in all months of the year, the minimum and maximum
temperatures in the studied station increased over the
coming decades based on the three scenarios studied.
These increases were seen more in January, February,
March, November, and December compared to the
other months. Also, the results showed an increase in
temperature in the RCP 8.5 scenario in the decades 2071-
2099 compared to previous decades. Hoshyar et al. studied
the outlook for the maximum temperature changes in
another climatic region of the country (Urmia station in
the northwest of Iran) using the CanESM2 model and
the SDSM statistical microcirculation model. In this
study, the trend of changes in the maximum temperatures
during the basic statistical period (1961-2005), as well
as the perspective of future changes in the maximum
temperatures over a period of 30 years (2051-2021) in
Urmia synoptic station were investigated. The results
showed that during the baseline statistical period, the
temperature has increased but its trend was insignificant.
In addition, based on the results obtained from the data
of the CanESM2 model, the maximum temperatures will
increase, which is equal to 0.7°C compared to the base
period. In terms of seasonality, the most and the least
changes are related to summer (1.6°C) and winter (0.1°C),
respectively (31). In another study using the LARS climate
model, meteorological data from 1988 to 2005 were used
to predict temperature changes in Tehran province in
Iran, between 2010 and 2039. They found that the average
monthly temperature would increase by about 0.2°C, with
the highest increase in January (about 0.8°C). While in
April, it gets colder by about 0.6°C, which is equivalent to
a 4% decrease in temperature (32).

Fallah-Ghalhari et al (26) and Fallah-Ghalhari &
Shakeri F (33) used the CanESM2 model to evaluate the
effects of climate change on the minimum and maximum
temperatures in Iran. The results showed that the highest
increase in the mean of the maximum and minimum
temperatures of Iran in the RCP 8.5 scenario and the period
2099-2071 will be equal to 6.69 and 6.61°C, respectively.

Humidity is one of the important climatic elements that
has undeniable effects on various human activities and
natural processes, especially in arid and semi-arid regions.
Due to the fact that the occurrence of precipitation as a
very important key element has a direct relationship
with the humidity in the atmosphere or precipitation
system, increasing temperature, which is accompanied by
increasing the air humidity capacity, reduces the relative
humidity and delays the precipitation process on an
hourly scale. However, with increasing temperature and
air humidity capacity, if there is a source of humidity, the
specific humidity of the air rises and causes an increase

in water vapor in the atmosphere. The water vapor in the
role of a greenhouse gas can intensify global warming (34)
.One of the indications of climate change is the change
in daily temperature range (35). According to the results
of this study, the temperature will increase in winter at
Arak station. Given that temperature is inversely related
to relative humidity, relative humidity is expected to
decrease in winter. These results were exactly obtained in
this study. As the relative humidity decreases, the water
vapor content in the atmosphere decreases (36). Since
water vapor plays an important role in reducing the day-
night temperature range, with the reduction of water
vapor, the day-night temperature in Arak station will
increase in winter. In other words, the difference between
day and night temperatures in winter will increase in the
coming decades, and this may cause changes in climatic
comfort conditions in this season, especially in outdoors.
Therefore, proper planning should be considered in
this field. According to the charts related to the studied
scenarios, the WBGT index has an upward trend until
2099. This increase in WBGT index in January, February,
and December is more significant. Also, in summer and
May, June, and July, there is a downward trend in the
index. However, regarding the decrease in the WBGT
index in summer, it should be noted that the calculation
of the index in this study was based on temperature and
relative humidity. Therefore, in the summer months,
especially July, the sever decrease in relative humidity
causes a reduction in the WBGT index.

Fallah-Ghalhari et al evaluated the trend of changes in
relative humidity in 41 synoptic stations in Iran in the
period 1960-1990 and reported that the minimum and
maximum relative humidity in 37 synoptic stations in Iran
will decrease in winter, which is consistent with the results
of this study (37). Habibi et al showed that the trend of
average annual changes in the WBGT index during
the statistical period of 1961-2009 in Tehran increases
significantly. In addition, the model used in that study
estimated an increase of about 1.55°C in the WBGT index
by 2050. The results also showed that the mean monthly
values of the WBGT index in March and October are
located in the warm zone (caution, 24-28°C) and in June,
July, August, and September in the hot zone (extreme
caution, 28-24°C) (38). Willett and Sherwood examined
the increase in heat stress thresholds using the WBGT
index in 15 regions of the world considering climate
change over the period from 1973 to 2003. The results
showed that the trend of change is upward in all regions
except the northeastern United States and northeastern
Australia (39).

Conclusion

According to the results of this study, exposure to heat
stress in the studied station during the statistical period
has an increasing trend in accordance with global
warming. It can have adverse effects on the health of
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people in the future, especially vulnerable people such as
the elderly and children. Here, the trend of changes in the
WBGT index until 2099 was modeled, which is superior
to other studies conducted by simple time series models.
In future studies, modeling is recommended to be done
using several climatic models to compare the results of
the models with each other to achieve a more accurate
assessment for future planning.
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