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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 Tehran were used. The data were categorized in five years 

(2006-2010), 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 the most occurrences was in July, and it was the time 

when the tropic high pressure was dominant with higher level comparing to its long term 

average, and it brought a atmospheric stability for Tehran. Moreover the streams of moisture 

entered the atmosphere under the high pressure level and led to high temperature. 
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INTRODUCTION 

Nowadays, one of the most prominent issues of climate change is the global warming. As the 

temperature is the main factor of the climate, its changes can cause the climate change in 

different location scales. In global scale, there was a 0.6 ˚ temperature increase from the 

twentieth century (wmo, 2003). Probably this is the highest figure during the past 1000 years 

in the northern hemisphere (Christian Koppe, 2004). In smaller scales, Iran has encountered 

2˚ increase in its day and night temperature in the past 100 years (Masoudian, 2004). 2.75 ˚c 

increase in north-east of Iran and in Khorasan, indicates the accelerating trend of temperature 

increase in the zone (Alizade and Kamali, 2002). Unexpected existence of high temperature 

in a place that is more than usual for some days is called a heat wave. Heat wave can be 

considered as natural phenomenon if it endures. Contrary to storms, heat waves spread with 
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low speed. So many researches have been done around this subject, like those by Zhao in 

2003 that showed the increase of minimum warming in East Asia. Domroes and Tantawi 

proved the 0.7˚ increase in Africa. Also for Tehran, the annual average increase is proved to 

be 0.68˚c (Bidokhti and SaadatBadi, 2003).Jolio Diaz investigated the effects and damages of 

the heat wave on human life in 2006. Based on his experiments the heat wave has to be 

recognized two days before its occurrence; otherwise, with the increase of the temperature 

more deaths can happen. The World Weather Organization declared that 20000 people died 

in 1936-1975 by heat wave and sun heat in the U.S.A. The total deaths caused by this 

phenomenon was more than 1250 people in 1980 (wmo, 2002). In 1995 a severe heat wave in 

Chicago caused more than 500 deaths and a lot financial loss. After that event, the heat wave 

became the center of attention as one of the natural phenomena (kunkel et al, 1996; klineberg, 

2002). In 1996 in the U.S.A, Changnon showed that the effects of heat waves in central parts 

of city are more palpable because of heat Island,and is 2˚ hotter than other parts. The heat 

wave of August 2003 in Europe took more than 35000 victims (Vandentorren et al, 2004). In 

1978, Macfarlane carried out his research in England about positive changes of temperature 

and the increasing consecutive days and their effects on respiratory, cardiovascular and brain 

diseases caused by psychological stress of the warming, and the results showed more impact 

on the ones over 60 years old. In Ireland Pascal did a researchon the heat waves and people 

health in 2011, during this 22-year-experiment, 245 people died of it, and the results showed 

that those living in suburbs are less vulnerable comparing to the people of cities (Pascal, 

2011).Vaneckova in 2008 showed that the death number in consecutive dry days is more than 

humid ones. For synoptic studies, the researches done by Rusticucci can be referred to. They 

were carried out about the heat wave of March 1980 in Argentina; it showed that the spread 

of an anticyclone in the Troposphere was the main factor of the warming.Kulasino 

investigated the warming effects in Mediterranean area in 1994, he categorized them as long 

and short waves, and after a 42-year-study concluded that there is a connection between the 

Anticyclone pattern and the warming. In 2003 a widespread warming happened in South 

America that increased the temperature to 44˚c, according to the results, a steady atmosphere 

and moisture and temperature advection, are the factors of the heat waves (Seluchi, 2009-

2010). As this phenomenon causes agricultural, health and financial damage, and decreases 

inhabitable areas in metropolises like Tehran. The purpose behind this article is to study the 

temperature trend in Tehran based on the term heat wave. By looking through the dominant 

synoptic conditions, the phenomenon can be predicted, and the major method of preventing 

the damages of natural disasters is to forecast them. 

 

MATERIALS AND DISCUTAION METHODS 

In this research, firstly the data of the average daily temperature was gathered from synoptic 

stations of Tehran weather forecast organization. After that, the data of hot season of the city 

which are: June, July, August and September, were extracted , and the consecutive days with 

the increasing trend and also with more variations comparing to the average of the previous 

and next days, were chosen as the heat wave, afterwards in Excel computer program the 
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frequency chart of heat wave occurrence for all the months, was charted. By GRADS 

program the geopotential plots for 500 Hp level and specific humidity or (shum) for 850 

Hplevel, were provided, and the results were explained. Moreover their SkewTdiagrams were 

taken from Wyoming University for two times of 00z and 12z, and were explicated. 

 

Effective air mass on Tehran's climate in hot season 

Azores High: 

High-pressure tropical centers that are in separate cores are located around the Tropic of 

Cancer and the Tropic of Capricorn, and are made by consecutive subsidence of air in central 

levels of atmosphere. One of these cores is the Azores High core, that is located in Azores 

Archipelago, and was made by dynamic subsidence. During the hot season and repulsion of 

West wind and its flow to the north direction, this high pressure enters Iran and Tehran. 

Moreover it prevents the humid air mass from entering and provides sunny and clear air for 

the country. 

 

Thermal low of Central Desert of Iran: 

During the hot period of the year because of more sun rays that are caused by the increase of 

solar radiation angle, especially in central parts of Iran and Kavir Desert in south part of 

Alborz mountains, powerful heat centers can be found that spread their heat waves to vast 

areas like Tehran, from south and south west, and cause dryness and excessive heat. 

 

Table 1.Dates of heat Waves in Tehran in the Five Year Period (2006-2010) 

Date of occurrence of heat waves Year 

26-30 june 17-21 august 8-11 july 2010 

3-7 11-13,18-21 4-16 2009 

25-29 4-6 9-15,25-29 2008 

6-10 and 28june-2july 6-9,15-17 5-8,11-13 2007 

15-18 4-6 5-9,14-16,21-25,26-28 and 31 

july-2august 
2006 

 

 

Seasonal Spread of Heat Waves in Tehran: 

Tehran is located somehow that it is subject to different climatic hot and cold factors. From 

mid-spring, with the start of the tropical high pressure, the hot season of the city starts, and on 

some days due to different factors, that will be described later, the temperature increases for 
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consecutive days, and this phenomenon is known as the heat wave. It can be inferred from 

chart 1 that each month in a five-year-period, the heat wave starts in June and reaches its peak 

in July, it continues until August and suddenly stops after that. This stop happens after the 

high Azores repulsion toward lower latitudes and entrance of cool and humid air mass from 

the West and north to Tehran. The average occurrence of heat wave in hot seasons is 8 waves 

per year that in a period of 3 to 6 days can affect the city's climate. In other months of the 

year no instance was reported in five years. 

Figure 1.Time Distribution of Heat Waves in Months of the Year (2006-2010) 

 

 

Table 2.Average of Maximum of Temperature in the Warm Wave 

2006 2007 2008 2009 2010 station 

37.11 37.2 38.4 39.4 41 chitgar 

39.9 38.16 39.6 40.6 40.8 Doshantapeh 

37.8 36.5 38.4 38.5 38.8 geophysic 

37.9 36.3 38.5 38.8 38.9  Tehran north 

40.43 38.4 40.3 38.5 40.6 mehrabad 

37.11 36.3 38.4 38.5 38.8 min 

 

Based on the figures of the chart2, the temperature variation trend in a five-year-periodcan be 

seen, and in 2006 and 2007 there is a minor decrease, but there is a total increase in general. 

Through the studied synoptic stations,Mehrabad Airport, with high traffic, has a high average 

temperature in time. 
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Synoptic Analysis of the Heat Waves 

Based on the studies, it is proved that the heat waves of Tehran are stable for 3 to 6 

consecutive days. According to this fact, its source should be studied in a vaster scale and 

synoptically. Regarding to geopotential patterns (2-3), it is obvious that Azores high has the 

main role in this phenomenon, and it is located exactly in Iran and affects it completely, and 

on 90 percent of the days, Azores high was dominant. As it is presented in pattern3, Tehran is 

in front of the wave descending axis, so it is affected by the lower latitude's climate, and the 

heat from northern African desert and Saudi Arabia, with south-west and north east direction, 

enters to Tehran and highly increases the temperature. These high pressures bring a 

borotropic or stable phase and prevent the air from rising; therefore, only clear climate with 

hot sunshine remains in the atmosphere, and even with the existence of moisture in the air, no 

rainfall can happen, and only the temperature rises. 

 
Figure 2.Geopotential Map of 500 hp level (9-15 July 2008) 

 

 
Figure 3.Geopotential Map of 500 hp level (26-30 June 2010) 
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Based on pattern4, it can be concluded that Tehran is affected by Azores high in the hot 

season and also in lower levels there is another factor that leads to higher temperature and 

heat waves, and that is moisture. From this pattern, it is showed that in closer levels to the 

earth (850 hp level), stream of moisture enters the city from northwest. As the high pressure 

prevents it from rising, it can cause humid climate, and with greenhouse effects, it captures 

the short waves and keeping long waves, ends to higher temperature. This happens mostly 

when the heat wave remains longer. Although Azores high is in higher places and its height 

provides the condition for penetrating the moisture streams in lower levels, but this is not 

enough for rising and compression, and this factor acts just as an intensifier. 

 
Figure 4. Specific Humidity of 850 hectopascal level 

 

Based on Skewt diagrams (patterns 5_6), for the times of 00z and 12z, July 15
th

 2008, Lifted 

Condensation Level (LCL) were calculated for the mentioned times. LCL, is a level in which 

the lifting air parcels are saturated and afterwards compression happens, so the lower levels 

provides instability and better conditions for formation of clouds. The results show that the 

LCL for 00 comparing to 12, July 15
th

 2008, is 39.1millibar lower. This shows that the proper 

instability condition at 12. Level of Free Convection (LFC) is usually higher than LCL. The 

data is not reported due to a technical deficiency. Based on the CAPE index, at 00 and 12, the 

weather was in a weak, instable condition. According to numerical amounts of Showalter 

Index on July 15
th

 (5\41), 00 showed that neither compression nor the convection rainfall 

happened. This amount at 12 decreased to 4.15, and a stable atmosphere was predicted. The 

lower amounts of KI showed no convection. The calculations based on TTI on July 25
th

 

during 00 and 12, demonstrated low probability of convection. The LI index increase showed 

that on July 15
th

 the weather was stable and through dew point temperature, the increase and 

decrease of air pack temperature difference was formed.The SWEAT calculated figures 

indicated the stability for the zone. This index is more proper for the locations with heavy 

hurricanes. According to chart3 and the previous information about the atmospheric 

instability, it can be concluded that the amount of studied index on July 25
th

 2008 showed the 

stability and no convection in the zone. 
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Figure 5.Skewt Diagram in 00Z Hour in Mehrabad Station (15 July 2008) 

 

 

 

 
Figure 6.Skewt Diagram in 12Z Hour in Mehrabad Station (15 July 2008) 
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Table 3. Estimation of Heat Wave Occurrence Indexes for July 15 2008 

(utc)00 (utc)12  شاخص
501.3 462.2 𝐿𝐶𝐿 

-9999 -9999 𝐿𝐹𝐶 

0 0 𝐶𝐴𝑃𝐸 

9.90 3.50 𝐾𝐼 

38.40 40.40 𝑇𝑇𝐼 

5 3.27 𝐿𝐼 

38.99 30.01 𝑆𝑊𝐸𝐴𝑇 

15.12 10.63 𝑃𝑊(𝑚𝑚 

5.41 4.15 𝑆𝐼 

 

 

CONCLUSION 

For studying the general condition of heat waves of the zone, data of average daily 

temperature of synoptic stations of Tehran were used. The data were categorized in five years 

(2006-2010), and the consecutive days with higher temperature of the monthly average were 

recognized as the heat waves. During this period 24 heat waves with 3 to 6 day duration were 

detected. These waves happen through the hot season; therefore, this season's waves were 

studied. The heat wave phenomenon starts from June and reaches its peak in July and comes 

to 11 times and continues until August. For studying the waves synoptically in higher 

atmosphere, geopotential patterns were made for the 500 hp level and 850 hp level shums 

were produced. Based on them the occurrence source of the phenomenon were found that 

showed the fact that when the Azores high is in in higher level than its average long term in 

the atmosphere and also in lower levels, and streams of moisture enter the atmosphere, severe 

heat waves can happen, that the tropical high pressureis the main factor of the occurrence and 

the moisture is the intensifier. As the result the heat wave is intensified. SkewtT chart 

explanation for July 15
th

 2008, showed the complete stability with no convection movements. 
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