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Abstract. The main purpose of this study is to provide a 1 Introduction
simple statistical analysis of several stability indices and pa-
rameters for extreme and non-extreme thunderstorm eventgtability indices have been developed and used for both re-
during the period 1997 to 2001 in Cyprus. For this study, ra-Search and operational forecasting of severe weather and
diosonde data from Athalassa station{83, 334 E) were  thunderstorms by quantifying the thermodynamic instabil-
analyzed during the aforementioned period. The stability in-ity with the aid of radiosonde data. In general, it should be
dices and parameters set under study are the K index, theoted that all the stability indices describe the potential for
Total Totals (TT) index, the Convective Available Potential convection, but the thresholds may vary with geographical
Energy related parameters such as Convective Available Pdocation, season and synoptic situation. This paper is dealing
tential Energy (CAPE), Downdraft CAPE (DCAPE) and the With the statistical analysis of 9 parameters and/or indices
Convective Inhibition (CIN), the Vorticity Generator Param- in the area of Cyprus; the CAPE, DCAPE, CIN, BRN, SRH,
eter (VGP), the Bulk Richardson Number (BRN), the BRN VGP, BRNsh, TT and K index. In forecasting the most severe
Shear and the Storm Relative Helicity (SRH). An event is convective storms, which also tend to be those that are long-
categorized as extreme, if primarily, CAPE was non zero andasting and rotating, parameters such as the Bulk Richard-
secondary, if values of both the K and the TotalTotals (TT)Son Number (Weisman and Klemp, 1982), BRN shear (Ras-
indices exceeded 26.9 and 50, respectively. The cases witftussen and Wilhelmson, 1983) and storm-relative helicity
positive CAPE but lower values of the other indices, were SRH (Davies-Jones, 193save been used. These parame-
identified as non-extreme. By calculating the median, theters gained acceptance in practical applications through the-
lower and upper limits, as well as the lower and upper quar-oretical, numerical modeling and observational studies. The
tiles of the values of these indices, the main characteristics ofl€finition and interpretation of the various indices can also be
their distribution were determined. found online (National Weather Service, 201&nd inKdnig
(2002. The present analysis aims to determine the ranges of
values of the aforementioned indices for the occurrence of
extreme and non extreme weather events.

2 Methodology

From a 5-year period thermodynamic indices and parame-
ters data base, the dates with a non zero CAPE were se-
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Fig. 1. The distribution of the values of the K and TT indices of all
cases with non-zero value of CAPE.

observed (O) extreme weather cases.

the aforementioned dates, in order to have more realistic

Table 2. Mean seasonal index values for the potentially (P) and

. Wint Spri s Aut
results, a second selection was made; only the dates for mer pring ummer utamn
which the values of all the thermodynamic indices and pa- P o P © P © PO
rameters were available were set under further study. For X 287 216 300 225 362 343 306 285

. . 52.0 49.8 53.0 51.9 59.1 51.6 51.9 49.7
these cases, the median, the lower and the upper quartile ofcape 3168 391.8 7027 5805 16488 1678.0 10041 553.8
the K and TT indices were calculated and their distribution CIN 271 127 135 23 259 570 384 633

BRN 393 245 246 272 1689 1690 744 238

was presented graphically using a “box-and-whisker” plot. o 01 01 02 02 03 0827 02 02
The latter provides a convenient, graphical way to display srH 843 759 949 442 522 130 656 67.4
the smallest value, lower quare, median, upper quartle SIS1 f62 f5d ss e e oo g0 g
and largest value of a set of data. From this analysis the

cases which were above the upper quartiles, were selected

and classified as potentially extreme weather cases, 69 in

number. The statistical analysis, using the box and whiskef,5ying K and TT values higher than the above thresholds,
method, of the CAPE, DCAPE, CIN, BRN, SRH, VGP and 4| gther non-zero CAPE events being categorized as non-
BRNsh was performed for both categories, extreme and NoNayireme.

extreme weather cases. A second selection was carried out

and 44 days, where extreme weather events were observed,1.1 K index

according to the monthly report of the Meteorological Ser-

vice of Cyprus, were selected. The number of observedrhis index is due t@eorge(1960 and is defined by

extreme weather cases was much larger, but only the cases

where all indices values were available were set under stud)}.< = (Tgs0 — Ts00) + Dgso — (T700 — D700) @)

For these two groups of days, the ones that the potential i”dei‘iere,Ti and D; denote the temperature and dew point tem-
and/or parameter values suggested to be associated with ®Yerature at a height corresponding(iphPa. The K index
treme weather and the ones that extreme weather actually 0¢s 3 measure of the thunderstorm potential based on vertical
curred, the mean values of the aforementioned indices a”dIQEmperature lapse rate, moisture content of the lower atmo-
parameters were studied (see Table 1). sphere, and the vertical extent of the moist layer. For the days
with observed extreme weather, the upper quartile was not
reached, on an annual base; it was limited within the median
and the upper quartile. Nevertheless, it seems to be indica-
tive during summer and autumn, while in winter and spring
period lower values of around 22, should alert for possible
extreme weather (Table 2).

3 Results
3.1 KandTT indices

Figurel shows the statistical distribution of all the non-zero
CAPE soundings. 75% of the soundings have K index values
below 26.9 and TT index values below 50. These two val-

ues were used for the definition of an extreme event, i.e. one
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Fig. 2. The distribution of the values of the CAPE index for the iy 3 The gistribution of the values of the CIN index for the days
days where extreme (right) and non-extreme (left) events occurredwhere extreme (right) and non-extreme (left) events occurred.

3.1.2 Total Totals index 400Jkg* may be related to extreme weather occurrence.
In spring, extreme weather was observed with CAPE mean
Totals Indices: The Total Totals index is attributabl®titler values of 580 Jkgt. A significant differentiation was noted
(1972. Itis defined as the sum of two indices: between the mean seasonal CAPE values of the two studied
B groups in autumn. Although the potentially extreme cases
TT=VT+CT (2) require CAPE of around 1000 Jkg, the respective mean
where VT is the Vertical Totals index, defined by value of the observed cases was only 553.83Kgable 2).
VT=Tg50—T500 , and the Cross Totals index, CT, defined
by CT=Dgs0—Ts00. During the observed extreme cases the

upper quartile is overreached in spring and summer and ifrpe energy required lifting an air parcel vertically and pseu-
autumn and winter had slightly lower TT values, of almost ysadiavadically from its present leveh to its level of free

3.2.2 CIN: Convective Inhibition

50°C (Table 2). convection is given by
3.2 Statistical analysis of the extreme and non extreme |\ = /pf R4(Typ — Tve) d In p 4)
weather cases pi

The quantitiesT,, and Tye represent the virtual tempera-
ture profiles of the parcel and the environment, respectively.
CAPE is the maximum energy available to an ascending par!:rom thg analysis it has arisen _that 75% of the extreme cases
cel and is given by occur with CIN_<19.5J kg'l, while 50% qf the non extreme
cases occur with CIN>-12Jkg ! (see Fig.3). The mean
pt annual values of CIN for potentially and observed extreme
CAPE= / (ep —ac) dp, (3)  cases are around 25 JKg(see Table 1). It is worth noticing,

b though, the seasonal differences of the values on the days
wherepy, is the pressure at the level of neutral buoyangy, with observed extreme weather; in winter and spring, much
is the pressure at the level of free convectienthe specific  less energy is required, while in summer and autumn this
volume of the environment ang, that of a parcel ascending amount increases to more than 55 Jk¢Table 2) .
moist-adiabatically from the levgl. The 75% of the non
extreme cases can occur with CAPE less than 860.89kg 3.2.3 DCAPE: Downdraft Convective Available
while the 50% of the extreme cases may occur with CAPE Potential Energy
more than 837 Jkg! (see Fig.2). The upper limit for the
non-extreme cases (860.8 Jky and the median limit for
the extreme ones (837 JkY are only overreached in sum-
mer and autumn for the potentially extreme days and in ps

summer for the observed ones. In winter CAPE of 350 toDCAPE: N . (p —ac) dp, ®)

3.2.1 CAPE: Convective Available Potential Energy

The maximum energy available to a descending parcel may
be expressed as
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Fig. 4. The distribution of the values of the DCAPE index for the Fig, 5. The distribution of the values of the BRN index for the days
days where extreme (right) and non-extreme (left) events occurredynere extreme (right) and non-extreme (left) events occurred.

K =909 K =269 TT =424, TT =50
max min ma

where ps is the surface pressure apgin this case denotes min X

the level of free sink. From the DCAPE distribution shown ~ 120f ‘ f 1169 |
in Fig. 4, no significant discrimination between the extreme

and not extreme cases is found. The upper limit for the non- 100 ; 1019 .
extreme cases (1189.8 7Kg and the median limit for the

extreme ones (607 Jkd) are only overreached in summer 8ol i

and autumn for the potentially extreme cases and in summel
for the observed ones (Table 2).
Again, notable seasonal variations are noted; much lower

M
[%2}
Z 60
[a1]

values are associated with observed and potentially extreme 50825 o
weather in winter (115, 166 Jkg) and in increasing order, 40f ]
spring (227, 489 Jkg'), autumn (460, 636 J kg) and sum- — 34 >—< 313
mer (1266, 1217 Jkg}) (Table 2). 20 1
T 12.875 . 10.825
3.2.4 BRN: Bulk Richardson Number \ 4 : 11
Non—-Extreme Extreme

The BRN is defined as the dimensionless ratio of CAPE to

a measure of the vertical wind shear. From the BRN distri-Fig. 6. The distribution of the values of the BRNsh index for the
bution shown in Fig5, it can be seen that 75% of the non days where extreme (right) and non-extreme (left) events occurred.
extreme cases have BRN values less than 44 and more than

50% of the extreme cases have values less than 50, which de-

note that the environment is favored for supercalgisman 3.2.5 BRNsh

and Klemp 1982, meaning that the BRN is a poor predic- . .
tor. The mean value of the BRN for the observed cases i{a Tgnizl?lns?hgav(/?rzgettﬁrrozg)r\l’ lt?]eesvirr;ls;sure for the vector dif-

less than the median, while for the potentially is above the The plot of the BRNsh (see Fig) implies that this in-

upper quartile. By looking the seasonal values, during win—d «is a ver  oredictor for the extreme and not extrem
ter and spring much lower BRN was noted, for both the po- €X1S a very poor predictor for he extreme a ot extreme
ases. The BRNsh index values for the observed extreme

tentially and observed extreme days. In summer the BRN i d within th di dth e limi
much bigger, around 169 for the two groups of cases. FinallyCases ranged within the median and the upper quartiie limits.
in autumn the potentially extreme cases exceeded the upp(grlhe lowest values_ were found in summer, where. ob;erved
quartile limit, but for the observed ones the BRN was againextreme weather is related to values of 103kghich is

lower, even lower than the median (median = 32) (Table 2). lower than the lower quartile limit (Table 2).
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Fig. 7. The distribution of the values of the SRH index for the days Fig. 8. The distribution of the values of the VGP index for the days
where extreme (right) and non-extreme (left) events occurred. ~ where extreme (right) and non-extreme (left) events occurred.

3.2.6 SRH: Storm Relative Helicity From the VGP plot (see Fig), it can be concluded that
the VGP index is a better predictor between the two groups
SRH (Davies-Jones et al1990 provides a measure of any than the DCAPE, SRH and BRNsh. 75% of the non extreme

tornado potential and is defined as cases have values below 0.18 Jkgwhile 50% of the ex-
i treme cases have values above 0.17Jkd-rom the study
av - -
SRH= _/ k-(V—c) x 2 dg ©) of VGP for_the potentially and obse_rve_d extreme cases it
0 0z has also arisen that the upper quartile limit for the extreme

cases (0.302Jkd) is only representative in summer. Val-

) : ues of 0.2 can be regarded as adequate for extreme weather to
tion vector and is the storm depth. As can be concluded occur in spring and autumn, while in winter even 0.1 should

from the plot (see Figr), the SRH is a very poor predictor. alert for extreme weather (Table 2).

The SRH index values, for the potentially and observed ex-
treme cases, ranged within the median and the upper quartilg 3 Comparison of the frequency of occurrence of the
limits (45-110.3 Jkg'); higher values were found for win- potentially and observed extreme weather days
ter, spring and autumn. In winter and spring the days with
observed extreme weather had lower SRH values comparegg mentioned before, the selection of the days considered as
with the potentially ones, while slightly higher values were hantially extreme weather cases, was based on the criteria
noted in autumn. In summer, the mean SRH value on theet ysing the K and TT indices. For the criteria and thresh-
days with observed extreme weather was only 13.03kg  q|ds to be adopted, the number of the potential cases should
which is even lower than the lower quartile limit 2338 ¢ simiilar to the observed ones. In other case, the thresh-
(Table 2). olds should be modified. The 69 extreme weather cases as
defined by the upper quartiles of the TT and K indices are
seasonally distributed as follows (see Figand10 for the
seasonal and monthly distribution, respectively); 12 in win-
ter (DJF), 20 in spring (MAM), 17 in summer (JJA) and 20 in
autumn (SON), with higher frequencies of occurrence during
June (12), May (9) and October (8).

- /RADE The 44 observed extreme weather cases are seasonally dis-

VGP=sVCAPE 0 tributed as follows; 20 in winter (DJF), 11 in spring (MAM),

wheres is the mean shear (or hodograph length divided byl in summer (JJA) and 12 in autumn (SON), with higher

whereV is the horizontal velocity vectoe, is the storm mo-

3.2.7 VGP: Vorticity Generator Parameter

VGP provides a measure for the probability of vorticity being
tilted into the vertical, leading to rotating updrafts; this is
defined by Rasmussen & Wilhelmsgi983:

depth), given by frequencies occurring in December (14), October (6) and
March (5). By looking at the seasonal distribution of the

_ 1 [fhav cases (Fig9), it is evident that the thresholds TT = 50 and

5= h o 9z dz (8) K =26.9 can be considered as satisfactory for the spring and
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Fig. 10. Monthly distribution of the potentially and observed ex-
Fig. 9. Seasonal distribution of the potentially and observed ex-treme weather cases.

treme weather cases.

is weak. The occurrence of thunderstorm events dur-
autumnal season, since the percentage of occurrence is simi-  ing winter with low CAPE values are strongly related to
lar for the two studied groups. On the contrary, these thresh-  dynamics effects i.e. baroclinic depressions.
olds cannot be regarded as indicative for winter; they exclude i
a significant number of extreme weather cases during winter- 2+ 1€ mean values of the shear-related parameters display
time. For this reason, when the applications refer to the area  their maximum values during spring and their lowest
of Cyprus during the winter period, these thresholds should ~ during the summer.
be modified, by lowering the threshold points. Unfortunately, 4
no trustworthy results can be derived for the summer season;
only one case of extreme weather was reported in August
(a number of cases was excluded due to missing radiosonde
data) and the increased False Alarm Rate suggested by the
percentage difference between the potential and the observed
group may be misleading.

. For the same indices stated in 1 above (except the VGP
index) the mean values of the potentially-extreme events
are higher than the observed ones during spring and au-
tumn. This is because the thunderstorm events are also
related to dynamic effects. The seasonal mean value of
VGP is the same for both the potentially-extreme and
the observed extreme cases.

The percentage of occurrence of the potentially-extreme
4 Conclusions and the observed-extreme thunderstorm events are simi-
lar during spring and autumn. During winter the number
The primary aim of this study is to provide a useful tool of the observed-extreme events is higher than that of the
for distinguishing extreme and non-extreme thunderstormpotentially-extreme events and this can be attributed partly
events over Cyprus. The thresholds used for assessing arid the dynamic effects that can lead to extreme thunderstorm
categorizing weather events are set using the upper quartilevents.
of the distribution of the K and TT indices corresponding _ o
to non-zero CAPE. The analysis has shown that out of theﬁ\cknowledgementsThls stuo_ly V\_/as undertaken within the frame-
seven indices studied, only two of them can be considered!2'k Of Project "FLASH” whichis funded by the European Union
as good predictors: these are the CAPE and VGP indices.SIXth Framewc_)rk Programme, Coptract No. 03.6852)' Also, the
. . . authors would like to thank both reviewers for their very useful and
The medlan of the extreme is almost the_ same with the UPPELonstructive comments.
quartile of the non-extreme events leading to the conclusion
that soundings with CAPE above 837 J®gand VGP above  Egited by: K. Nicolaides
0.17 Jkg* will have the potential for extreme thunderstorm Reviewed by: P. T. Nastos and another anonymous referee
events. The analysis based on the mean values of the same
indices and/or parameters of the potentially extreme events
and the observed ones reveals the following:
References

1. Thg rr]neaﬂ Val(l_J:ZTDEOf theb. CAPE—reIated par?me;errs]')avies-Jones, R. P.: Streamwise vorticity: The origin of updraft
and the shear- combination parameters for bot rotation in supercell storms, J. Atmos. Sci., 41, 2991-3006, 1984.

groups exhibit their maximum values during the sum- payies-jones, R. P., Burgess, D., and Foster, M.: Test of helicity

mer and their lowest values mainly during winter. There  as a tornado forecast parameter, Preprints, 16th Conf. on Severe
are two plausible reasons for this distribution; the Local Storms, Kananaskis Park, AB, Canada, Am. Meteor. Soc.,
tropopause is higher during the summer and the shear 588-592, 1990.

Adv. Geosci., 23, 7985, 2010 www.adv-geosci.net/23/79/2010/



Savvidou et al.: Statistical analysis of stability indices 85

George, J. J.: Weather forecasting for aeronautics, Academic Presblational Weather Service web sitbttp://www.crh.noaa.gov/Imk/
New York, 409—415, 1960. soo/docu/indices.phpast access: 16 June, 2010.

Konig, M.: Atmospheric Instability Parameters Derived from Rasmussen, E. N. and Wilhelmson, R. B.: Relationships between
MSG SEVIRI Observations, EUMETSAT Technical Memoran- storm characteristics and 100 GMT hodographs, low-level shear
dum No. 9, 2002. and instability. Preprin, 13th Conf. on Severe Local Storms,

Miller, R. C.: Notes on analysis and severe-storm forecasting pro- Tulsa, OK, Am. Meteor. Soc., J5-J8, 1983.
cedures of the Air Force Global Weather Central, AWS Tech. Weisman, M. L. and Klemp, J. B.: The dependence of numerically
Rpt. 200(rev), Air Weather Service, Scott AFB, IL, 1972. simulated convective storms on vertical wind shear and buoy-

ancy, Mon. Weather Rev., 110, 504-520, 1982.

www.adv-geosci.net/23/79/2010/ Adv. Geosci., 23,89-2010


http://www.crh.noaa.gov/lmk/soo/docu/indices.php
http://www.crh.noaa.gov/lmk/soo/docu/indices.php

