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Abstract: Heavy rains cause large floods that damage many

natural resources needed by humans. In this research, the goal
is to reveal synoptic patterns of heavy and super heavy rains in
Lorestan Province. To this aim, daily precipitation data from
Dorood stations and ECMWF climate database were used.
Using percentile method, heavy rains at the 95th percentile and
super heavy rains at the 99th percentile were determined. By
applying the percentile method to the daily rainfall, two
samples of super-heavy (March 27, 2007; April 1, 2019) and
two samples of heavy rainfalls (February 3, 2006 and January
9, 1999) were extracted. The results showed that more than 90%
of the heavy rainfall cases and more than 70% of the monthly
rainfall were recorded in 24 hours. The results of the analysis
showed a deep trough over the eastern Mediterranean Sea and
western Iran in the super-heavy events, which has prepared the
conditions for the ascent air mass and entry of low-pressure
systems in the western part of the country. However, in this
study, the establishment of a low-altitude blocking system cut
off at the atmospheric mid - level has provided the
conditions for heavy rainfall events in January and
February.
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Extended Abstract

Introduction

In Iran, precipitation is one of the
basic variables for assessing the
potential existence of water resources.
Heavy precipitation is one of the
pieces of evidence and effects of
climate anomalies that have subjected
the Earth to various crises, including
severe floods, widespread damage to
agricultural and  transportation
infrastructure, and loss of human life.
Accordingly, studying and
understanding the synoptic
mechanism of the formation of these
events in order to predict and warn
accurately before they occur plays an
important role in managing these
events. The occurrence of heavy
rainfall, so that its amount exceeds the
infiltration capacity of the soil, causes
runoff and flooding. Now, if these
heavy and torrential rainfalls occur in
urban areas, they are associated with
greater risks, because the infiltration
in urban areas is lower than in areas
outside the city and a significant
amount of such rainfall in urban areas

is converted into runoff and floods,

causing damage to urban places,

buildings, and facilities. Every year,
large areas of the country are affected
by the risk of heavy rainfalls, which
cause great damage.

Data and Methods

The study area of this study is the
Borujerd Dorud Basin in Lorestan
Province. Two sets of data were used
in this study. The first set is the
precipitation data of the synoptic
stations of the Borujerd Dorud Basin
in the statistical period from 1995 to
2020, and the second set is the data
related to the middle, lower, and
upper levels of the atmosphere,
including the geopotential height of
level 500, sea level pressure, humidity
of level 850 hectopascals, and the
orbital and meridional component of
the wind of level 300 hectopascals.
The percentile method was used to
extract heavy and superheavy
precipitation. By implementing the
percentile functions, heavy
precipitation events whose
probability of occurrence was less
than 5% were selected as heavy
precipitation and precipitation events
whose probability of occurrence was

less than 2% were selected as



superheavy precipitation for each
station.

Findings and results

The highest precipitation occurred in
the months of March and December,
with precipitation in these two months
being 86.2 and 65.8 mm, respectively,
and its annual variability was 68.8 and
74.6 mm, respectively. November and
April are considered the rainiest
months of the year after March and
December, with total precipitation in
these two months being 62.2 and 66
mm, respectively. The structure of the
500 hectopascal level generally shows
the presence of a strong low-level
center over the Mediterranean Sea in
the two selected heavy precipitation
events; in the event of March 27,
2007, the central height was 5500, and
on April 1, 2019, the central height
was 5550 geopotential meters. With
this low-pressure center located in
western Iran over the Mediterranean
Sea, the northwest, west, center, and
even south of the country are in front
of this trough, which has created
unstable conditions due to the
compression of the contour lines in

front of this trough. On March 27,

2007, the low-pressure center located
in the Mediterranean entered
northwest Iran and northern and large
parts of central Iran. On this day, the
Red Sea low pressure curve covered
the entire western to northern and
even central region of the country.
Such conditions were also seen in a
more acute and severe form in the
heavy rainfall event of April 1, 2019.
In this event, more severe low-
pressure centers covered a large part
of western, northern and southwestern
Iran. The tabs of this low pressure
entered Iran from the Red Sea into the
Persian Gulf and also from the
Mediterranean Sea, and the conditions
for moisture injection in the lower
levels of the atmosphere were fully
prepared. In both heavy rainfall
events, the coordination between the
pressure systems from the ground
surface to the upper levels of the
atmosphere  caused a  strong
counterclockwise suction of moisture
from the moisture sources of the Red
Sea, Persian Gulf, and the
Mediterranean Sea. On March 27,
2007, the maximum moisture flux in

the Red Sea and then the Persian Gulf



entered western and southwestern
Iran as a result of the interaction of the
Mediterranean-Sudanese  combined
system. However, on April 1, 2019, in
addition to these two moisture
sources, moisture injection from the
Mediterranean Sea and the Sea of
Oman also took place. The sea level
map on February 3, 2006 shows that
the penetration of a tab of the Siberian
high-pressure  system from the
northeast and the East European high-
pressure system from the northwest
provided the conditions for the
establishment of a stable high-
pressure system over the western and
central parts of the country. On
February 3, 2006, by weakening and
moving eastward, the high-pressure
system over Iran, the southern
Mediterranean low-pressure system,
passing over Turkey and the Black
Sea, penetrated into the western and
northwestern regions of Iran and
extended to the Caspian Sea and
expanded there. On January 9, 1999,
the merger of two low-pressure
systems provided conditions for the
occurrence of heavy rainfall. On this

day, the low-pressure system from the

Mediterranean Sea, the Black Sea,
and the Caspian Sea entered Iran and
merged with the Sudanese low,
providing conditions for extreme
rainfall in the study basin. In the
heavy rainfall event of February 3,
2006, the southern currents in the
northern Red Sea merged with the
western currents and, in the form of a
northward current, brought the
moisture of the Red Sea to the front of
the cut off trough and significantly
increased the moisture of the
Mediterranean current. However, on
January 9, 1999, the establishment of
a high-altitude center over southern
Arabia and the Arabian Sea at levels
of 850 hectopascals provided
conditions for the transfer of moisture
towards the Sudan and Red Sea
regions.

Conclusion

The results showed that on the days
under study, a deep trough was
present over the eastern
Mediterranean Sea, and consequently
the western part of Iran was located in
the front part of a very deep trough,
which clearly provided conditions for

the ascent and entry of low-pressure



systems to the west of the country.
The dominance of the low-pressure
system was also evident on the ground
surface. In proportion to the
deepening of the westerly wind
trough, the moisture sources of the
system were provided from the Black
Sea and the Red Sea as well as the
Persian Gulf, but in the extremely

heavy precipitation samples in this

study, in both January and February,
the establishment of a low-altitude
blocking system cut off in the middle
level of the atmosphere provided
conditions for flooding and heavy

precipitation in the study area.

Keywords: Heavy rainfall, Super Heavy

Rainfall, Synoptic pattern, Lorestan
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