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Abstract

One of the atmospheric hazards that seriously affect human life and health is the occurrence of
thermal tensions and stress in the form of heat and cold waves. Iran is one of the areas of the planet
that has climate variability due to its geographical characteristics; therefore, consequently, its
different regions are not immune to heat and cold waves. On the other hand, Iran's climate
variability is the factor causing the difference between thresholds of heat and cold wave
occurrence for its different regions. Therefore, in this study, based on three different thresholds,
spatial analysis of the frequency of occurrence of heat and cold waves has been done. Thus in this
work, using average daily data from 1960 to 2014, PET (Physiological Equivalent Temperature)
was used to monitor heat and cold waves of four stations in Iran. Results of this study showed that
in the context of global warming, although significant differences in the frequency of cold waves
cannot be seen, these changes are significant and increasing for the frequency of occurrence of
heat waves of selected station.

Keywords: Global warming, frequency of occurrence, duration, thermophysiologic indices,

temperature stress, Iran.

1. Introduction

Ecosystems and a variety of human activities
are strongly influenced by extreme climate
phenomena that heat waves (HWs), cold
waves (CWs), wind chill, floods and
droughts are some of these extreme
bioclimatic events. The IPCC (2007) defines
an extreme event as follows: “an extreme
weather event is an event that is rare within
its statistical reference distribution at a
particular place”. Definitions of ‘rare’ vary,
but an extreme weather event would
normally be as rare as or rarer than the 10" or
90" percentile” (Unal et al., 2013).

HWs and CWs are harmful to the biophysical
systems and can create danger on human
health, especially on elderly people, children,
and people who have serious health problems
(World Health Organization, 2003; Ding and
Ke, 2013). Global mean surface temperature
has increased since the late nineteenth
century, and warming has led to changes in
temperature extremes, including heat wave
(HW) and cold wave (CW) since the mid
twentieth century (IPCC 2013; Unal et al.
2013; Ding and Ke; 2015). Global warming
is one of the most prominent climate changes
of the current century, which has been
addressed by researchers in the regional and
planetary scale. The second half of the

twentieth century in the northern hemisphere
was found to be warmer than any other 50-
year period in the last 500 years with the
greatest warming documented during winter
and spring (Schar et al. 2004). In several
studies (Robeson, 2004), a general increase
in warm extremes and a decrease in cold
extremes have been seen in the regional and
global scale, although this increase in
temperature has not occurred uniformly
around the earth (Frich et al., 2002). Since
the past few decades in the Europe, the rise in
temperature has started in the twentieth
century (Klein Tank et al, 2003; Ramos et al.,
2011). Climate change projects show that the
intensity and frequency of heat waves of
Europe will increase for decades to come.
This increasing trend is also visible in the
current observational data and approves the
increasing trend of this climatic hazard for
the coming decades (Karl and Trenberth,
2003). Although the results of temperature
increase are not unique to FEurope, an
increase in the minimum temperature in East
Asia (Zhao et al., 2003) and the trend of a
rise in annual temperature with decade
changes up to 0.7 degrees Celsius in the
majority of Africa (Manfred and El-Tantawi
Attia, 2005) are also significant. Analyses of
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trends in extreme climate conditions found
decreases in the diurnal temperature range,
frost days, ice days, cool days and cool nights
for the majority of stations across Iran
(Rahimzadeh et al., 2009). For the arid to
semi-arid  regions of Iran,  winter
temperatures have been found to increase
(Tabari and Hosseinzadeh Talaece 2011). The
capital city of Tehran has additional heat
stresses from the urban heat island, which has
worsened over recent decades due to urban
sprawl (Roshan et al., 2009; Roshan et al.,
2010). The confirmation of 2 degrees Celsius
increase in temperature of Iran in the last
hundred years (Masoodian, 2004) is another
finding of increasing temperature changes for
Iran. Besides, projects of simulation of future
climate change indicate that Iran will face
temperature increase in the coming decades.
In a study it was found that temperature have
been increasing for the winters of North West
Iran and in total, temperature rise of these
areas will reach by 1.35 © C until late 2100s
(Roshan and Orosa 2015). On the other hand,
the observed data also shows that the trend of
cold extremes has been decreasing in recent
decades. This decreasing trend is not only
seen in the observed data, but projects of
climate change forecast for the twenty second
century confirm the decrease of frequency of
frost days across Europe (Heino et al., 1999;
Meehl et al., 2004). Despite this, although a
decreasing trend in cold extremes is seen for
the coming decades, the climate change
modeling indicates greater severity of cold
extremes for the coming decades compared
to the current period (Vavrus et al., 2006;
Kodra et al., 2011).

During the past years, some studies analyzed
the physical basis of cold waves on the basis
of human health effect and mortality rates
(Aylin et al. 2001; Ballester et al. 2003;
Bakenes et al. 2000; Fitchett et al. 2014). On
the other hand, the studies either analyzed the
relation between heat waves and atmospheric
circulation (Kysely, 2002; Makrogiannis et
al., 2008) or physical basis of heat waves
such as thermal and air quality conditions
(Giles and Balafoutis, 1990; Roshan
et al., 2018a; Matzarakis and Mayer, 1991),
heat-related  mortality and  morbidity
(Pantavou et al., 2008; Dolney and Sheridan,
2006; Fouillet et al., 2006; Basu and Samet,
2002) and the calculated human discomfort

indices (Giles et al., 1990; Matzarakis and
Mayer, 1997; Matzarakis and Nastos, 2011).
Several high impact of HW events have
occurred in recent years, e.g. in Europe in
2003 (Beniston, 2004; Levinson and Waple,
2004; Christoph and Gerd, 2004) and Russia
in 2010 (Barriopedro et al., 2011; Dole et al.,
2011; Trenberth and Fasullo, 2012; Twardosz
and Kossowska-Cezak, 2013). Heat and cold
waves in Serbia have been analyzed based on
the daily maximum air temperature during
the summer season (June, July and August).
The frequency and distribution of heat waves
were also studied, as well as the relationship
between the longest heat waves and
atmospheric  circulation (UnkaSevi¢ and
Tosi¢, 2009, 2011, 2013, 2014). The study of
Esmaeelinejad (2012) is one of the most
comprehensive studies on heat waves in Iran.
The results showed that short had waves have
more continuity and winter was the focus of
maximum monthly heat waves. The outputs
of the study also revealed that their
occurrence was more frequent in recent
years.

In a study, Darand (2014), identified and
spatiotemporally analyzed heat waves in Iran.
In this study, using data from the maximum
and minimum temperature and on the basis
of three indices of the 90", 95" and 99™
percentiles, the occurrence of heat waves was
monitored. The findings showed that the
frequency of the occurrence of heat waves
was rising in Iran. According to the
Meteorological Organization report, Tehran,
in the summer of 2013 (July and August)
after the domination of heat waves and
having a temperature over 40 degrees
Celsius, reached the record of the hottest
days in the past 60-years (Sanaee et al.,
2013). On the other hand, the Iranian
population is exposed to severe cold waves.
Reviewing cold extremes in the Iranian cities
Kerman, Khanjani and Bahrampour (2013)
found that an increase in cardiovascular (0.6
% per °C) and respiratory (average of 2.5 %
per °C) mortality was associated with
decreasing air temperature and cold wave
occurrence. In the following, given the
subject of the study that is determining
thresholds for heat and cold waves, a
suggestion regarding the extreme thresholds
of PET has been made for selected Iranian
cites. Besides, due to the problem of global



Quantification and assessment of effective of global warming on the occurrenceof ... 129

warming, the effect of this phenomenon on
the changes of heat and cold waves for a few
selected stations in Iran with a longer period
has been evaluated.

1-1. Different views on the concept and
methodology for monitoring of the heat
and cold waves

One of the problems that researchers face
in the study of heat (cold) waves is lack of
comprehensive and accurate definitions for
them. Considering the definitions of heat
(cold) waves provided by researchers,
institutions and research centers, it is
understood that their fundamental
discrepancy is over the definition of two
terms; wave and heat (cold). The term of
‘wave’ is indicating durability
of the phenomenon that is expressed by
number. Durability is one of the main and
inherent features of the heat (cold) waves
that is obvious in all the definitions of heat
(cold) waves. Heat (cold) is either expressed
as a number (numerical threshold) or a
percentile (percentile threshold) that would
eventually have been presented based on
numbers. In a general categorization, the
existing definitions of heat (cold) waves can
be placed in three groups. In the first group,
researchers provide a numerical threshold for
the definition of heat (cold) waves. In
different countries, different thresholds have
been introduced by researchers for heat
wave. In this group, for example, the
following studies can be cited. In China, heat
wave has occurred in every day of the year
when maximum temperature has reached
above 35 degrees Celsius (Liu et al., 2008).
Moreover, this situation should occur for at
least three consecutive days (Roshan
et al., 2018b; Zhang et al., 2005; Hua et al.,
2006). While in the UK, the thresholds of
minimum and maximum temperatures vary
from one region to another and the condition
for its occurrence is that it persists for more
than two days. The  Netherland’s
Meteorological Agency, for health warning
system update considers the heat wave when
the maximum temperature for at least five
consecutive days reach over 25 degrees
Celsius provided that at least three days of
those five days, the temperature is critical
and over 30 °C (Darand, 2014). For Athens,
the numerical threshold has been PET> 35 °C

to determine and monitor the heat wave if
this situation is continued for at least three
consecutive days (Matzarakis and Nastos,
2011); or for Novi Sad in Northern Serbia,
the threshold occurrence of cold wave has
been used based on numerical PET <0°C, and
if this situation continues for at least six
consecutive days, it will be known as cold
wave (Basarin et al., 2015).

The second group involves the studies that
have defined heat (cold) wave based on
percentile thresholds. For instance, the
maximum temperature during three days is
more than 90" summer long-term percentile
(Beniston and Diaz, 2004), 3-day lasting of
maximum temperature more than 95"
percentile (Gosling et al., 2007) and 3-day
lasting of the average temperature more than
97™ percentile (Hajat et al., 2002); or for
Turkey, the threshold of 90™ percentile of
apparent temperature or heat index when it
occurs in at least three consecutive days,
have been defined as the measure of heat
wave (Unal et al., 2013). Furthermore for
China, the threshold of 90™ percentile of
daily maximum temperature is the measure
for detecting heat wave (Yan et al., 2002;
Zhai and Pan, 2003; Hua et al., 2006; Fang et
al. 2008; Ding et al., 2009). For Novi Sad in
Northern Serbia, the occurrence threshold of
cold wave is defined as cold wave based on
the 5% percentile of PET with duration of at
least six days (Basarin et al., 2015). The third
category of the definition of heat (cold)
waves has been presented by the help of
research teams and experts for detecting
climate change and extreme indices. They are
a team of climate change scientists from
around the world. The purpose of this
definition is to compare the incidence of heat
(cold) wave as a sign of climate change in
different regions of the world.

One recommendation of the
Intergovernmental Panel on Climate Change
(IPCC) is to use the heat wave duration index
(HWDI). This index has been defined as a
period of five or more consecutive days with
a maximum daily air temperature (Tmax)
5°C or more above the mean maximum daily
temperature Tmax _ for the normal climatic
period 1961-1990 (IPCC 2001).

Based on this view, some define heat (cold)
wave as when at least for six consecutive
days, the maximum (minimum) temperature
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is greater than the 90™ percentile (less than
10™ percentile) of the baseline period of 1961
to 1990 or 1971 to 2000 (Zhang et al., 2005).
Although the purpose of providing such a
definition was its comprehensiveness and
sufficient precision to detect heat (cold)
waves across the globe, it does not apply to
arcas outside the Middle latitudes (Frich et
al., 2002).

2. Materials and methods

To analyze the thermal comfort conditions
and heat and cold waves of case studies, the
PET bioclimatic indices was used. Mean
daily air temperature, precipitation, relative
humidity, vapour pressure, wind speed and
cloud cover data were obtained for four
Iranian synoptic stations of Bandar Abbas,
Mashhad, Tabriz, Tehran spanning the period
1960-2014 from the  Meteorological
Organization of Iran.

Table 1. Thresholds of thermal perception according to
PET (after Matzarakis and Mayer, 1996).

Class | PET (°C) Thermal perception
1 <4 Very cold
2 4-8 Cold
3 8-13 Cool
4 13-18 Slightly cool
5 18-23 Comfortable
6 23-29 Slightly warm
7 29-35 Warm
8 35-41 Hot
9 >41 Very hot

To account for acclimatization of human
beings to either heat or cold, the Health
Related Assessment of the Thermal
Environment (HeRATE) was applied to
consider adaptation to thermal stress. The
HeRATE system (Koppe and Jendritzky,
2005) combines thermal stress calculations
with an evaluation of short-term adaptation to
thermal stress. The system modifies the PET
thresholds given in Table 1 by accounting for
the perception of thermal stress in recent
years. The HeRATE procedure has the
advantage that the resulting modified PET
(PET,) can be applied without further
modification to different climate regions and
during different times of the year (Jendritzky
and Tinz, 2009; Matzarakis and Nastos,

2011; Zaninovi¢ and Matzarakis, 2014;
Basarin et al., 2015). Introducing zones for
thermal comfort and applying a Gaussian low
pass filter according to Koppe (2005) to PET,
PET, was calculated as:

PET,= TH + (PET;-TH) x 1/3 (1)

where TH is the predefined threshold, and
PET; is the Gaussian filtered PET. In order to
evaluate the acclimatization for different
defined PET thresholds, the HERATE model
was calculated for every threshold values of
HW and CW according to Basarin et al.
(2015).

Three approaches were chosen to study heat
wave and cold wave occurrences and
characteristics:

- First, the 95™ and 5" percentiles of the
distribution of PET values were used to
detect extreme hot and cold days at all
stations. Following Unal et al. (2013), HW
was defined as period of three and more
consecutive days with PET values being
above the 95" PET percentile (HW,); CW
was defined as an episode of three and more
consecutive days below the 5" PET
percentile (CW,). An HW occurrence was
valid only if the station-specific 95"
percentile of PET was above 29.0 °C (HW,)
and a cold wave was counted only if the
station-specific 5" percentile of PET was
below 13.0 °C (CW)).

- Second, 95™ and 5™ percentiles of PET
were evaluated against thresholds. An HW
occurrence was valid only if the station-
specific 95 percentile of PET was above
29.0 °C (HWy,), i.e. in PET classes 7t0 9. A
cold wave was counted only if the station-
specific 5™ percentile of PET was below 13.0
°C (CW,), i.e. in PET classes 1 to 3.
Therefore, the lower (upper) threshold of the
desired bioclimatic class was determined as
the criterion for detecting the heat (cold)
waves.

- Third, 95" percentiles of PET were
assigned to PET classes 7 to 9. 5" percentiles
of PET were assigned to PET classes 1 to 3.
Hence, the lower (upper) threshold of the
desired bioclimatic class was determined as
the criterion for detecting the heat (cold)
waves. Although the third method is quite
similar to the second method, the class 1 is
just divided into two classes of 4> PET> 0 C°
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and PET <0 C° (CW,y). Besides, class 9 is
divided into two new classes of 46 > PET>
41 © and one PET > 46 C° ( HW,).

Since the analysis of trend of heat and cold
waves changes is a main basis for this study,
Mann-Kendall non-parametric test, were
used to detect and monitor the trend’s
changes for the frequencies of occurrence of
these atmospheric hazards. Detail of Mann-
Kendall non-parametric test method is
available by some climatic studies
(Matzarakis and Nastos, 2011, Basarin et al.,
2015, Roshan et al., 2016a; Roshan et al.,
2016Db).

3. Results

3-1. Assessment of spatial-temporal
changes of the occurrence of heat-cold
wave of some sample stations

In present work, four samples of the
country’s stations with different climate
including Bandar Abbas, Mashhad, Tabriz
and Tehran were been selected and
evaluated. Bandar Abbas station on Iran's
southern coasts has very hot and humid
summers and relatively mild winters.
Mashhad has a cold and rough weather in the
cold period of the year that is affected by
Siberian high pressure; however, hot
summers are among its characteristics. Tabriz
is a station with colder and more humid
winters compared to Mashhad that due to
being located in the North West of Iran is the
entrance gate of weather systems to Iran. On
the other hand, summers are milder
compared to other stations in middle and
lower latitudes of Iran. Of course, Tehran
considering coldness severity is milder
compared to Mashhad and Tabriz stations but
its summer heat is more intense compared to
those two stations. First, according to Figure
1, based on three approaches, a sample of
heat and cold wave occurrence are shown for
the study period of 02.01.2009 to 11.05.2014.
According to figure (1a), the CW,, threshold
of PET index is 20.6 °C for Bandar Abbas
station also based on the method of CW,, and
CW, this threshold is jointly 23 °C.
Therefore, based on the conditions set
formerly, the threshold of PET> 13 °C
cannot be the criterion of determining the
occurrence of cold wave. Hence, based on
the CW,, threshold, the minimum threshold of
cold wave occurrence belonged to Tabriz

with -2.7 °C and Mashhad and Tehran station
with values of 1.4 and 5.1 °C. Nevertheless,
based on the method of CW,, the criterion
for occurrence of cold wave PET = 4 °C for
Tabriz and Mashhad but for Tehran PET = 8
°C that after reviewing threshold of classes
on base of CW,, , these values have been
PET = 0 °C for Mashhad and Tabriz (Figure
1f, 1g) and it PET = 8°C for Tehran (Figure
1h). The output of Figure 1 shows that the
maximum of HW, threshold of PET index
for monitoring of heat waves belonged to
Bandar Abbas with PET = 46.2°C and
Tehran with 42.8 °C, Mashhad with 38 °C
and Tabriz with 35.9°C were in the next
rankings. On the other hand, by applying
method of HW,, for two stations of Tehran
and Bandar Abbas, these stations has been 41
°C shared and it has been 35 °C for two
stations of Mashhad and Tabriz. However, by
applying the method of HW,y, the only
change observed has been for Bandar Abbas
station with new threshold of 46 °C ( 6e)
though no changes are observed for other
stations (Fig. 1f-1h). However, the results of
this section showed that in total, the
behavioral pattern of three different
thresholds of heat wave (cold wave) have
been the same for different stations, but what
makes the major difference among these
stations is the difference in monitoring of
frequency, duration and intensity of heat
(cold) wave occurrences. In a way that in
most stations, frequency and duration of heat
(cold) wave occurrences are based on the
method of HW, (CW,), are less than the
method of HW,, (CW,,) and HW,; (CW,y). In
other words, considering the second and third
methods, more periods being affected by
bioclimatic occurrence of heat and cold
waves were identified compared to the first
method. In the wake of the heat wave,
temperature in the summer of 2013,
according to the report of Meteorological
Agency of Iran reached the record of the
hottest days of the year in the past 60 years.
According to reports from news agencies, the
extent of the heat wave occurred was not
limited to Iran, but high temperatures have
been reported in China and most of European
countries, which shows the dominance of
heat wave in these regions. These conditions
resulted in high temperatures in Tehran so
that the maximum temperature in July
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reached 40.5 and in August to 42.5 °C that
compared with last year, it increased 1.2 to 3
degrees Celsius in July and August. This
value compared with the temperature of a
decade ago in July and August has increased
2.5 to 6.5 °C respectively. According to the
monthly report of the General Directorate of
Meteorology of Tehran, this increase in
temperature compared to the long-term
average has been 2 degrees in July and 0.5
°C in August (Sanaee et al., 2015). As it can
be seen from the outputs of Figure 1, not only
in the station of Tehran but also in two
stations of Tabriz and Mashhad the summer
of 2013 has been associated with the
occurrence of significant heat wave.
However, these conditions have not been
considerable for Bandar Abbas so that it can
be imagined this heat wave has affected
middle and high-latitude areas of Iran more
than its areas with low latitudes.

3-2. Thermal Index
PET allows for a physiologically significant

55
45 4

35 T’

PET(°C)

2.2009

11.03.2010
05.01.2011

19.06.2010
27.09.2010
24.07.2011
oran2om

35

45

PET(°C)

~
i
s

11.03.2010
19.06.2010
27.09.2010
05,01.2011
15.04.2011
24.07.2011
[IRTRLI0]]

09.02.2012

09.02.2012

19.05.2012

Years

(@)

19.05.2012

Years

(b)

Journal of the Earth and Space Physics, Vol. 44, No. 4, Winter 2019

assessment of thermal conditions. Daily PET
values were calculated using the RayMan
model (Matzarakis et al. 2007a). RayMan’s
PET calculation is based on the solution of
the human energy balance with the MEMI
model (Hoppe, 1993). The thermo-
physiological parameters heat resistance of
clothing (in clo units) and activity of humans
(in W) required to run RayMan, were set to
the values 80 W and 0.9 clo, which are
values related to a standardized male person
of 1.75 m of height, 75 kg of weight and 35
years of age. Using these values, the standard
person is characterized by a working
metabolism of light activity in addition to
basic metabolism and heat resistance due to
the clothing. The PET values were then
assigned to grades of thermal perception by
human beings and physiological stress on
human beings (Table 1) according to

Matzarakis and Mayer (1996). PET was used
to analyze HW and CW at the meteorological
stations.
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Figure 1. Interannual variability of thermal adaptation based on PET for 2009 to 2014 (yellow line = PET; black line =
Gaussian filtered PET; stipple pink line = heat wave based on the HW,;; red line = heat wave based on the
HW,; stipple green line=cold wave based on the CWy; blue line = cold wave based on the CW,). a: Bandar
Abbas; b: Mashhad; c: Tabriz; d: Tehran. Interannual variability of thermal adaptation based on PET for 2009
to 2014 (yellow line = PET; black line = Gaussian filtered PET; stipple pink line = heat wave based on the
HW,; red line = heat wave based on the HW/; stipple green line = cold wave based on the CW,; blue line =
cold wave based on the CW,). e: Bandar Abbas; f: Mashhad; g: Tabriz; h: Tehran.
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Figure 2. The frequency of occurrence of cold waves based on the CW, threshold for the study period from 1960 to
2014. a) Bandar Abbas, b) Mashhad, c) Tabriz, d) Tehran. The trend of frequency of occurrence of heat waves
based on the HW,, threshold for the study period of 1960 to 2014. ) Bandar Abbas, f) Mashhad, g) Tabriz, h)

Tehran.

One of the most important parts of this paper
is to analyze the effects of global warming on
changes of the frequency of heat and cold
waves. However, due to the limited space of
this article, only the changes of heat and cold
waves regarding the threshold occurrence of
HW, (CW,) using nonparametric Mann-
Kendall method has been analyzed. As it can
be seen in Figures 2a to 2d, although in three
stations of Mashhad, Tabriz and Tehran the
trends of frequency of cold waves are
decreasing, this trend 1is increasing for
Bandar Abbas, based on the outputs of the
Mann-Kendall method. According to the
significant threshold of -0.19 > t0 > +0.19 it

is observed that Mashhad with t = 0.10,
Tabriz with t = 0.02, Tehran with t = -0.02,
and Bandar Abbas with t=0.18 do not have
significant trends. The noteworthy point is
that the trend for changes of cold waves for
Bandar Abbas has experienced three palpable
changes over time. Thus from 1960 to 1972 it
has had an increasing trend but its trend has
been decreasing after that until 1980. Then
again the trend has slowly been rising for the
past two decades (Figure 2 a). In the
following, as it can be seen from Fig. 2e to
2h, changes in the frequency of heat waves
have had an increasing trend for these four
stations. = Mann-Kendall  statistics  for
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Mashhad with t = 0.47, Tabriz and Tehran
with values of t=044 and t = 045
respectively, and, ultimately, for Bandar
Abbas with t = 0.29 shows a significant trend
with a confidence level of 95 percent.
Besides, the outputs show that the behavior
and frequency pattern of heat and cold waves
are reversed during the statistical period.
Hence, times that coincide with the minimum
of cold (heat) waves are at the same time
with the maximum of heat (cold) wave
occurrence.

4. Discussion

The use of single parameters or factors is not
the only way by which the implications of
heat waves on humans can be assessed
(Matzarakis and Nastos, 2011).This paper,
for the first time, uses the thermal indices
under the name of PET and includes an
analysis of consecutive days, as well as
statistical filters to measure thermal
adaptation of humans to extreme temperature
events. This study represents a valuable first
step for the quantification of cold waves and
cold stress as well as heat waves and heat
stress Iran. Despite this issue, most of the
works done for Iran (Masoodian and Darand,
2012, Esmaeelinejad, 2012, Karimi et al.,
2012, Darand, 2014, Sanaee et al., 2013),
have identified and studied solely on the
basis of the components of minimum and
maximum temperature for heat and cold
waves. In addition, nonmeteorological
elements such as acclimatization, clothing,
activity level and fitness, and physiologic
adaptation to a particular environment also
influence the whole heat balance of the
human body (Robinson, 2001). Thus, the
analysis of cold and heat waves can be
carried out focusing either on human-
biometeorological or on air masses and
synoptic type approaches methods. An
analysis, however, should include mean
extremes, frequencies and conditions for the
quantification of the duration and the
intensity. Besides, the analysis of consecutive
days >3 that are used provides valuable
details of cold and heat waves and
interpretations regarding relevant events.
Besides, the thermal adaptation of humans
can be included in both approaches using
appropriate statistical methods, i.e., moving
average, Gaussian filters and human-

biometeorological threshold values (Basarin
et al., 2015). Iran, with regard to its
geographical and climatic diversity, needs a
definition for different thresholds of
bioclimatic events including heat and cold
waves for its different regions. In the study of
Roshan et al. (2017), they identified different
thresholds for reviewing the thermal comfort
class of different cities of Iran using the
component of temperature and Olgyay's
Bioclimatic Chart. Besides, the outcome of
their study has appropriate consistency with
our results. Because their findings for cities
of Southern coast of Iran suggest higher
temperature threshold for the occurrence of
thermal comfort compared to the stations
located in the North West of the country. In
the present study, our results suggest a
variety of heat and cold wave thresholds for
different climate zones of Iran. Thus, the
maximum threshold of heat wave occurrence
has been for Bandar Abbas in the regions of
shores of the Persian Gulf and its minimum
has been for Tabriz and Mashhad in regions
of North West and North East of the country.
However, findings of several research for
Iran, confirm the link between cold and heat
stress in people's health and mortality. In
Farajzadeh and Darand’s (2008) study in
Tehran, in the cold months of the year, the
number of deaths due to respiratory diseases
was maximum and as the average, minimum,
and maximum temperature decreased, the
more the number of respiratory deaths
increased. In general, the number of deaths in
the warm months was less than the cold
months (Farajzadeh and Darand, 2008).
Some studies in Iran have also mentioned
that influenza causes increased mortality in
the cold months and have reported some of
these influenza epidemics (Haghshenas et al.,
2015; Salimi et al., 2016).

Therefore, the results of this study show that
PET's maximum extreme values in Iran have
more potential than PET’s minimum extreme
values, on the other hand, the frequency of
occurrence of heat waves has been higher
than the occurrence of cold waves. Therefore,
it seems that Iranians have more
compatibility with higher temperatures than
lower temperatures, and this factor causes
more deaths in lower temperatures or deaths
are more in the occurrence of cold waves
than the occurrence of heat waves. Of course,
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confirming this issue for different areas of
Iran needs further studies. However, as the
results of the present study show, the trend of
the occurrence of heat wave for sample
stations of Iran is increasing and the
occurrence of cold wave is decreasing.
Similar results can be seen in several studies
that have been conducted around the world
and Iran. Analyses of trends in extreme
climate conditions found decreases in the
diurnal temperature range, frost days, ice
days, could days and could nights for the
majority of stations across Iran (Rahimzadeh
et al., 2009). For the arid to semi-arid regions
of Iran, winter temperatures have been found
to be increased (Tabari and Hosseinzadeh
Talaee, 2011). The capital city of Tehran has
additional heat stresses from the urban heat
island, which has worsened over recent
decades due to the urban sprawl (Roshan et
al., 2009, 2010).

This result is appropriately consistent with
the findings of this research. As the results
showed, the trend of cold wave occurrence is
also declining for cold stations of the
country. Roshan et al. (2016b) in one study
on PET changes for the period of 1960 to
2010 has wused the Mann-Kendall non-
parametric test and Pearson parametric
method. The findings of long-term trend
analysis have shown that 55% of the stations
have significant increasing trends in terms of
thermal comfort class based on the Pearson
method, while it is 40% based on Mann-
Kendall test. Spinoni et al. (2015) for one
work on heat and cold waves trends in the
Carpathian Region from 1961 to 2010
showed that the heat wave events have
become more frequent, longer, more severe
and intense in the entire Carpathian Region,
in particular, in summer in the Hungarian
Plain and in Southern Romania. Besides, a
linear trend analysis showed that the cold
waves frequency, average duration, severity
and intensity have generally decreased in all
seasons except autumn. Similar results,
dealing with tendency towards a higher
number of warm days and nights and a lower
number of cold days and nights in the
Carpathian Basin, have been discussed by
Bartholy and Pongracz (2007) and by
Bartholy et al. (2008). A study in the USA
estimated that due to the climate change,
winter mortality will decrease slightly but

this lowered mortality will not offset the
greater increase in summer mortality
(Kalkstein and Greene, 1997). Based on the
climate models, the analysis of climate
change indicates that heat stress conditions
will occur much more frequently in the future
(IPCC, 2007; Matzarakis et al., 2007a).
Alexander and Arblaster (2009) used
multiple simulations from nine globally
coupled climate models to assess change of
trends for indices representing temperature
and precipitation extremes over Australia.
Their results showed a shift towards warming
of temperature extremes, particularly a
significant increase in the number of warm
nights and heat waves with much longer dry
spells interspersed with periods of increased
extreme precipitation, irrespective of the
scenario used. Therefore, outcomes of the
studies based on observational data and
modeling of future climate change of Iran
confirm temperature increase and heat stress
events and reduction of cold stress and frost
days. Simulation projects of future climate
change for North West areas of Iran indicate
the temperature increase of 1.35 °C until the
late 2100’s (Roshan and Orosa, 2015).
Besides, Roshan and Grab (2012) showed
that most zones of Iran, considering the
global warming, will experience higher
temperature thresholds for the coming
decades. Thus, according to various studies
for Iran and the world it is inferred that in the
coming decades, the risk of heat stress events
and more heat waves is more than the risk of
cold wave occurrence. However, this should
not make officials neglect the risk of
management of cold waves.

5. Conclusion

Outputs and findings of the present study
confirm the fact that the risk of occurrence of
heat waves in Iran has more potential than
the risk of cold wave occurrence. One of the
main findings of this paper is the evaluation
of thresholds of heat and cold wave
occurrences based on the second method
compared with the third method. In general,
the results showed that based on the method
of HW, (CW,), no significant differences
that sometimes exist among some stations for
determining thresholds of cold and heat
waves and their monitoring can be applied.
For example, it has been observed that
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although the threshold of HW, for Bandar
Abbas is 46.2°C and it is 42.8°C for Tehran;
however, based on the method of HW,, for
both of these stations, the threshold of heat
wave occurrence has been selected to be
41°C. This method that is resulted from
PET’s conventional classes could not reveal
the difference of these two stations regarding
the threshold of heat wave occurrence.
However, by applying the HW,,, it was
found that the threshold of heat wave
occurrence for Bandar Abbas has been PET =
46°C and it was 41 °C for Tehran. Therefore,
the term “PET’s extreme classes” has better
shown the difference of various stations in
the occurrence of thresholds of cold and heat
wave. Finally, the results of this study
indicate more potential of increasing trend of
heat waves and decreasing of the frequency
of cold wave occurrence for the sample
stations of Iran. The results of this study are
also consistent with the findings of other
studies in different regions of the world.

References

Sanaece, M., Khanmohammadi, M. and
Mohammadi, H., 2013, The analysis of
synoptic pattern of the hazardous event of
heat wave of summer 2013 and death
caused by pollution in Tehran, Journal of
Knowledge of Risk, Issue 1, 67 - 83.

Darand, M., 2014, The identification and
analysis of spatio-temporal heat waves of
Iran, Journal of Geography and
Development, number 35, 167-180.

Esmaeelinejad, M., 2012, Identification of
heat waves of Iran and its relationship
with synoptic pattern. Doctoral thesis of
physical geography, Department of Earth
Sciences, University of Sistan and
Baluchestan, Iran.

Karimi, S., Negaresh, H., Tavoosi, D. and
Alijani, B., 2012, Synoptic analysis of the
Comprehensive cold waves of Iran,
Geography and Development Journal, 29,
55-76.

Masoodian, A., 2004, Investigation of Iran’s
temperature trend in the last half century,
Geography and Development journal,
Issue3.

Alexander, L. and Arblaster, J., 2009,
Assessing trends in observed and
modelled climate extremes over Australia
in relation to future projections, Int. J.

Climatol. 29, 417-435.

Aylin, P., Morris, S., Wakefield, J.,
Grossinho, A., Jaru, L. and Elliott, P.,
2001, Temperature, housing, deprivation
and their relationship to excess winter
mortality in Great Britain 1986-1996. Int.
J. Epidemiol., 30, 1100-1108.
doi:10.1093/1je/30.5.1100.

Ballester, F., Michelozzi, P. and Iniguez, C.,
2003, Weather, climate and public health.
J Epidemiol Community Health, 57, 759-
760.

Barriopedro, D., Fischer, E. M., Luterbacher,
J., Ricardo M. Trigo, M. R and Garcia-
Herrera, R., 2011, The hot summer of
2010: redrawing the temperature record
map of Europe. Science, 332, 220-224.

Bartholy, J. and Pongracz, R., 2007, Regional
analysis of extreme temperature and
precipitation indices for the Carpathian
Basin from 1946 to 2001. Glob. Planet.
Change, 57(1), 83-95.

Bartholy, J., Pongracz, R., Gelybo, G. and
Szabo, P., 2008, Analysis of expected
climate change in the Carpathian Basin
using the PRUDENCE results. Idoiaras,
112(3-4), 249-264.

Basarin, B., Luki¢, T. and Matzarakis, A.,
2015, Quantification and assessment of
heat and cold waves in Novi Sad,
Northern Serbia, Int. J. Biometeorol.,
doi:10.1007/s00484-015-1012-z.

Basu, R. and Samet, J. M., 2002, Relation
between elevated ambient temperature
and mortality: a review of the
epidemiologic evidence. Epidemiol. Rev.,
24, 190-202.

Beniston, M., 2004, The 2003 heat wave in
Europe: a shape of things to come? An
analysis based on Swiss climatological
data and model simulations. Geophys.
Res. Lett., 31, L02202.

Beniston, M. and Diaz, H. F., 2004, The
2003 heat wave as an example of
summers in a greenhouse climate?
Observations and  climate  model
simulations for Basel, Switzerland. Global
and Planetary Change, 44, 73-81.

Bokenes, L., Alexandersen, T. E., Osterud,
B., Tveita, T. and Mercer, J. B., 2000,
Physiological and hematological
responses to cold exposure in the elderly.
Int. J. Circumpolar. Health, 59, 216-221.



Quantification and assessment of effective of global warming on the occurrenceof ... 141

Christoph, S. and Gerd, J., 2004, Hot news
from summer 2003. Nature, 432, 559-
560.

Ding, T., Qian, W. H. and Yan, Z. W., 2009,
Changes of hot days and heat waves in
China during 1961-2007. Int. .
Climatol., 30, 1452—1462.

Ding, T. and Ke, Z., 2013, Characteristics
and changes of regional wet and dry heat
wave events in China during 1960-2013,
Theor. Appl. Climatol., 122, 651-665.

Dole, R., Hoerling, M., Perlwitz, J., Eischeid,
J., Pegion, P., Quan, T., Xu, T. and
Murray, D., 2011, Was there a basis for
anticipating the 2010 Russian heat wave?
Geophys. Res. Lett., 38, L06702.

Dolney, T. J. and Sheridan, S. C., 2006, The
relationship between extreme heat and
ambulance response calls for the city of
Toronto, Ontario, Canada. Environ. Res.,
101, 94-103.

Fang, X. Q., Wang, A. Y., Fong, S. K., Lin,
W. and Liu, J., 2008, Changes of
reanalysis-derived Northern Hemisphere
summer warm extreme indices during
1948— 2006 and links with climate
variability. Glob. Planet Chang., 63, 67—
78.

Farajzadeh, M. and Darand, M., 2008,
Analysis of air temperature influence on
mortality in Tehran. Hakim Res. J., 11,
27-34.

Fitchett, J. M., Grab, S. W., Thompson, D. L.
and Roshan, G., 2014, Spatio-temporal
variation in phenological response of
citrus to climate change in Iran: 1960—
2010. Agricultural and Forest
Meteorology, 198—-199, 285-293.

Frich, P., Alexander, L. V., Della-Marta, P.,
Gleason, B., Haylock, M., Klein Tank, A.
M. G. and Peterson, T., 2002, Observed
coherent changes in climatic extremes
during the second half of the twentieth
century. Clim. Res., 19, 193-212.

Fouillet, A., Rey, G., Laurent, F., Pavillon,
G., Bellec, S., Guihenneuc-Jouyaux, C.,
Clavel, J., Jougla, E. and Hémon, D.,
2006, Excess mortality related to the
August 2003 heat wave in France. Int.
Arch. Occup. Environ. Health, 80, 16-24.

Giles, B. D. and Balafoutis, C. J., 1990, The
Greek heat waves of 1987 and 1988. Int.
J. Climatol., 10, 505-517.

Gosling, S. N., McGregor, G. R. and Pa’ldy,
A., 2007, Climate change and heat-related
mortality in six cities. Partl: Model
construction and validation. International
Journal of Biometeorology, 51, 525.
doi:10.1007/s00484-007-0092-9.

Haghshenas, M., Jafarian, E.,
Babamahmoodi, F., Tabrizi, A,
Nandoost, S. and Alizadeh-Navaei, R.,
2015, Prevalence of influenza a/H3N2
virus in northern Iran from 2011 to 2013.
Caspian J. Intern. Med., 6, 116—119.

Hajat, S., Kovats, R., Atkinson, R. and
Haines, A., 2002, Impact of hot
temperatures on death in London: A time
series approach. J. Epidemiol. Community
Health, 56(5), 367-372,
doi:10.1136/jech.56.5.367.

Heino, R., Brazdil, R., Ferland, E.,
Tuomenvirta, H., Alexandersson, H.,
Beniston, M., Pfister, C., Rebetez, M.,
Rosenhagen, G., Rosner, S. and Wibig, J.,
1999, Progress in the study of climate
extremes in northern and central Europe.
In: Thomas, K.R., Nicholls, N., Ghazi, A.
(eds), Weather and climate extremes:
changes, variations and a perspective
from the insurance industry. Kluwer
Academic, Dordrecht.

Hoppe, P. R., 1993, Heat balance modelling.
Experientia, 49, 741-746.

Hua, L. J., Ma, Z. G. and Zeng, Z. M., 2006,
The comparative analysis of the changes
of extreme temperature and extreme
diurnal temperature range of large cities
and small towns in eastern China. Chin. J.
Atmos. Sci. (Chin), 30, 80-91.

IPCC, 2007, The physical science basis.
Contribution of Working Group 1 to the
fourth IPCC assessment report, chapter 11
regional climate projections. IPPC,
Geneva.

IPCC, 2013, Climate change 2013: the
physical science basis. Contribution of
working group I to the fifth assessment
report of the Intergovernmental Panel on
Climate Change. Cambridge University
Press, Cambridge and New York.

Jendritzky, G. and Tinz, B., 2009, The
thermal environment of the human being
on the global scale. In: Kjellstrom T (ed)
Heat, work and health: implications of
climate change. Global Health Action, 2,
1-12.



142 Journal of the Earth and Space Physics, Vol. 44, No. 4, Winter 2019

Kalkstein, L. S. and Greene, J. S., 1997, An
evaluation of climate/mortality
relationships in large U.S. cities and the
possible impacts of a climate change.
Environ. Health Prespect., 105, 84-93.

Karl, T.R. and Trenberth, K. E., 2003,
Modern global climate change. Science,
302, 1719-1723.

Khanjani, N. and Bahrampour, A., 2013,
Temperature and cardiovascular and
respiratory mortality in desert climate. A
case study of Kerman, Iran. Iran J.
Environ. Health Sci. Eng., 10, 1-6.

Klein Tank, A. M. G., Wijngaard, J. B.,
Konnen ,G. P.,, B6hm, R., Demarée, G.,
Gocheva, A., Ceylan, A., Pachaliuk, O.,
Alexander, L. V. and Petrovic, P., 2002,
Daily dataset of 20th-century surface air
temperature and precipitation series for
the European climate assessment. Int. J.
Climatol., 22, 1441-1453.

Kodra, E., Steinhaeuser, K. and Ganguly, A.
R., 2011, Persisting cold extremes under
21st-century warming scenarios.
Geophys.  Res.  Lett, 38, doi:
10.1029/2011GL047103.

Koppe, C., 2005, Gesundheitsrelevante
Bewertung von thermischer Belastung
unter Beriicksichtigung der kurzfristigen
Anpassung der Bevolkerung an die
lokalen Witterungsverhiltnisse. Berichte
des Deutschen Wetterdienstes Nr. 226.

Koppe, C. and Jendritzky, G., 2005,
Inclusion of short-termadaption to thermal
stresses in a heat load warning procedure.
Meteorol. Z., 14, 271-278.

Kysely, J., 2002, Probability estimates of
extreme temperature events: stochastic
modelling approach vs. extreme value
distributions. Stud. Geophys. Geod., 46,
93-112.

Levinson, D. H. and Waple, A. M., 2004,
State of climate in 2003. Bull. Am.
Meteorol. Soc., 85 1-72.

Liu, L. L., Sun, L. H., Liao, Y. M., Zhu, Y.
F., Zou, X. K., Wang, Y. M and Yan, J.
H., 2008, Development and application of
national prediction system for extreme
high temperature. Meteorol. Mon. (Chin),
34, 102-107.

Makrogiannis, T., Balafoutis, Ch. and
Pytharoulis, 1., 2008, The Heat Waves
over Balkans as an indicator of the

climate change: a case study on August
2006. In: Maheras P, Zanis P,
Anagnostopoulou C et al (eds),
Proceedings of the 9™ Conference of
Meteorology, Climatology and
Atmospheric ~ Physics.  Thessaloniki,
Greece, 417-423.

Manfred, D. and El-Tantawi, A., 2005,
Recent temporal and spatial temperature
changes in egypt manfred domroes, Int. J.
Climatol.25: 51-63

Masoodian, S. A. and Darand, M., 2012,
Analysis the sea level pressure anomalies
during extreme cold temperature days of
Iran. Geog. Environ. Plann. J., 23(1), 1-
14.

Matzarakis, A. and Mayer, H., 1991, The
extreme heat wave in Athens July 1987
from the point of view of human
biometeorology. Atmos. Environ., 25,
203-211.

Matzarakis, A. and Mayer, H., 1996, Another
kind of environmental stress: thermal
stress. WHO News, 18, 7-10.

Matzarakis, A. and Mayer, H., 1997, Heat
stress in Greece. Int. J. Biometeorol., 41,
34-39.

Matzarakis, A., Georgiadis, T. and Rossi, F.,
2007a, Thermal bioclimate analysis for
Europe and Italy. Il Nuovo Cimento, C30,
623-632.

Matzarakis, A. and Nastos, P. T., 2011,
Human-biometeorological assessment of
heat waves in Athens. Theor. Appl.
Climatol., 105, 99-106.

Meehl, G. A., Tebaldi, C. and Nychka, D.,
2004, Changes in frost days in simulations
of twenty-first century climate. Clim.
Dyn., 23, 495-511, doi: 10.1007/s00382-
004-0442-9.

Pantavou, K., Theoharatos, G. Nikolopoulos,
G., Katavoutas, G. and Asimakopoulos,
D., 2008, Evaluation of thermal
discomfort in Athens territory and its
effect on the daily number of recorded
patients at hospitals’ emergency rooms.
Int. J. Biometeorol., 52, 773-778.

Rahimzadeh, F., Asgari, A. and Fattahi, E.,
2009, Variability of extreme temperature
and precipitation in Iran during recent
decades. Int. J. Climatol., 29, 329-343.

Ramos, A. M., Trigo, R. M. and Santo, F. E.,
2011, Evolution of extreme temperatures



Quantification and assessment of effective of global warming on the occurrenceof ... 143

over Portugal: recent changes and future
scenarios. Clim. Res., 48, 177-192.

Robeson, S. M., 2004, Trends in
time - varying percentiles of daily
minimum and maximum temperature over
North America. Geophys. Res. Lett., 31,
L04203, doi:10.1029/2003GL019019.

Robinson, P. J., 2001, On the definition of a
heat wave. J. Appl. Meteorol., 40, 762—
775.

Roshan, Gh. R., Rousta, I. and Ramesh, M.,
2009, Studying the effects of urban sprawl
of metropolis on tourism-climate index
oscillation: a case study of Tehran city. J.
Geogr. Reg. Plan., 2(12), 310-321.

Roshan, Gh. R., Zanganeh Shahraki, S.,
Sauri, D. and Borna, R., 2010, Urban
sprawl and climatic changes in Tehran,
Iran. J. Environ. Health Sci. Eng., 7(1),
43-52.

Roshan, Gh. R. and Grab, S., 2012, Regional
climate change scenarios and their
impacts on water requirements for wheat
production in Iran. International Journal
of Plant Production, 6(2), 239-266.

Roshan, Gh. R. and Orosa, J., 2015, Regional
climate changes and their effects on
monthly energy consumption in buildings
in Iran. Natural Environment Change,
1(1), 31-48.

Roshan, Gh. R., Yousefi, R. and Fitchett, J.
M., 2016a, Long-term trends in tourism
climate index scores for 40 stations across
Iran: the role of climate change and
influence on tourism sustainability.
International Journal of Biometeorology,
60(1), 33-52.

Roshan, Gh. R., Yousefi, R., Kovacs, A. and
Matzarakis, A., 2016b, A comprehensive
analysis of physiologically equivalent
temperature changes of Iranian selected
stations for the last half century. Theor.
Appl. Climatol., doi:10.1007/s00704-016-
1950-3.

Roshan, Gh. R., Ghanghermeh, A. and Attia,
S., 2017, Determining new threshold
temperatures for cooling and heating
degree day index of different climatic
zones of Iran. Renew. Energy 101, 156—
167.

Roshan, Gh. R., Ghanghermeh, A. and Kong,
Q., 2018a, Spatial and temporal analysis
of outdoor human thermal comfort during

heat and cold waves in Iran ,Weather and
Climate Extremes. 19, 58-67.

Roshan, Gh. R., Almomenin, H., Hirashim,
S. and Attia, S., 2018b, Estimate of
outdoor thermal comfort zones for
different climatic regions of Iran ,Urban
Climate. 27, 8-23.

Salimi, V., Tavakoli-Yaraki, M., Yavarian,
J., Bont, L. and Mokhtari-Azad, T., 2016,
Prevalence of human respiratory syncytial
virus circulating in Iran. J. Infect. Public
Health, 9, 125-135.

Schar, C., Vidale, P., Liithi, D., Frei, C.,
Héberli, C., Liniger, M. and Appenzeller,
C., 2004, The role of increasing
temperature  variability in European
summer heatwaves. Nature, 427(January),
332-336.
https://doi.org/10.1038/nature02230.1.

Spinoni, J., Lakatos, M., Szentimrey, T.,
Bihari, Z., Szalai, S., Vogt, J. and Antofie,
T., 2015, Heat and cold waves trends in
the Carpathian Region from 1961 to 2010.
Int. J. Climatol., 35, 4197-4209.

Tabari, H. and Hosseinzadeh Talaee, P.,
2011, Analysis of trends in temperature
data in arid and semi-arid regions of Iran.
Glob. Planet. Chang., 79(1-2), 1-10.

Trenberth, K. and Fasullo, J., 2012, Climate
extremes and climate change: the Russian
heat wave and other climate extremes of
2010. J. Geophys. Res., 117, D17103,
doi:10.1029/2012JD018020.

Twardosz, R. and Kossowska-Cezak, U.,
2013, Exceptionally hot summers in
Central and Eastern Europe (1951-2010).
Theor. Appl. Climatol., 112, 617-628.

Unal, Y. S., Tan, E. and Mentes, S., 2013,
Summer heat waves over western Turkey
between 1965 and 2006. Theor. Appl.
Climatol., 112, 339-350.

UnkaSevi¢, M. and Tosi¢, 1., 2009, An
analysis of heat waves in Serbia. Glob.
Planet Chang., 65, 17-26,
doi:10.1016/j.gloplacha.2008.10.009.

UnkaSevi¢, M. and Tosié, 1., 2011, The
maximum temperatures and heat waves in
Serbia during the summer of 2007. Clim.
Chang., 108, 207-223.

Unkasevi¢, M. and Tosi¢, 1., 2013, Trends in
temperature  indices  over  Serbia:
relationships to large-scale circulation
patterns. Int. J. Climatol., 33, 3152-3161,



144 Journal of the Earth and Space Physics, Vol. 44, No. 4, Winter 2019

doi:10.1002/joc.3652.

UnkasSevi¢, M. and Tosi¢, 1., 2014, Seasonal
analysis of cold and heat waves in Serbia
during the period 1949-2012. Theor.
Appl. Climatol., doi:10.1007/s00704-014-
1154-7.

Vavrus, S. J., Walsh, J. E., Chapman, W. L.
and Portis, D., 2006, The behavior of
extreme cold air outbreaks under
greenhouse warming. Int. J. Climatol., 26,
1133-1147.

World Health Organization, 2003, The health
impacts of 2003 summer heat waves,
briefing notes for the delegations of the
fifty-third session of the WHO (World
Health Organization) regional committee
for Europe. Switzerland, Geneva Beniston
M (2004) The 2003 heat wave in Europe:
a shape of things to come? An analysis
based on Swiss climatological data and
model simulations. Geophys. Res. Lett.,
31, L02202.

Yan, Z., Jones, P. D., Davies, T. D., Moberg,
A., Bergstrom, H., Camuffo, D., Cocheo,
C., Maugeri, M., Demarée, G. R. and
Yang, C., 2002, Trends of extreme
temperatures in Europe and China based
on daily observations. Clim. Chang., 53,
355-392.

Zaninovi¢, K. and Matzarakis, A., 2014,

Impact of heat waves on mortality in
Croatia. Int. J. Biometeorol., 58, 1135-
1145, doi:10.1007/s00484-013- 0706-3.

Zhai, P. M. and Pan, X. H., 2003, Trends in
temperature extremes during 1951— 1999
in China. Geophys. Res. Lett.,
doi:10.1029/2003GL018004.

Zhang, X., Aguilar, E., Sensoy, S.,
Melkonyan, H., Tagiyeva, U., Ahmed, N.,
Kutaladze, N., Rahimzadeh, F.,
Taghipour, A., Hantosh, T.H., Albert, P.,
Semawi, M., Karam Ali, M., Halal Said
Al-Shabibi, M., Al-Oulan, Z., Zatari, T.,
Al Dean Khelet, 1., Hammoud, S.,
Demircan, M., Eken, M., Adiguzel, M.,
Alexander, L., Peterson, T. and Wallis, T.,
2005, Trends in middle east climate
extremes indices during 1930-2003.
Journal of Geophysical Research,
110(D22), 104, doi:10.1029/2005JD
006181.

Zong, Z., Akimasa, S., Chikako, H. and Totu,
N., 2003, Projections of Extreme
Temperature Over East Asia for the 21st
Century as Simulated by the
CCSR/NIES2 Coupled Model.
Proceeding of  the International
Symposium on Climate Change (ISCC),
Beijing, China.



