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Objective: Heavy and torrential rainfall in arid and semi-arid regions such as lIrag,
although rare, can cause significant damage to infrastructure and human populations when
they occur. On April 12, 2023, widespread heavy rainfall occurred in the eastern half of
Iraq, leading to street flooding, disruption of normal life, and damage to various sectors.
The aim of this study is to analyze and investigate the synoptic and dynamic patterns
governing the atmosphere during the occurrence of this rainfall event, in order to provide
more accurate predictions of similar events in the future by identifying the contributing
factors.

Method: For this purpose, data from four synoptic maps were used, including
precipitation, 500 hPa geopotential height, 850 hPa vorticity, sea level pressure, relative
humidity, 850 hPa streamlines, and 100 hPa wind. The research method was based on
visual analysis and physical interpretation of these maps on the study day, which were
prepared and plotted using specialized meteorological software.

Results: The results showed that a deep trough in the mid-troposphere (500 hPa) over the
eastern Mediterranean, along with a strong surface low-pressure system over the Persian
Gulf, created conditions for dynamic ascent and moisture convergence. The moisture
required for this system was injected into the region from the Red Sea, Persian Gulf, and
Avrabian Sea via southerly winds. The presence of strong positive vorticity at 850 hPa and
relative humidity exceeding 85% intensified atmospheric instability, leading to the
formation of cumulonimbus clouds and torrential rains accompanied by thunderstorms.
Furthermore, the significant pressure difference between the Persian Gulf low-pressure
system and European high-pressure systems increased the pressure gradient and
intensified the southerly flow.

Conclusions: In conclusion, the simultaneous combination of a deep trough, surface low
pressure, high atmospheric moisture, and severe atmospheric instability were the main
factors causing the torrential rains in southern and eastern lIraq on the studied date. This
research demonstrates that the coincidence of synoptic and dynamic factors at different
atmospheric levels plays a decisive role in the occurrence of torrential rainfall in arid
regions.
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1. Introduction
Climate change has increased extreme weather

events in the Middle East, including Irag. Irag
faces hazards like drought, dust storms, and
floods, impacting environment, agriculture, and
water availability. Annual rainfall averages 221
mm, decreasing from north to south. Mid-
latitude precipitation depends on upper-level
circulation, with 500 hPa troughs over the
eastern Mediterranean enhancing instability and
heavy rainfall. Studies (Jabbar et al., 2019;
Khalifa University, 2023) show cut-off systems

2. Methodology
Eastern half of Irag (29°-37°N, 39°-49°E),

including Basra, Maysan, Dhi Qar, Wasit,
Diyala, Sulaymaniyah, Erbil, and Dohuk
provinces, where over 50 mm of rainfall was
recorded on April 12, 2023.

Synoptic analysis using ERA5 reanalysis data
(0.25° x 0.25° resolution) including 500 hPa

3. Results
The precipitation map showed a concentrated

rainfall zone in eastern Iraq with over 50 mm in
the core, indicating a significant event for this
arid region. A deep 500 hPa trough over the
eastern Mediterranean and northern Arabia,
with a strong subtropical jet stream exceeding
50 knots, provided dynamic ascent
mechanisms. Strong positive vorticity (>3 x
107° s71) at 850 hPa over eastern Irag, resulting
from a surface low-pressure system (1000 hPa)
over the Persian Gulf, indicated low-level

4. Discussion
The heavy rainfall resulted from

simultaneous interaction of multiple synoptic
systems. The 500 hPa trough provided upper-
level divergence and cold air advection, while
the surface low over the Persian Gulf and
Mediterranean high created a strong pressure
gradient driving moist southerly winds. An
atmospheric river transported moisture from the
Red Sea, Persian Gulf, and Arabian Sea.

and atmospheric rivers play key roles in
torrential rains. Research emphasizes 500 hPa
geopotential height for forecasting, with
troughs and cut-off systems driving air ascent
(Jabbar & Hassan, 2023; Kazem et al., 2022).
Moisture sources include the Red Sea and
Persian Gulf (Mohammed et al., 2023). This
study aims to comprehensively analyze
synoptic, dynamic, and thermodynamic patterns
on April 12, 2023, to understand the causes of
this heavy rainfall event in eastern Iraq.

geopotential height, 100 hPa wind speed,
relative humidity, 850 hPa streamlines and
vorticity, and sea level pressure. Visual
interpretation and physical understanding of
synoptic maps were employed to identify and
interpret weather systems affecting the region..

cyclogenesis. A 100 hPa jet stream (>140 km/h)
placed Irag in an upper-level divergence zone.
A strong pressure gradient between the Persian
Gulf low and a Mediterranean high (1020 hPa)
generated  southerly winds transporting
moisture. An 850 hPa moisture tongue
exceeding 85% relative humidity, combined
with streamline convergence and a low-level jet
(25-30 knots), created ideal conditions for rapid
convective uplift and cumulonimbus formation.

Positive vorticity advection at 850 hPa and
streamline convergence enhanced convective
uplift. The overlapping of upper-level
divergence, low-level convergence, abundant
moisture, and thermal instability produced
cumulonimbus clouds and torrential rain.
Spatial distribution, with maxima in eastern
Irag, was influenced by trough position,
moisture pathways, and orographic
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enhancement by the Zagros Mountains. This
mechanism, combining deep trough, surface
low, positive vorticity, high moisture, and

5. Conclusion
The April 12, 2023, heavy rainfall in eastern

Iraq resulted from a multi-layered atmospheric
mechanism. A deep 500 hPa trough provided
dynamic forcing for ascent, while a surface low
(1000 hPa) over the Persian Gulf and a
Mediterranean high created a strong pressure
gradient driving moist southerly winds. An
atmospheric river transported high humidity
(>85%) from the Red Sea, Persian Gulf, and
Arabian Sea. Strong positive vorticity at 850
hPa and intense streamline convergence created
ideal conditions for convective ascent. The
overlap of upper-level divergence, low-level
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convergence, creates a spring flood-producing
system recurring every few years in southern
Iraqg.

convergence, abundant moisture, and thermal
instability formed deep cumulonimbus clouds
and torrential rainfall. Maximum precipitation
in eastern Irag was influenced by trough
alignment, moisture pathways, and Zagros
Mountains orographic enhancement. This study
confirms that the combination of a deep mid-
tropospheric trough, surface low pressure,
strong positive vorticity, high moisture content,
and streamline convergence creates a spring
flood-producing mechanism that recurs
periodically in southern Irag, highlighting the
need for high-resolution monitoring and
forecasting to mitigate flood damages.
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