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Figure 1: The occurrence of turbulence during a thunderstorm (Henderson, 2006)
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Table 1- Selected weather stations in Kermanshah Province
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Table 2- Probability of storm occurrence based on the LI index
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Table 5- Values of atmospheric instability indices on days with Heavy Precipitation
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Figure 2: Skew-T diagram and 500 hpa geopotential level map, November 8, 1992
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Figure 3: Skew-T diagram and 500 hpa geopotential level map, November 2, 1993
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Figure 10: Distribution of the annual frequency of thunderstorms in Kermanshah and the ONI index
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Table 7- Meteorological parameters of selected meteorological stations in Kermanshah Province on days with Heavy Precipitation
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Downloaded from geographical-space.iau-ahar.ac.ir at 16:24 IRDT on Sunday June 14th 2026

2&s olile S olad Jy e s % U e bl &=t
Yoy YN 14/4 YAV 14 Sl
Gt sor Gt sor - S s - 2L VY OLT Y
e (e Veee SV o Sy o LR
1 Yo/Y VE/X Ye/x YT/ Sl
- S <5 G g - EIUVES B}
AFVY oI Y .
Avss SV o Sy o S\ o S\ o LR
Y vy VYA N AL/0 Sl
- Jhs - UJ.CLA.:: - HIRGvrS _
YFVY AT Y
e Yoo Quen Oven s Al s
v/Y A \R¥A% VYA Y0/ S
- - ol - - L Ce VWAV 355,38 \Y
SV o SV o e O e LIV
YY/ Al £Y/8 Y4/4 0\/¢ S
S - <A < I
VFAY sl YA
Aven Aven e e Yoo Sl
. . Y /A A S
- - - oAb - b o
VWAO o VY
6\';_) 6\';_) 5\'_‘) 6\';’; S\~;’; JEJZ!J.iJ
0/ AVal /¢ Y4 AN S
- S < F Jls Sty Sk g WWAA (355,80
Yoeur Avoe Qe Avaa Avoa &L‘g[Jﬁ;
- oA Ve 0o/0 Ya/¥ S
- ey df.iu}o- ‘jr:JLq..I: - L Cer \r'\/\w:)}fé\\’
Yoou foee SV o Av e S\ o LI

sl ok V5l i s (S )y O) sled 5 e as B s e s & S5L el s

& S don

o4 1sn GOILU L (ooll Cundy so i 05 el slaslil SKEW-T s gas 5 YU s sla ol
e e tws s el 551 jatla 3 K jasls (VU slie il o (g a0 gl sl Lol 5
)JJ\.&L’ Q‘UJM .li.,\...l ;.LUL: sy Ol J\J‘jdﬂ S g2 um-ujj'ﬂ‘}& upurs‘jdbﬂﬁbuﬁbo‘ﬁ
| 4n vkwjé)\,ggb S cpl ol Ghden oauls i 5 andll 2 es Che & SO0 L

LS"J"U:'ﬁ)J JJ\}Q’&LSLAU&LS: w\ws)\.b;j}} u.::)l.:l.:c‘JqA LSJMQUJJMQ&A‘ij_};JLqS



http://geographical-space.iau-ahar.ac.ir/article-1-3357-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 16:24 IRDT on Sunday June 14th 2026

VEY Saals AY o ladd a gen gy Jlo ( abidl yia (SLdS ale sdoliliad %

ol b S 2L st 51 S lasss s el ool nolie 5 Al S5e (05 el slus
as e Ly Y i (e S la

(it s ks £9) 5K 3ok b olassy 53 PWS 5 CAPE (LI ST KI bl s et ls 5550 &
L oslasss 5o K pasls polie el o 55l olisle S abidlpn oKl 55 0T 51 iy Sy s
Soslize glado,s b o 0l g sldsty Jlax=l Yo 3 YL slis a8 Al o YE/A B YOV o o Kn 500
X5 OB 5 LU L Dl 5 5l U3 s 6 meS OMLL L Ok fuab s S la ik ls 3
Al Rl OLL 5 i sl ik shast Jlea il BB O (5l 3I L oan ool of o

Vi s sle esls Foe 0315 0L L bals ped ol o5 ol ol sl SKEW-T (slajls sal Lo pimos
3l Gles el pl e 518 o (655 GOl sty ) 5 18 20 S hy 4 $3L5 S
oS et Bl glos 5 pa (glos o Bhols ax T o s Ll el cnl 5l 58 e e U3 et B
5lsn sl Bt oS ol VL Glasl s 5 oS e an sl e mlew 3 oS Celgn gLl S 0L s
laslsgad i (S35 2 48 35 pn Sl (S0 5 LS5 ol S o aha ) Soden b S5 o w0 o Ak
L Koy Soden w0 Lo o ol o8 ol (9515 Il a AvemVee 515 iy onl 03 sp 2050
DS 2 5 SVl sk 68 UL s e LSS SIS nl s Al S 4 s S pab 1 Sokes
Ob e losed (pl oy » - CnlaeILLE ol DL (s s o 5 S B Sl a0l 5B i i
AV ssdm Lo S5 4S Y00 sle V) Say 5 a4 s suse STy kes 5> DU 00 B g S pu ol
Sl oy Lol e 5 b e GRIBIVL # sl 4 (e sl 50l s amen Ll 035 DU
Al e adke pla o8 lash b bbb a5 g oS

3 xS gl S1ie 5 (St s Ll b a5 05 s (OILL e el 4 G o K1 - 2 4
0L 55 Zahedi & Choobdar (2007) [isss s 45 €S0k 5 LS i 1) (6545 a0l Ll 5 e Ol 5l
ol a5 LS s Bl i Tl 5 L bt e s 53 (6 LU glaant L sl

S s oS Gl i s S Sl Dl S s sl SLE LS e el e
w3l Hme ok L3 e oILLL Ll a5 Loy ol skl andllas 5550 adkaie (g 4 b Gla S e
el axdls ol e 4 oLl S Ol 53 Ko sl il

ConSl 5 hnndl (VU mlan 3 oIl Ll b LS JLe 528 sleibs 5 s (bl Ll s )
w5 Bl glassiS 5l L 5 58 Wl gl e wY o I (L L ey el 3 5LE50S Llils
a5l s gl i oLl bl G5 lmde Gy 3 Jlrs pe o a5 e o L DLl o8
S SGS g ab e pl 4 e 3 138 Lay o 5 Gras 2m0 Ll 0 iomen 5 Ol s 5 Ol o 0
Al oo Ll LG Jaul 3 55 3 1508 (sl sl 55 30k 2 adlaie 3 5l usbsy 4 S0


http://geographical-space.iau-ahar.ac.ir/article-1-3357-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 16:24 IRDT on Sunday June 14th 2026

a9 Sl QT.IoL:\.’EJljoL.‘&.}LoJS Sl sla (4 935 9 g plS0A yul 92 (5 Hlalils (sla padld Julas

C)M S NG c)a.w 53 03b 5525 &5 ol Allen and Karoly,(2014) ldlas glivly 55 Jiass ol ok
o Ol el sl 4 S e Ol (5 0B 5 slast; (ML Jalse ahesr 311 5l 650 0L 5 (e
538 Sl pogr Julse 515 050 0 s (B en Sl ann s 5 Ol Spme w omie (55 8) SIS Isa
el 138 56 05l sl

32 OND) el 81 Lo ls b oLl S (6,5 sl 5 sty Jlsl3 Ole Ligm 305 Sb S
L Ol jen S Ol as o 5o () sl oS 50 L Olejen (655 Sa0L S doys WA s5d oS ol
2Ll Gl o dalp iy ol S s A8 soby Sl () sl e JU sl
Ly, b il il 3y meen )13 JlsSeen Tavousi et al,(2017) alex 31 01,0 55 Sos sla iy
L oS col Sl ol LS (OND) Lastls Cute 306 (golmal Gl 0 Sl (6,05 gl 55 slasty Jlsl 3
b el il elisle S (6508 G0 g sled () sl e b LS

Ghavidel Rahimi (2011) a5 s JoSe Ll o sl [atls & Cd OILLE Gla et ls Lo
Ver 5 Vor A0 (ilis s 53 Sage Jolse b e ILL Gl pastls olis e oS AL
Jsn 5558 53 Pt (2015) jtass U cpomen dils o 3V dowe (slagsulull ais sl 1) JISCul 55
S sy olas (23T GOl 5 5 5l Wan S e daly woar g LS L ol 5l e Sopd
Azes Lo 0 (ENSO) ol (sla S L (s lslue Jsb oy 5 S (6505 055 sl 5 2o )3T slacJlas

dad 534S W5k cal Wl .ol sees 35 Ghavidel Rahimi (2011) Jiassy ol b Jtass onl ol
50 (SST) of o (5e3) (ENSO) sl 5 (AD) ot i Ol st sla S 528 o8 5 Jlad
Gl 2l) as ole 53 ENSO (681 5 (555 5> ((ENSO) o aze dx ,asls 5 (Nifio 3) o3 54 (Nifi0)
L alaly (ENSO) o ize di atli 5 (Nifi0 3.4) Lasli o554 (Nifi0) s5J1 (SST) O s sl
Loots saolbys Sl Ol oo had o5l s opaman s o0 0L (5,0 gladly Sll5 L ok
53 (AFT) (o 05 g0y eVl Sl 5 (Nifio 1+ 2) o5 sa «(SST la_axli) ENSO (sla axls
5 (NIf0 4) o5 94 (SST) slaaxls L (golsbns daly ol 05 5 5308 G0 5o dble 5 O 8 (g
53 sd 3l K S I8 5t as wsls ol LT des e 0L (MED) gudl o ite dis ol
(ENSO-Oceanic-Atmospheric) jiw.sl — . L3k sudl & Ol ol 53 (cohs gbaob s Sl b slaolu s
S SON s Oluys axli 5 (MED) sodl o e i 2t ls «(SST) Lys Of o (glos L o5 54)
2wl (ENSO) sl


http://geographical-space.iau-ahar.ac.ir/article-1-3357-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 16:24 IRDT on Sunday June 14th 2026

VEY Saals AY o ladd a gen gy Jlo ( abidl yia (SLdS ale sdoliliad ay

References

- Adams, D. K., & Souza, E. P. (2008). "CAPE and convective events in the southwest during
the North American monsoon”. Monthly Weather Review, 137 (1), 83-98.
https://doi.org/10.1175/2008MWR2502.1

-Allen, J. T., & Karoly, D. J. (2014). "A climatology of Australian severe thunderstorm
environments 1979-2011": inter-annual variability and ENSO influence". International journal
of climatology, 34(1), 81-97. https://doi.org/10.1002/joc.3667

- Chaudhuri, S., & Middey, A. (2012). A composite stability index for dichotomous forecast of

thunderstorms. Theoretical and Applied Climatology, 110, 457-469. https://doi.org/10.1007/s00704-
012-0640-z

- Chignon, S. A. (2001). "Thunderstorm rainfalls in the contiguous U.S".Bull, Amir, Meteor,
Soc, 82, 1925-1940. https://doi.org/10.1175/1520-0477(2001)082<1925:TRITCU>2.3.CO;2

- Climate data for cities worldwide. (1982-2012). "Asia, lIran, Kermanshah". [online]:
https://en.climate-data.org/location/764522/.

- Craven, J. P., & Brooks, H. E. (2004). "Baseline climatology of sounding derived parameters
associated with deep moist convection™. National Weather Digest, 28, 13-24.

- Doswell, C.A., Brooks, H.E. & Kay, M.P. (2005). "Climatological estimates of daily local
nontornadic severe thunderstorm probability for the United States"”. Weather & Forecasting,
20, 577- 595.

- Galway, J. G. (1956). "The lifted index as a predictor of latent instability”. Bulletin of the
American Meteorological Society, 37, 528-529.

- Ghavidel Rahimi, Y. (2011). "Applications of the instability indices for detection and dynamic
analysis of 25 April 2010 thunderstorm in Tabriz". Geographical Space, 34, 182-195. [In Persian].

- Ghavidel Rahimi, Y., Baghbanan, P., & Farajzadeh, M. (2016). "A statistical survey on linking
between thunderstorm frequency and teleconnection patterns in Iran". Arabian Journal of
Geosciences, 9(6), 1-12.

- Gottlieb, R.J. (2009). "Analysis of stability indices for severe thunderstorms in the
Northeastern United States”. M.Sc Thesis, College of Agriculture and Life Sciences, Physical
Sciences of Cornell University, Ithaca, NY.

- Henderson, A. (2006). "Thundestorms".[online]: http:/Avww.caem.wmo.int/moodle/login/index.php.

- http://weather.uwyo.edu/upperair.

- Kandalgaonkar, S.S., Kulkarni, J.R., Tinmakerand, M.1.R., & Kulkarni, M.K. (2010). "Land-ocean
contrasts in lightning activity over the Indian region™. International Journal of Climatology. 30,
137-145. https://doi.org/10.1002/joc.1970

- Khorshiddoust, A. M., Asadi, M., & Hajimohammadi, H. (2017). "The study of regional structure of
atmosphere during the thunderstorm hail event on16 to 18 July 2016 Case study: North West of
Iran™. Journal of Spatial Analysis Environmental Hazarts, 4(2), 37-50. [In Persian].

- Kulkarni, M.K., Revadekar, J.V., & Varikoden, H. (2013). "About the variability in
thunderstorm and rainfall activity over India and its association with El Nino and La Nina".
Nat. Hazards. 69: 2005-2019. DOI 10.1007/s11069-013-0790 -z

- Lopez, L., Marcos, J. L., Sanchez, J. L., Castro, A., & Fraile, R. (2001). "CAPE values and
hailstorms on northwestern Spain™. Atmospheric research, 56(1-4), 147-160.


http://geographical-space.iau-ahar.ac.ir/article-1-3357-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 16:24 IRDT on Sunday June 14th 2026

qy el T bl yl g oluiisle yS (5 yuad sl 5L 935 9 50 pl50A yul 9 (5 5laabil sl aald Julas

- Manzato, A. (2003). "A climatology of instability indices derived from Friuli Venezia Giula
soundings, using three  different methods”. Atmos. Res, 68, 417-454.
https://doi.org/10.1016/S0169-8095(03)00058-9

- Manzato, A., & Morgan. J. (2003). "Evaluating the sounding instability with the lifted parcel
theory". Atmospheric Research, 67, 455-473.

- Marinaki, A., Spiliotopoulos, M., & Michalopoulou, H. (2006). "Evaluation of atmospheric

instability indices in Greece". Advances in Geosciences, European Geosciences Union, 7, 131

—135. https://doi.org/10.5194/adgeo-7-131-2006

- Masoompour samakosh, J., Miri, M., & Rahimi, M. (2016). "Statistical-synoptic analysis of
thunderstorm in the Southern Coast of Iran". Journal of the Earth and Space Physics, 42(3), 697-
708. doi: 10.22059/jesphys.2016.58912. [In Persian].

- Mir Mousavi, S.H., & Akbarzadeh, Y. (2010). "Tempro- spatial study of hailing in the seasonal
calendar of crop production case study: East Azerbaijan province”. Journal of Geography and
Planning, 33, 175-190. [In Persian].

- Mojarrad, F., Koshki, S., Masompour, J., & Miri, M. (2018). "Analysis of thunderstorm instability
indexes in iran using reanalysis data”. Journal of Spatial Analysis Environmental Hazards, 4,
33-48. [In Persian].

- Moncrieff, M. W., & Miller, M. J. (1976). "The dynamics and simulation of tropical

cumulonimbus and squall lines". Royal Meteorological Society, 102, 373-394.

- Pinto, Jr. O. (2015). "Thunderstorm climatology of Brazil: ENSO and tropical Atlantic
connections". International Journal of Climatology, 35(6), 871-878.

- Romero, R., Gayf, M., & Doswell, C.A. (2007). "European climatology of severe convective
storm environmental parameters: a test for significant tornado events". Atmos Res, 83, 389-
404

- Sadeghi Hossein, A.R., & Rezaeian, M. (2006). "Study of few instability indices and potential of
convective clouds for the Esfahan area”. Journal of the Earth and Space Physics, 32(2), 83-98. [In
Persian].

- Salehi, H., Saneinejad, H., & Mousavi Baygi, M. (2014). "Analysis of instability indices during
severe weathers, in Mashhad Metropolis”. Journal of Geography and Environmental Hazards,
3(1), 113-123. doi: 10.22067/ge0.v3i1.27409. [In Persian].

- Satori, G., Williams, E., & Lemperger, I. (2009). "Variability of global lightning activity on
the ENSO timescale". Atmospheric Research, 91, 500 -507.

- Schmeits, M.J., Kok, K.J., Vogelezang, D.P., & Van Westrhenen, R.M. (2008). "Probabilistic
forecasts of (severe) thunderstorms for the purpose of issuing a weather alarm in the
Netherlands". Weather & Forecasting, 23, 1253- 1267.

- Showalter, A. K. (1953). "A stability index for thunderstorm forecasting”. Bulletin of the
American Meteorological Society, 34 (6), 250 -252.

- Siedlecki, M. (2009). "Selected instability indices in Europe”. Theor Appl Climatol, 96,85- 94.

- Tajbakhsh, S., Ghaffarian, P., & Mirzaei, E. (2010). "Two case studies to introduce a method
for thunderstorm forecasting™. Journal of the Earth and Space Physics, 35(4), 147-166. [In
Persian].

- Tavousi, T. (2016). "Analysis of synoptic patterns and vertical profiles of air in heavy rainfall in
transitional periods: a case study of heavy rainfall occure in South East of Iran, Oct. 2011". Geo Res;
31 (2) ,115-127.[In Persian].


http://geographical-space.iau-ahar.ac.ir/article-1-3357-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 16:24 IRDT on Sunday June 14th 2026

VEY Saals AY o ladd a gen gy Jlo ( abidl yia (SLdS ale sdoliliad a¥

-Tavousi, T., HamidianPour, M., & Dahani, R. (2017). "'A Study of Temporal variations and spatial

analysis of thunderstorms and their relation with ENSO". Journal of Spatial Analysis Environmental
Hazards, 4 (3), 17-34. [In Persian].

- Zahedi, M., & Choobdar, A. (2007). "Comparison of Ajichai basin instability indices with the
standards of air instability and developing a model for the catchment". Journal of Geography and
Regional Development, 9, 23-44. doi: 10.22067/geography.v5i9.4236. [In Persian].


http://geographical-space.iau-ahar.ac.ir/article-1-3357-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 16:24 IRDT on Sunday June 14th 2026

40 el T bl yl g oluiisle yS (5 yuad sl 5L 935 9 50 pl50A yul 9 (5 5laabil sl aald Julas

Analysis of Atmospheric Instability Indices During of Thunderstorms in Kermanshah and its
Relationship with Enso

Taghi Tavousi, Professor of Climatology, University of Sistan and Baluchestan
Email: t.tavousi@gep.usb.ac.ir

Shima Rostami Jalilian, M.A. in Climatology Tehran University

Introduction: The climatology of Thunderstorms is an important component in research for severe
weather. Thunderstorms are among the first meteorological phenomena, which have attracted human
attention (Khorshiddoust et al, 2017). Thunderstorms are dangerous and one of the most important,
abundant and severe atmospheric hazards. Thunderstorms can be associated with a number of hazards.
This phenomenon is associated with severe storms, showery precipitation, hail, and thunder and
lightning. Heavy rains can lead to flash flooding events. High winds generated by thunderstorm can
cause damage to homes, overturn vehicles, uproot or damage trees, causing wide spread power
outages. Generally, researchers consider the intense weather instability as a result of convection in
lower levels of the atmosphere with high levels enough of humidity. Usually statistic instability, the
humidity of lower levels of the atmosphere and lifting mechanisms near the ground are the main
factors leading to convection. Moreover, the combination of three factors, instability, humidity and
convergence in lower levels of the atmosphere plays an important role in increasing the possibility of
thunderstorms (Masoompour Samakosh et al, 2016). In connection with thunderstorms extensive
research work has been carried out in Iran and the world in including: Chignon et al. (2001), Manzato,
(2003), Doswell et al. (2005), Henderson (2006), Sadeghi et al. (2006), Romero et al. (2007), Schmeits et
al. (2008), Siedlecki (2009), Sanaeinejad et al. (2010), Tajbakhsh et al. (2010), Ghavidel Rahimi
(2011), Masoompour Samakosh et al. (2014) Masoompour Samakosh et al. (2016), Tavousi (2016),
Dehani (2017), Khorshiddoust et al. (2017), Tavousi et al. (2016).The city of Kermanshah is the
capital of the Kermanshah province and is located in the west of Iran. The latitude of the Kermanshah
meteorological station is 34: 21 N and the longitude is 47: 9 E and altitude 1318.6 meters.
Kermanshah's climate is classified as warm and temperate. The winters are rainier than the summers in
Kermanshah. The climate here is classified as Csa by the Kdppen-Geiger system. The average annual
temperature is 13.3 °C in Kermanshah. The average annual rainfall is 437 mm (Climate data for cities
worldwide, 1982-2012). Kermanshah has annually been witnessing a variety of thunderstorms systems
and associated precipitation. This city has suffered lots of damage resulted from the phenomena
caused by thunderstorms.

Matherials & Methods: In this research, instability conditions of heavy precipitation in Kermanshah
are investigated. For this purpose, high atmospheric instability indices such as lifted index, showalter
index, K index, convective available potential energy (CAPE) index, precipitable water capacity
(PWC) and thermodynamic diagram Skew-T Atmospheric is studied using the radiosound data. The
data of upper atmosphere (radio-sound data), available in the website of Wayoming University, were
applied to investigate the thermodynamic features of the occurred thunderstorms. The thermodynamic
features include KI, SI, TT, LI, CAPE indices and skew- T chart in RAOB software.

Discussion of Results & Conclusions: The results showed that the valuses of K index in days with
heavy precipitation were 20.7-34.8 and in a day before 20.9 - 37.7. The lowest values recorded in
January, February and March, and the peaked were in November, April and May. This suggests heavy
precipitation in winter with less instability and is accompanied by more instability in the fall and
spring. The lifted index in 1997 and 2002 in days has heavy precipitation were 0 to -2.2, which
represents the probability of storms with rain and snow showers. The value of the lifted index in a day
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before precipitation on November 1, 1993 was zero to -2 and on May 12, 1993, November 21, 1994,
and April 18, 2002 from -2 to - 5, which represents the probability of thunderstorm occurring. Study of
precipitable water capacity (PWC) in the peak days of precipitation and one day before is showed that
is most matches with the days that air convection has been intense. On peak precipitation days, the
PWC was between a minimum of 35/7 on16 January 1997 and a maximum of 19.92 on 2 November
1993. The wind speed has been between 40-50 knots in all days, except on March 11, 2005, the wind
had a speed of about 80 knot. The Prevailing winds are southwest which shows the direction of the
Westerly winds system to this area. Investigation of thermodynamic charts showed that rapid
convective ascent of available potential energy depending on the weather in the region has been so
high and caused the weather to approach three days in advance to the upper layers of the atmosphere
and atmospheric turbulence was created for the region.

Key words: Heavy Precipitation, Thermodynamic, Skew-T, Vertical Profiles.


http://geographical-space.iau-ahar.ac.ir/article-1-3357-fa.html

