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Abstract As a preliminary and major step for land use plan-
ning of the coming years, the study of variability of the past
decades’ climatic conditions with comprehensive indicators is
of high importance. Given the fact that one of the affected
areas by climatic change includes variability of thermal com-
fort, this study uses the physiologically equivalent tempera-
ture (PET) to identify and evaluate bioclimatic conditions of
40 meteorological stations in Iran. In this study, PET changes
for the period of 1960 to 2010 are analyzed, with the use of
Mann-Kendall non-parametric test and Pearson parametric
method. The study focuses particularly on the diversity in
spatio-temporal distribution of Iran’s bioclimatic conditions.
The findings show that the mean frequency percentage of days
with comfort is 12.9 % according to the total number of se-
lected stations. The maximum and minimum frequency per-
centage with values of 17.4 and 10.3 belong to Kerman and
Chabahar stations, respectively. The findings of long-term
trend analysis for the period of 1960–2010 show that 55 %
of the stations have significant increasing trend in terms of
thermal comfort class based on the Pearson method, while it
is 40 % based on Mann-Kendall test. The results indicate that
the highest frequency of days with thermal comfort in the
southern coasts of Iran relates to the end of autumn and winter,
nevertheless, such ideal conditions for the coastal cities of

Caspian Sea and even central stations of Iran relate to mid-
spring and mid-autumn. Late summer and early autumn along
with late spring can be identified as the most ideal times in the
west and northwest part of Iran. In addition, the most impor-
tant inhibiting factors of thermal comfort prove to be different
across the regions of Iran. For instance, in the southern coasts,
warm to very hot bioclimatic events and in the west and north-
west regions, cold to very cold conditions turn out to be the
most important inhibiting factors. When considering the var-
iations across the studied period, an increase in the frequency
of thermal comfort condition is observed in almost half of the
stations. Moreover, based on Pearson and Mann-Kendall
methods, the trend of changes in monthly averages of PET
has decreased in most stations and months, which can lead to
different consequences in each month and station. Thus, it is
expected that due to PET changes in recent decades and to the
intensified global warming conditions, Iran’s bioclimatic con-
ditions change in a way that transfers the days with comfort to
early spring and late autumn.

1 Introduction

Human biometeorological conditions can be assessed through
thermal indices in order to understand the effects of thermal
climate on humans (Ndetto and Matzarakis 2015). The ther-
mal comfort state occurs when the human body establishes
reasonable balance between the heat generated by the body
and its heat loss without unnecessary efforts. Brager et al.
(2004) emphasize that the human comfort of individuals is
not determined by weather and climate variables only, but
two main groups of factors have an impact on it: environmen-
tal factors, i.e., air temperature, air humidity, wind speed, and
mean radiant temperature, and personal factors, i.e., the type
of work activities and clothing’s heat resistance.
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The growing need for valid assessment procedures for out-
door thermal environment in the fields of public weather ser-
vices, public health systems, urban planning, tourism, recrea-
tion, and climate impact research led to the development of
thermal indices (Jendritzky et al. 2012, Roshan et al. 2015). In
fact, one of the main objectives of human bioclimatology is to
prepare indicators that combine the physiological effect of
complex environmental and personal factors influencing hu-
man body (Auliciems and de Dear 1998). Accordingly, since
the mid-twentieth century, simple to complex bioclimatic in-
dicators have been developed while their weaknesses and
strengths were also demonstrated (Olgyay and Olgyay 1954,
Terjung 1968, Fanger 1972, Landsberg 1972, Steadman 1979,
Mieczkowski 1985, Gagge et al. 1986, Höppe 1993, Taffé
1997, Höppe 1999, Parsons 2003). These indicators were then
applied for various bioclimatic or tourism purposes through-
out the world (Matzarakis and Mayer 1997, Zaninovic 2001,
McGregor et al. 2002, Yan 2005, Cengiz et al. 2008, Kim et al.
2013, Basarin et al. 2015).

Due to the variability of tourism comfort indices, Abegg
et al. (1998) divided all measures into three main groups:
simple and preliminary, combined, and bioclimatic indices.
The advantage of combined indices and bioclimatic indices
is that they consider complex relations between the mecha-
nisms of regulating body temperature and physiological sys-
tems of human thermo-circulation. One of the most widely
known and applied index of this group is physiologically
equivalent temperature (PET). Today, the use of composite
indicators that are based on the balance of the human body,
e.g. PET, is very common in thermal comfort assessments and
tourism climatology. For example, Nastos and Matzarakis
(2013) revealed that the trend analysis of PET extremes indi-
cated increasing trends for both extreme heat and cold stress in
the Athens University Campus, Greece for the time period of
1999–2007. In another study that considered the role of cli-
mate change on thermal comfort conditions in Freiburg,
Germany, the results testified to increasing occurrence of heat
stress and heat waves and reduced ratio of cold waves for the
coming decades (Matzarakis and Endler 2010). Additionally,
numerous other researchers used PET in their studies: e.g.,
Rudel et al. (2007) for Australia, Amiranashvili et al. (2008)
for Georgia, Lin et al. (2008) for Taiwan and Krüger et al.
(2013) for Glasgow.

Iran has unique features and significant differences in terms
of climate conditions, which are due to changes in latitude,
altitude, proximity to large watersheds, variety of topograph-
ical conditions, and the prevailing circulation systems occur-
ring during the year. These factors induce highly-diverse bio-
climatic conditions in terms of temporal and spatial scale in
different parts of Iran. The reality of these various conditions
are reflected in numerous studies conducted in Iran (Ramezani
Gourab and Foroughe, 2010, Delavar et al. 2012,
Ramazanipoor and Behzadmoghaddam 2013, Safaeipoor

et al. 2013, Esmaili and Fallah Ghalhari 2014b, Roshan
et al. 2015, Mokhtari and Anvari 2015). Despite the fact that
several studies have focused on the different bioclimate fea-
tures of Iran so far, their reliance on monthly data and short-
term time series is among their weaknesses. However,
Farajzadeh and Matzarakis (2009, 2012) investigated thermal
climate and tourism conditions for the areas of northwest of
Iran using PET. In addition, based on calculations of PET in
Ourmieh Lake coast, it is shown that the months June, July,
and August are located in the comfortable class representing
the most suitable months for tourist activities. Also,
Daneshvar et al. (2013) used long-term average monthly data
to estimate PET index and examined thermal comfort condi-
tions during different months of the year. Their results showed
that thermal comfort conditions prevail on the southern part of
the country and along the shores of the Persian Gulf and Oman
Sea during the winter months. In most areas of the country,
comfort conditions were observed during the months of
spring, especially duringApril. By examining annual averages
of PET, they concluded that the most pleasant comfort condi-
tions can be realized at an altitude of 1000 to 2000 m, with
annual air temperatures of 12 to 20 °C and annual rainfall of
200 mm. Esmaili and Fallah Ghalhari (2014a) studied climatic
properties and bioclimatic potential of Iran at a seasonal scale
using PET and concluded that the most favorable seasons in
terms of thermal comfort are spring and fall, respectively.
Dalman et al. (2011) investigated the traditional and modern
urban environment in Bandar Abbas in terms of thermal com-
fort using PET. The results of this study showed the traditional
environment has more comfortable situation than the modern
one.

Considering the above-mentioned researches and the fact
that one of the main concerns refer to the issue of climate
change and global warming today, understanding climate be-
havior in the past is an important step toward detecting the
future changes and variations. This issue suggested PET be
monitored and evaluated in this study for the first time using
daily data for various selected stations of Iran. On the other
hand, the change in this index trend based on Pearson and
Mann-Kendall test for the last half century (1960–2010) is
analyzed. As the changes in the near future are dependent on
changes in the past and present decades, their knowledge can
be an effective tool to later studies on predicting future condi-
tions in Iran. The aims of this study are to evaluate the biocli-
matic conditions and to detect changes of PET for the past
decades.

2 Materials and methods

In order to achieve this goal, daily, long-term climate data of
temperature, relative humidity, wind speed, and cloud cover
were used for the period of 1960 to 2010. In this study, the
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data related to cloud coverage with octa unit has been taken
from meteorological stations in Iran, and they are measured
and observed by observers in the weather stations.

These data have been obtained from the Iranian
Meteorological Organization. Since access to long-term, 50-
year data is only restricted to a limited number of stations, the
statistical assessment has been carried out on the basis of 40
selected stations that have the most complete datasets. It
should be noted that data were complete in almost all stations,
and less than 2 % of daily data was missing in six stations
only, where reconstruction was performed by liner regression
and thus the results were approved after validation of
reconstructed data. As mentioned above, PET was used in
this study to quantify the bioclimatic conditions of the
studied areas. PETwas developed by Höppe (1999) as a glob-
al benchmark for assessing the thermal environment. It has
been obtained from the energy balance equation of human
body and can be interpreted as the air temperature of a room
in which the human body experiences the same level of ther-
mal stress, resulting in the same skin temperature and core
temperature of the human body as in the real outdoor
environment.

In this study, RayMan model was used to determine PET
values and description of this model is available in Matzarakis
et al. (2007, 2010). One of the important features of this model
is simulating the short- and long-wave radiation flux densities
from the three-dimensional surroundings in simple and com-
plex environments. The final output of the model is the mean
radiant temperature of the environment, which is among the
most important components in calculating PET. The variables
needed for RayMan to calculate PET included the following:

& Topographical variables, including latitude, longitude, and
altitude of the desired area;

& Meteorological variables, including dry air temperature in
degrees Celsius, relative humidity in percent or vapor
pressure in hectopascal, wind speed in meters per second,
and cloudiness in octas;

& Individual variables, such as height, weight, age, gender,
type of clothing (in clo), and type of activity (in watt per
square meter) are physiological characteristics necessary
in the model. Considering the fact that these data are dif-
ferent and variable, they are taken as average or standard-
ized mode in bioclimate models. In this research, the av-
erage values of these variables are based on the default
model for males, that is height of 1.75 cm, weight of
75 kg, and age of 35. For the clothing insulation, value
of 0.9 clo was taken, and 80 watt was intended for the
amount of activity.

In this study, PET has been evaluated from several perspec-
tives. First of all, PET results were compared with those of
perceived temperature (PT). PT (°C) is the air temperature of a

reference environment in which the perception of heat and/or
cold would be the same as under the actual conditions and that
considers a certain degree of adaptation by various clothing
(Staiger et al. 1997). The meteorological variable inputs to PT
are air temperature, dew point temperature, wind velocity,
total cloud cover, and cloud cover of low, medium, and
high-level clouds (Jendritzky et al. 2000).

PT is derived from a steady-state model allowing rapid
calculation by avoiding integration over time and using an
effective iteration. Therefore, it is perfectly suited for opera-
tional applications with high spatial and temporal resolution
(e.g. meteorological forecasts). The following gives an outline
of the human heat budget equations basic to PT and the new
parameterisations through which PT is adjusted to physiolog-
ically more significant models in the case of both cold and
warm humid conditions (Staiger et al. 2012). In Table 1, the
threshold values of PET and PT are presented based on vary-
ing degrees of thermal stress and human thermal perception
(Matzarakis and Mayer 1996, Staiger et al. 2012).

During the comparison of PETand PT, a classification with
three new thresholds was proposed and applied (Table 1). The
first level consists of comfort zone, and this threshold is con-
sistent with the quantitative values of 18 to 23 °C and 0 to
20 °C in the conventional classification of PET and PT.

The second level includes the range higher than comfort,
with quantitative threshold values above 23 °C for PET and
20 °C for PT. This range can be generally described as the
warm zone. Finally, the third level, with values below 18 °C
for PET and 0 °C for PT, is related to the range lower than the
comfort level and can be denominated as the cold zone
(Table 1). The purpose of this new classification is summariz-
ing the estimation of frequency of occurrence of each thresh-
old, since considering frequencies for all conventional thermal
comfort classes of PET and PT can result in complication and
high volume of outputs due to the large volume of input data
and studied stations.

There are some studies that calibrated the thermal classes
of PET for their specific climate, such as Lin and
Matzarakis (2008) for Taiwan, Yahia and Johansson
(2013) for Damascus, and Syria or Kovács et al. (2016)
for Hungary and Roshan et al. (2017) for Iran. For example,
Lin and Matzarakis (2008) defined new PET classes ac-
counting for tourists’ thermal perception ranges. They em-
phasized that in addition to the physiological factor of the
human heat balance, thermal sensitivity and thermal com-
fort ranges vary among residents of different regions due to
psychological factors, e.g., people who live in tropical re-
gions might be more tolerant of high temperatures due to
their experience. It should be noted that the aim of the pres-
ent work is not to define and use new thermal zones for
Iranian sites. We used the conventional PET classes in this
paper generalized for all climatic zones of Iran, therefore its
application should be considered only as an indicator at
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this stage of the research. The present study can be the
base of a subsequent work where we use calibrated PET
classes.

The time scale for the first stage of the examination in-
cludes daily data for the whole studied period. The second
step of the present study is the calculation of monthly averages
of PET from daily data. In this step, firstly, an overview of the
long-term monthly averages of each station is presented and
then the patterns of each month’s trends are calculated along
with its decadal changes. Since the analysis of trend of PET
changes is a main basis for this study, two parametric methods,
Pearson linear regression and Mann-Kendall non-parametric
test, were used to detect the trend’s changes for the frequencies
of the three proposed levels through the monthly time series.

3 Introduction of representatives of climatic diversity
in the study area

Iran is a country with diverse climate and remarkable topo-
graphical variations. Such diversity entailed that besides the
overall results for 40 selected stations, certain results are pre-
sented exclusively for ten stations as the most representatives
of this climatic and geographical diversity. Ahvaz, Boushehr,
and Jask, which represent the western, central, and eastern
areas of the Persian Gulf, have hot and dry to hot and humid
climate (Fig. 1). Reports of 1960–2010 period show that an-
nual average temperature for Ahvaz, Boushehr, and Jask is
25.4, 24.5, and 26.9 °C, while the annual mean relative hu-
midity ranges from 42.6 % for Ahvaz to 65 % for Boushehr
and 68 % for Jask. Shiraz and Yazd with cold and dry weather
in winter and hot and dry weather in summer were selected as
central stations of Iran (Fig. 1). Long-term annual average
temperature and relative humidity for Yazd and Shiraz are
19.2 and 30.1 % and 17.9 and 38.9 %, respectively. Rasht in

the southwest and Babolsar in the east coast of the Caspian
Sea are the representative cities of Iran’s northern coasts. The
relative humidity of Rasht’s station reaches 82.2 %, while it
reduces to 65.1 % in Babolsar. The long-term annual temper-
ature of Babolsar is 17.1 °C, while it is 16.1 °C in Rasht.
Mashhad station representing northeast of Iran shows average
temperature and relative humidity of 14.3 and 54.7 %, respec-
tively. Tehran, which was selected for both its climatic pattern
and commercial position, has average annual temperature and
relative humidity of 17.5 and 40.3 %, respectively. Tabriz, the
representative of the northwest stations of Iran, has an annual
average temperature and relative humidity of 12.7 and 52.5%,
respectively (Fig. 1).

In order to provide an overview of the diversity of climate
and topography of Iran, Fig. 1 is presented. The present cli-
matic zoning map is derived from the results of a work pro-
vided by Hydarei and Alijanei (1999). For climatic zoning of
Iran using minimum, maximum, and average monthly tem-
perature; dew point; frosty days; direction and speed of wind;
the amount of rain and number of rainy days; snowy days;
relative humidity; air pressure and sunshine hours on monthly
basis; and cluster analysis, they have determined six meso-
climatic zones for Iran.

4 Results

4.1 Monitoring of the frequency pattern of proposed
thermal comfort classes

In Fig. 2, the percentages of frequencies of occurrence of each
three proposed thermal comfort class of PET and PT that in-
clude comfort, heat, and cool zonesare illustrated for each
selected station based on daily data. The minimum and max-
imum frequencies of the comfort class for the PET belong to

Table 1 Traditional thresholds of PET (Matzarakis and Mayer 1996) and PT (Staiger et al. 2012) as well as the proposed category boundaries used in
the present study

Suggested categorization in this paper Level of thermal stress (PET) Thermal perception
for PET and PT

PT (°C) PET (°C)

PT (°C) PET (°C) Extreme cold stress Very cold −39> <4

Cold <0 Cold <18

Strong cold stress Cold −39 to −26 4–8

Moderate cold stress Cool −26 to −13 8–13

Slight cold stress Slightly cool −13 to 0 13–18

Comfortable
0–20

Comfortable
18–23

No thermal stress Comfortable 0 to 20 18–23

Warm >20 Warm >23 Slight heat stress Slightly warm 20 to 26 23–29

Moderate heat stress Warm 26 to 32 29–35

Strong heat stress Hot 32 to 38 35–41

Extreme heat stress Very hot >38 >41
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Chabahar and Kerman stations with values of 10.3 and
17.4 %, respectively, while the average percentage of days
with comfort considering all selected stations is 12.9 %.
Comparing the frequencies of three above-mentioned thermal
comfort classes indicates the highest percentage of frequen-
cies of PET in the warm zone: the average frequency for all
studied stations is 51.4 % in the case of the warm class, while
this value is 35.7 % for the cold class. In the warm class, the
minimum frequency belongs to Hamedan station with 24.9 %
and Tabriz with 28.5 %. However, Chabahar and Dezfool
experienced the highest ratio of warm conditions with fre-
quency percentages of 86.7 and 85.2 %. Considering the cold
class, the results tend to be contrary to those of the warm zone
(Fig. 2). Chabahar and Dezfool experienced the least cold
conditions with 3 and 3.7 % frequencies, while Hamedan
and Tabriz have the highest frequency of cold class with
62.1 and 58.6 %. Overall, Fig. 2 clearly shows that the highest
frequency of bioclimatic conditions related to PET is related to
the warm class on average, which is followed by the frequen-
cy percentage of cold and thermal comfort zone.

The most striking results in Fig. 2. concern the com-
parison of PET and PT frequencies. The smallest differ-
ences between the two can be observed in the case of the

warm class, where almost full overlaps appear in most
cases. However, the diversity is the highest concerning
the cold class. The warm-related frequencies indicate
higher PET values compared to PT in almost all stations,
but these differences are negligible. However, the cold
conditions occur much more frequently in each station
when considering the PET. Paying our attention to over-
all averages of the studied areas concerning cold biocli-
matic classification, 36 % of the days are in the cold
range based on PET, while this average amount covers
5 % for PT only (Fig. 2). These facts reflect that the
quantitative thresholds of PET have more sensitivity dur-
ing the occurrence of cold bioclimatic conditions com-
pared to PT. The higher sensitivity of PET to the occur-
rence of cold conditions caused that the ratio of comfort-
able days are much fewer in terms of PET compared to
PT. The overall average of this frequency in the studied
stations is 13 % for PET, while this is 59 % in the case
of PT (Fig. 2).

An interesting point during the assessment is the study
of trends of frequency changes for each three proposed
class concerning PET (Tables 2 and 3, Fig. 3). Based on
Pearson’s correlation coefficients, it is specified that the

Fig. 1 Map of Iran’s climatic diversity, as well as the distribution of studied stations
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trend of changes in thermal comfort is significant in-
creasing in 55 % while significant decreasing in 7.5 %
of the studied stations (Table 2, Fig. 3). The frequency
trend of warm conditions decreases significantly in 55 %
of the areas, while significant increase occurs with 10 %.
In terms of cold conditions, significant increase prevails
in 40 % and decrease in 2.5 % of the places only.

Somewhat different results are observed using Mann-
Kendall method (Table 3, Fig. 3). Forty percent of the
stations show significant increasing trend for climate
comfort class, while significant decreasing trend does
not occur at all. On the other hand, the results show that
the frequency percentage of stations with decreasing and
increasing significant trend for cold class include 10 and
47.5 % of the studied stations, respectively, which are
slightly higher than those according to the Pearson’s
method (Fig. 3). Finally, for warm class, 5 % of the
stations have significant increasing and 40 % of them
have significant decreasing trend, which signals slightly
lower cases compared to the Pearson’s method (Table 3,
Fig. 3).

5 Evaluation of monthly averages and changes
of PET

One of the aims of this study is to present a general overview
of Iran’s bioclimatic conditions. In order to achieve this goal,
long-term monthly averages of PET were calculated for all
stations using the daily data, and then, the frequencies for
the different thermal comfort classes for each month are also
analyzed (Table 4, Fig. 4). As winter starts in December in
Iran, the data signal no evidence of warm to very hot events
for this month in the studied stations, while in January, it does
not reach even the slightly warm class, i.e., the value of 23 °C
(Table 4, Fig. 4). In February, the situation is similar to
December with no occurrence of frequencies for warm to very
hot classes. The frequency of cool class dominates in all win-
ter months and distributes in similar proportion, i.e., 32.5 %
for December, 30 % for January, and 32.5 % for February,
respectively (Fig. 4). Generally, the lowest monthly PET av-
erages belong to Tabriz, Tehran, Zanjan, Hamedan, and
Urumieh, while the stations of Chabahar, Dezfool, Jask, and
Bandar Abbas experienced the highest PET in winter
(Table 4).

In March, classes range from cold to warm, in April from
cool to hot, while in May from slightly cool to very hot. In
March, the most frequent bioclimatic condition across the sta-
tions corresponds to the slightly cool class with 30 %. The
highest occurrence rate belongs to the comfort class in April

�Fig. 2 Percentage of frequency (%) of warm (a), comfort (b), and cold
(c) thermal classes of selected Iranian stations for PETand PT index based
on daily data of 1960 to 2010. The applied PET and PT warm,
comfortable, and cold category boundaries are based on the suggested
categorization system of Table 1

Table 2 Pearson’s correlation
coefficients (r) for assessing
meaningfulness and randomness
of the trend of frequency changes
of the proposed thermal zones
concerning PET (the minimum
significance in 5 % level equals to
r = ± 0.23, and significant trends
are highlighted). The applied PET
warm, comfort, and cold category
boundaries are based on the
suggested categorization system
of Table 1

Station Warm Comfort Cold Station Warm Comfort Cold

Abadan 0.04 −0.02 −0.05 Kermanshah 0.00 0.00 0.01

Ahvaz −0.09 0.01 0.02 Khorramabad −0.63 0.55 0.10

Anzali −0.42 0.40 0.13 Khoy −0.20 0.24 −0.02
Arak −0.69 0.61 0.41 Mashhad −0.27 0.16 0.28

Babolsar −0.37 0.39 −0.13 Noshahr −0.61 0.89 0.40

Bam −0.02 0.03 −0.04 Orumieh −0.52 0.53 0.11

Bandarabas −0.37 0.42 0.19 Ramsar −0.30 0.28 0.01

Bandarlenge 0.02 0.17 −0.07 Rasht −0.32 0.38 −0.12
Birjand −0.31 0.22 0.32 Sabzevar −0.03 −0.08 0.43

Bushehr 0.08 0.04 −0.34 Semnan −0.30 0.37 −0.03
Chabahar −0.40 0.60 0.67 Shahrekord −0.76 0.74 0.45

Dezful −0.27 0.60 0.48 Shahrood 0.35 −0.50 0.45

Esfahan 0.24 −0.34 0.38 Shiraz 0.28 −0.31 0.16

Fasa 0.25 0.24 0.12 Tabriz −0.12 0.17 −0.09
Ghazvin 0.01 −0.07 0.16 Tehran 0.22 −0.18 −0.18
Gorgan −0.61 0.60 0.06 TorbateHeidarieh −0.51 0.34 0.52

Hamedan −0.41 0.31 0.41 Yazd −0.02 0.02 0.02

Jask −0.54 0.54 0.61 Zabol −0.75 0.86 0.23

Kashan −0.35 0.57 0.23 Zahedan −0.14 0.16 0.01

Kerman 0.12 −0.15 0.07 Zanjan −0.77 0.76 0.59
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Table 3 Mann-Kendall
coefficients to detect significant
trends of frequency changes of the
proposed thermal zones
concerning PET (the minimum
significance in 5 % level equals to
t = ± 0.19, and significant trends
are highlighted). The applied PET
warm, comfort, and cold category
boundaries are based on the
suggested categorization system
of Table 1

Station Warm Comfort Cold Station Warm Comfort Cold

Abadan 0.03 0.04 −0.02 Kermanshah 0.01 0.08 0.03

Ahvaz −0.05 0.02 0.04 Khorramabad −0.31 0.09 0.28

Anzali −0.21 0.18 0.27 Khoy −0.12 0.04 0.15

Arak −0.43 0.34 0.41 Mashhad −0.11 0.22 0.1

Babolsar −0.11 0 0.19 Noshahr −0.22 0.4 0.71

Bam 0.02 0.05 0.04 Orumieh −0.29 0.1 0.35

Bandarabas −0.21 0.16 0.27 Ramsar −0.09 0.06 0.14

Bandarlenge 0.1 −0.06 −0.24 Rasht −0.15 −0.03 0.22

Birjand −0.12 0.26 0.13 Sabzevar 0.04 0.31 −0.04
Bushehr 0.07 −0.17 0.05 Semnan −0.03 0.06 0.12

Chabahar −0.26 0.35 0.43 Shahrekord −0.5 0.35 0.52

Dezful −0.23 0.35 0.47 Shahrood 0.24 0.29 −0.35
Esfahan 0.22 0.27 −0.25 Shiraz 0.24 0.13 −0.18
Fasa 0.13 0.11 0.22 Tabriz −0.03 −0.01 0.11

Ghazvin 0.02 0.16 0.01 Tehran 0.18 −0.09 −0.12
Gorgan −0.29 0.09 0.31 TorbateHeidarieh −0.27 0.39 0.21

Hamedan −0.27 0.31 0.2 Yazd 0 0.07 0.02

Jask −0.29 0.42 0.27 Zabol −0.59 0.2 0.65

Kashan −0.19 0.2 0.38 Zahedan −0.09 0.08 0.15

Kerman 0.07 0.04 −0.6 Zanjan −0.5 0.46 0.53

Fig. 3 Frequency percentage of
Iranian stations with significant
decreasing (a) and increasing (b)
trend concerning warm,
comfortable, and cold thermal
classes of PET based on Mann-
Kendall and Pearson’s tests. The
applied PET warm, comfortable,
and cold category boundaries are
based on the suggested
categorization system of Table 1
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(40 %) and to the slightly warm class in May (45 %) (Fig. 4).
InMay, Hamedan, Tabriz, Zanjan, and Tehran experienced the
lowest averages of PET, while Ahvaz, Dezfool, and Chabahar
have the maximum ones (Table 4).

From the beginning of summer, none of the months from
June to August experienced comfortable or any cold biocli-
matic classes (Table 4, Fig. 4). The highest frequencies

reallocated to the warm class with 45 % in June and 40 % in
August and to the hot class with 40 % in July (Fig. 4). In this
season, stations of Hamedan, Tabriz, and Kerman experienced
the minimum and Kashan, Abadan, and Ahvaz the maximum
averages of PET (Table 4).

In September, warm condition occurs the most fre-
quently with 37.5 %. In October, in line with the start

Table 4 Long-term monthly averages of PET for selected Iranian stations

STATION Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Abadan 14.7 17.4 22.8 30.2 38.8 44.3 46.9 46.7 42.6 35.0 23.5 16.4

Ahvaz 18.9 25.9 33.6 40.4 45.4 47.9 46.5 42.6 33.6 24.9 18.4 16.4

Anzali 7.8 9.2 13.0 19.4 26.3 32.3 35.7 34.7 29.2 22.3 15.6 10.3

Arak 6.1 7.9 12.2 17.9 24.6 32.7 36.9 35.6 30.3 21.7 14.8 8.1

Babolsar 11.3 11.9 15.0 21.2 27.9 34.1 37.1 36.7 32.6 26.0 19.1 13.6

Bam 12.6 16.0 21.7 28.2 35.3 41.1 42.0 39.5 35.0 27.8 19.7 14.5

Bandarabas 20.3 22.5 27.1 32.8 39.4 43.6 44.1 43.2 41.1 36.6 28.5 22.3

Bandarlenge 19.5 21.3 24.9 31.2 37.6 41.4 43.2 43.1 40.1 34.7 27.3 21.8

Birjand 5.7 8.1 13.5 20.1 26.0 31.4 32.4 30.3 26.4 19.9 12.7 7.4

Bushehr 15.7 17.6 22.0 29.1 36.0 40.3 43.2 43.7 40.8 34.0 24.3 17.8

Chabahar 23.0 24.9 29.5 34.7 40.1 41.6 39.4 37.5 37.3 36.0 30.7 25.2

Dezful 22.1 24.3 29.1 34.4 40.2 42.4 40.7 38.9 38.1 35.7 30.0 24.3

Esfahan 8.6 9.6 13.4 19.1 25.5 33.3 36.6 35.1 30.9 22.9 15.8 10.3

Fasa 12.9 14.6 18.6 24.2 30.9 38.1 40.3 39.2 34.3 26.6 18.9 14.6

Ghazvin 3.6 5.4 10.2 17.1 23.7 30.3 34.6 33.9 28.5 19.9 11.7 5.9

Gorgan 12.8 14.6 18.2 24.9 30.8 36.0 39.1 39.1 35.3 28.2 20.7 14.7

Hamedan −1.0 1.5 6.0 11.7 17.1 23.2 27.1 26.3 21.5 15.0 8.1 2.0

Jask 21.4 22.8 26.9 32.8 38.3 40.8 39.6 38.2 37.2 35.0 28.9 23.7

Kashan 15.6 18.2 23.8 29.9 36.7 45.8 48.3 46.8 42.5 32.9 23.4 17.0

Kerman 6.6 8.0 11.9 17.3 23.2 29.4 30.7 28.0 24.1 18.5 12.8 8.6

Kermanshah 2.6 4.7 9.4 15.0 21.2 28.5 34.4 33.5 27.0 19.2 12.0 5.7

Khorramabad 9.4 11.5 15.7 20.8 27.4 35.7 40.3 39.3 32.6 24.3 16.5 10.9

Khoy 3.2 6.8 13.1 19.1 25.2 32.0 37.6 37.1 30.7 21.6 13.1 6.1

Mashhad 4.1 6.6 11.6 18.8 23 31.0 33.5 31.6 26.1 18.9 12.5 6.7

Noshahr 9.2 9.9 13.1 19.1 25.2 31.5 35.0 35.0 30.6 23.5 16.5 11.7

Orumieh 0.5 3.4 9.3 14.4 20.8 27.4 32.5 31.8 25.5 17.5 9.7 3.2

Ramsar 9.5 10.3 13.3 19.0 25.4 31.6 34.8 34.8 30.2 23.7 17.1 11.8

Rasht 9.4 11.1 15.6 22.0 28.9 34.9 37.7 36.6 31.6 25.0 17.8 12.1

Sabzevar 3.6 6.7 12.6 20.2 27.0 34.0 36.6 34.4 28.8 20.2 12.1 6.1

Semnan 9.8 12.4 17.3 23.9 30.7 39.0 42.5 41.5 35.1 25.6 17.0 11.3

Shahrekord 6.5 8.7 10.8 16.6 22.8 31.2 34.4 33.6 28.6 20.5 13.9 8.2

Shahrood 3.5 6.0 11.4 18.6 24.9 30.5 33.2 32.6 28.6 20.7 11.7 5.6

Shiraz 8.3 10.2 13.9 19.3 25.9 33.4 36.9 35.9 30.7 22.9 15.4 10.3

Tabriz −3.1 0.0 6.2 12.7 19.0 25.6 30.2 29.8 24.8 16.2 7.7 0.2

Tehran −1.9 1.0 7.1 13.5 19.9 26.7 31.2 30.6 25.7 17.1 8.8 1.4

TorbateHeidarieh 5.7 8.0 12.6 19.3 25.0 30.8 32.1 30.7 27.3 20.1 13.2 7.9

Yazd 6.7 10.3 15.6 22.2 29.5 37.3 39.6 37.3 32.2 23 14.8 8.4

Zabol 12.6 15.6 21.4 29.1 34.1 39.1 40.8 37.7 31.5 25.5 19.8 14.7

Zahedan 6.8 9.9 15.3 22.3 28.4 32.8 34.1 32.0 27.1 21.3 14.5 8.8

Zanjan −1.8 1.3 7.1 13.8 20.3 26.9 31.1 30.6 25.8 17.6 8.8 1.5
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of the cold period of the year, the frequency of stations
located in very hot class reaches zero and the slightly
cool class appears. Interestingly, the maximum frequency
of the comfortable class is allocated to this month after
April (37.5 %) (Fig. 4). In November, the most frequent
class is the slightly cool with 35 % of rate of occurrence,
while slightly warm and warm conditions significantly
decreased and classes from hot to very hot do not occur
at all (Fig. 4). It should be noted that in autumn,
Hamedan, Tabriz, Tehran, Kerman, and Urumieh experi-
enced the minimum PET averages, while the highest av-
erages of PET belong to the cities of Chabahar, Dezfool,
Bandar Abbas, and Abadan (Table 4).

We can conclude in this section that the most appropriate
season in terms of prevailing bioclimatological conditions is
spring, following with autumn and winter. Due to the lack of
comfort conditions and the high frequencies of warm to very
hot classes, summer seems to be the most unfavorable season.
On the other hand, when comparing summer and winter, we
can observe far more unfavorable inhibiting factors of thermal
comfort in summer than in winter.

In the following cases, the long-term monthly changes of
PET and the changes in decadal averages of PET are analyzed
for the 40 selected stations. As shown in Table 5 and Fig. 5,
the significant trend of monthly changes of PET based on both
Mann-Kendall and Pearson tests is mostly decreasing. For

Fig. 4 Frequencies of slightly
cool to very cold (a), comfortable
(b), and slightly warm to very hot
(c) thermal classes of selected
Iranian stations in each month
concerning PET. The applied PET
class boundaries are based on the
traditional thermal perception
thresholds of PET in Table 1
(Matzarakis and Mayer 1996)
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example, significant decreasing trend for winter occurs with
44.4 and 30 % of the studied stations based on Pearson meth-
od and the Mann-Kendall method. On the other hand, the
frequency of increasing significant trend for Pearson method
is 8.3 % and for Mann-Kendall test, it is 5.8 % only (Table 5,
Fig. 5). In this season, according to both methods, February

and December have the greatest ratio of increasing and de-
creasing trend of PET. Considering the changes in decadal
averages of PET in winter, the highest decrease in decadal
averages of December belongs to Semnan with −2.5 °C, while
Zabol experienced the highest decrease with −3.0 °C in
January and −3.0 °C in February (Table 6). Esfahan has the

Table 5 Pearson’s correlation coefficients for assessing meaningfulness and randomness of monthly trends of PET (the minimum significance in 5 %
level equals to r = ± 0.23, and significant trends are highlighted)

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Abadan 0.03 −0.05 0.09 0.2 0.26 0.3 0.16 0.3 −0.02 0.11 −0.1 0.06

Ahvaz 0.02 0.13 0.17 0.22 0.22 0.22 −0.11 −0.1 −0.22 −0.14 −0.19 −0.11
Anzali −0.17 −0.31 −0.39 −0.4 −0.5 −0.41 −0.38 −0.34 −0.3 −0.16 −0.37 −0.25
Arak −0.36 −0.45 −0.5 −0.6 −0.66 −0.71 −0.71 −0.51 −0.57 −0.52 −0.51 −0.24
Babolsar −0.31 −0.39 −0.36 −0.4 −0.5 −0.38 −0.4 −0.41 −0.38 −0.28 −0.28 −0.31
Bam −0.08 −0.04 −0.12 0.01 0.07 −0.01 0.12 0.04 −0.03 −0.17 −0.1 −0.02
Bandarabas −0.29 −0.35 −0.33 −0.08 0.07 −0.11 −0.15 −0.23 −0.3 −0.24 −0.27 −0.25
Bandarlenge −0.09 0.05 0.16 −0.02 0.06 −0.04 0.08 0.08 0.13 0.22 0.08 −0.02
Birjand −0.26 −0.28 −0.33 −0.21 −0.33 −0.4 −0.33 −0.3 −0.17 −0.19 −0.21 −0.14
Bushehr −0.08 −0.03 0.01 0.13 0.14 0.09 0.04 0.14 0.13 0.25 0.06 0.09

Chabahar −0.52 −0.49 −0.44 −0.33 −0.24 −0.26 −0.29 −0.29 −0.33 −0.41 −0.43 −0.5
Dezful −0.42 −0.4 −0.37 −0.29 −0.18 0.02 0.11 0.12 0.05 −0.21 −0.26 −0.36
Esfahan 0.55 0.42 0.42 0.32 −0.07 −0.22 −0.24 −0.16 −0.08 0.19 0.5 0.63

Fasa 0.27 0.16 0.03 0.15 −0.05 −0.05 0.05 0 0.02 0.14 0.25 0.31

Ghazvin 0.16 0.01 0.03 0.08 −0.01 −0.01 −0.1 −0.04 0 0.02 −0.11 −0.03
Gorgan −0.58 −0.6 −0.53 −0.46 −0.5 −0.41 −0.32 −0.28 −0.36 −0.49 −0.65 −0.64
Hamedan 0.14 0.04 −0.02 −0.02 −0.35 −0.4 −0.45 −0.43 −0.44 −0.48 −0.24 0.12

Jask −0.58 −0.44 −0.61 −0.51 −0.49 −0.52 −0.7 −0.77 −0.61 −0.56 −0.56 −0.58
Kashan −0.34 −0.36 −0.36 −0.38 −0.59 −0.43 −0.56 −0.27 −0.56 −0.5 −0.6 −0.47
Kerman 0.02 0.04 −0.03 0.14 0.08 0.01 0.17 0.2 0.17 0.14 0.13 0.21

Kermanshah −0.06 −0.04 0.06 0.07 −0.05 0.02 −0.09 0.02 −0.01 0.08 −0.13 0.05

Khorramabad −0.5 −0.55 −0.54 −0.45 −0.62 −0.76 −0.77 −0.74 −0.65 −0.64 −0.59 −0.47
Khoy 0 −0.16 −0.27 −0.17 −0.2 −0.21 −0.24 −0.1 −0.05 0.01 −0.08 −0.13
Mashhad −0.15 −0.16 −0.15 −0.13 −0.24 −0.2 −0.2 −0.09 −0.14 −0.11 −0.24 −0.18
Noshahr −0.41 −0.45 −0.39 −0.41 −0.48 −0.36 −0.41 −0.4 −0.38 −0.33 −0.38 −0.36
Orumieh −0.23 −0.31 −0.49 −0.36 −0.51 −0.48 −0.5 −0.51 −0.48 −0.47 −0.55 −0.38
Ramsar −0.2 −0.21 −0.2 −0.23 −0.32 −0.21 −0.25 −0.25 −0.3 −0.17 −0.35 −0.39
Rasht −0.14 −0.26 −0.3 −0.25 −0.38 −0.25 −0.25 0 −0.06 −0.05 −0.27 −0.35
Sabzevar 0.1 0.04 0.05 0.03 −0.09 −0.04 −0.02 0.06 −0.02 0.1 0.05 0.11

Semnan −0.47 −0.35 −0.26 −0.15 −0.27 −0.26 −0.3 −0.32 −0.21 −0.19 −0.42 −0.5
Shahrekord −0.6 −0.75 −0.68 −0.66 −0.65 −0.79 −0.69 −0.69 −0.7 −0.66 −0.72 −0.54
Shahrood 0.5 0.45 0.47 0.38 0.27 0.17 0.03 0.2 0.34 0.55 0.44 0.47

Shiraz 0.13 0.17 0.1 0.25 0.23 0.13 0.22 0.3 0.19 0.29 0.28 0.29

Tabriz 0.03 −0.03 −0.12 −0.1 −0.23 −0.1 −0.15 0.02 −0.06 −0.06 −0.28 −0.12
Tehran 0.29 0.19 0.2 0.14 0.07 0.21 0.19 0.35 0.18 0.23 −0.02 0.14

TorbateHeidarieh −0.12 −0.26 −0.27 −0.26 −0.45 −0.52 −0.57 −0.48 −0.45 −0.37 −0.33 −0.16
Yazd −0.1 −0.05 0.02 0.09 0.02 −0.06 0.1 0.13 −0.04 −0.12 −0.08 −0.11
Zabol −0.73 −0.75 −0.74 −0.77 −0.54 −0.36 −0.19 0.05 −0.32 −0.59 −0.34 −0.66
Zahedan −0.2 −0.17 −0.13 0 −0.06 −0.22 −0.17 −0.1 −0.09 −0.2 −0.13 −0.14
Zanjan −0.56 −0.52 −0.53 −0.54 −0.73 −0.68 −0.77 −0.78 −0.75 −0.78 −0.77 −0.61
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highest increasing changes of PET in this season, as its decad-
al average showed an increase of 1.5 °C for December, 1.6 °C
for January, and 1.1 °C for February (Table 6).

The distribution of spatial and temporal trend changes for
different months shows that in January, the most significant
trends are decreasing with the maximum distribution covering
the west and northwest stations of the country. On the other
hand, most of the stations in the inner regions of Iran do not
have a significant trend (Fig. 5). In Table 6, PET decadal

changes for January reflect that 7.5, 27.5, and 40 % of the
stations experience increasing decadal changes of more than
2 °C, between 1 and 2 °C and between 0 and 1 °C, respective-
ly. Moreover, 20 % of them have decrease in decadal changes
between 0 and 1 °C, and 5 % of them have decrease between
−1 to −2 °C. In February, several areas of Iran show different
PET trend changes. For example, stations adjacent to the
shoreline of the Sea of Oman have decreasing trend but it is
increasing in the stations located in the Persian Gulf coastal

Fig. 5 Assessing meaningfulness of PET using Mann-Kendall test for
the studied Iranian areas from January (a) to April (d). Data are based on
long-term monthly changes of PET, indicating the areas with increasing,
decreasing, and no trend. Assessing meaningfulness of PET using Mann-
Kendall test for the studied Iranian areas fromMay (e) to August (h). Data

are based on long-termmonthly changes of PET, indicating the areas with
increasing, decreasing, and no trend. Assessing meaningfulness of PET
using Mann-Kendall test for the studied Iranian areas from September (i)
to December (l). Data are based on long-term monthly changes of PET,
indicating the areas with increasing, decreasing, and no trend
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strip. On the other hand, for stations located in the southern
coasts of Caspian Sea, the decreasing trend is significant;
however, in stations of most of the eastern half of the country,
trends are accidental (Fig. 5). In this month, mean decadal
changes with a frequency of 80 % of the stations refer to the
decreasing trend, and the decreasing class of 0 to −1 °C with a
frequency of 42.5 % of the studied stations has the maximum
density among the stations. In this month, only 20 % of the
stations experience an increase in PET decadal mean and their
distribution fluctuates between an increase of 0.01 to 1.1 °C
(Table 6). In March, decreasing trend is dominant and except
for internal and central regions of Iran, a significant decreasing

trend of PETcan be observed (Fig. 5). In this month, 32.5% of
the stations have increasing decadal changes between 0.03 to
1.1 °C and in the remaining 67.5 % cases, decreasing change
occurs between the minimum of −0.13 and the maximum of
−2.78 °C (Table 6).

In spring, the output of Pearson method indicates that the
frequencies of stations with significant decreasing and in-
creasing trend are 49.2 and 5.8 %, respectively, while these
values are 37.7 and 3.3 % by applyingMann-Kendall method.
Both methods signal April and May to have the highest fre-
quency of stations with significant decreasing and increasing
trends (Table 5, Fig. 5). In this season, Zabol, Zanjan, and

Fig. 5 continued.
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Shahrekord show the highest reduction in decadal average of
PETwith −2.8, −2.6, and −2.5 °C, respectively. However, the
highest increase in decadal average of PET occurs in Esfahan
inMarch with an increase of 1.1 °C and in Ahvaz in April and
March with values of 1.3 and 1.0 °C (Table 6).

Based on the spatio-temporal distribution of monthly trend
changes, which is shown in Fig. 5, there is no significant trend
in Iran’s eastern half in April except for the two stations in the
coastal strip of the Oman sea and a station on the eastern
border of the country. The maximum density of significant
trend occurs in the western half of the country with the dom-
inance of decreasing trend. Interestingly, this spatial

distribution of monthly changes for May and June is similar
to April (Fig. 5). It is necessary to mention that decadal mean
of PET changes is decreasing for 62.5 % of the stations in
April; however, in May and June, 72.5 and 77.5 % of the
stations have decreasing mean of PET changes (Table 6).

In summer, no significant increasing trend of monthly
PETs is observed in June and July; however, August
indicates a frequency of 7.5 % of significant increasing
trend based on both statistical tests. The ratio of signif-
icant decreasing trend in this season is remarkable, as it
occurs with 47.5 and 29.5 % frequencies based on the
two tests, respectively (Table 5, Fig. 5). For summer,

Fig. 5 continued.
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changes in decadal averages of PET fluctuate between
−3.2 to 0.6 °C in Shahrekord and Ahvaz in June, while
the greatest decrease is found in Zanjan in June and July
with values of −2.9 and −2.8 °C. The greatest increase
occurs in Dezfool in these 2 months with values of 0.9
and 1.1 °C, respectively (Table 6).

Based on the spatio-temporal distribution of monthly
changes of PET trend for different months of summer,
the frequency of the trend is significant decreasing in
most cases focusing on the mid-west and northwest of
Iran. Except for Torbate Heidarieh station in the north-
east of Iran and Jask and Chabahar stations in Oman’s

Table 6 Changes in decadal averages of PET in each month for the studied Iranian stations

Stations Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Abadan −0.24 −0.26 0.03 0.13 0.17 0.17 0.06 0.35 −0.10 0.14 −0.56 −0.32
Ahvaz 0.30 0.69 0.97 1.31 0.89 0.63 −0.31 −0.12 −0.95 −0.71 −0.48 0.04

Anzali −0.98 −1.15 −1.37 −1.88 −2.10 −1.70 −1.33 −1.11 −0.93 −0.71 −1.02 −1.05
Arak −1.64 −1.61 −1.18 −1.68 −2.40 −2.34 −2.05 −1.64 −2.09 −1.63 −2.00 −1.28
Babolsar −1.19 −1.22 −1.13 −1.50 −1.81 −1.35 −1.30 −0.98 −0.95 −0.73 −0.77 −1.10
Bam −0.61 −0.41 −0.34 0.12 0.22 0.06 0.23 −0.03 −0.20 −0.48 −0.35 −0.39
Bandarabas −1.34 −1.40 −1.16 −0.63 −0.26 −0.55 −0.52 −0.61 −0.81 −0.89 −1.25 −1.30
Bandarlenge −0.31 −0.05 −0.30 −0.01 0.01 −0.13 0.03 −0.02 0.09 0.13 0.02 −0.27
Birjand −0.64 −0.60 −0.51 −0.36 −0.81 −0.88 −0.72 −0.90 −0.69 −0.63 −0.56 −0.57
Bushehr −0.55 −0.32 −0.13 −0.02 0.09 −0.15 −0.24 0.01 0.01 0.31 −0.19 −0.22
Chabahar −1.81 −1.51 −1.10 −0.64 −0.59 −0.60 −0.87 −0.86 −0.97 −1.08 −1.33 −1.33
Dezful −1.22 −1.04 −0.76 −0.54 −0.35 0.50 0.89 1.09 0.61 −0.28 −0.43 −0.60
Esfahan 1.63 1.10 1.10 0.58 −0.67 −1.17 −1.41 −1.16 −0.59 0.19 0.88 1.45

Fasa 0.69 0.52 0.16 0.44 −0.21 −0.06 0.18 −0.07 −0.04 0.10 0.39 0.63

Ghazvin 0.02 −0.33 −0.18 −0.29 −0.75 −0.61 −0.70 −0.72 −0.57 −0.42 −0.76 −0.69
Gorgan −2.33 −2.26 −1.89 −2.26 −2.29 −1.65 −1.26 −1.14 −1.26 −1.52 −2.17 −2.12
Hamedan 0.57 0.27 0.10 −0.11 −1.30 −1.77 −2.33 −2.12 −1.60 −1.20 −0.75 0.26

Jask −1.65 −1.19 −1.41 −1.32 −0.89 −0.96 −1.27 −1.58 −1.43 −1.30 −1.66 −1.90
Kashan −0.87 −0.80 −0.80 −1.10 −1.89 −1.06 −1.39 −0.56 −1.34 −1.05 −1.45 −1.30
Kerman 0.07 0.01 0.09 0.29 0.05 0.09 0.27 0.38 0.24 0.27 0.39 0.51

Kermanshah −0.26 −0.09 0.20 0.05 −0.38 −0.20 −0.48 −0.24 −0.21 0.15 −0.44 −0.11
Khorramabad −1.74 −1.76 −1.51 −1.55 −2.32 −2.67 −2.71 −2.34 −2.14 −1.88 −1.80 −1.49
Khoy −0.56 −0.91 −1.26 −1.12 −1.32 −1.38 −1.56 −1.03 −0.76 −0.55 −0.70 −0.93
Mashhad −0.38 −0.21 0.03 −0.16 −0.46 −0.43 −0.49 −0.43 −0.33 0.06 −0.43 −0.45
Noshahr −1.36 −1.27 −1.19 −1.52 −1.89 −1.49 −1.47 −1.35 −1.27 −0.98 −1.10 −1.26
Orumieh −1.43 −1.57 −1.98 −1.52 −2.17 −2.15 −2.33 −2.17 −2.07 −1.71 −2.12 −1.78
Ramsar −0.83 −0.57 −0.56 −0.90 −1.11 −0.73 −0.69 −0.68 −0.78 −0.27 −0.82 −1.02
Rasht −0.84 −0.94 −1.12 −1.43 −1.72 −1.05 −0.83 −0.50 −0.43 −0.42 −0.88 −1.23
Sabzevar 0.05 −0.19 0.14 0.06 −0.26 −0.14 −0.08 −0.03 −0.11 0.35 0.02 0.06

Semnan −2.30 −1.49 −0.92 −0.92 −1.45 −1.15 −1.24 −1.64 −1.29 −1.14 −1.93 −2.54
Shahrekord −1.79 −2.47 −1.77 −2.29 −2.48 −3.21 −2.53 −2.55 −2.69 −2.06 −2.40 −1.87
Shahrood 1.05 0.68 0.71 0.56 0.11 −0.05 −0.23 −0.10 0.43 1.14 0.59 0.65

Shiraz 0.12 0.14 0.14 0.31 0.18 0.00 0.13 0.24 0.05 0.31 0.28 0.44

Tabriz −0.31 −0.22 −0.26 −0.63 −1.05 −0.68 −0.74 −0.31 −0.12 −0.05 −0.89 −0.61
Tehran 0.62 0.49 0.56 0.18 −0.09 0.47 0.43 0.59 0.71 0.70 −0.10 0.18

TorbateHeidarieh −0.21 −0.34 −0.37 −0.61 −1.21 −1.53 −1.40 −1.24 −1.30 −0.76 −0.67 −0.46
Yazd −0.39 −0.17 0.14 0.06 −0.04 −0.20 0.19 0.16 −0.13 −0.17 −0.20 −0.23
Zabol −2.95 −3.02 −2.78 −2.25 −1.36 −0.87 −0.32 −0.13 −0.87 −1.49 −1.36 −2.41
Zahedan −0.62 −0.47 −0.25 −0.02 −0.12 −0.52 −0.41 −0.45 −0.48 −0.73 −0.55 −0.48
Zanjan −1.80 −1.66 −1.34 −1.64 −2.57 −2.57 −2.92 −2.77 −2.76 −2.31 −2.64 −2.01
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coastline, no significant trend can be observed in the
eastern, internal, and central regions of Iran (Fig. 5).

Considering the changes of PET trends in the au-
tumn’s months, Pearson’s method reflects that the chang-
es of monthly average of PETs are significant in 52.7 %
of the stations, which can be separated into 45.3 % of
significant decreasing and 7.5 % of significant increasing
trend (Table 5). Using the Mann-Kendall method, the
trend’s changes are significant in 36 % of the stations
with 30.2 % of decreasing and 5.8 % of increasing trend
(Fig. 5). In this season, November has the largest number
of stations with a significant decreasing trend of PET,
while October and September have that of with signifi-
cant increasing trend. There is high fluctuation in the
changes in decadal averages of PET. Zanjan experienced
the highest decline for all three autumn months: −2.8,
−2.3, and −2.6 °C from September to November, respec-
tively. However, the highest increases in decadal aver-
ages of PET are in Tehran with an increase of 0.7 °C
for September, Shahrood with 1.1 °C in October, and
Esfahan with 0.9 °C in November (Table 6).

Paying our attention to the spatio-temporal changes of
PET monthly trend for the months of autumn, it is clear-
ly evident that October, November, and December show
almost the same pattern, with a slight difference to each
other.Thus, in all 3 months, Shahrood and Shiraz stations
have jointly significant increasing trend. Also, in all
3 months, no significant trend of PET monthly changes
can be seen in central areas of Iran. Zabol is the only
station with significant trend located on the eastern bor-
ders of Iran that has decreasing trend in all 3 months.
Also, stations located in the coastal strip of the Gulf of
Oman, south of the Caspian Sea, and west and northwest

of Iran have significant decreasing trend (Fig. 5).
According to the decadal average long-term changes, in
October, 70 % and in November and December, 82.5 and
77.5 % of the stations have negative mean of decadal
changes and this indicates the dominance of the decreas-
ing changes of PET decadal changes on the increasing
changes in the autumns’ months (Table 6).

6 Comparing PET long-term average based
on the period of 1961 to 1990 with the period
from 1991 to 2010

In this phase of the research, in order to analyze the effects of
global warming on the long-term mean changes of PET, the
studied time series were divided into two periods: the basic
period of 1961 to 1990 and the recent period of 1991 to 2010.
As Fig. 6 shows, the interesting point is the reduction of long-
term average for 1991 to 2010 compared to the basic period of
1961 to 1990 for all the studied stations except Shahrood
station. At Shahrood station, PET long-term average shows
an increase of 2.4 °C compared to the basic period of 1961 to
1990. The maximum reduction in long-term average of the
period of 1991 to 2010 compared with the basic period relates
to Shahrekord station (−6.4 °C), Khorramabad station
(−6.8 °C), and Zanjan station (−7.4 °C). The important point
is that the reduction of the long-term average of 1991 to 2010
compared with the basic period has no similar impact on all
the stations. So, some stations, for example Ahvaz,
Bandarabas, Chabahar, Jask, or Zabol, have a reduction in
the effect of heat stress, or in other words, the average of the
recent decade has gone far from the heat stress classes.
However, in some other stations, such as Zanjan, Tabriz,

Fig. 6 Comparison of PET long-term average for the period of 1961 to 1990 with the period from 1991 to 2010
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Hamedan, or Orumieh, cold stress or the average of the recent
decade approaches the cold stress classes.

7 Comparison of monthly patterns of PET for areas
representing the geographic and climatic diversity
in Iran

In the following cases, we consider the monthly patterns of
PET of the ten stations only that represent geographical and
climatic diversity of Iran (Table 4 and Fig. 7). At first, the
stations of the Persian Gulf and the Oman Sea are analyzed.
For these areas, Ahvaz is a representative station located in the
western half of the Persian Gulf. Here, the long-term monthly
PET averages are higher than those in nearby Bushehr and
Jask until August, while in August and September, Bushehr
and from October, Jask has the highest values. In Ahvaz, the
monthly averages are focused in the very hot zone from late
spring to late summer. This condition is limited to smaller
period in Bushehr, i.e., for July and August, while it does
not occur in Jask at all (Table 4). We can observe the highest
degree of warm conditions (i.e., slightly warm to very hot
classes) and the smallest ratio of the cold stress classes in
Ahvaz according to the long-term monthly frequencies of
the thermal comfort classes. As Fig. 7 shows, the frequencies
of very hot days of June, July, and May in Ahvaz are 94.5,
88.9, and 81.6 %, respectively. For Bushehr, the frequencies
of very hot days with 75.3 and 64.4 % belong to August and
July, while for Jask, June has the maximum experience of very
hot days with 48.8 % of frequency of the studied period. As
long-term monthly averages for these three stations show,
thermal comfort is limited to late autumn up to early spring
(Table 4). However, according to the monthly frequencies of
classes, the highest degree of thermal comfort conditions for
Ahvaz is 28.2 and 20.8 % occurring in January and
November, while in Bushehr, March and November with
values of 38.8 and 29.6 %, and in Jask, February and
January with values of 43.8 and 41.9 % have the greatest ratio
of days with thermal comfort (Fig. 7).

Assessments of two coastal stations of the Caspian Sea
reveal that Rasht, the representative of southwest coast of
the Caspian Sea, indicates higher monthly PET averages from
March to July, while Babolsar, the representative of southeast
of the Caspian Sea, from August to February (Table 4). The
most important inhibiting factor of thermal comfort is the hot
condition in summer and the cool condition in winter based on
the monthly averages of PET (Table 4), while on the basis of
the monthly frequencies, hot to very hot conditions in summer
and cool to very cold conditions in winter inhibit thermal
comfort (Fig. 7). The monthly frequency of daily data for
Rasht shows that August, July, and June experiences the
highest degree of hot condition, with values of 40.3, 39.7,
and 29.9 %. These values for Babolsar are 51.2, 44.5, and

35 % (Fig. 7). Considering the thermal comfort conditions,
long-termmonthly averages are located in the thermal comfort
zone in April and November in these cities (Table 4), while
this occurs most frequently also in these 2 months according
to the monthly frequencies of PET, i.e., 25.3 and 24.2 % for
Rasht and 28.1 and 28.9 % for Babolsar (Fig. 7).

Turning our attention to the two central stations of Iran,
long-term monthly averages of PET for most months are
slightly higher in Yazd than in Shiraz (Table 4). In these two
stations, the long-term averages of October and April are lo-
cated in the thermal comfort zone, and the monthly frequency
of daily data shows that thermal comfort conditions occur with
frequencies of 42.6 and 38.2 % in Shiraz and 36.3 and 35.9 %
in Yazd in October and April. In these two stations, the most
inhibiting period for thermal comfort is winter and summer.
For example, 62.5 and 51.4 % of days of January are located
in the cold to very cold class in Yazd and Shiraz, while this is
85.3 and 70.1 % for the hot to very hot zone in July in these
cities (Fig. 7).

Long-term monthly averages of PET for Tehran, the repre-
sentative station of northern half of the country and capital of
Iran, show that thermal comfort occurs inMay in this city only
with 19.9 °C of PET (Table 4). Also, the monthly frequencies
of PET values for May show that 35.4 % of the days are
located in the thermal comfort zone (Fig. 7). The most
inhibiting period of bioclimatic condition of thermal comfort
is winter, which can be related to the high occurrence of cold
to very cold events: 87.5, 94.3, and 87.7 % from December to
February. On the other hand, July experienced the highest
frequency of warm to very hot event with the occurrence of
63.8 % (Fig. 7).

Mashhad is another selected station of Iran with its
specific geographical and climatic situation. Here the
highest monthly average of PET belongs to July
(33.5 °C) and the lowest to January (4.1 °C)
(Table 4). This feature is reflected in the monthly fre-
quencies, i.e., 35.8 % of the days include hot to very
hot conditions in July and 71 % include cold to very
cold conditions in January (Fig. 7). Days with thermal
comfort can be found in April and May only in terms
of the long-term monthly averages with values of 18.8
and 23 °C (Table 4). Therefore, by evaluating the
monthly frequencies of daily data of the study period,
27.6 and 25.3 % of the days in May and April are
located in the thermal comfort zone, which incorporates
the highest occurrence rates during the year.

Finally, in Tabriz, which is located in the northwest part
of the country, the most important inhibiting period of
thermal comfort is winter due to the high occurrence ratio
of cold to very cold conditions (Table 4, Fig. 7). The results
indicate that the long-term monthly averages of PET are
the smallest in January, February, and December with
values of −3.1, 0, and 0.2 °C (Table 4). The monthly
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frequencies of data for the cold to very cold classes are
96.4, 90.6, and 90.8 % for January, February, and
December (Fig. 7). May is the sole month that is located
in the thermal comfort zone with PET of 19 °C considering
the long-term monthly average (Table 4). On the other
hand, based on the frequencies of daily data, 33.7 % of
the days are in the thermal comfort class in May, which
is the highest value during the year (Table 4).

8 Discussion

This study aimed at investigating the long-term averages of
PET and the changes of PET trend by applying the linear
regression method and the Mann-Kendall test for 40 stations
of Iran. The study utilized long-term daily data for the period
of 1960 to 2010. Although some studies have been conducted
in the past with the goal of determining bioclimatic conditions

Fig. 7 Monthly frequencies of PET classes (%) using daily data for ten
different Iranian stations from Ahvaz (a) to Babolsar (j) representing the
climatic and geographical diversity of Iran. The applied PET class

boundaries are based on the traditional thermal perception thresholds of
PET in Table 1 (Matzarakis and Mayer 1996)
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of some cities in Iran, most of them had several shortcomings.
Firstly, they used monthly average data or their studied area
was limited to one or two provinces only. Secondly, the goal
of previous studies was to determine the bioclimatic condi-
tions of the areas only; however, in this study, the trend of PET
changes has also been evaluated. Also, as a part of this re-
search, the PT index has been calculated and compared with
PET.

The comparison of PET and PT showed that PET’s biocli-
matic thresholds are more sensitive in the monitoring of cold
and warm bioclimatic conditions compared to PT, and this is
more intense for the occurrence of cold bioclimatic conditions.
However, the difference in the monitoring of thresholds led to
the fact that a greater percentage of studying days were in the
comfort range according to the outcome related to PT. It is
worth noting that few studies have compared PETwith PT for
Iran. A study concerning some Iranian cities showed that the
correlation of results for PET and PT method was not signif-
icant. However, the output of the twomethods revealed a good
overlap for heat stress events (Zamanei et al. 2010). Similarly,
our findings confirmed that warm class had good overlap for
PET and PT, and remarkable differences occurred in the cases
of cold and thermal comfort classes.

Tahbaz et al. (2011) presented the results of a field study
analysis that was carried out to reveal thermal conditions with
different thermal indices (PT, temperature humidity index,
heat index, humidex, tropical summer index, discomfort in-
dex, and wet bulb globe temperature) in outdoor public spaces
of Amanieh region in Ahvaz city, Iran. By comparing the
predicted thermal conditions with the local people and tourist
behavior in the public spaces of Ahvaz, it was clear that two of
these indices (PT and THI) were better suited to real condi-
tions and thus they were selected as the most appropriate in-
dices for climate conditions of Ahvaz. They showed that ther-
mal conditions encompass very hot and extreme heat stress
situation in a great part of the year in Ahvaz based on the
thermal indices like PT. This result is in accordance with our
finding for Ahvaz, which signaled that 68 and 64 % of data
were in the warm classes for the PET and PT, respectively
(Fig. 2). Also, on basis of PET, Fig. 5 showed that great part
of the year experienced hot and very hot thermal conditions.
As previous mentioned, suitable conformity was found be-
tween PT and PET for warm classes, but the relationship for
cold and thermal comfort classes of cold and comfort were
weak.

In a research project presented by Tahbaz (2010), thermal
indices of THI, PT, DI, TSI, WBGT, PET, and UTCI were
studied and compared together in psychrometric chart (Tahbaz
2010). In this study, it became clear that these indices are not
in accordance with each other. Therefore, using an index for a
specific project in a city needs to be clarified bymeans of local
observations to explore which index would be more suitable
for predicting the thermal conditions of the study site.

Farajzadeh et al. (2015) compared simple thermal indices
and indices derived from energy budget models for the north-
west area of Iran. The results showed that the indices based on
human energy balance had a significant correlation with each
other (with R2 above 0.9) and the lowest R2 (0.7) was related
to subjective temperature index (STI). The indices based on
relatively simple formulas had low correlation with UTCI and
PET. Our result showed that there has no conformity between
PT and PET, especially for cold and comfort classes.

Analysis of the long-term average PET values indi-
cates fluctuations from the very cold to very hot classes
across months in our study. According to the spatio-
temporal distribution of Iranian bioclimatic conditions,
the most favorable days of the year with thermal comfort
specific to the cold period of the year are related to mid-
autumn to late winter in coastal cities of Persian Gulf
and Oman Sea, including Bushehr, Bandar Abbas,
Bandar Lengeh, and even Chabahar. In these stations,
the most important inhibiting factor of thermal comfort
event is warm to very hot conditions, which prevail from
mid-spring until the end of summer. The results of this
present research are to an extent in conformity with the
results from previous studies conducted in recent years.
As Roshan et al. (2015) showed that the cities located on
the coast of the Persian Gulf and Oman Sea have the
most favorable climate conditions for tourism in winter
due to warm temperatures, clear skies, and rare
occurrence of precipitation. The findings of Daneshvar
et al. (2013) showed that spring months, especially
April, had the most appropriate condition for thermal
comfort in most regions of Iran; however, in southern
cities, the ideal comfort conditions were related to win-
ter. Also, Daneshvar et al. (2013) used long-term average
monthly data to estimate PET index and examined ther-
mal comfort conditions during different months of the
year. Their results showed that thermal comfort condi-
tions prevail during the winter months on the southern
part of the country and along the shores of the Persian
Gulf and Oman Sea.

In the present work, for coastal cities of Caspian Sea, the
thermal comfort period is bimodal with shoulder peaks, i.e., it
occurs during middle spring and fall. The most important
inhibiting factor of bioclimatic conditions of these areas is
related to the warm conditions during late spring to late
summer. Roshan et al. (2015) showed that the cities on the
coast of the Caspian Sea had the least favorable conditions
based on the tourism climatic index (TCI) due to high rainfall
volumes, low sunshine hours, and temperatures outside of
comfort levels. Their results presented that spring and fall
are the most suitable season there for tourism, similarly to this
study. A study of the city of Anzali on the southern coast of the
Caspian Sea, which analyzed effective temperature, found that
climate best suited to the comfort index was experienced in
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spring, which is in agreement with the findings of this study
again (Ramezani et al. 2013).

In the stations of west to northwest of Iran, for example in
Tabriz, the most frequent thermal comfort condition appears in
the form of two peaks, i.e., in late spring as well late summer
and early fall. Farajzadeh and Matzarakis (2009, 2012) and
Farajzadeh et al. (2015) investigated thermal climate and tour-
ism climate conditions for the areas of northwest of Iran using
PET. Based on calculations of PET in Ourmieh Lake coast, it
is shown that the months June to September are located in the
comfortable class representing the most suitable months for
tourist activities. The minor difference between the results of
the present study and those of the above-mentioned studies in
northwest part of the country seems to be related to the fact
that the period of time of those studies lasted until 2005, while
the study period of the present study has been expanded to
2010. Therefore, it can be inferred that the global warming
phenomenon in recent years has increased the temperature in
the northwest, especially in the mid-summer, so that it has
been above the thermal comfort and has shifted to early fall.

Our results showed that the most important inhibitory fac-
tor of thermal comfort in northwest and west areas is the cold
to very cold climatic conditions, which prevail from late au-
tumn to late winter. These results are in accordance with
Farajzadeh and Matzarakis (2009, 2012).

This situation can be observed in this study for Mashhad
station in northeast of Iran. Owing to the mausoleum of the
Shiite’s Eighth Late Leader (Imam Reza), Mashhad is Iran’s
most important religious tourism center. Besides, Firdausi’s
mausoleum (the greatest Persian epic poet who lived in tenth
century) attracts millions of tourists annually. According to the
records of Cultural Heritage and Tourism Organization of
Khorasan Razavi, 25 to 30 million pilgrims and tourists visit
Mashhad annually (Esmaili and Fallah Ghalhari 2014b). For
Mashhad warm bioclimatic condition with a focus on summer,
especially on July, is the most important inhibiting factor of
thermal comfort. Esmaili and Fallah Ghalhari (2014b) showed
for Mashhad that summer days are not ideal for tourism due to
the heat stress. According to their findings, the daily course of
PET shows a Gaussian curve, i.e., a peak in July due to heat
stress. Moreover, based on both researches, majority of ther-
mal comfort condition occurs in two periods during the year:
middle spring and early fall.

In central stations of Iran, the most ideal bioclimatic con-
dition was observed for two periods in this study: mid-spring
and mid-autumn. Bakhtiari and Bakhtiari (2013) determined
that the most suitable months for tourist activities for cities of
Kerman and Bam, Kerman province, are displayed as a bi-
modal shoulder peak, which is in agreement with our out-
comes for central stations of Iran.

A study for the city of Shiraz found changes in bioclimatic
trends in response to climate change that indicated more fa-
vorable conditions for cold seasons of the year in future

(Shakoor et al. 2008). Our results for Shiraz demonstrated that
long-term monthly averages of PET for November and
December are in classes of cool and slightly cool with regard
to present time series. Also, these months had significant pos-
itive trends of PET, with approaching or reaching thermal
comfort class, similarly to Shakoor et al. (2008).

Comprehensively, April and October tend to be the most
appropriate months of the year for thermal comfort at the
whole area of Iran according to this study. It can be concluded
that this result is consistent with that of other studies conduct-
ed in Iran (Esmaili et al. 2011, Rezvani and Mesgarian 2015).
Also, the results of Esmaili and Fallah Ghalhari (2014a)
proved that the highest potential of thermal comfort in Iran
was related to spring, followed by fall.

Besides the several discussed studies conducted in Iran,
findings of some studies in Middle East are similar to our case
study. Caliskan et al. (2012) evaluated the climate and
bioclimate of Bursa in Turkey, neighboring Iran, for tourism
activities. They showed that between the cold period with its
strong cold stress (November–April) and the period of heat
stress (early June to late August), transition periods with ther-
mally comfortable conditions prevail. Matzarakis and
Karagülle (2007) demonstrated that cold stress is a month
earlier in Istanbul compared to Bursa. However, all these con-
ditions are almost similar to Tabriz, Khoy, and Orumieh in
northwest of Iran.

Long-term monthly average of PET for Tehran, Zanjan,
Tabriz, and Hamedan are similar to that of the other higher
altitude/latitude places, such as Sonnblick in the Austrian Alps
(Matzarakis et al. 2012), Zavizan in the Croatian Dinaric Alps
and Kredarica in the Slovenian Julian Alps (Zaninovic et al.
2006), Gothenburg in Sweden (Thorsson et al. 2011), and the
Qinghai–Tibet Plateau (Li and Chi 2014). The prevailing ther-
mal condition in all of these places is long, very cold winters.
However, Iranian sites experience more warm summers in
comparison with the above-mentioned places because their
altitude and latitude are lower and they are affected by
Azores high pressure in warm seasons.

A study for Pakistan found that long-term monthly average
of heat index (HI) signals extreme danger values (HI > 54 °C)
from May to August and October for Baluchistan province.
However, there are different results in southeast of Iran, name-
ly in province of Sistano Baluchistan, neighboring
Baluchistan province of Pakistan (Gadiwala and Sadiq
2008). In Iran, extreme heat stress (PET > 41 °C) appeared
in June for Chabahar, in July for Zabol, and there was no
experience about extreme heat stress for Zahedan (Table 4).

9 Conclusion

In this study, bioclimate conditions and their changes and
distribution over the years were analyzed in Iranian cities in
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order to provide necessary information for decision makers on
various levels, including health, tourism, local energy man-
agement, and regional planning. The main conclusion of this
paper is that the thermal consequences on humans of climate
change have been underestimated. Changes in the overall bio-
climatic conditions for humans are expected to be consider-
ably greater than changes in air temperature alone. Changes in
non-temperature factors such as short- and long-wave radia-
tion appear to reinforce the first-order effects of temperature
change.

The results showed that from the three proposed thermal
classes (comfort, cold, and warm), the highest ratio of daily
frequencies of bioclimatic condition of the 40 selected stations
belonged to the warm class. The overall average of this class
for the studied stations involved 51.4 % of the studied period,
followed by cold bioclimatic zone with 35.7 %, and finally by
climate comfort with overall average of 12.9 %. In other
words, it can be concluded that the most important inhibiting
factor is related to the warm bioclimatic events in the occur-
rence of thermal comfort condition in Iran. From all stations,
Kerman has the highest frequency of thermal comfort event
with 17.4% of the studied days, while the highest ratio of cold
and warm bioclimatic events belong to Hamadan and
Chababar with 62.1 and 86.7 %, respectively.

In most regions of the world, the projected climate
change will produce bioclimatic conditions that are more
stressful for individuals (a PET of more than 35 °C in-
dicates strong heat stress for Europeans), and they will
have an impact on their health and well-being. The num-
ber of regions with PET > 35 °C will increase compared
to present bioclimatic conditions, and the possibility of
heat waves will also be enhanced. In addition, the
changed thermal conditions will lead to higher energy
consumption (and higher emissions of greenhouse gases)
as a result of the increased need for cooling (Matzarakis
and Amelung 2008). However, analysis of PET trends
showed different conditions for Iran. Besides the compre-
hensive analysis of bioclimatic conditions of Iran, other
important findings of this study focused on the detection
of PET change trend. The results of long-term trend anal-
ysis for the period of 1960–2010 clearly showed that
55 % of the stations had significant increasing trend in
terms of thermal comfort class based on the Pearson
method, and it was 40 % based on Mann-Kendall test.
Comparing the frequency of trends of proposed cold and
warm bioclimatic classes, we can conclude that the sta-
tions’ ratio is considerably greater in the case of increase
of frequency trend of cold bioclimatic events than the
increasing frequency trend of the warm events. This fact
was not inferred from daily time series of data only but
the average monthly time series confirmed the decrease
trend of warm PET class for most stations and months of
the year.

Interestingly, the geographical distribution of signifi-
cance level and randomness of the trends at different
times of the year revealed that most stations with a sig-
nificant trend concentrated in west and northwest half of
the country. On the other hand, for stations located in the
center and eastern half of the country, trends were ran-
dom and did not have significant levels. As the results
showed, many stations experienced decreasing trend of
PET for all months, with its maximum belonged to
May and November. However, the consequences are dif-
ferent for the different stations and for the months. For
example, decrease of PET trend for warm period of the
year can result in closeness or entrance of some stations
to the thermal comfort class. However, this fact can be
expressed with a different consequence for the cold pe-
riod of the year, with leaving the comfort class and mov-
ing toward colder classes. This fact can be applicable for
west and northwest of Iran. Therefore, decreasing trend
of PET for stations in cold regions has more potential
compared to the warm areas.

Considering changes of PET trend for recent decades
and intensified process of global warming, it is expected
that Iran’s bioclimatic conditions change so that the fo-
cus of most days with comfort are transferred to early
spring and late autumn. However, these changes can act
differently from the perspective of different geographical
areas of Iran. Consequently, in a subsequent study, it is
recommended to simulate the bioclimatic conditions of
the coming decades using climate models and then com-
pare the results with those of the present study.
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