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used. Applying the PCA showed that more than 97% of the variation of the data is explained by
three components. The score map of the first component revealed the spatial mechanism of the
Shamal summer wind and the eigenvector diagram of the first component of the time period of the
Shamal summer wind activity. In addition, the hierarchical cluster analysis on the time-space
matrix of SLP showed three-time clusters that represent the time period of the north wind in

'S(ﬁ;’::;r‘?v?hd, summer and winter. The analysis of the maps of the monthly pressure distribution pattern showed
Persian Gulf trough, that the most important active and influential system in the region is the low pressure of the
Principal component Persian Gulf in the summer season, and the low pressure of the Red Sea in the winter season. The
analysis, results suggest that the changes in the patterns of the earth's surface at the levels of 500 and 700
Cluster analysis, hPa are not much significant while it shows a better existence in the 850 and 1000 hPa maps.
Middle east.
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Extended Abstract

1. Introduction

In terms of local conditions, the Middle East region and Iraq at its center is in a position where the combination
of topography (Turkey mountains, Zagros Mountain range, Mediterranean plain and the Persian Gulf) and the
type of arrangement and establishment of atmospheric systems (system Indian monsoon, Persian Gulf trough,
Arabian high pressure) especially in the hot period of the year, causes the formation of the mechanism of
northerly winds in the region. Although this wind is known as the north (Shamal), it actually has a northwest
direction and blows from the mountains of Turkey towards the Persian Gulf. Considering the topography and
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geomorphological structure of the region, which includes alluvial plains consisting of fine-grained materials,
the northwesterly winds at low level and passing over the dry lands of Irag have caused dust storms and it
involves the countries of the region (Iraq, Iran, Saudi Arabia and the Persian Gulf countries). Therefore, it is
very important to identify the climatological mechanism of the Shamal wind event. Since the main factor of
local winds is the pressure difference, therefore, in this research, sea level pressure changes were taken as a
basis and analyzed with meticulous precision.

2. Data & Methodology

In this research, the 6-hour data of sea level pressure, geo-potential height, U and V wind for four levels of the
lower half of the atmosphere in a period of 44 years, with a spatial resolution of 0.25 degrees and in the range
of 20 to 50 degrees north latitude and 20 to 55 degrees east longitude was taken from the Copernicus website.
For each variable at each time and each level, a 121x141 matrix was constructed and the daily long-term
average was calculated for each variable in the MATLAB software environment. In order to identify the main
pressure patterns governing the region and separate the spatial patterns from temporal patterns and temporal
classification and spatial zoning, principal component analysis and hierarchical cluster analysis were performed
on the array of daily long-term average sea level pressure.

3. Results and Discussion

Three main components explain more than 97% of sea level pressure changes. The first component shows the
main mechanism of sea level pressure changes in the region. It dominates throughout the year, but it weakens
in winter and reaches its peak activity in summer, representing the mechanism of the Shamal wind. The three
temporal patterns of the Shamal wind are the summer pattern, which is the dominant period of the Shamal
wind. In the winter pattern the frequency of the Shamal wind is minimal or inactive. The intermediate pattern,
which is a buffer between the summer period and the winter period in terms of time, belongs more to the
summer pattern. The arrangement of three spatial zones of sea level pressure includes the low-pressure zone,
including the Persian Gulf trough and extending along the Zagros Mountain range. The high-pressure area,
which include the Zagros Mountain ranges to the Caspian Sea, Turkey, the Black Sea and the western
Mediterranean and the buffer zone, which is located between the southern low-pressure region and the northern
high-pressure region. The most important pressure system in the warm period of the year in the region is the
Persian Gulf trough. Changes in geo-potential height at 850 level show more correlation with sea level pressure
changes maps. The direction of the Shamal wind at the 1000 and 850 levels has a much greater effect than
other levels. In terms of time, the Shamal wind is very weak in winter, but in summer, all of Iraq, except the
mountainous region of northeastern Iraq, is dominated by the northwest wind.

4. Conclusion

The long-term average sea level pressure explains the climatological structure of the Shamal wind in the
Middle East region. The general pattern of the Shamal wind in the sea level pressure is the establishment of the
Persian Gulf in the summer season, especially in the period from May to August, over the Persian Gulf and its
extension along the Zagros mountains to the south of Turkey on the one hand, and the establishment of a high-
pressure system in the south of Turkey, on the east Mediterranean, North Africa and Eastern Arabia. In the cold
period of the year, the Persian Gulf trough disappears and the Red Sea trough appears instead, therefore the
activity of the Shamal wind is significantly reduced. Shamal summer wind is clearly visible at 1000 and 850
levels. The northerly summer wind blows in the south of the 35 degrees at northwest-southeast direction and
reaches its peak intensity in the north of the Persian Gulf. This wind takes the north direction in the land of
Avrabia. Since the Shamal summer wind is shallow, it disappears in the Zagros Mountain range.

Keywords: Shamal Wind, Sea Level Pressure, Persian Gulf Trough, Principal Component Analysis, Cluster
Analysis, Middle East.
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1. Sea Level Pressure(SLP)

2. Geopotential Height (HGT)
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4. Meridional Wind (Vwnd)

5. https://cds.climate.copernicus.eu/cdsapp#!/ dataset/reanalysis-era5-single-levels-monthly-means?tab=form
6. Daily Long Term Mean (DLTM)
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1. Principal Component Analysis
2. Score

3. Eigen vector

4. Eigen vector
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