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| Extended Abstract |

Introduction

Water vapor transport has been a prominent topic in meteorology for several decades and has been
extensively studied by researchers . Atmospheric rivers are one of the forms of water vapor transport
in the atmosphere. These rivers are recognized as one of the climate-related factors in mid-latitude
oceans, acting as a climatic feature that can cause linear convective storms over oceans and
subsequent heavy rainfall, particularly orographic rainfall. Heavy and widespread rains, sometimes
leading to flooding in agricultural and residential areas—especially along rivers—can significantly
increase surface water flow. By understanding the mechanisms of water vapor transport and flux in
the Iranian atmosphere, as well as revealing the relationship between heavy rainfall and the presence
of atmospheric rivers in these areas, this study aims to investigate atmospheric rivers in Iran and the
surrounding regions in terms of their formation sources and their relationship with the NAO (North
Atlantic Oscillation) index.

Material and Methods

Atmospheric rivers are one of the phenomena studied in climatology. Most research in this field has
focused on the eastern coasts of the Pacific Ocean and North America. However, studying
atmospheric rivers entering the Iranian atmosphere is equally important. For this purpose, average
daily specific humidity data at the 400 hPa level from 1994 to 2013, with a resolution of 0.25° x
0.25°, were obtained from the ECMWF (European Centre for Medium-Range Weather Forecasts)
center in the Interim-ERA dataset. Daily maps were then prepared using GrADS (Grid Analysis and
Display System) software for the 400 hPa level, and atmospheric rivers were identified and extracted
for subsequent analysis .To investigate the formation mechanism of this phenomenon, zonal (uwnd)
and meridional (vwnd) wind data were obtained from the NOAA (National Oceanic and Atmospheric
Administration) website and processed in the GrADS software environment to produce jet stream
maps for several atmospheric rivers. Additionally, to study the spatial changes of this phenomenon
during the study period, the average approximate movement path of atmospheric rivers was plotted
annually to determine trends in their latitudinal shifts.

Results and Discussion

In the studies conducted for the years 2018 and 2019, atmospheric rivers were most frequent
during the cold seasons, particularly in February. On February 18 and 27, 2019, January 25,
2019, and February 5, 2018, atmospheric rivers with lengths exceeding 10,000 kilometers
occurred. These rivers originated from the Atlantic Ocean, traversed Africa, crossed the Red
Sea, and eventually reached Iran, particularly the southern regions. The moisture content of
these rivers exceeded 1 gram per kilogram of air, which is relatively high for the 400 hPa
humidity level .On January 25, 2019, many countries were affected by the atmospheric river
as it entered the land from the west coast of Africa, where its moisture content decreased
(Figure 1-a). In Figure 1-b, a similar atmospheric river structure followed a comparable route
but extended further south toward the Persian Gulf, with a wider width compared to the river
observed on February 5, 2018. On January 25, 2019, the river's path was slightly more
horizontal, a characteristic likely influenced by the associated jet stream, as discussed later
in this study.On February 18, 2019, an atmospheric river exceeding 13,000 kilometers in
length extended its influence to Pakistan and Bangladesh. The moisture uniformity in this
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river was relatively consistent, showing no significant differences compared to other
atmospheric rivers (Figure 1-c). In terms of moisture content, the highest levels were
observed in the atmospheric river on February 27, 2019, which followed a southwest-
northeast route into Iran. This phenomenon originated in the South Atlantic Ocean and
affected the entire southern region of Iran.

Conclusion

The results showed that during the study period, the occurrence of atmospheric rivers in
terms of latitude did not exhibit regular changes over time. However, it can generally be
stated that both their length and lower latitudes were more frequently observed in the
southern half of Iran. A strong correlation was found between the NAO index and meridional
currents at levels above 600 hPa. Additionally, the movement and formation of atmospheric
rivers were influenced by subtropical jet streams. High-pressure centers played a significant
role in directing atmospheric rivers and facilitating their expansion. These rivers cannot pass
through high-pressure centers and typically exhibit meridional curvature at the outer
boundaries of these centers in the Northern Hemisphere, resulting in a southwest-northeast
orientation. With a sigma value of 0.2101, the flow performance demonstrated a high
correlation with the NAO in the occurrence zone of atmospheric rivers entering the Iranian
atmosphere. This indicates that flow function can be used to determine the potential of a
region for the occurrence of atmospheric rivers (ARs). The primary source of atmospheric
rivers entering Iran and surrounding countries is the Atlantic Ocean, which is further
enhanced by water bodies such as the Red Sea, the Sea of Oman, the Indian Ocean, and the
Persian Gulf.
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