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ABSTRACT:
During the recent years, temperature change trend is increasing and these changes in the zones
like Iran, that is located in the dry and semi-dry earth belt, are more dominant. For studying the
general condition of heat waves of the zone, data of the average daily temperature of synoptic
stations of kerman were used. The data were categorized in nine years (2002-2010), and the
consecutive days with higher temperature of the monthly average were recognized as the heat
waves with 3 to 6 day duration. After extracting the days with heat wave occurrence, synoptic
geopotential and moisture, and also SkewT charts of the days were prepared. The results showed
that heat waves begin in June and reach their peak in August and July and continue until
September. They also showed that whenever the Azores high pressure covers the atmosphere of
the region with a high pressure mass, and along approaches a humid air mass towards the
underlying layer of the high pressure in a way that the Azores high stops the humid mass from
ascending, the atmosphere turns barotropic, while the humidity adds to the heat and a heat wave
is developed. According to the indexes CAPE, LI and CIN of the Skew-T diagram, the weather
has mostly been stable.
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INTRODUCTION:
The most important issue in today’s climate change is the problem of global warming. As
temperature is one of the most basic elements in shaping a climate, its changes can lead to
various climate changes in different regions. Globally speaking, since the 20th century onwards,
there has been a 0.6 Celsius degree increase in weather (WMO, 2003) and this is probably the
highest temperature ever existed in the northern hemisphere in 1000 years (Koppe et. al., 2004).
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In Iran, as for a smaller scale, there has been a two-degree increase in the past 100 years
(Massodian, 2004). The forecast about a 2.75 degrees C increase in the northeastern part of Iran
and in Khorasan province also shows the growing trend in the temperature of the region
(Alizadeh and Kamali, 2002). A heat wave is an unexpected period of several days of hot
weather in a region which is higher than the long-term temperature average of that area. If they
intensify, they may be considered as a hazard for that zone, but their spread, unlike storms, is
gradual. A lot of studies have been done regarding this issue, examples of which can be Zhao et.
al. in 2003 who showed the minimum increase in the east of Asia. Domroes and Tantawi, too,
showed a 0.7-degree increase in Africa in their study. For the metropolis of Kerman, the
minimum annual 0.68 C was showed (Bidakhti and Saadatabadi, 2003). Diaz et. al. studied the
effects of heat waves on the lives of human beings in 2006 and came to the conclusion that to
prevent the harmful impacts of heat waves on human life, they must be detected at least two days
before they occur, otherwise, with the rise in temperature threshold, the number of deaths
increase consequently. According to the report by World Meteorological Organization, between
the years 1936 and 1975, about 20,000 people were killed in the United States due to heat waves
and the extreme sun shine. The death toll in 1980 was more than 1250 people (WMO, 2002). In
1995 in Chicago, more than 500 people died because of a severe heat wave and it was after this
event that researchers and scientific centers started attending the phenomenon as a climatic
hazard (Kunkel et. al., 1996; Klinenberg, 2002).
In 1996 in the USA, Changnon showed in his study that the effect of heat waves in the central
part of the city had risen due to the role of heat island and therefore it was two degrees hotter
than its surroundings. The heat wave in August of 2003 in Europe killed more than 35000
individuals (Vandentorren et. al., 2004). Macfarlane, in England, studied the positive
temperature changes and the increase in the number of consecutive hot days related to
respiratory, cardiovascular and brain diseases caused by the psychological tension instigated by
the rise in temperature. The results showed that a rising impact of the aforementioned cause was
observed in people over the age of 60.
In 2011 in Ireland, Pascal conducted a study concerning the heat waves and their influences on
human beings’ health. In a period of 22 years that this research was done, about 254 people died
by reason of heat and he showed that the percentage of susceptibility of the people living in
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villages and suburbs was a lot lower than that of downtown. Irish researchers predicted that
based on the upcoming situation resulting from climate change and population aging, the damage
and harm caused by heat waves in the future would be even higher (Pascal, 2011). Vaneckova, in
2008, showed that the number of deaths in consecutive hot and humid days was more than
consecutive cold and damp days. In terms of synoptic studies too, one can refer to Rusticucci’s
study that did some researches in the March of 1980 in Argentina and showed that a steady
spread of an anticyclone throughout all the layers of troposphere had been the main reason for
the rise in temperature.Colacino et al. studied the amount of temperature increase and its
consequences as a heat wave on the Mediterranean region in 1994. They divided it into two short
and long waves and by a 42-year statistical analysis decided that there is a relationship between
anticyclones patterns and the emergence of a heat wave in that area. Also, there occurred a
severe heat wave in America in 2003 which increased the temperature up to 44 C and based upon
the synoptic analyses; it was shown that a stable atmosphere and the rise in temperature and
humidity had been the reasons of the emergence and intensification of the heat wave (Seluchi,
2009-2010). As heat waves can cause a lot of damage to sections such as agriculture and health
of humans and decrease the safe climate for them in populated cities like Kerman, the purpose of
the current study is to investigate the trend of temperature changes in the stated city and this has
been done using a statistical index called heat wave. After studying and analyzing the synoptic
circumstances over the city, we expect to be able to forecast this event as the most important way
to prevent the damages of dangerous climatic phenomena is forecasting them.

MATERIALS AND DISCUTAION METHODS:
In this study, first, the data of average daily temperature were collected from the synoptic
stations in Kerman through the Iran Meteorological Organization. Then, the data for hot months
of the year in the city, including the months June, July, August and September were extracted
and the consecutive days with a rising trend in temperature and which when compared to the
average temperature in the previous and next days had huge changes were selected as heat wave.
Afterwards, the diagram of the frequency of heat waves for all the months was drawn in MS
Excel software program. Moreover, to compare the two parameters of temperature average and
maximum temperature in all of the months for nine years, the related chart was drawn. Next, the
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geopotential maps for 500 hp and the specific humidity map or (shum) for level 850 hp was
produced using GRADS software program and the results were analyzed. In addition, the SkewT
diagram for the two hours 00z and 12z was taken from the Website of Wyoming University and
was interpreted afterwards.

Geographical Location of Kerman
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DISCUSSION:
Weather masses affecting the climate of Kerman in hot season
The Azores high:
The high-pressure areas near the tropic which are in the form of separate cores are created close
to the tropics of cancer and Capricorn due to the constant subsidence of the air in the middle
layers of atmosphere. One of these areas is the Azores high formed over the Azores archipelago
because of dynamic subsidence. During the warm season and simultaneous with the recession of
western winds and currents moving towards north, the high pressure dominates Iran, including
Kerman, stopping humid air masses to enter and rain and thus makes a mild and clear
atmosphere with intense sun shine for all the country.
Iran’s Central Desert low pressure:
During the warm period of the year, because of more sun shine caused by the increased shining
angle and its duration, in the central areas of Iran, especially the Kavir Desert and in the southern
parts of Alborz mountain chains, a strong heat area develops which sends heat waves to various
parts of the country including the south and southwestern parts such as Kerman. This adds to the
dryness of the weather and its temperature.
Table1. Date of heat waves in Kerman in a nine-year period (2002-2010)
Date of occurrence of heat waves
Year

June

July

2010

6-9

13-20

17-22

-

2009

-

8-11

-

20-23

2008

-

14-18

14-25

-

2007

8-13,16-19

2-7

14-21

-

2006

7-10

13-16,28-30

-

4-7,12-17

2005

1-7,10-23

13-15

1-5,18-24

2-5

2004

1-5,7-12

19-23

19-23,3-13

-

2003

7-9

20-28

20-28,21-25

4-8

2002

17-21,27-30

9-19

9-19,30jul-3

-

august
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Diagram 1. Number of heat waves in warm season in 2002-2010

According to diagram 1, the number of heat waves in Kerman during the summer in a nine-year
study period, it can be observed that months with maximum number of heat waves are August
and June with a quantity of 11 heat waves. After that, July is the second and after August, the
number declines greatly to number five. On average, the longest-lasting heat waves happen in
August with seven days and July comes second. The shortest heat waves belonged to September.
Generally speaking, throughout all the years of the study, there have been heat waves in July.
The months with occasional heat wave were June and August. In terms of the intensity of the
heat, July holds the record with the maximum temperature of 41 degrees centigrade.
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Diagram 2. The maximum and average monthly temperature in 2002-2010
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The above diagram shows the average and maximum monthly temperature in the period of nine
years. Based on the diagram, it can be observed that from June until December there has been a
rising and then a falling trend and the shape of it is symmetric. During the cold half of the year,
especially in November, the greatest difference between the average and maximum temperature
can be seen whereas March is the opposite (the least difference). Overall, the trends of monthly
average temperature rise and the maximum temperature rise have a relative form.

Synoptic analysis of heat waves
Based on the studies, it has been shown that the heat waves in Kerman occur in five-day average
periods and regarding this issue, the source of them must be analyzed in a larger scale
synoptically. By looking at geopotential maps in figures 1 to 3, it can be understood that the
Azores high plays the main role and it is exactly located on Iran, being the dominant
phenomenon in more than 90 per cent of the days. In figure 1 you can see the approach of Azores
high which comes from Africa and the Red Sea and Arabia to the western and southwestern parts
of Iran. With the high intensity of the phenomenon it can totally cover the atmosphere in Iran in
a period of four days. On 26th of January 2002, in particular, a weaker portion of the high
pressure approached and covered southeast of Iran and kerman city which turned into a cut of
high on 27th. According to the higher penetration of this high pressure air mass to the
southeastern part of Iran on January 30, a stronger mass dominated the atmosphere of the area. In
figures 2 and 3, too, the Azores high covered the atmosphere of Iran and raised the temperature
in southern and southeastern cities of Iran. Southeast of Iran is the sultriest region due to high
moisture and heat (Masoodian, 2011). When the Azores high enters this area, it adds to the heat
and makes the heat remain for several days and thus causes heat waves.
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Figure 1. Same height geopotential maps (27 – 30 January 2002)
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Figure2. Same height geopotential maps (10 – 23 June 2005)

Figure3. Same height geopotential maps (13 – 20 July 2010)
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Figure4. Specific humidity maps
As the city of Kerman is located close to Bandar Abbas, the humideast part of Iran, the role of
humidity must be studied in emergence of heat waves as well. Based on the above maps, on 2730 January 2002 and 10-23 January 2005, the humidity in the atmosphere of Kerman is not
significant, reaching 3g/kg humidity. Humidity has had little effect on the heat waves on these
days but on 8-13 January 2007 and 13-20 July 2010 it can be seen that a portion of high humidity
has been extended to Kerman from the southeast of Iran. The most severe heat wave that was
studied belonged to 13-20 July 2010 with 41 C. It can be observed in figure 3 that the 5925
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geopotential meter curve is located on south and southeastern Iran and at the same time, an
11g/kg humidity air mass has reached Kerman. The simultaneous and intense function of Azores
high and the humidity have caused and reinforced a heat wave.

Figure5. Skew-T diagram at 12z hour in Kerman Station (17-19 July 2010)

The lifting condensation level (LCL) for 00z and 12z times on 15 July 2008 was calculated
according to Skew-T diagrams (figure 5). LCL is the level at which the condensing air parcel
reaches saturation and condensation happens while the lower altitudes create better conditions
for the formation and growth of clouds and instability of the air parcel. The results show that
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LCL on 19 July at 12 utc is significantly lower, compared to the previous days (17 and 18 July).
These conditions show the more proper status for the instability on 19 July. Level of free
convection (LFC) is usually higher than LCL. Due to some technical problems, the altitude for
this level has not been reported. According to the numerical indexes of CAPE, at 12 Greenwich
of 17 July, the air status has been medially instable. The instability has decreased on 18 and 19
July reaching a stable level. The calculated amounts for lifted index showed the weather stability
on the studied days and the falling and rising of the air parcel temperature difference with dew
point in the atmosphere. The CIN index shows the available negative suspended energy needed
to prevent or stop the upward right acceleration. The amount of this index equals the negative
area between the parcel temperature and the environment temperature from the surface of the
earth up to LFC. If CIN is small or even does not exit, the convection starts at the primary stages
of instability. High amounts of CIN when there is no lifting can totally prevent a convection
development, even if CAPE exists in large amounts. This index increased on 18 and 19 July,
therefore it prevented convection.

Conclusion
To synoptically study the heat waves covering the area, the data of average daily temperature
collected from synoptic stations in Kerman were used. Afterwards, the data were sequentially
ordered for a nine-year period (2002-2010) and the periods when several consecutive days had a
temperature higher than the monthly average were chosen as heat waves. Throughout this time, a
number of 34 heat waves were identified which lasted 3 to 11 days. These waves mostly occur in
Kerman during the warm season, thus the waves in summer were analyzed. The studies showed
that the heat waves begin in June and reach their peak in July and August and continue until
September. To study them synoptically, metric geopotential maps for 500 hectopascal level and
specific humidity or shum maps for 850 hectopascal level were made. Using these data, the
origin of the phenomenon was identified and it was shown that whenever the near-tropical
Azores high covers the atmosphere of the area and at the same time a portion of humid air mass
penetrates the lower section of the high pressure as the Azores high would not allow the humid
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air mass to ascend, the atmosphere becomes highly barotropic and the humidity adds to the heat
and heat waves happen. On the days when the high pressure works on its own, the intensity of
the heat wave is lower. According to the indexes CAPE, LI and CIN of Skew-T, the weather is
mostly stable.
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