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Abstract. The work is directed to test the ability of somstability indices to be
used as an indicator of lightning from convectiteuds. Three instability indices
(CAPE, Lifted Index and K Index) are calculatedngsenvironmental conditions of
98 days with precipitation, detected in eleven gyitostations located in eastern
Bulgaria in the period April — September 20@®&r the statistical analyses the cases
have been divided in two samples — ordinary préiipig clouds and thunderstorms.
The results reveal that the distributions of thed&d indices are significantly
different in the both sample3$he critical values (thresholds) of the three ibsity
indices that may separate the studied cases imogneups (ordinary clouds and
thunderstorms) are established. The best discriinimdbetween thunderstorms and
ordinary precipitating clouds is obtained using theeshold values of Lifted index.
The performed multiple discriminant analysis shdiat the classification function
obtained by combination of instability indices does improve the skill to predict the
occurrence of thunderstorms in comparison to thglsiuse of Lifted index.
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Introduction

It is well known that standard weather predictioetinods have a limited ability to
forecast severe weather events (tornado, haihgtwond, thunderstormetc.) especially to
predict the location of their development. Thatwhy several studies (Doswell et al.
(1996), Rasmussen et al. (1998), Craven et al.Ag0darkowski et al. (2002), Brooks et
al. (2003), Brooks et al. (2007), and Doswell et(aD03)) focus on the determination of
critical values of various parameters “describitigg¢ environmental conditions for severe
events. Furthermore, it is known that the estabtsthresholds depend on geographical
regions, season, and climatic conditions.
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The aim of the present work is to explore if anythe three instability indices Li,
K and CAPE or combination of them can be used asgnditator of thunderstorms
development over eastern Bulgaria. The choice efabove parameters is based on the
previous studies which reported that Lifted Ind&alkvay, 1956) and K Index (George,
1960) predict the likelihood of thunderstorms. \telly integrated measures of instability
such as the convective available potential ene@APE (Moncrieff and Miller, 1976),
provide a more detailed physical representatiothefstate of the atmosphere (Blanchard,
1998). Based on the analyses of thermodynamic amkmatic environmental
characteristics in Europe during the summer moittlis concluded (Kaltenbock et al.,
2009) that CAPE has considerable skill to predietdccurrence of thunderstorms.

Data and Methodology

The environmental conditions of 98 days with precipitgtclouds developed in
the afternoon hourgver eastern Bulgaria from April to September 2666 analyzedThe
proximity aerological sounding at 1200 UTC are usedalculate three instability indices
(CAPE, Lifted Index and K Index; Table 1) for thayd when precipitation is detected in
eleven synoptic stations of the National InstitotdVieteorology and Hydrology (NIMH),
located in eastern Bulgaria. Six of the statiores situated along the coast and the others
five are inland stations. The proximity soundings abtained by downloading the data of
the numerical model GFS http://www.arl.noaa.gowsgamet.html. Surface level
meteorological data (pressure, humidity, tempeeaturd a maximum temperature for the
day), taken from http://www.ogimet.com/synops.phémlare utilized for processing the
data from the soundings.

Table 1. Summary of thermodynamic, kinematic parametedsskill scores used: is temperature
(°C), Tdis dewpoint temperaturéQ), 6 is potential temperature (Kj, is equivalent potential
temperature (K)g is the acceleration of gravity (nf)s zis height (m)LFC - the level of free
convectionEL - the equilibrium level of the parc@lPsq, — temperature of a parcel after it has been
lifted pseudo-adiabatically to 500 hPa from itgoral level,x - the number of correctly classified
thunderstorms caseg; the number of incorrectly classified thundenstercasesy - the number of
incorrectly classified ordinary clouds cases. Suptm numbers indicate constant pressure levels.

Parameter Code and units Equation
EL H—- 09
Convective Available CAPE=g | 5 4z
Potential Energy CAPE, J kg LFC e
Lifted index Li, deg Li=Tgy— TPgy
K index K, deg K =Teso— Ts00) + Tasso— (Tzo0— Taro0
X
Probability of detectiorl POD POD=
X+y
- w
False alarm ratio FAR FAR=
X+WwW
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All precipitating cases (373) were divided into twamples — ordinary (without
lightning) precipitating clouds (216) and thundersis (precipitation concurrent with
lightning) (157), according to synoptic reports @astern Bulgaria. The ordinary
precipitating clouds (without lightning) and thums®rms hereafter are denotedoasand
th respectively.

The descriptive statistics (mean, mode, median,) dtc the three instability
indices (CAPE, Li, and K) are estimated. The dfiai analyses (F- and t-test with
significance levelo=0.05) is performed to establish if there is aistiaal significant
difference between any of the instability index€APE, Li and K) in the both considered
samples - ordinary precipitating clouds,and thunderstorm#j.

The distributions of the CAPE, Li and K values hetr andth samples are
investigated.

The discriminant analyses (StatSoft, Inc., 200gisied out to establish if any of
the three instability indices Li, K and CAPE or daimation of them is able to classify the
clouds as ordinary precipitating cloud or thundarst The probability of detection (POD)
and false alarm ratio (FAR) are calculated (Doratd®t al., 1975) for the derived
classification functions (see Table 1). The criticalues (thresholds) of the three instability
indices (CAPE, Li and K) that may separate the istliccases in two groups (ordinary
clouds and thunderstorms) are established.

Results

The results presented in Fig. 1 reveal that thguigacy distribution of the CAPE
th values (black columns) is shifted towards largalugs in comparison to the frequency
distribution of CAPEor (grey columns). The maximum percentage (mode) oPE#&r is
less than 250 J Kg while the mode of CAPHh is approximatelly 1050 J Kg The results
also reviel that thunderstorms may developed at lav CAPE values (CAPE < 200 Jkg
) however, their percentige is less than 3 %, whil27 % of ordinary clouds develop at
CAPE < 200 J k.

The more detailed analysis of the frequency distidn shows that ~57 % of the
considered thunderstorms and ~18 % of ordinaryipitating clouds developed at CAPE
values in the interval for “moderate instability2000—-2500 J Kd), while most of the
ordinary clouds (80 %) developed at CAPE valuethéninterval for “marginal instability”
(0-1000 J kg). The above mentioned classification of the degpéenstability is in
accordance with the study http://www.crh.noaa.gok/soo/docu/indices.php, performed
for the USA regions.
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Fig.1. Frequency distribution of CAPE values (in pereges) at the development of ordinary
precipitatingclouds (grey columns) and at the development afdbustorms (black columns)

Fig. 2 and Fig. 3 show the frequency distributiof&i and K values for the both
samples - ordinary cloudsy and thunderstormsh. It is seen (Fig. 2) that the frequency
distribution of the Lith values (black columns) is shifted towards lowergative) values in
comparison to the frequency distribution ofdri(grey columns), while the percentages of
higher K values are larger at the development ohderstorms in comparison to the
development of ordinary precipitating clouds. Thetailed analysis of the frequency
distribution of Li indicates  that according to the classification
http://www.crh.noaa.gov/Imk/soo/docu/indices.php simof the thunderstorms (~53 %)
developed at “moderate instability” (-3 to -6 detf),% at “strong instability” (Li < -9 deg)
and 33 % at “marginal instability” (-3 < Li < 0 dedMost of the ordinary clouds (46 %)
developed at “marginal instability”, 19 % at “modgr instability” and only 2 % at strong
instability. It has to be mentioned that 33 % df ttonsidered ordinary precipitating clouds
developed according to http://www.crh.noaa.gov/Bok/docu/indices.phpat stable
atmosphere (0 < Li < 3 deg) when “there is a weedbability for convection if a strong
lifting is present”. The highest percentage (66 &)K values at the development of
ordinary precipitating clouds are K < 30 deg, whit % of thunderstorms developed at K
> 30 deg.
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Fig.2. Frequency distribution of Li values (in percers)gat the development of ordinary
precipitatingclouds (grey columns) and at the development afdbustorms (black columns)

K

25

20

15

Oor

%

10

18 20 22 24 26 28 30 32 34 36 38 40

degrees

Fig.3. Frequency distribution of K values (in percengg the development of ordinary
precipitatingclouds (grey columns) and at the development aidbustorms (black columns)

The statistical analyses (t- and F-tests with ai@ance levelo=0.05) indicates
that the differences in the mean values of theetimdices for thunderstorms and ordinary
precipitating clouds are statistically significafithe Box and Whiskers plots for CAPE
(Fig.4a), Li (Fig.4b) and K (Fig.4c) illustrate ththere is a well pronounced difference
between their corresponding mean values at thelgf@went of thunderstormsh and at
the development of ordinary precipitating clouds, The results reveal that thunderstorms
over eastern Bulgaria developed at significantyher mean values of CAPE and K and
significantly lower mean values of Li, comparedthe corresponding mean values at the
development of ordinary thunderstorms.
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Fig.4. Box and Whiskers plot of a) CAPE , b) Lifted ixgdé&i and c) K values for ordinary
precipitating cloudsr and thunderstornth.¢Mean+SE+1.96*SE

Table 2 Threshold values of instability indicéar the type of clouds, percentage of correctly
determined cases - thunderstorm th or ordingramd skill scores POD and FAR

Correct classification 9
Index Threshold all th or | POD | FAR
CAPE, J kg 903 729| 67.5| 76.9 0.68 |0.32
Li, deg -2.3 73.9| 80.3| 69.4080 |0.34
K, deg 29 63 67.5| 59.7 0.68 |0.45

The threshold values of CAPE, Li and K at the depeient of thunderstorms over
eastern Bulgaria derived by general discriminanalymis (StatSoft, Inc.2001), the
percentage of correctly classified cagbof or) and calculated skill scores are preserited
Table 2. The results show that when thunderstoreneldped over eastern Bulgaria 67.5%
of CAPE and K values are higher than the estaligsheeshold (903 J Kgand 29 deg
respectively) and at the development of ordinaoyds 76.9 % of CAPE values and 59.7 %
of K values are lower than the established threlsholrhe best results are obtained using
the threshold values of Lifted index. At Li < -2dgg - 73.9 % of the cases are correctly
discriminate in accordance to the type of cloudslif@ry precipitating or thunderstorms).
This threshold is very close to the reported (Kud@Q7) Li threshold for thunderstorm
development over Southwest Germaifiie calculated skill scores (POD, FAR) given in
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Table 2 reveal that only Lifted index, Li has appnoately a good forecasting ability (POD
= 0.8 and FAR = 0.34) for occurrence of thundera®in eastern Bulgaria.

In an attempt to obtain better discrimination betwehe ordinary precipitating
clouds and thunderstorms the multiple discriminanalyses (StatSoft, Inc., 2001) with
various combination of the instability indices amgried out (Table 3)At F(th,or) > 0 the
case is classified as thunderstorm; at F(ths00) the case is classified as ordinary cloud.
The percentage of correctly classified cases imr@ence to the type of the clouds Er
th), the POD and FAR values indicate that the contliineof instability indices does not
improve the classification ability of the derivaghttion in comparison to the single use of
Lifted index.

Table 3. Classification functions F(th,or) for the typectouds, and the percentage of correctly
classified cases - thunderstorm th or ordinarysing combination of instability indices and bkil
scores POD and FAR

Correct classification
%

Index Function all th or POD | FAR
F(th,or) = 0.0004 CAPE —

CAPE, Li, K | 0.2988 Li + 0.0167 K — 743 | 77.1|72.2 | 0.77 0.33
1.4965
F(th,or) =—-0.3184 Li +

CAPE, Li 0.0003 CAPE —-1.0314 743 | 77.7 | 71.6 | 0.78 0.33
F(th,or) = 0.0013 CAPE +

CAPE, K 0.0631 K—-3.0172 73.2 | 70.7 | 75.0 | 0.71 0.33
F(th,or) =—-0.3742 Li +

Li, K 0.0127 K —-1.2220 73.7 | 78.3 | 70.4 | 0.78 0.34

Conclusion

Three instability indices - CAPE, Lifted Index akdndex, were calculated using
environmental conditions of 98 days with precipitatover eastern Bulgaria from April to
September 2006. For the analyses the cases wededliinto two samples — ordinary
precipitating clouds and thunderstorniBhe statistical analyses (F— and t-test) were
performed to check if there is a significant diffiece between CAPE, Li and K values at
the development of ordinary precipitating cloudd #munderstorms over eastern Bulgaria.
Discriminant analyses were carried out to obtaiokdsification functions and threshold
values of the considered indices that are ablagerichinate thunderstorms from ordinary
precipitating clouds. The main results are:

. The frequency distributions of the considered iediCAPE, K and
absolute values of Li) at the development of thusidems are shifted towards larger values
in comparison to the frequency distributions at deelopment of ordinary precipitating
clouds in eastern Bulgaria;
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. The higher probability of detection of thundersterfPOD = 0.8) has
Lifted index. The established critical Li valuesi & -2.3 deg) are able to discriminate
correctly ~74 % of cases in accordance to the tfpike considered clouds;

. The combination of instability indices does not e the classification
ability of the derived function in comparison t@tsingle use of Lifted index.

In an attempt to search classification functiorweghold values) with higher
probability of detection of thunderstorms it is Woto consider separately the inland and
coastal cloud cases developed over eastern Bulgasiiag larger number of precipitating
cases.
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HHjaexcn HAa HEYCTOHYMBOCT KATO HHAUKATOPH HA TPBMOTEBHYHU 001auu B M3TouHa
Bbirapusi — npeiBapuTeIHA Pe3yJITaTH

b. Mapkoga, P. Muresa

Pestome.  PaGorara ¢ HacoueHa KbM YCTAaHOBSBAHE, Jajll HAKOM HHIACKCH Ha
HEYCTOIYMBOCT MOTaT [a C¢ H3MOJI3BaT KAaTO WHIUKATOPH 32 TPBMOTEBHYHH OOJAIH.
[pecmetHatH ca Tpu uHAekca Ha HeyctoiunBoct (CAPE, Lifted Index and K Indexkaro
Ce W3MON3BAT NPH3EMHU JAaHHH U OT aNpPOKCHMHPAaHH COHAAXH 3a 98 mHM C BasexH,
peructpupan B 11 cHHONTHYHHU CTaHIMU B M3TouHa Bwirapus 3a mepuoia ampuin —
centemBpu 2006T. 3a CTAaTUCTHYCCKU aHATM3 CIy4auTe ca Pa3eieHU Ha ABE M3BAIKHU —
OOMKHOBCHH IBXKIOBHH OONlalld M TPBMOTEBUYHHM oOnanu. Pe3ynrature mokasBaT, d4e
pasmpeAesieHHeTo Ha CTOWHOCTHTE HAa MPECMETHATHTE WHIACKCH Ca CHUISCTBCHO PAa3IUYHH
3a JBETE M3BAJIKU. YCTAHOBCHU Ca KPUTHYHHM CTOWHOCTH (MparoBe) Ha TPUTE MHACKCA Ha
HEYCTOIYMBOCT, KOMTO MOraT Ja pa3[eisaT  HM3MO0J3BaHHTE CIy4al Ha JBE TPYIH
(0OMKHOBEHH IBXAOBHU 00NalM W rPbMOTeBUYHH oOmarm). Haii-mobpo kiacupunmpane
KaToO TPPMOTEBHYHU WM OOMKHOBEHUTE IBXKIOBHH OONAIM CE MOJydYaBa MPH H3ION3BaHEe
Ha KpuTHuyHara ctoiiHoct 3a Lifted index. C momoluta Ha AMCKpUMHHAHTEH aHAJH3 ©
noyiy4yeHa KiacuuKaninoHHa QyHKIMsA, KOMOMHALMS OT TPUTE WHICKCA HA HEYCTOWYHBOCT
(CAPE, Lifted Index and K Index)kosito moxke aa ce W3MOI3Ba KATO HMHAUKATOP Ha
IrPBMOTEBUYHM 0Oianu. Pesynratu mokasear, ye (yHKUHMSTA MOJTyYeHA OT KOMOWHAIMATA
Ha TPUTE UHJCKCA HA HEYCTOMYMBOCT HE Pa3zelis ABETE U3BAIKH MO-100pe OT QyHKIHATA,
HoJTydeHa Py U3MOJI3BaHe caMo Ha cToitHocTHTe Ha Lifted index.
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