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Figure 1: Geographical distribution of meteorological stations in southeastern Iran
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2 - Synoptic Climatology
3 - Environmental to Circulation Approach
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4 - MATLAB

5-Sea Level Pressure (SLP)

6 - Thickness

7 - Jet Streams

8 - Moisture Flux Convergence (MFC)
9 - Banacis and Schultz
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10 - Positive Tilt
11 - Upper Divergence
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Figure 2: Representative synoptic maps of the first group pattern (NCEP/NCAR)
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Figure 3: Representative synoptic maps of the second group pattern (NCEP/NCAR)
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Figure 4: Frequency percentage of synoptic patterns
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Figure 5: The frequency of occurrence and heavy rainfall in each of the synoptic patterns
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Abstract

The purpose of this study is to analyze extreme precipitations in South East of Iran. First, the
southeastern corner of Iran was selected from latitude 34 ° N and Longitude 53 © E. The daily pre-
cipitation data during the period (1951-2017) of meteorological stations in the study area (in Sistan
and Baluchestan, South Khorasan, Kerman, Hormozgan, Fars and Yazd provinces) were obtained.
Then, the standardized data matrix was set up in MATLAB software, which the length, width and
the number of days it represents the precipitation statistics of the stations. On this matrix, the clus-
ter analysis was performed using the Euclidean Distance and Ward Linkage methods. To under-
stand the role of dynamic and thermodynamic factors in the occurrence of these rainfall, were used
the geo potential Height, sea level pressure, air temperature, specific humidity, zonal and me-
ridional wind components in latitudes 0 to 80 degrees north and Longitude of 0 to 120 degrees east
that was related to 6-hour rainfall and maps with dimensions of 2.5 x 2.5 degrees, the were inter-
polated by using the Kriging method. The results showed different patterns of heavy rainfall. When
a low polar pressure with Sudan's low pressure is encountered, severe Baroclinicity condi-tions
arise in the direction of northwest, southeast is associated whit the trough located in East Black Sea
- East Mediterranecan which Iran has been in the East of this synoptic system where Posi-tive
vorticity occurs.

Introduction

Extreme phenomena such as heavy rainfall is one of the most important climatic pa-rameters in
any geographical area. Rainfall is one of the appropriate climatic parameters in estimat-ing
potential impacts of climate change in the environment and in many economic and social sys-tems.
The Precipitation enhances runoff and providing soil moisture. Heavy rainfall increases run-off and
leads to flooding. This climate parameter in arid areas such as southeastern Iran has wide
variations. There is a direct relationship between rainfall and the activity of precipitation systems in
South East of Iran. Some researches show that during half a century synoptic patterns by more and
severe raining events and by changes in scheduling and rain status has been changed. From 1960s,
the abundance and severity of extreme rainfalls throughout the world has increased and it is ex-
pected to continue the increase until the end of the current century. So understanding the behavior
of extreme events is one of the main aspects of climate changes. The increase information about
heavy rainfalls has importance for society, especially for the population who lives in areas with in-
creased flood risk.

Among heavy rainfall characteristics, the portion of such extreme precipitations is studied less. Due
to the experiments carried out, the increase of annual rainfall in southeastern Iran happens through
extreme precipitations. Therefore extreme precipitations portions out of total annual rainfalls can
be defined as an index of crisis. The increase of this index implies the extreme floods in rainy years
and severe drought and drought years. According to abnormal behavior and irregular extreme pre-
cipitations in south east of Iran and its high variability and arid regions ability to heaviness and ex-
tension of Heavy Rainfalls, the necessity of understanding and Analysis of synoptic patterns af-
fecting heavy rainfall in the low rainfall region of southeastern Iran is recognized.
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Methodology

The purpose of this study is to analyze extreme precipitations in South East of Iran. First, the
southeastern corner of Iran was selected from latitude 34 ° N and Longitude 53 ° E. The daily
precipitation data during the period (1951-2017) of meteorological stations in the study area (in
Sistan and Baluchestan, South Khorasan, Kerman, Hormozgan, Fars and Yazd provinces) were
obtained. Then, the standardized data matrix was set up in MATLAB software, which the length,
width and the number of days it represents the precipitation statistics of the stations. On this ma-
trix, the cluster analysis was performed using the Euclidean Distance and Ward Linkage methods.
To understand the role of dynamic and thermodynamic factors in the occurrence of these rainfall,
were used the geo potential Height, sea level pressure, air temperature, specific humidity, zonal and
meridional wind components in latitudes 0 to 80 degrees north and Longitude of 0 to 120 degrees
cast that was related to 6-hour rainfall and maps with dimensions of 2.5 x 2.5 degrees, the were
interpolated by using the Kriging method.

Discussion

The heavy rainfall always have been one of the hazards of climate that the destruction and
irreparable damages life and property is involved. Therefore, understanding the factors and
parameters that create the climate system precipitation in any place and at any time of the year is
necessary.

Rainfall phenomenon is very complex and nonlinear that the great variability over time and space
and a variety of conditions that have important role in the occurrence can be divided into two cat-
egories: Synoptic Patterns and local conditions.

Weather is largely controlled by the passage of Synoptic Patterns. On the other hand the occur-
rence of any weather's particular pattern is to a large extend determined by the distributions of land
masses, sea surface temperature gradients,Characteristics and type of land cover (biosphere),
topography and the orientation of baroclinic zones.

Conclusion: In this study, synoptic patterns affecting heavy rainfall in the low rainfall region of
southeastern Iran has been analyzed using environmental to circulation approach. The results
showed different patterns of heavy rainfall. When a low polar pressure with Sudan's low pressure is
encountered, severe Baroclinicity conditions arise in the direction of northwest, southeast is as-
sociated whit the trough located in East Black Sea - East Mediterranean which Iran has been in the
East of this synoptic system where Positive vorticity occurs. Analysis of synoptic patterns affect-
ing heavy rainfall in the low rainfall region of southeastern Iran showed that the main reason of
these rainfalls had been the siberian and Black Sea unticyclones, troughs of Red Sea and Persian
Gulf.

In the summer, synoptic patterns of seasonal rains in South East of Iran often Due of the spread of
monsoon air mass. In winter, westerly winds extend towards lower latitudes including the study
area, the seasonal rainfall pattern in the region brings.

Keywords: Extreme Precipitation, Climate hazard, South East of Iran.
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