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Figure 1: The occurrence of turbulence during a thunderstorm (Henderson, 2006)

L sy 9ol
o@|@>|w wlisle S (g, gladb g 3 f@ﬁ lsa SILL e jasls Wow 5 ) sshie @
V44 Jlo 31 aS 5 cpl oKl cpl (i3S bos () Jade) A ol slisle S 0lil s des oliilse
080 o gLl (slls ome puliilpa gLl iy tass cnl 53 5L 3550 (sOLT lassls hls (35
S 5 pSesh e e e 005U Wug%pmﬁgpjgbu&;.mgﬂcbj\,u\z'\/\u
A oS pi w e s bl AVl Sk oS0le S e e YAA 35 VL SL SOl L
RSyt e 4 3 VYIY L 5K 5 cp e S dos AVl pS0le g 453 VAV L gl 58S

3,50 adate o o 131 (KOppen and Geiger) SIS — o8 (s aid gt w0l o lites anlllas 3550 g
SUL i b Sle sboos Sk gl 5 oSSl S & 5,5 s 13 (Csa) il s sl

Climate data for ) Gl Slas ERE le.@.'\;‘...\..ﬂ) 9 Sis 9 rﬁ LsL@.zl:.m.'U st\: ‘50.:13‘ 0); L)'«" ol 4.3[1....,./:)
.(cities worldwide. 1982-2012
oKt L e 23l (glacals b o lea LU la et i ) 5 SWS 4 (g, d sla0b 5 sl o

Lgwgnly Glaesls 5l Geenlgn Salus 5 Sosd sla e ls w5 ds (’b'";‘ oliile S gd owlidlsa


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

Downloaded from geographical-space.iau-ahar.ac.ir at 7:33 IRDT on Thursday May 9th 2024

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

6‘.4.’)U )‘ aosls U'i‘ PGSV IS WA PL oW (Jé'b )\ BEY Vo/0 9 J\le.: Yo celu) @ﬁ/f \Y 9 JM Slelu BE
sl s 4 (weather.uwyo.edu/upper air/sounding.html)

oLl S Ol s e wbiilsn laolim| - Jgua

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 7- Meteorological parameters of selected meteorological stations in Kermanshah Province on days with Heavy Precipitation
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Table 8- Rainfall, wind direction and visibility of the meteorological stations of Kermanshah province on days with heavy rainfall
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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


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

Downloaded from geographical-space.iau-ahar.ac.ir at 7:33 IRDT on Thursday May 9th 2024

VEY Saals AY o ladd a gen gy Jlo ( abidl yia (SLdS ale sdoliliad a5

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.
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