Vol. 2, No. 2, 2 2, p.2-? ISSN (Print):2322-1682  ISSN (Online):2383-3076

s s Hlur .
I L

Journal of Geography )

and Environmental Hazards <@ /
Mo i B olflly TSRS

Ferdowsi University of Mashhad

RESEARCH ARTICLE DOI: 10.22067/GEOEH.2026.100019.1687 OPEN ACCESS

Synoptic Analysis of Patterns Influencing the Occurrence of
Thunderstorms in Tehran Province

Mina Daneshvar !, Hassan Lashkari "“?*, Reza Borna "“3

! Department of Climatology, Science and Research Branch, Islamic Azad University, Tehran, Iran.
2 Department of Physical Geography, Faculty of Earth Sciences, Shahid Beheshti University, Tehran, Iran
3 Department of Geography, Ahvaz Branch, Islamic Azad University, Ahvaz, Iran

ARTICLE INFO ABSTRACT

Article History: Thunderstorms are among the most important short-term atmospheric hazards in
. urban and piedmont areas, and identifying the synoptic patterns governing their
Received: 23 July 2026 occurrence is of great importance for climatic risk management. The present
Revised: 27 September 2026 study was conducted to investigate the synoptic patterns influencing
Accepted: 01 October 2026 thunderstorn.l occurrences in Tehran ProvincF: during solar. cycles 22,23, and 2.4
over the statistical period 1986-2019. For this purpose, daily data from synoptic

Available Online: stations in Tehran Province, based on the present weather code ww, were
05 October 2026 obtained from the Iran Meteorological Organization and, after quality control,

thunderstorm events were identified according to the criteria of spatial
simultaneity and repeated observations. The events were then classified

Keywords: according to duration, from one-day to five-day and longer events, and the 90th
Synoptic Patterns percentile threshold was used to extract extreme cases. Atmospheric data related

to the selected samples were acquired from the NCEP/NCAR reanalysis
Thunderstorms database at the 1000, 925, 850, 700, and 500 hPa levels, and composite maps of
Tehran Province geopotential height, specific humidity, wind components, and omega were

prepared and analyzed. The results showed that more than 70% of thunderstorm

systems in Tehran Province had a one-day duration, and that the highest

Synoptic Climatology frequency of occurrences was mainly observed in spring, especially in April and
May. Among the 49 extreme one-day systems, 14 synoptic patterns were
identified, of which the “Saudi Low-Migratory High,” “Pakistan Low—
Migratory High,” and “Sudan Low—European Cyclone” patterns had the highest
frequencies. The findings indicate that the coincidence of low-level moisture
advection, dynamic instability in the middle troposphere, and the role of the
Alborz topography constitutes the main mechanism for the development of
extreme thunderstorms in Tehran Province.
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Extended Abstract
Introduction

Thunderstorms are among the most significant short term and high impact atmospheric hazards,
primarily due to their abrupt onset and their capacity to produce destructive phenomena such as severe
downbursts, intense rainfall, hail, lightning strikes, and sudden reductions in visibility. These events
can disrupt transportation networks, damage energy infrastructures, threaten public safety, and impose
substantial economic losses. In this context, Tehran Province—characterized by its dense population,
concentrated urban development, and critical infrastructures, including airports, power facilities, and
communication networks—is considered one of the most vulnerable regions to convective hazards in
Iran. Its location along the southern foothills of the Alborz Mountains creates a unique atmospheric
environment in which large scale synoptic systems, regional scale circulations, and local topographic
processes interact. These interactions often enhance atmospheric instability and intensify convective
development. Despite the importance of this hazard, comprehensive synoptic studies focusing on
thunderstorm events in Tehran remain limited. Accordingly, the present study aims to identify,
classify, and analyze the dominant synoptic patterns associated with severe thunderstorm occurrences
in Tehran Province, in order to provide a scientific foundation for improved forecasting, hazard
assessment, and early warning development. The novelty of this study lies in integrating an objective
90th-percentile statistical threshold with a multi-decadal chronological classification based on solar
cycles (22-24) to evaluate the recurrence and dynamic configurations of multi-level synoptic patterns
(MSLP, 850, and 500 hPa) governing high-impact convective storms over the complex topography of
Tehran Province.

Material and Methods

This research follows an applied and descriptive—analytical approach. The database consists of all
thunderstorm events recorded at synoptic stations across Tehran Province during the 19862019
period, which covers solar cycles 22, 23, and 24. Thunderstorm days were identified using present
weather codes (ww) obtained from the Iran Meteorological Organization. The data underwent a
rigorous quality-control process to ensure temporal continuity, observational consistency, and spatial
coherence among stations. Thunderstorm occurrences were then filtered based on spatial simultaneity
and repeated observations across the stations. To assess temporal persistence, events were classified
into one-day, two-day, three-day, four-day, and five-day-plus systems. Extreme cases were extracted
using the 90th percentile (P90) threshold to differentiate high-impact events from ordinary ones. After
identifying extreme events, atmospheric variables associated with each case were extracted from the
NCEP/NCAR reanalysis database at standard pressure levels of 1000, 925, 850, 700, and 500 hPa.
Variables included geopotential height, specific humidity, zonal and meridional wind components,
and vertical velocity (omega). Composite maps were generated for each extreme event, and synoptic
patterns were diagnosed through comparative and overlay analyses. This process allowed the
recognition of distinct synoptic configurations and the extraction of their governing atmospheric
mechanisms. Finally, a frequency analysis was conducted to determine the most recurrent synoptic
structures responsible for severe convective activity in Tehran Province.

Results and Discussion

Statistical analysis indicates that thunderstorms in Tehran are predominantly short-lived, with over
70% classified as one-day events. Seasonally, activity peaks during April and May, driven by the
synergy of intensified surface heating, moisture availability, and thermodynamic instability during
this transition period. Synoptic evaluation of the 49 selected events identified 14 distinct patterns,
with three configurations proving most recurrent and influential: (1) Saudi Low—Migratory High, (2)
Pakistan Low—Migratory High, and (3) Sudan Low—European Cyclone.

In the first two configurations, the juxtaposition of thermal lows over the Arabian Peninsula or
Pakistan with migrating anticyclones generates robust pressure gradients, promoting strong lower-
tropospheric convergence and enhancing upward motion along the Alborz foothills. The third pattern,
involving the Sudan Low coupled with an upper-level European cyclone, fosters a dynamically active
environment characterized by enhanced cyclonic vorticity, widespread vertical motion, and intense
thermodynamic instability. Moisture advection analysis confirms that the Persian Gulf and Gulf of
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Oman serve as the primary moisture sources, while the Caspian Sea occasionally contributes
supplementary water vapor. When this moisture influx coincides with upper-level divergence and
mid-level ascent, deep convective clouds develop rapidly. Furthermore, the topography of the Alborz
Mountains plays a critical role by inducing orographic uplift, which localizes and amplifies
convective potential over the southern slopes. Consequently, high-impact thunderstorms in Tehran
stem from a complex multi-scale interaction involving synoptic forcing, thermodynamic instability,
moisture transport, and local topographic enhancement.

Conclusion

The monthly distribution of thunderstorms shows a peak frequency during April and May,
highlighting the dominance of convective instability during the seasonal transition. Synoptic analysis
identifies the ‘Arabian Low — Migratory High’ pattern as the primary lower-tropospheric driver
(accounting for 17 of the 49 selected events). This configuration intensifies surface thermal and
pressure gradients across Southwest Asia, while its cyclonic circulation, coupled with middle-
tropospheric instability, channels essential moisture from the Caspian and Black Seas to fuel
convective development over Tehran. Spatially, thunderstorm occurrences are concentrated in
elevated northeastern stations (e.g., Firuzkuh) and southern plain areas (e.g., Imam Khomeini
Airport), driven by the combined effects of orographic uplift and surface thermal inflows. Given the
strategic importance and high event frequency at Imam Khomeini International Airport, establishing
rapid, impact-based convective early warning systems is vital for aviation safety.
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Table 2- Stations used in each solar cycle
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Table 3- Frequency of selected thunderstorm events by duration in Solar Cycles 2224
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Percentage Share of Total g5 24 Y yo 23 P Number of events in events Duration
) Total Nurpber of events ~ Number of events in Cycle22 Period
in Cycle 24 Cycle23
71/69 347 138 107 102 (1day)s;s,)
19 92 42 29 21 Qday)s s, Y
5/78 28 10 14 4 (3day)ejs, ¥
1/65 8 5 3 1 (4day)ojs, ¥
1/01 5 2 2 1 (5day)e s, &
0/4 2 1 1 0 (6day) o5, #
100 484 200 156 128 Eyoxe
Total
160
3 140
5 120
4
3 100
z 80
4
& 60
o
g 40
2
2 20
0
1 2 3 4 5 6
Events Duration Period Lnalas ol gas yg
et s —_——
Cycle (J524)22 Cyele (52423 Cyele (52)24
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Fig. 2. Frequency distribution of selected thunderstorm events by duration across the three solar cycles
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Table 4- Statistical summary of selected thunderstorm events by duration and solar cycle based on the 90th-
percentile threshold

Slasy algs Jgb Sy S Slas y olaxs 00 Suo 90 Souwo 2 dlawi 90 oo < slaws
. Number of . Count <= 90th Count > 90th
Events Duration Solar Cycle 90th Percentile . .
Events Percentile Percentile

039 S0

29I 22 64 4 56 8

1 Day

i 23 92 3 62 30

1 Day

23955 24 89 4 65 14

1 Day

°39,9> 22 27 5 25 2
2 Days

0399 23 36 4 31 5

2 Days

0399 24 30 5 29 1

2 Days

09,4 22 8 3 7 1

3 Days

23954 23 9 4 8 1

3 Days

2394 24 5 5 3 2

3 Days
°)'9))Le)~.« JS‘“" A 2 10 4 9 1

4 Days All Three Cycles

©39,T= JS‘“" A 2 8 4 7 1
S5Days All Three Cycles
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Table 5- Dates of selected one-day thunderstorm events exceeding the 90th-percentile threshold by solar cycle
(Day) o395 <

(Cycle)Y ¥ s (Cycle)yy S (Cycle) YY JSs
2008.04.14 2004.09.20 1997.06.16 1986.08.30
2009.04.30 2005.03.24 1997.06.19 1987.06.20
2009.09.19 2005.05.03 1998.04.05 1987.10.08
2010.05.10 2005.05.06 1998.04.29 1991.10.11

2010.05.20 2005.06.16 1998.06.21 1992.05.04
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2012.04.15 2005.08.31 1998.08.06 1993.05.13
2012.05.04 2005.11.06 1999.04.27 1996.08.29
2013.04.21 2006.02.15 1999.07.15 1996.10.16
2014.04.23 2006.05.21 1999.11.01
2015.10.17 2006.05.23 2000.07.15
2016.03.22 2006.05.25 2000.09.30
2016.05.25 2006.10.27 2001.04.26
2017.04.27 2007.06.05 2002.04.03
2019.05.30 2007.08.11 2002.05.04

2007.10.07 2003.05.19
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Table 6- Monthly distribution of one-day thunderstorm events in Solar Cycle 22.
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Total Sep Aug Jul Jun May Apr Mar  Feb Jan Dec Nov Oct Year
4 1 1 1 1 1986

5 1 1 2 1 1987

3 2 1 1988

6 2 1 1 1 1 1989

2 1 1 1990
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Table 7- Monthly distribution of one-day thunderstorm events in Solar Cycle 23
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Total Sep Aug Jul Jun May Apr Mar Feb Jan Dec Nov Oct  Year
8 4 3 1 1997
16 2 2 1 4 3 2 1 1 1998
4 1 2 1 1999
4 1 1 2 2000

5 1 1 1 2 2001

8 1 1 2 2 1 1 2002

8 1 5 1 1 2003

9 1 1 3 2 2 2004
13 1 2 2 2 4 1 1 2005
13 1 1 3 4 1 1 2 2006
4 1 1 1 1 2007
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Table 8- Monthly distribution of one-day thunderstorm events in Solar Cycle 24
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Total Sep Aug Jul Jun May Apr Mar Feb Jan Dec Nov Oct Year
8 2 4 2 2008
11 2 2 2 3 2 2009
8 2 3 1 1 1 2010
9 1 3 3 1 1 2011
7 2 3 1 1 2012
6 1 2 1 1 1 2013
6 1 2 1 2 2014
4 1 1 2 2015
8 Y 2 1 1 2 2016
4 2 1 1 2017
4 1 1 1 2018
74 2 0 2 8 13 21 4 6 1 0 6 11 &=
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Table 9- Frequency of synoptic patterns associated with selected one-day thunderstorm events across the three solar

cycles
Number of ) gac sloss .
(Synoptic pattern) (sasdes 545! (No.) o,louis
(members
2 (Mediterranean - Sudan - Polar Vortex) _odad o 2ls — logus —ail 0 1

1 (Africa - Lut)og — Ly 81 2
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(Africa - Arabia - Pakistan) ,tuuS — b e — Wy 81 3
2 (Pakistan) sl 4
10 (Pakistan - Mohajer) > lge — LS| 5
5 (Sudan - Mohajer) > lge 15 o 6
2 (Arabia - Lut - Siberia) gy gl b ¢ 7
17 (Arabia - Mohajer) ,>lpo — s e 8
1 (Arabia - Lut - Africa)li, 51 - &gl - ylins e 9
1 (Arabia - Turkmenistan) ;tuceS 5 — e 10
1 (Pakistan - Arabian High Pressure) )t ,e L, — oleusSt 11
2 (Arabia - Pakistan) LS - o\l o 12
1 (Lut - Arabia - Mohajer) >lge— \liws o-od 13
1 (Mohajer - Turkmenistan) .S 5 - > le 14
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Fig. 3. Multi-variable maps of geopotential height (contours), wind vectors, and specific humidity (shading) on 6
August 1998: (a) 1000 hPa; (b) 925 hPa.
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Fig. 5. Multi-variable maps of geopotential height, wind vectors, and omega on 6 August 1998: (a) 700 hPa; (b) 500
hPa.
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Fig. 6. Multi-variable maps of geopotential height, wind vectors, and specific humidity on 23 May 2006: (a) 1000
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Fig. 7. Multi-variable map of geopotential height, wind vectors, and specific humidity at 850 hPa on 23 May 2006
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Fig. 10. Multi-variable map of geopotential height, wind vectors, and specific humidity at 850 hPa on 10 May 2010

slaa Sugb; (asen Lulpd faSwap b ol Qb jo et (Bpgas) slaslas; a5 ols (lis gl ol @l

baole )3 0394 yler Jad )3 laslas) (nl (Sloj 35 503 5)lo bl | adlare (3155155 sla Ty 5 (Seolas slacetlsly cn
SErgie; solas) 5l gy Glsld b oad gy sloosls 1o )8 40y Juad 51 IIS 0590 45w oo (Lt e g gl
Losses b ol Slosen 5 97 i sloay ;o Cagh) (o pomenl 8 (b lale S Gralil o)90 nl 5o ool 005y ol 00
&5 ol plis S w0l 8 G gae; 585 5 (Bren glopl anugi gln 1) p3Y Al Wl e sl Gyaen o tal)T ik
39 039,55 slaslas ) ade .cul ol Ll jo sabicad B, sbaolas, o Jll fad coeal [ Silo cadosnlin Jb;
ol L 5 0l pelasolisS anle sih sy sloslas ) odae iy 4 am0 o s 3 oo pghts cilizee Blibs oo
Fhe Lol «cboooligS L.,.w Sloyed b ddlate )0 §p9ac, 985 o la0 5l (g ks jo a5 ol ol ko 4l ! ilol pen 9> (61,35



OlKon g jguils Solgils ol

e LY Slas ) p Fho Guased LSl 59Ty

LG Bl el 551 a8 1,8 gy b g iy slashas, 3ls bl Sealiyd sgnm g orbans ol ecsh,
6lpobaws g auals o,k ader cld b b o) ble ol bl (Jlenll s Coeal ddain )8 (552 sladely pylas Sl o
o o ol ezle o aS cul ojblre sla asll g sbaid oyl ol glassls I eslaiul pilive daslas, oyl
loaus

SLadeS» (6oSUl an aS sl ylid wad ol A Sas ailiw] Gl a8 w5, 0 cotie sladigel sden s
Sz bl G €l Sz ploge LadeSh 5 2lee JLidp—liaSl sy ozl jLid -l e
Olaye Sl o able alwgy o9 sbo (250 5l 0,5 Sloo 28,18 dagSl (] S i azg i ladiged (ol b la ye
Sl oy sla anels o b b S 655 S8 5 (kb iz sl (e e Sler S318 5 (g 5 (lSh
Al oo
55H"gt & Omega Stream Line 500HPa 10May2010

E ".‘%’,"';f// s — T
ey ) -

ISl 0+ 515 (@ e JSuligiSa Ve o 5l (Y e Ve aa Ve 5g) 30 Kl g 0l Slo o sl 685 el )| oS5 gloacis — 1) JSCi
Fig. 11. Multi-variable maps of geopotential height, wind vectors, and omega on 10 May 2010: (a) 700 hPa; (b) 500
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