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Abstract: The geographical location of Ardabil Province in

northwestern Iran has resulted in a highly irregular precipitation
system in both spatial and temporal dimensions. The concurrent
influence of local and external factors on its climate subjects
the Sabalan basin to diverse meteorological phenomena.
Consequently, the present study aimed to identify days
characterized by heavy and widespread precipitation coinciding
with peak discharge levels. To achieve this, daily data from 45
synoptic and rain-gauge stations (affiliated with the Ministry of
Energy), alongside discharge data from the Doust-Beiglou
hydrometric station, were utilized. Heavy precipitation days
were identified using the 95th percentile criterion. Widespread
precipitation days were subsequently selected based on a
positive anomaly of the 75th percentile of the area affected by
heavy rainfall. Following the identification of these events,
atmospheric patterns were classified using upper-air data
through Cluster Analysis and Lund’s Correlation Method. The
results indicate that the Mediterranean cyclone, the Siberian
High, atmospheric cut-off lows, and the activity of the Polar
Vortex play significant roles in the occurrence of heavy and
widespread precipitation within the Sabalan drainage basin.
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Extended Abstract

Introduction

Precipitation, as a  complex
phenomenon resulting from
atmospheric  interactions,  holds

significant social and economic
importance in Iran, particularly in
areas with high variability such as the
Sabalan  catchment basin. The
location of Ardabil Province in
northwestern Iran causes it to
experience a  highly irregular
precipitation system in both spatial
and temporal dimensions. The
combined effect of local and external
factors on its climate has led the
Sabalan basin to be influenced by
diverse weather phenomena. This
research was conducted with the aim
of identifying the atmospheric
patterns  affecting  heavy and
widespread  rainfall and their
relationship with the discharge of
rivers in the region, in order to enable
forecasting, water resource
management, and damage reduction.
Data and Methods

In the present study, an effort was

made to first identify days that

experienced heavy and widespread
rainfall, and on which the discharge
was also at its peak, using daily data
from 45 synoptic and rain gauge
stations as well as discharge data from
the Doost Beyglu hydrometric station
(period  1986-2020). The 95th
percentile criterion was used to
identify days with heavy rainfall.
Widespread rainfall days were
selected based on the positive
anomaly of the 75th percentile of the
area affected by heavy rainfall. Out of
4,422 days with widespread rainfall,
222 days coincided with peak
discharge (based on the 95th
percentile). After identifying these
days, sea-level pressure data were
used, and weather patterns were
classified using cluster analysis and
the Lund correlation method.

Results

The results of the study showed that
most extreme precipitation occurs in
winter, with its concentration in the
lowland areas of the Sabalan
catchment basin. These precipitation
events mainly occur under three

atmospheric patterns with similar



dynamic mechanisms (instability
caused by the interaction of high-
pressure and low-pressure systems).
The dominant moisture source in the
first and third patterns is the
Mediterranean Sea, while in the
second pattern it is the polar vortex. In
the first pattern—the Siberian High—
Mediterranean Low—a cut-off low
forms in the eastern Mediterranean,
and its interaction with the Siberian
High leads to cold air advection along
with moisture from the Mediterranean
Sea, causing instability and heavy
rainfall in the southwestern part of the
basin. In the second pattern—the
Northeastern Russia Low (polar
vortex)—Siberian High—the polar
vortex intrudes into lower latitudes

and forms a cut-off low with an

inverted omega pattern  over
northwestern Iran, resulting in the
descent of high-latitude cold air and
the enhancement of the temperature
gradient, which leads to widespread
precipitation. In the third pattern—the
Siberian High—Black Sea Low—the
establishment of the Siberian High
and its interaction with European and
Black Sea lows, along with the
formation of a shallow trough in the
mid-troposphere  and  moisture
advection from the Black Sea into the
region, provide the conditions for

uplift and precipitation in the area.

Keywords:
Synoptic Pattern, Widespread
Precipitation, Cluster Analysis,

Extreme Discharge, Sabalan
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