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Abstract

The study discusses the assessment of atmospheric instability in the territory of Eastern Georgia using three indices —
CAPE, K-index and Total Totals — based on ERA5S data. Several real extreme days were selected, on the basis of which,
along with the assessment of instability indices, we considered vertical profiles of atmospheric parameters according to
humidity and wind speed data. The correlation between the indices was assessed for the selected days. The study showed
that there is a strong correlation between some indices, which indicates the effectiveness of the joint use of the presented
indices for studying convective processes. The obtained results confirm that combining these indices with vertical profile
data provides a better assessment of convective activity. The study emphasizes the importance of ERA5 in the analysis of
extreme weather events, and the knowledge obtained can be used both in scientific research and in practical meteorological
analysis and forecasting.
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Introduction

Atmospheric instability is one of the main factors determining the development of convective processes. Such processes
are often associated with extreme weather events and their study is important from both theoretical and practical points of
view. In modern meteorology, special attention is paid to the vertical distribution of atmospheric parameters and the use of
thermodynamic indices. These indices allow assessing the stability of the atmosphere and the potential for convective
activity. The aim of the study is to analyze three instability indices based on real extreme days, to study vertical profiles and
to determine the correlation between these indices. The issues of atmospheric stability and instability are widely discussed
in the meteorological literature. Vertical profiles, which describe the change in temperature and humidity with height, are
one of the main tools for assessing convective processes. Instability indices, such as CAPE (Convective Available Potential
Energy), K-index and Total Totals, are widely used in weather analysis and forecasting. CAPE determines the potential
energy of an air particle during upward motion, while K-index and Total Totals reflect the combined influence of humidity
and temperature on atmospheric instability [1-3].

Modern studies actively use reanalytical data, including ERAS, developed by the European Centre for Medium-Range
Weather Forecasts. These data provide high resolution of atmospheric parameters and are widely used in both global and
regional studies. In international studies, authors also indicate that the joint use of indices is more effective than their separate
analysis, especially when they are considered together with the vertical atmospheric structure [4-7].

Data and Methods
The study used three main instability indices: CAPE, K-index, Total Totals. Real extreme days were selected for the analysis,
according to which a detailed study of atmospheric conditions was carried out. Vertical profiles were constructed at different
pressure levels and included the following parameters: temperature, relative humidity, wind speed and direction. Based on
these data, an assessment of the atmospheric structure was carried out by height. At the final stage of the study, a correlation
analysis was performed, the purpose of which was to determine the relationship between the instability indices.

Results

The results showed that during extreme days the thermodynamic indices considered by us increase significantly, which
indicates the strengthening of atmospheric instability. Analysis of vertical profiles revealed high values of humidity in the
lower layers of the atmosphere, a sharp change in the numerical value and direction of the wind throughout the height of the
troposphere. These factors together create conditions for the development of convective activity.

Fig. 1 shows the distribution of convective instability energy over the territory of Eastern Georgia at the time when
strong convective clouds formed in the mentioned area, namely in Telavi and Gurjaani. As can be seen from Fig. 1, CAPE
is maximum in this area and its value is more than 1700 J/kg, which corresponds to the state of average instability
(Cumulonimbus clouds (Cb) with heavy rains, thunderstorms). Fig. 2 shows the distribution of TT and K indices for the
same day over the territory of Eastern Georgia. As can be seen from Fig. 2, the mentioned indices reach their maximum
value in some regions of Kakheti and their value also corresponds to the unstable state of the atmosphere (TT>55).
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Fig. 1. Convective instability energy (CAPE, J/kg).
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Fig.2 Distribution of TT and K indices ((a)-TT Index, (b)-K Index).

The correlation analysis conducted between the volatility indices showed significant statistical relationships. A strong
positive relationship was revealed between Total Totals and the K-index (0.9), while the correlation between CAPE and the
other two indices is very low (0.3). The obtained result can be explained by the fact that the TT and K indices describe the
behavior of the atmosphere at only a few levels (temperature and humidity at the levels of 850, 700, 500 mb), while the
CAPE index describes the vertical behavior of the atmosphere at the entire height. Therefore, it is natural that there is a high
correlation between the TT and K indices. However, it should be noted that the combined use of the indices increases the
accuracy of the analysis (Fig. 3,4).

Fig. 5 and Fig. 6 presents the distribution of K and TT indices during the day for selected days when convective cloud
formation occurred in the Kakheti region. As can be seen from Figure 5-6, the maximum values of the indices are recorded
at 12-15 UTC, when the soil temperature is high and it is a favorable time for the formation of convective clouds.
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Fig. 3 Correlation between K index and TT.
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Fig. 4 Correlation between K index and CAPE.
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Fig. 5 Distribution of TT index during the day for selected days.
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Fig.6 Distribution of K index during the day for selected days.

The results obtained confirm that instability indices are an effective tool for studying atmospheric processes. However, since
we are considering local convective processes, high-precision data are required for thermodynamic analysis of the
atmosphere, but it should be noted that ERA5 data also showed atmospheric instability quite accurately on the presented
days.

Conclusion

The article presented three indices reflecting the thermodynamic state of the atmosphere for selected days. In particular,
we considered the CAPE, TT, K indices for some regions of Eastern Georgia, when strong convective processes occurred in
the mentioned area. The study showed that instability indices are an important tool for assessing convective processes.
Vertical profiles provide a detailed analysis of the atmospheric structure, and the correlation between the indices indicates
their close relationship. The results obtained can be used both in scientific research and in practical meteorological analysis.

oG gMs@m®s-REFERENCES

1. Hernandez E & Diaz J. Analysis of the atmosphere behavior in the proximities of an orographic obstacle”//Nonlinear
Processes in Geophysics. 1995, 2, pp. 30-48.

2. Rolph G, Stein Ar., Stunder B. Real-time Environmental Applications and Display sYstem//READY. Environmental
Modelling & Software. 2017, 95. pp. 210-228. www.elsevier.com/locate/envsoft.

3. Blanchard D.O. Assessing the Vertical Distribution of Convective Available Potential Energy//American Meteoro-
logical Society. 1998, pp. 870-877. NOAA/National Severe Storms Laboratory, Boulder, Colorado._
https://doi.org/10.1175/1520-0434(1998)0132.0.CO;2

4. Davitashvili T, Samkharadze I, Megreladze L, Kvatadze R. Using modern technology to protect vineyards from hail
amid climate change”//2020, E3S Web of Conferences. https:// www.e3sconferences.org/arti-
cles/e3sconf/abs/2021/10/e3sconf icies2020 00034/e3sconf_icies2020_ 00034

5. Amiranashvili A., Chikhladze V., Kekenadze E.,Pipia M., Samkharadze 1., Telia Sh., VVaramashviliN., Meteorological
conditions for the tornado formation in Kakheti (Georgia) on June 25, 2024. / International Scientific Conference
“Complex Geophysical Monitoring in Georgia: History,Modern Problems, Promoting Sustainable Devel-opment of
the Country”, Proceedings, ISBN 978-9941-36-272-9, Thilisi, Georgia, October 17-19,2024

6. Davitashvili T, Samkharadze I, Amiranashvili A . Modelling Extreme Meteorological Processes Posing a Risk to Ag-
riculture Under Modern Climate Change. Reliability: Theory & Applications 20 (SI 9 (87)), 619-628

7. Tatishvili M, Samkharadze I, Elbakidze K, Kapanadze N. Using of Thermodynamic Indices to Characterize Torna-
does Under Climate Change Conditions. International Journal of Sustainability and Risk Control. 2 (1), 65-69.

104


http://www.elsevier.com/locate/envsoft
https://doi.org/10.1175/1520-0434(1998)0132.0.CO%3B2
https://doi.org/10.1175/1520-0434(1998)0132.0.CO%3B2
http://www.e3sconferences.org/articles/e3sconf/abs/2021/10/e3sconf_icies2020_00034/e3sconf_icies2020_00034
http://www.e3sconferences.org/articles/e3sconf/abs/2021/10/e3sconf_icies2020_00034/e3sconf_icies2020_00034
http://www.e3sconferences.org/articles/e3sconf/abs/2021/10/e3sconf_icies2020_00034/e3sconf_icies2020_00034

AL 30RGMBIBIMAHCIR MO0 O6LAOBIBOL 1S3ICH0IGH() AIBIA0MIBSRD FA(MFSDS 3@HIBIRO, &.139, 2026
SCIENTIFIC REVIEWED PROCEEDINGS OF THE INSTITUTE OF HYDROMETEOROLOGY OF THE GTU, V.139, 2026

doi.org/10.36073/1512-0902-2026-139-101-105

m53: 551.576

3GHMLBIOMEO  5M39MMdOL  06gJlgdols @S  ZIOHE0IMMO  3MMBOWPOL  sbswobo  deogho
3639d30960 dmgegbgdol ™l /0bys Lsdbotsdy, 85035 Go@E0d30wo0, 6569w BmEH030830@0 /dy-ob 3do-
ob 9OHmPsms 3M900-2026.-3).139.-43. 101-105. -Jo0om., M9B. JoOm., 0baw., Hb.

33093500 29Bbomos 50dmMbagwgm  LogoMm3zgEml  GgHoEMM0sDBY 5BHIMLRBIOML  5MSBYMMOOL
99335905 Lodo MYMIMEObsTo M0 0bgduol — CAPE, K-index oo Total Totals as8mygqbgdom. 9go06Bs 61009600y
095¢00MH0  9JbGHOYToMGmo Y9, Mol Loxgmdzgwbgyz 9M5dEAMOEMBOL 0badlgdol Tgx3sligdsliorsh ghmo
39630bogo 5GHIMLGIHMEO 3560599GHMJO0L 39MEH030MO 3OMBOEd0 BHYbosbmdols s JoMmol LoBJsmol
9mbs399900L dobggom. d9mPBJMo ®Y9d0LEMZ0L FgRsligdEros 06gJuigdl ImMmOl 3MMIWOE0MO 353T0M0.
3300350 9B396s MM BmaogHm 06gdLl Mol sOLYdIMBL deP0IHO JNMYESE0MO 3530060, MoE JoPOMIdL
PomImpgbowo  0bglgdol  ghHmMdEozo  2sdmygbgdol  gx39GHWOMdSBY  3mbzgdgommo  3GMmEglgdol
d9bobfogans. 00MgdvEo  9EIYRJO0  5ILEGHWOGRL, Mmd 53 0bEgdbgdol  3mTdoboMmYds  39MEHOIOWGO
360 x50Egd0L 3mbo3gdgdmb »bMvbagarygmal 3mb3gd30w9MH0 5JE03mdOL M39m Fgx3sLgdsl. 33¢0g35 boBL ML3sAl
ERA5-0b 3603369c0mdsl 9db@®gdsemmemo 5d0bolb dmgwgbgdol sbswroBbdo, bnwm dowmgdrwmo gmobs 9g0dwgds

299mygbgde 0dbsl MmameE bsdgsbogdm 33wg390d0, SBY3g 3Mod@03E IJGHIMOMEMY0NO sbsEODLS
36HMAbMBoMgdsd0.

doi.org/10.36073/1512-0902-2026-139-101-105

YIK: 551.576

AHaJIN3 MH/IEKCOB aTMOC(epHOii HEYCTOHYUBOCTH M BEPTUKAJIbHBIX NPoduJieil BO BpeMs CHIbHbBIX KOHBEKTHBHBIX
sijenmii /Muara Camxapamse, Mapuka Tarumsnmm, Hanynn 3otuxkumsmm/C6. Tpymos UTM I'TVY. - 2026. — Tom 139. -
€.101-105. - I'pys.; Pe3: I'pys., Anri., Pyc.

B uccnenoBannu paccmarpuBaeTcs OlieHKa aTMoc(epHOil HeyCTOHUMBOCTH Ha TeppuTopun Bocrounoii ['py3un ¢
ucnonb3oBanueM Tpex nHaekcoB — CAPE, K-unnekca u TT. Bputo BRIOpaHO HECKOIBKO peaNbHBIX AKCTPEMATbHBIX THEH,
Ha OCHOBE KOTOPBIX, HapsAy C OLEHKOW HHAEKCOB HEYCTOHYHMBOCTH, OBUIM PAacCMOTPEHBI BEPTHKAIBHBIE MPOGIIN
aTMOC(epHBIX TapaMeTPOB 10 JAHHBIM O BIAKHOCTH U CKOPOCTH BeTpa. i BRIOpaHHBIX JHEH ObljIa OIleHEeHa KOPPEIIAIUs
MeXay HHAekcamu. MccrnenoBaHue IOKa3ajlo HaM4YMe CHIIBHON KOPPENSIMU MEXIy HEKOTOPBIMH HHIEKCAMH, YTO
YKa3bIBa€T Ha 3¢)¢)CKTI/IBHOCTL COBMECTHOT'O HUCIIOJIB30BaHUA NPEACTABJICHHBIX HHACKCOB JIsI M3YYCHHUA KOHBCKTUBHBIX
nporiieccoB. [TomydeHHbIe Pe3ysIbTaThl MOATBEPIKAAIOT, YTO COUCTAHNE ITHX HHICKCOB C JAaHHBIMH BEPTHKAIBLHOTO MPOdUIIS
obecrieunBaeT 0OoJjiee TOYHYIO OIEHKY KOHBEKTHBHOW aKTMBHOCTH. MccnemoBaHue momdepkuBaeT BakHOCTb ERAS B
aHaIM3€ SKCTPEMAIBHBIX IOTOJHBIX SIBJICHWH, a TIOJNydeHHbIE 3HAHUS MOTYT OBITH HCIIOJNBb30BAaHBI KaK B HAy4YHBIX
HCCIIEZIOBaHMSAX, TAK U B IIPAKTHYECKOM METEOPOJIOTMYECKOM aHAJIN3€ U IPOTHO3UPOBAHHY.

doi.org/10.36073/1512-0902-2026-139-101-105

UDC: 551.576

Analysis of Atmospheric Instability Indices and Vertical Profiles during Strong Convective Events /Inga Samkharadze,
Marika Tatishvili, Nanuli Zotikishvili/ Transactions IHM, GTU. -2026. -vol.139. -pp.101-105. - Georg., Summ. Georg.,
Eng.Rus.

The study discusses the assessment of atmospheric instability in the territory of Eastern Georgia using three indices —
CAPE, K-index and Total Totals — based on ERA5S data. Several real extreme days were selected, on the basis of which,
along with the assessment of instability indices, we considered vertical profiles of atmospheric parameters according to
humidity and wind speed data. The correlation between the indices was assessed for the selected days. The study showed
that there is a strong correlation between some indices, which indicates the effectiveness of the joint use of the presented
indices for studying convective processes. The obtained results confirm that combining these indices with vertical profile
data provides a better assessment of convective activity. The study emphasizes the importance of ERAS in the analysis of
extreme weather events, and the knowledge obtained can be used both in scientific research and in practical meteorological
analysis and forecasting.
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