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Among natural disasters, floods have the highest human toll. The
economic impacts of floods are greater in developing countries,
including Iran, and are particularly severe in the colder months of the
year in the West of the country. The purpose of the present study is to
analyze the most severe historical synoptic floods that occurred in the
Karkheh Basin on April 1, 2019. The research method used is
descriptive-analytical with an environmental approach. Analysis of
synoptic systems of large floods, such as the floods on April 12, 2019,
shows that Western Europe's high-pressure systems, the Black Sea, the
East of the Caspian Sea, and the low pressure north of the Red Sea and
Eastern Mediterranean, are in harmony with the high-pressure systems
of Western Europe. The Mediterranean Low East experiences a
temperature drop of about 50 degrees Celsius (the temperature at sea
level in the Eastern Mediterranean and Red Sea is about 25 degrees
Celsius, while in the middle of the atmosphere it is -25 degrees
Celsius). Additionally, there is an increase in humidity from the
Arabian Sea, the North Indian Ocean, the Red Sea, the Oman Sea, and
the Persian Gulf, along with the loss of mid-width cold air in the area
and the establishment of the Polar jet stream. This combination, with a
core up to 70 m, and the establishment of the front jet stream and a
positive rotation area, indicates the structure of the synoptic systems
that cause floods in the area.
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Intriouction

Floods and droughts are two concurrent climatic hazards that occur in most parts of the
world. However, due to the prevailing arid and semi-arid climate in areas like Iran, which
have unstable climatic conditions, they have greater intensity and continuity. Statistical and
climatic studies of annual precipitation and daily maximums in Iran indicate large
fluctuations, with precipitation concentrated on a limited number of days throughout the
year. For instance, in some rain gauge stations in Iran, more than 40% of rainfall has been
recorded in a single day event in certain years.

Methods and Material

Karkheh Basin in the west of Iran is one of the important basins of the Persian Gulf and the
Oman Sea. It is located between 46 degrees 6 minutes to 49 degrees 10 minutes east
longitude and between 30 degrees 58 minutes to 34 degrees 56 minutes north latitude, based
on geographical coordinates. The basin spans an area of 51,912.3 km2 and is situated in the
middle and southern regions of the Zagros Mountains. The research method is descriptive-
analytical and uses high-altitude and ground-level atmospheric data that has been
programmed in GRADS software. Synoptic analysis of the heavy flood in Iran in 2019 was
performed using sea level pressure data, geopotential height at 300, 500, and 850 hPa, jet
stream, wind speed, humidity, and temperature.

Results and Discussion

Analysis of sea level pressure maps shows that on the 10th of April, three pressure cells are
present in the study area. There is a High Pressure Center with a pressure of 1028 hPa located
over Central Europe and Northern Italy around 15 degrees east and 45 to 50 degrees north.
The influence of this High Pressure extends westward to the Caspian Sea and the Black Sea.
Additionally, examination of sea level maps on the day of the flood event reveals that a Low
Pressure Center with a pressure of 1004 hPa is moving eastward and positioned northwest
of the Persian Gulf. Furthermore, two high-pressure cells, one centered over North Africa
with a pressure of 1016 hPa and another east of the Caspian Sea with a pressure of 1026 hPa,
contribute to the development of instability and the intensification of the flood. Evaluating
the 850 level during the study period, it is observed that on the 10th of April, two altitude
centers are visible on the map. To the northeast, between latitudes 0 and 15 degrees, there is
a high-altitude region with a geopotential of 1575 meters west of the Mediterranean.
Additionally, there is a low-lying center with a potential of 1395 meters located in the eastern
Mediterranean and north of the Red Sea. On the day of the flood event, the altitude of the
850 level increased by 30 meters, reaching 1410 meters. Analysis of the midrange maps
indicates that during the flood, a closed cell with a geopotential of 5500 meters stretches
from the eastern Mediterranean to the Red Sea, covering the center of Iraq and Turkey, as
well as western Iran and the southwest of the Caspian Sea. This closed cell is associated with
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positive precipitation and maximum humidity (3 to 3.5 grams), coinciding with the
occurrence of heavy rainfall and floods. Examining the jet stream map at the 500 level, which
includes humidity, temperature flow, and vorticity, reveals a significant overlap between
these phenomena. The analysis of the jet stream maps shows the presence of two velocity
cores at approximately 50 to 60 degrees north (polar jet stream) and 30 to 35 degrees north
(tropical lateral storms).

Conclusion

Among natural disasters, floods have the highest human toll. The economic impacts of floods
are greater in developing countries, including Iran, and are particularly severe in the colder
months of the year in the west of the country. The purpose of the present study is to analyze
the most severe historical synoptic floods that occurred in the Karkheh Basin on April 1,
2019. The study will use a descriptive-analytical research method and an environmental
approach to analyze the circulation. Analysis of synoptic systems during large floods, such
as the floods on April 12, 2019, shows that high-pressure systems in Western Europe, the
Black Sea, the east of the Caspian Sea, and low-pressure systems north of the Red Sea and
the eastern Mediterranean are in harmony with the high-rise systems of Western Europe.
Low Mediterranean East experiences a temperature drop of about 50 degrees Celsius, with
temperatures at sea level in the eastern Mediterranean and Red Sea at around 25 degrees
Celsius and in the middle of the atmosphere at -25 degrees Celsius. Additionally, there is an
increase in humidity from the Arabian Sea, North Indian Ocean, Red Sea, Oman Sea, and
Persian Gulf, along with the loss of cold air in the mid-width area and the establishment of
the Polar jet stream. This results in a core temperature increase of up to 70 m and the
establishment of the front jet stream and positive rotation area, all of which contribute to the
structure of the synoptic systems causing floods in the area.

Keywords: Synoptic Analysis, Flood, April 2019, Karkheh Basin.
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