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ABSTRACT  

Every year, hailstorms do a lot of damage to different industrial sections and in particular to 

agricultural section and also residential part of Ilam province. Therefore, to prevent damage or to 

decrease it, it seems necessary to get to know the synoptic conditions of this harmful phenomena. 

To study its strength and distribution compared to other places in the country, we used the data 

gathered from 55 synoptic hail stations. Afterwards, using GIS program, the Interpolation Map 

of it was made and also to analyse the synoptic and dynamic conditions of hailstorm in Ilam, the 

latest event related to this phenomena on 15 and 16 March 2014 was used. In this analysis we 

used Shum map of elements or special humidity, the hgt map or geopotential height and 

temperature data for 2 m height which were collected from NCEP/NCAR databases of NOAA 

organization. The maps were then created using GRADS software. The results showed that Ilam 

province is one of the cores of hail in Iran in terms of hailstorm frequency and in most of the 

cases, entrance of cold air from high latitudes with humidity and synoptic conditions on the 

surface of the earth are the causes of this harmful phenomena. 
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INTRODUCTION  

One of the dangerous precipitations is hail, which makes a lot of damage to cultural and 

residential sections every year. Due to the destructive role of these recipitation s, researchers 

have always been after studying them. Hails are mostly created in thunderstorms. Because 

thunderstorms usually accompany rain and hailstorm, most of the time they cause sudden floods. 

Such phenomena happens in instable atmosphere with high humidity and strong winds only with 

mechanisms causing instability. All these conditions are affected by the topography of the 

location and the air mass climate. Hails are pellets of rain or pieces of ice which are the result of 

quick ascension of air in addition to electrical phenomena (Oskurv, 1996). Hail pellets can have 
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a size of 5 to 50 mm or sometimes even more. Hail is made when the air strongly and constantly 

moves vertically in cumulonimbus clouds and this movement causes the initial pieces of the hail 

attract drops of water making them to freeze and grow bigger and bigger (Alijani et al. 2008). On 

11 May 1921 there was a hailstorm in India, the pellets of which had a diameter of 130 mm and a 

weight of 1 kg (Bazargan, 1986). Only few of hail-thunderstorms reach the earth and most of 

them are without hail pellets even in best parts of the cloud (Bayers, 1998). The proper 

conditions for creation and Precipitation of hail are: warm and humid air beneath the atmosphere 

and the ascension of stored clouds with height and high coldness along with persistence of 

maximum instability conditions. Because of the importance of hail phenomena, some studies 

have been carried out on the formulation and growth of it in different countries for the purposes 

of forecasting the hail. On hails and hail-making storms different studies have been done, among 

which we can mention Casta et al. in 2001 who calculated instability indexes based on three 

categories of the storms occurred between 1997 and 1999 in north of Italy. Simonov and 

Gergiev, too, studied strong storms and hailstorms in Sofia (Bulgaria) in 2003 and calculated 

instability indexes for these storms. During the same year, Whiteman studied the phenomena of 

mountainous climate specially thunderstorms, hails and days with heavy rain, using a synoptic 

analysis method. In 2003, Sterling mentioned thunderstorms as Amercia’s great problem in 

twentieth century and has studied its environmental and economic outcomes of thunderstorms 

and their related phenomena (hail, flood and strong wind) on the economics of the agricultural 

section. In 2003, Senaee et al. used statistical models related to decreasing damages done by 

hails. For the first time, they identified the frequency of hail throughout the provinces in Iran and 

came to the conclusion that the highest frequency of hail takes place in western and northwestern 

parts of Iran. At the same year, some studies were carried out on hails using radar photos in 

Spain. In 2007, Amberosio et al. used data from 2003 to calibrate the radar data and used them to 

forecast hail Precipitation. A similar work was also done by Aran et al. in Ibri peninsula in 2007 

and they could utilize radio-send calibrated data to forecast hail. In addition to the studies done 

for presenting a hail forecasting model, there have also been researches carried out in order to 

analyze the damages by hail and its damages to agricultural and residential areas among which 

we can mention Changnon’s study in the U.S.A. in 2009. He could estimate the hail damage of 

13 and 14 April 2006 as 1.822 billion dollars. In 2004, Abdolmanafi studied hail Precipitation in 

Tehran using wind changes in height and calculating instability indexes and also synoptic 

analysis and then came to the conclusion that such phenomena happens because of the 

convective instability of the air mass or due to the crossing of a cold air current. In 2009, 

Qandehari, too, used MM5 model to simulate strong rains (Precipitations) and considered the 

high-pressure Siberian mass entering from northeast of Iran and also the effect of low-pressure 

and warm African mass entering from southwest of Iran as the main reason for strong 

Precipitation  of the zone. The report made by Iran Institute of Weather in 2006 studied the 

differences between various zones in terms of the type of Precipitations  and the reasons of 

possible differences and the effect of hail on the growth of plants across the country. The 

northwestern and western part of Iran are counted as high-frequency zones regarding hails in this 
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report. Mirmoosavi and Akbarzase studied instability indexes of hail formation in Tabriz weather 

station in 2009 and in another study, forecasted hailing on the basis of statistical models. Based 

on the fact that hailstorms do a lot of damage to agriculture and residential sections, and 

according to researches Ilam is located at the center of this phenomena, i.e. west of Iran we can 

see much harm every year. During the last hailstorm, in particular, this province faced damages 

equal to several million dollars and thousands of hectares of farms had 80 to 100 percent of 

harm. Throughout the city, too, the hailstorm harmed many houses and residential places. So it 

seems necessary to synoptically analyze several recent periods of hailstorms occurred in Ilam in 

order to forecast them and decrease the damages. 

 

MATERIALS  AND  DISCUTAION  METHODS  

 

To carry out this study, the data of hails in year, month, day and time scales for 55 synoptic 

scales in a 20 year period from 1986 to 2005 were used. Firstly, the codes of the hails were 

extracted from maps and statistics of synoptic stations. The codes included 27, 87, 88, 93, 89, 99, 

96 and 94. And then, in a period of months and seasons and years And hourly was adjusted. and 

the sum was calculated using GIS software and the mean-finding IDW method. Afterwards, hail 

distribution map of the country was created and the related graph was drawn to compare the 

frequencies between the stations which had a frequency of more than 10 days of hail during the 

20 year period. In terms of seasons, too, the comparative graph of hailing days was made for 

Ilam city. At last, to observe the type of the dominant atmospheric phenomena during the recent 

days of hail, the maps of the above atmosphere were made using the databases of GRADS 

software and the output was analyzed. The geographical location of the studied stations is shown 

in Figure 1. 

 
Figure 1. Geographical Distribution of Synoptic Stations in Iran 

Source: The authors 
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Hail Distribution across the Iran Country: 

As Iran is located on various geographical latitudes and is affected by different climates, its south 

and north and west and east are significantly different regarding climatic phenomena. Figure 3 

shows this matter in terms of hails. Based on this graph, it can be said that Ilam city has the 

highest frequency of hailing days in the 20 year period having had 96 days of hail Precipitation, 

thus it can be counted as one of the hail cores in Iran. The causes could be found in topographical 

conditions of the region and the dominant climate: topographically speaking, this province has 

3000 meters of height and due to the high height difference, the climate includes three cold, mild 

and warm climate. Climatically speaking, different atmospheric systems affect this province 

which make it Precipitation  in autumn, winter and to some extent in summer. The western air 

mass from Mediterranean and Black Seas cause the Precipitations in autumn and winter and 

Sudanese currents and Red Sea and Arabian Desert currents cause rain in these two seasons 

while making a warm weather during the summer. The vast plains in Iraq casue the low-pressure 

thermal cell with high temperature and low humidity in the summer. The northern masses from 

Siberia, too, affect the country and make the temperature decrease and freezing in the northern 

parts of the province. The raining pattern in this province is like as follows: 50% of the 

Precipitations take place during the winter, 20% in spring, 29% in autumn and 1% in the 

summer. 

 
Figure 2. Geographical Distribution of Hails in Iran 
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Figure 3. Frequency of Hail Days in Synoptic Stations of Iran (1986-2005) 

Source: The authors 

 

Seasonal, Monthly and Time Distribution of Hails in Ilam: 

Ilam is under the influence of different climates regarding season, month and time which 

altogether cause significant differences in the frequencies of hails. According to Figure 4 we 

understand that in some seasons such as summer, due to the synoptic climate (high-pressure 

azure) and the dominant barotropic atmosphere over Iran, such phenomena does not happen 

during the summer. From the ending days of summer and simultaneous with the entrance of 

humid systems (currents) and west winds from the west of Iran, the frequency of hails takes a 

rising trend. This trend reaches its peak in the winter. During the study period, about 13% of the 

hails happened in spring, 35% in autumn and 52% occurred in winter. The highest frequency 

belonged to March and April, because the maximum instability especially in mountainous parts 

of the province occurs in these months which makes the air mass quickly ascend. In terms of 

time, the highest frequency of hails was for hours between 12 and 15, the reason of which is that 

at this period of the day due to the sunshine and the heat made by it, instability occurs. As other 

conditions, including the presence of a cold layer under the lower layer of the raining mass and 

the quick ascension of the humid air exist, too, so hailing happens. 
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Figure 4. Seasonal Frequency of Hails in Ilam (1986 – 2005) 

Source: The authors 

 

Synoptic Analysis of Hails on 15 and 16 March 2014 in Ilam Province: 

According to the fact that on the moons of 15 and 16 March there were hailstorms in Ilam, 

therefore we have to study its roots using synoptic analyses. Based on Figure 5 of the mean of 

height geopotential, there is a strong hod with polar attraction above Iran which transfers the cold 

air to lower altitudes over Iran and so it provides one of the proper conditions for hail. The 

second condition is the amount of humidity. According to Figure 6, we see that the special 

humidity over the studied region equals 6g/kg air, the source of which, apart from the amount 

left by previous currents, is the Indian Ocean and the Gulf of Oman from the south. The third 

condition is air instability, the map of which for 2 meters height (from the ground) is shown in 

Figure 7 and it is because of the height status and severe sunshine at moon. With all these 

elements present, the conditions for hail seem suitable. The conditions for air instability were 

fully provided during the two days of study and according to Figure 8 we can see the isohyet 

map of Ilam province (which happened in Ilam). Because there is cold air above its atmosphere, 

the precipitation is in the form of hail. 
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Figure 5. Geopotential Map of 500 Hectopascal Level (15-16 March 2014) 

Source: The authors 

 

 

 
Figure 6. Amp of Special Humidity of 850 Hectopascal Level (15-16 March 2014) 

Source: The authors 
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Figure 7. Map of Isotherm Points in 2 meters Heigh from the Ground (Moon of 15-16 March 2014) 

Source: The authors 

 

 
Figure 8. Map of Isohyet Points (15-16 March 2014) 

Source: The authors 
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CONCLUSION 

Iran is one of the countries many places of which are prone to hail precipitation regarding 

climate and topography. These places suffer from a lot of dangers, whether directly, made by the 

hails hitting objects or agricultural products or indirectly, converted to unpredictable furious 

floods. The Ilam province is one of these places which faces million dollar harms and this event 

happens several times during the year. In this study, the beginning of hail period was the ending 

days of summer and continued to the finishing days of spring and the highest frequency of hail 

precipitation belongs to the winter. Most of the hails fell during March and April, because in 

these months, maximum of the instability especially in mountainous areas of the province existed 

and this makes the air mass to quickly ascend under the influence of this topography. In terms of 

time and hour, the beginning hours of afternoon coinciding with the peak of sunshine, this 

precipitation occurs. We have tried to hand out a comprehensive and climatically synoptic 

analysis of the phenomena in this study and to prevent the consequent damages, we tried to 

provide necessary predictions. To do this, we used the data of climatic elements: the humidity 

specific to 850hp level and geopotential of 500hp height and the temperature of height up to two 

meters from the ground. The data were taken from NCEP/NCAR database of the NOAA 

Organization and the maps of the data were drawn using GRADS software for some hailing days 

and the results were analysed. Based on the synoptic maps, it was shown that in most cases when 

the cold air moves from high altitudes to low altitudes above Iran and distributes, and sufficient 

humidity exists in 850 and 700 hectopascal heights, especially at noon or beginnings of 

afternoons which is the peak of sunshine reinforcing the convection, the hail precipitation occurs. 
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