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Drought is among the most significant climatic dbades affecting arid and semi-
arid regions such as Iran, typically triggered Ipedfic atmospheric circulation
patterns. This study aims to identify the atmosjgheirculation patterns associated
with widespread monthly droughts in Iran, usingddarm data from 1979 to 2021
and the ZSI index. The dataset, sourced from théZFEReanalysis, includes
geopotential height, specific humidity, meridiorsald zonal"wind components, air
temperature and monthly precipitation with paﬁ lyti f 0.25 degrees. The
analysis indicates that widesprea dr@ugrhf during September, June,
July and August. Overall, n|n X@M@ﬁt cirdataclusters were identified with
four dommantopatterns % or over 77% rafught events, emerging as the
prlmary\iig%g@sy&@w respon5|ble for these enaes. These patterns include:
ég) @w@ el subtropical high combined with adahével subtropical ridge, (2)

wer-lével subtropical high integrated with thd&ian high-pressure system with a
mid-level ridge, (3) subtropical ridge present athblower and mid-levels, and (4)
lower-level high-pressure system and anticycloner ¢&eand. The findings emphasise
the significant role of anticyclonic centres, higtessure systems, and subtropical
ridges, mainly active between the Arabian Sea hadArabian Peninsula, in driving
widespread monthly droughts in Iran. The northwsiidt of these systems relative
to the climatological mean results in a marked €ase in precipitation across Iran.
Additionally, the spatial configuration of thesest®ms interacts with broader
regional and planetary circulation patterns, higiiing the necessity for further
research to better understand both monthly andsabprecipitation variability and
the occurrence of extreme drought events.
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EXTENDED ABSTRACT

INTRODUCTION

Drought is one of the most significant climatic &eds, especially in arid and semi-arid regions such
as Iran. lts intensity and extent have been inangadue to climate change and atmospheric
circulation patterns. This natural phenomenon reatlly linked to anomalies in mid- and upper-
tropospheric atmospheric conditions. Synoptic pheata such as cyclones, anticyclones, troughs,
and ridges play a crucial role in the occurrenag ssverity of droughts. Studies by Pary et al. @01
and Lutka et al. (2020) have demonstrated that-pigksure ridges and low-pressure troughs in the
mid-troposphere can intensify drought conditionsoss extensive areas in Europe and its central
regions. Both global and regional research havdirooed that synoptic systems influence pressure
and wind anomalies, ultimately affect ing precipda patterns and contributing to the development
and persistence of prolonged and severe droughtsaiious regions Furthermore, identifying
atmospheric patterns associated with drought oenuoer at global and regional scale enables more
effective forecasting and management of this hazard

Domestic studies have emphasised that changesmiosgheric structures, particularly in mid- and
upper-tropospheric pressure systems over Westakaglahe Mediterranean, have a significant impact
on Iran’s droughts and widespread extreme everisgKakhlagh et al., 2012 & 2020; Mohammadi et
al.,, 2012; Azizi & Alizadeh, 2014; Saghaei et &023; Mashaikh et al., 2023; Vaziri et al., 2023).
Although numerous studies have examined this halzard various perspectives, especially from a
synoptic standpoint, comprehensive research irgegstig both the spatial -temporal distribution and
synoptic circulation patterns has been limited. ®bgective of this st is"atonly to identifyeth
monthly synoptic circulation patterns assomatemwldespr aq@d?‘b t@ “ran but also to analyse

the atmospheric structure of these patterns. Thdl ATS study will provide a deeper
understanding of the relationship between monti )patterns and the occurrence of extensive
droughts across Iran. w L)\ )

5\
DATA AND M Z
Widespread m tth droughts in Iran are primaritfluenced by four major synoptic circulation

patterns, represented by clusters 7, 8, 1, anch&sd clusters collectively account for over 77% of
widespread drought occurrences, with clusters 78&atbne contributing to more than 50% of these
events (able J).

In autumn, clusters 7 and 5 play a dominant rol¢ha occurrence of widespread droughts, while
clusters 4, 5, and 6 are particularly active indDet. During winter, cluster 8 is the most infliaht
pattern in December, January, and February, witbtet 7 also contributing significantly in February
In spring, cluster 7 is prominent in March, clustein April, and both clusters 7 and 5 are influgint

in May.

These findings highlight the critical impact of sifie synoptic patterns on Iran’s drought condison

A better Understanding of these patterns can imgoought prediction and management, leading to
more effective strategies to mitigate the impadhdd climatic hazard.
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Table 1: Temporal Distribution of Synoptic Circulation Clusters Related to Widespread Monthly
Droughts (with an affected area greater than 80%)

Total Percentac
Cluster OCT| NOV| DEC| JAN] FEB MAR APR MAY| o of total
contribution
Frequency
1 2 1 1 8 2 14 14.4%
2 1 1 2 1 1 1 7 7.2%
3 2 1 3 6 6.2%
4 4 1 5 5.2%
5 6 2 1 3 12 12.4%
6 4 4 4.1%
7 8 2 1 5 6 3 4 29 29.9%
8 4 5 5 5 1 20 20.6%
Total
Widespread
Monthly 16 15 10 9 12 13 12 10 97 100%
Drought

To identify the atmospheric patterns influencingdespread monthly droughts in Iran, ERA5
reanalysis data from the European Centre for MedRange Weather Forecasts (ECMWF) were
utilized. These data include geopotential heiglpiecdic humidity, zonal and meridional wind
components, and air temperature at five presswetslg€850, 700, 500, 300, and 200 hPa), as well as
monthly precipitation from 1979 to 2021. These datidh a spatial resolution of 0.25 degrees and a
monthly temporal resolution, cover atmospheric ¢cioks over Iran and its sur ndlng regions. The
accuracy of ERA5 precipitation data has been cowfit i r|ou s and its use is
recommended (Rahmatova et al., 2021; Taghizadedi eIZQZ&.;igie , 2024; Bahrami &
Darand, 2024). l

The ZSI index was employed to assess dr @ategorlzmg drought occurrence into two
distinct states: 0 (no droug ) and’ ht) dl‘stlngmsh between regional and widespread
droughts, a drought eve nS|de d widespifeatbre than 80% of Iran's land area was
affected. The r teﬂ that widespreadigiits occurred only in eight months of the year
(October r’% I W|th no widespread events readrdduring the warm-season months.
Climatologists use cluster analysis as a commorhodeto identify homogeneous climatic regions
(Masoudian & Ataei, 2005; Masoudian, 2012; Mohamiaaan et al., 2019; Gerami et al., 2023). In
this study, hierarchical clustering with Ward’s heed and correlation distance was employed for
synoptic pattern classification. Geopotential heiggita at the 500-hPa level were transformed into a
similarity matrix, and clustering was performed ammonthly scale. The analysis identified eight
circulation clusters associated with widespreadudnts in Iran, each cluster representing distinct
atmospheric patterns that contribute to or exater@ught conditions during specific periods.

The selection of key clusters for final analysisvwased on the temporal distribution and frequefcy
drought events. This approach allows for a moreigeeidentification of the atmospheric patterns
driving droughts.

RESULTS AND DISCUSSION

Widespread droughts in Iran are primarily influesh@y three key factors: the position of anticyck®ne

at lower atmospheric levels, the presence of migHéroughs and ridges, and the subtropical jet
stream at upper levels. During drought periods, gbethwest Asian (Arabian) anticyclone shifts

westward and settles over the Arabian Peninsuli. displacement reduces moisture advection from
southern seas, increases geopotential height, mahees negative vorticity, ultimately intensifying

drought conditions. Conversely, during wet yearse teastward shift and expansion of the
anticyclone’s eastern flank strengthen moistunespart and enhance precipitation.
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In December, the combination of the subtropicahtagd the Siberian high-pressure system plays a
crucial role in widespread droughts in Iran. Thestmard extension of the Siberian high-pressure
system influences the country across the west.a¥fanis in the Mediterranean trough and westerly
winds are significant factors in determining whetldroughts occur or precipitation increases.

Analyses have shown that the formation of blockiagterns at mid-latitudes and changes in ridge
axes, particularly their elongation, can impactudytat severity.

Furthermore, the subtropical jet stream is anoteyr factor in the development of widespread
droughts. Changes in the location and speed abits control mid-level atmospheric flow dictate the
pathways of cyclones entering Iran. These findiimglécate that for predicting and managing Iran’s
droughts, understanding the dynamics of atmosplgstems and their interactions with geographical
features is essential.

CONCLUSION

Widespread monthly droughts in Iran are primaritfluenced by specific atmospheric circulation

structures, including subtropical anticyclones, 4heieel troughs and ridges associated with westerly
winds, and subtropical jet streams. During the @®dson, the northwestward shift of the southwest
Asian anticyclone prevents precipitation systenmnfrentering and blocks moisture transport from

southern seas, leading to drought. Converselgastward movement creates favorable conditions for
precipitation.

At mid-tropospheric levels (500 and 700 hPa), thatdishment of an anticy Ion over the Arabian

Peninsula suppresses atmospheric instability amétslithe deepeni ggﬁg\v@,} rranean troughs.

Additionally, the presence of a lower-level (850&D1Fant|cyclomea<: ort moisture from the

Arabian Sea to Iran. The extension of ridges amdstiabjlizai e subtropical jet stream over

southwestern Iran are other critical factors ¢ @j espread droughts, as they hinder the
penetration of precipitation syste s int@r he mg
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