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Article Info ABSTRACT

Article type: Objective: Persistent rainfall in western Iran, as a significant climatic phenomenon, has
Research Avrticle

a considerable impact on water resources, agriculture, and the occurrence of natural
hazards such as floods. This study aims to examine the atmospheric patterns influencing
this type of rainfall over a 30-year statistical period (1993-2022).

Article history: Methods: The Jenkinson-Lamb classification method has been used to analyze
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Published online 09 September  Results: Data from the provinces of Kermanshah, Kurdistan, Hamedan, Lorestan, and

atmospheric circulations in four categories: directional, cyclonic, hybrid, and undefined.

2025 Ilam were examined, revealing that the highest frequency of persistent rainfall occurred
in Kermanshah (266 cases), while the lowest was recorded in llam (178 cases). The results
indicated that cyclonic circulation was predominant in all provinces, with Kermanshah

experiencing 100% cyclonic circulation, making it the most influenced by these systems.
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Other provinces also exhibited a high percentage of cyclonic circulation, with the lowest
value observed in Lorestan at 95%.

Vorticity, Conclusions: Geographical analyses demonstrated that the topography of the Zagros

\F/Q\;Jtattlofnl, mountain range, moisture transport pathways from the Mediterranean and Sudan, and the
est of Iran, . L . o

Lamb-Jenkinson. relative position of the provinces to these pathways significantly affect the frequency and

intensity of persistent rainfall. Additionally, the greater contribution of low-pressure
systems and their role in enhancing rainfall persistence in western Iran is evident. These
findings can be beneficial in developmental planning, sustainable water resource
management, risk reduction strategies, and the formulation of policies adapted to climate
change in these regions. In this regard, adopting climate adaptation strategies and
sustainable development initiatives in areas prone to persistent rainfall is considered a key
priority in future planning.
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Introduction

Persistent climatic anomalies can give rise to various meteorological hazards, among which
prolonged heavy rainfall is particularly notable. Such rainfall often results in economic losses
and human casualties. Persistent rainfall, stemming from the interaction of multi-scale cyclonic
systems, is prone to heavy to severe precipitation. Thus, it holds critical importance due to its
role in causing disasters like floods and landslides, as well as its implications for water resource
management, especially in agriculture. The present study aims to determine the frequency of
persistent rainfall events lasting 3 days or more over a 30-year statistical period (1993-2022)
in western Iran and Additionally, the study will investigate the frequency of occurrence of
various conditions associated with this classification for selected stations.

Methods

This study employs the Lamb-Jenkins classification scheme to categorize persistent rainfall
events (with a duration of 3 or more days and a minimum daily rainfall of 1 mm) in Western
Iran, encompassing the provinces of Ilam, Kurdistan, Kermanshah, Lorestan, and Hamedan.
According to this method, after calculating the central coordinates of the study area and
selecting it as a reference point, 16 other points are determined at specified intervals (5° latitude
northward and 10° longitude eastward) around this central point.

According to the Lamb-Jenkins classification, atmospheric circulation patterns are categorized
into four primary types: flow direction, rotational flow, mixed flow, and undefined flow. These
four categories are further subdivided into 27 specific types of circulation.

Of these 27 types, 2 represent atmospheric rotation, 8 represent flow direction, 16 represent
combinations of flow direction and atmospheric rotation, and 1 remains undefined. Flow
direction can be categorized as north (N), south (S), east (E), west (W), northeast (NE),
northwest (NW), southeast (SE), or southwest (SW). Atmospheric rotation is classified as
cyclonic (C) or anticyclonic (A). Combined states include cyclonic and anticyclonic rotations
in the eight main and secondary geographical directions; for instance, AN denotes an
anticyclonic rotation in the north.

The reference point was set at 34 degrees North latitude and 48 degrees East longitude,
considering the geographical positions of the five study provinces. After collecting rainfall data
from selected stations, all days with persistent rainfall lasting 3 days or more with a minimum
of 1 mm were identified. Subsequently, the standard sea-level pressure for these days was
applied to the Lamb-Jenkinson equation. It should be noted that, for better data reliability, the
standard sea-level pressure for each day represents the average of this variable at four time
intervals: 06:00, 12:00, 18:00, and 00:00.

Results

The results indicated that Kermanshah, Sanandaj, Hamedan, Lorestan, and Ilam provinces
experienced 266, 261, 240, 225, and 178 instances of continuous rainfall lasting three or more
days with a minimum daily precipitation of 1 millimeter, respectively. Among these events,
Kermanshah had 50 cases related to flow direction, 69 cases of rotation, 49 cases of mixed
patterns, and 98 classified as undefined. Similarly, Kurdistan, Hamedan, Lorestan, and Ilam
recorded 50, 50, 40, and 39 cases related to flow direction; 94, 65, 66, and 38 related to rotation;
53, 43, 41, and 38 related to mixed patterns; and 64, 82, 78, and 63 classified as undefined,
respectively.

Another aspect was determining whether the rotations were cyclonic or anticyclonic. The
following conditions define cyclonic or anticyclonic rotation:
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e If { (geostrophic vorticity) < 0 and { >V, the rotation is cyclonic (C).

e If{>0and(<-V, the rotation is anticyclonic (A).
From the recorded rotational cases for each province, Kermanshah had 100% cyclonic rotation.
Kurdistan had 98% cyclonic and 2% anticyclonic rotations. Hamedan had 97% cyclonic and
3% anticyclonic rotations. Lorestan had 95% cyclonic and 5% anticyclonic rotations. llam had
97% cyclonic and 3% anticyclonic rotations.

Conclusion

Following the identification of days with three or more consecutive days of rainfall in the
aforementioned provinces (with provincial capitals serving as the selected stations), the number
of atmospheric circulation patterns associated with these events was determined for each
province. Results indicated that Kermanshah, Sanandaj, Hamedan, Lorestan, and Ilam
experienced 266, 261, 240, 225, and 178 instances, respectively, of persistent rainfall events
lasting at least three days with a daily rainfall amount of at least 1 millimeter. Among these,
Kermanshah recorded 50 cases of flow direction, 69 of rotation, 49 of mixed patterns, and 98
undefined. Similarly, Kurdistan, Hamedan, Lorestan, and Ilam recorded 50, 50, 40, and 39 cases
of flow direction; 94, 65, 66, and 38 of rotation; 53, 43, 41, and 38 of mixed patterns; and 64,
82, 78, and 63 undefined, respectively.

From the recorded rotational cases for each province, Kermanshah had 100% cyclonic rotation.
Kurdistan had 98% cyclonic and 2% anticyclonic rotations. Hamedan had 97% cyclonic and
3% anticyclonic rotations. Lorestan had 95% cyclonic and 5% anticyclonic rotations. Ilam had
97% cyclonic and 3% anticyclonic rotations.

Keywords: Geostrophic Wind, Persistent Rainfall, Vorticity, Rotation, West of Iran, Lamb-
Jenkinson.
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