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Abstract: Rainfall is one of the most challenging atmospheric-
climatic parameters that has significant effects on different
scales. In the modern world, water, whose main source is
precipitation, plays an important role in the life of humanity. In
the present research, a synoptic analysis of the maximum rainfall
during March - April 2019 was conducted using the daily rainfall
data extracted from synoptic data and the daily data of
geopotential height, relative humidity, sea level pressure, vertical
winds flow, and zonal and meridian winds for the south and
southwest of Iran (including Lorestan, Ilam, Kohgiloye and
Boyer Ahmad, Chaharmahal Bakhtiari, Khuzestan, Bushehr, and
Fars). The results of analyzing the synoptic maps on the rainy
days of April indicated the presence and continuation of a deep
trough and a blocking pattern at the level of 500 hPa along with
the bifurcation of the wind flow at the level of 200 hPa, upward
movements and low pressure on the ground surface, advection of
relative humidity above 80%, and hot air advection at the levels
of 700 and 850 hPa in the study area.
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Extended Abstract

Heavy rainfall events and the resulting
floods are among the most significant
natural hazards in southwestern Iran,
causing substantial economic, social, and
environmental damages each year. The
floods of March—April 2019 were among
the most severe hydroclimatic events
recorded in Iran, affecting extensive areas
of the country's southwestern regions.
Therefore, identifying the synoptic
patterns and atmospheric mechanisms
responsible for these extreme
precipitation events can contribute
significantly to improving forecasting
systems, early warning capabilities, and
natural hazard management. The main
objective of this study is to investigate the
synoptic  conditions associated with
maximum rainfall events in southwestern
Iran during April 2019 and to identify the
key atmospheric factors responsible for
their occurrence.

To achieve this objective, daily
precipitation data from 98 synoptic
stations located in the provinces of
Lorestan, Ilam, Khuzestan, Bushehr, Fars,
Chaharmahal and  Bakhtiari, and
Kohgiluyeh and Boyer-Ahmad were
utilized. In addition, atmospheric data
including geopotential height at the 500
and 200 hPa levels, relative humidity at
the 700 hPa level, sea-level pressure
(SLP), vertical velocity, and zonal and
meridional wind components at the 200,
700, and 850 hPa levels were analyzed for
the period from March 21 to April 20,
2019. Following an examination of daily
precipitation frequency distributions,
April 5, 6, 11, and 12, 2019 were
identified as the days with the highest

precipitation amounts and selected for
detailed synoptic analysis. Synoptic
charts of geopotential height, upper-level
wind flow, sea-level pressure, vertical
motion, moisture  advection, and
temperature advection were subsequently
examined.

The results indicate that during April 5
and 6, 2019, the establishment of a deep
long-wave trough at the 500 hPa level,
accompanied by strong atmospheric
instability and pronounced upward
motion, provided favorable conditions for
the development of intense precipitation.
Simultaneously, the presence of a surface
low-pressure system, relative humidity
advection exceeding 80% at the 700 hPa
level, and warm air advection at the 850
hPa level enhanced atmospheric
instability and intensified rainfall over the
region. Under these conditions, the
highest recorded precipitation amounts
reached 153 mm at the Kohrang station in
Chaharmahal and Bakhtiari Province and
111 mm at Yasuj station in Kohgiluyeh
and Boyer-Ahmad Province.

The analysis of atmospheric conditions on
April 11 and 12, 2019 revealed the
significant influence of a blocking pattern
in the upper troposphere and the
bifurcation of wind flow at the 200 hPa
level in strengthening the precipitation
system. In addition, strong low-level
convergence, widespread upward motion,
relative humidity values exceeding 80%
at the 700 hPa level, and warm air
advection at the 850 hPa level created
favorable conditions for heavy rainfall.
During this period, maximum daily
precipitation amounts of 69.2 mm and



101 mm were recorded at the Romeshkan
and Nurabad stations in Lorestan
Province, respectively.

Overall, the findings demonstrate that the
simultaneous interaction of dynamic and
thermodynamic atmospheric processes—
including deep upper-level troughs,
blocking patterns, surface low-pressure
systems, enhanced upward motions,
strong moisture advection, and warm air
transport—played a crucial role in the
occurrence of extreme rainfall events in
southwestern Iran during April 2019. The
results are consistent with previous
studies on the synoptic characteristics of
heavy rainfall events in Iran and
emphasize the importance of large-scale
atmospheric circulation patterns in the

formation of extreme precipitation.
Nevertheless, a comprehensive
understanding of the April 2019 floods
requires consideration of additional
factors such as topographic conditions,
antecedent soil moisture and saturation
levels, watershed characteristics, and
infrastructural and management policies
that may have amplified flood impacts.
The findings of this study can contribute
to improving extreme rainfall forecasting,
flood risk
environmental planning in southwestern

management, and
Iran.

Keywords: Extreme rainfall, Synoptic
analysis, Southwestern Iran, April 2019
floods, Deep trough, Atmospheric
blocking, Moisture advection.
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