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© TPONMYECKMI LNKIIOTEHES

K HACTOALIEMY BPEMCHH OTCYTCTBYIHOT OﬁmerHHHTble:

» ornpeiae/JiecHHE TPOMHIYECKOI'0O IHKJIOIeHe3Aa,

\%

KOJIH4eCTBeHHbIe KDHTEPHH, N03BOJISIIONIHE TOYHO JTHATHOCTHPOBATh BpeMs
BO3HHKHOBEHHSI KPYITHOMACIHITA0HOH BHXPEeBOH HEYCTOHYHBOCTH.

Ot pemrenuss 3TUX NPod/JIEeM NPUHUHUIHAIBHO 3ABUCUT IPOrHO3
PAa3BUBAKOIIETOCH BUXPH U BCH CHCTEMA ONOBEHICHUSI HACEIeHUS
0 BO3MOKHOH 4YpPe3BbIYAMHON CHUTYAI[MH.

NMPEAJIOXKEHA

PEAJIN3ALMA TOYHOU OAUATHOCTUKU LIMKJIOTFEHE3A




€ yuacTHE ABTOPA B MCCHIEQOBAHMAX TY

» E:xenneBHoc saBapsi2012r. :
Bcemmpaerii npodeccnoranbHeIl popym  http://tstorms.org/

» Jloxaan mo pesyiabrataM 2019 r. BkaroueH B IIporpammy 34-ii kondepeHER
AMEpPHKAHCKOI0 MeTEOPOIOTHYECKOro 001IeCTBA M0 YparaHaM H TPonHuYecKoii
meTeopoaorun, Hoewiii Opaean, CIIIA, maii 2020/21:

Helical tropical cyclogenesis: detection of pre-depression large-scale vortex instability
https://ams.confex.com/ams/34HURR/meetingapp.cgi/Paper/371535

» EpmacTBeHHbli npeacrapute]ab Poccun cpean 400-500 y4acTHHKOB AHAJIOTHUYHBIX
koH(pepennuii — AMS Conferences on Hurricanes and Tropical Meteorology:

29th Conference, Tucson, Arizona, USA, 2010.
https://ams.confex.com/ams/29Hurricanes/techprogram/paper 167780.htm

31st Conference, San Diego, California, USA, 2014. [lok/1aa B JeHb OTKPBITHA, HpaiM-TaiM:
https://ams.confex.com/ams/3 1Hurr/webprogram/Paper243281.html

» llpurnamenHsrii 1okaaja (live — npaMas TpaHCJASIHASA HAa HAYYHbIE HEHTPbI MHPa)
B HannonansHoM neHTpe armochepHbIx nccaenopanuii CIIIA — NCAR, Boulder,
Colorado, USA, 20 October 2016:

Helical tropical cyclogenesis: a modern look based on cloud-resolving numerical analysis of
self-organization of moist convective atmospheric turbulence.
https://www.mmm.ucar.edu/seminar/2016-10-20-213000-helical-tropical-cyclogenesis-modemn-
look based-cloud-resolving-numerical
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. . REDIC
EXPERIMENTS — PREDICT, GRIP, IFEX [\ aih b
August 15 — September 30, 2010 MAS
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DC-8 (h~12.5 km) Gulfstream-1V (h=12.5 km)

NOAA's “Hurricane Hunter” Aircraft
Lockheed WP-3D Orion (h=8.3 km)

Kapubckoe nero 2010: NASA-NOAA-NSF/NCAR coBMecTHbIE HaTypHble akcnepumMeHTsl GRIP-IFEX-PREDICT.
ABTOp yyacTeoean B akcnepumeHTe PREDICT u nonete B yparad Kapn 14 ceHTabps 2010 r.



o COLIEPKAHME J[IOKJIALIA

Mo maTtepunanam nybnukaumm ( doi:10.1088/1742-6596/1640/1/012023 ) :
Levina G.V. Birth of a hurricane: early detection of large-scale vortex instability 2020 J. Phys.. Conf. Ser

Beeoenue. Tponuuecxkue uuknonst (T1])
1. /InarsHocTuKa TPONHYECKOr0 MHKJIOTeHe3a

1.1. Bo3HHKHOBeHHe KPYIIHOMACIITAOHOH BHXPeBOH HEYCTOMYHBOCTH
1.2. ObaauHo-pa3penianinii YHCIeHHBIH aHAIH3:

* noJae EEpTHKﬂJ’ILHDﬁ CIIHPAJBbHOCTH:. JOKAJH3IAIHA EHIPEEﬂﬁ
KOHECKIIHH,

* puxpeBble ropsune oamun (BI'b - VHTs) u popmupoBanne
BTOpHYHOI nupkyasnun (BII),

* JHATHOCTHKA HEYCTOHYHBOCTH M0 MO0 CHHPAJILHOCTH: THIIHYHLIE
koHpurypanuu BI'b - VHTs

1.3. GOES Imagery:

* THATHOCTHKA 0 moJw temmeparypel: Overshootings Cloud Tops

2. 3apoxaenue yparana Isaias (2020)
3. llepcnekTHBBI
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© 7uy: MOHMTOPHHI M NIPELYMIPENAEHWE
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onng ATy
’:W“‘* N H C https://www.rhc.noaa.gov/ ;&ﬁ
\J_, National Hurricane Center Miami, Florida s

TS — Ttponnueckuin wrtopMm, V = 18-32 M/c ; nonyyaer uma

‘ H — yparadw, V=33 m/c; kareropum 1-5 (=70 m/c)

ALARM - TUW'! npu noarsepxaeHun dpopmmpoBaHus TD.

OaHaKo M3BECTHO JOCTAaTOYHO MHOMO CryyaeB, Korjja HecMoOTpPs Ha BCe YCW/INA He yaaeTtcs
naeHTUUUMpoBaTk ctagmio TD M BUXpb AMarHoctupyerca ye Ha cragum TS. Yacro B

onacHoi bamzocTn K rycroHaceneHHbelM TeppuTOpMaAM, KaK HanpuMep, 31O nNpoM3olluno cC

6yaywmm yparanom Isaias (2020), ngentudmympoBaHHbiM Kak TS B6auzu Myspro Puko.



© anarHocTHKA SAPOAEHMA TY

ITO OTBET HA BOHNPOC O MOMEHTE IMOAB/ICHHH KP}’HHHMHEH]THﬁHﬂﬁ BHIPEBﬂﬁ HE}TTﬂﬁqHBﬂﬂH:

Koraa dgopmupyroumuicsa yparaHHbli BHUXPb CTAHOBHUTCH
JHEPreTUYECKH CAMOMOMAEPKUBAOIIMMCH M YCHJIMBAKIIUAMCH?

“ Kinetic energy <EP> and <ES> (m*®s?)
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Primary tangential circulation time (h)

» AHAJIH3 JBOJIOHH KHHETHYECKOH »JHeprHH NepBHYHoH mnEpRyIanEE EP B BropmuHOi
nEpRyIanaEa ES mo3poger onpeaeTHTh MOMeHT BpeMeHH G , KOrma HAYHHAeTCA HX B3aHMHOE
VCH/JIeHHe H (DOPMHPVIOIMIHICA BHXPh CTAHOBHTCH 3HepreTHYeCKH CAMONMOdep:KHBAKIIHMCS.

» JlaanHelIlee PA3BHTHe HeYCTOHYHBOCTH MPHBOJHT K 00pazoBaHHKW TpomH4Yeckoil gdempeccun (TD).

O6GocHoBaHHe: TypOyJeHTHOe BHXpeBoe THHaAMO + KiawdeBasi poas BI'b B ero coznannn

Levina G.V. A realization of the turbulent vortex dynamo in the atmosphere: based on the 215 century knowledge. 2019.
J. Phys.: Conf. Ser. doi:10.1088/1742-6596/1336/1/012007




@ BUXPEBLIE F'OPIYME BALUHYM — BI'S

[IEpBHORan UAPRYAALAA -

> 006beMHoe BbijesieHune CKpPbITOIo T€1Jia npv KOHAEHCALlUN,

» BpalleHue Ha MacwuTabax obnauHoun KOHBEKLIN,

> BBBHMDHEI‘:]CTBHE CABUITOBOIo TEYEHUA MU BHXDEBOﬁ KOHBEKLIMN,
» reHepauumo HEHVHEBDﬁ CnMpasibHOCTU Ha obnayHbiX MacwiTabax.
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€© AMArHOCTHKA 3APOXAEHNSA TUY

AHanus nosen BepTuKasbHOMU CNMPasIbHOCTU U TEMNIEPATYPbI

B mMomeHT G NpoMCXOOST MPUHLMMWANEHO BEXKHBIE WM3MEHEHWSA B CTPYKTYPE PazBUBAIOLLENCA BUXPEBOW
cucremel. KpynHomaclwtabHan BUXpEBas HEYCTOMUMBOCTL BOZHUKAET MOYTU OAHOBPEMEHHO ¢ MOPMUPOBAHNEM
BTOpUYHON UMpkynsaun (BL). Takum obpazoM, MOsBNEHME HEYCTOMUMBOCTM MOXET ObiTb MPOCNEXEHO C
MOMOLLEI KAPTHH COOTBETCTEYIOLMX DUZMUECKUX MONe,

. KuHetnueckan aveprua  (m°c?)
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UncnenHana nuarHocruka sapoxaenuns TL: «Genesis — G». JxkcnepuMmenTt A2 [MO06]

BB urpakoT rnaeHyio ponb B hopMUpOBaHUKU U NOAAEPKAHUU BETOPUYHOWM LIMPKYAALMA,
HarnagHo BuzyanvauposaTs BB NozBonAlT Nons BepTUKaNLHOW CNMpansHOCTU U TEMNEPaTYpbI.

[MO06] — Montgomery M. T., Nicholls M. E., Cram T. A., Saunders A. B. 2006, J. Adrmos. Sci., 63, 355-386.



€© AnArHoCTHKA SAPOXIEHMA TY

Yro IIPOHCXO/JIHT HA MacCIITA0aX 00,JA9HOCTH H Me30MACIITA0AX BCeH CHCTEMBbI?

PESPEEOTEH M NpMMEHEH HOBbIN METOLO, I'IOSEO.I'IHI'DLLI,HIH NoKann20BaTe BMXPEEYIO KOHEBEKUWKD.

C 3TOI Llenbko NPUMeHeHa MoTHOCTb CriMpanbHocTK (He uHTerpan!), T.e. none crnvpanbHOCTK — /1, onpefeneHHoe B
KaXKJOW TOYKE KOHEYHO-Pas3HOCTHOW CETKM, @ UMEHHO, BepPTUKanbHbIM BKNaa 3TOW BEMWYMHLI — /4,

ew  &v féu ow fev  éu
h=V-@ =1 —-—|+V| ———— [HW| ———
Loy @&z L6z Ox L &x &y

MNMone BEPTHHEHhHDﬁ CNUPaNbHOCTHU CRNYXHUT “CIJI-"IHI:ITPDM », BbieNnaouWnM BUXpPeBYyHO KOHEEKL M.

BeinonHeH aHannz npoueccoB Ha MacwTabax obnayHocT (BepTUKanbHasa CNMpansHoCTs) M MezoMacluTabax
cucTeMbl (MHTEerpanbHaa KWHETUYECKaA SHEPrUA M CNMPanbHOCTL) ANA 4 akcnepuMeHTos 13 [M06] :

. Haspanue skene- | Max v (y/c) - -
No b AR VM Onucanme sKenepiMenTa (Ax = Ay = 3 ks, SST = 29°C)
PUMCHTR NnpH £ = 4 KM :
A2 | 3KM 6.6 YenemHan tpaHcopyMaliid B noBepxXHOCTHBIN BUXPE. CPpeIHH NPHNoBepx-
HOCTHBHT TAHFeHIMANBHBIN BeTep ~ 13 M/c uepes 24 u w46 m/cuepei T2y
B} | Mouuxennan b6 BirakHOCTE Ha HHUAHEM YPOBHE NoHMAeHa Ha 2 /K Yenewnan, no Gonee
JOKIT2 (3 ka) MeLTEHHAA TPAHChOPMALINE B NOBEPXHOCTHRII BHXPL. CpeaHnil npuno-
BEPXHOCTHBIN TAHNEHUMANBHEI BeTep ~9 M/c uepes 48 u.
'3 RIS Ph 3. Yenewnan, Ho Sogee MeIeHHAA TpaHcthop; OREPXHOCTHBII
C Craduiil BHxp 5.0 Yenewsas, Ho Goaee MeleHHan TpanchopMalns B NOBePXHOCTHEI
BHXPE. CpeaHHil NPpHNOBEPXHOCTHLI TAHTeHUMATLHBI BeTep ~9 s/cuepes
T2 v, OueHb ACHMMETPHUHAS LIHPKYIALHA Aa%e uepes 72 u.
: CVTCTRHE CHUTE . apameTp Kopnoaneaf= 0. ¥enewnan tpancdropuis OBEPRHOCTH B
El |Orcvrersne cuibl 6.6 Mapaserp Kopnoauca f= 0. Yenewnas pancdgopMalnd B nopepxHocTH LI
Kopuoanca BHXPE Kak B Al, HO He NPOHCXOAHT TaTBHE HIIero YCHISHHA B TeueHue 72 4,

Mpusevanne. 55T (Sea surface Temperature) — TeMmneparvpa nosepyHocTH Mopst; T2 — 1ocTvinHas KOHBEKTHEHAA NOTEH UL -
HaM IHEPIHA.

[MO06] — Montgomery M. T., Nicholls ML.LE., Cram T. A., Saunders A. B. 2008, J. Afmeos. Sci., 63, 355-386.



© suxpeBan oBnAYHAR KOHBEKUMA

POSITIVE HELICITY:
cyclonic updrafts &
anticyclonic downdrafts,

NEGATIVE HELICITY:
cyclonic downdrafts &

anticyclonic updrafts
08-23-98 00hr G
08-23-98 06hr TD
08-24-98 09hr TS
08-24-98 20hr H
08-25-98 03 hr Max Wind
43 m/fs

The first updraft is generated
by the intial 300 s local heating

at low levels

Time = D8-25-98—-00 hr, 00 min

[ O [ [T

-1.5 —=1.0 -0.5 0.5 1.0 1.5 20 25 2.0 3.5 4.0
X 10 m s”

BUXPEBAA KOHBEKLINA:
NIOKanusaLuus B noJsie BEpTUKasIbHOU CNUPasIbHOCTH



LAMATHOCTHIKA SAPOXCOEHNA TU

YTo IIPOHCXOIHT Ha MAaCIITA0aX 00JIAYHOCTH H Me30MACIITA0AX BCeH CHCTEMbI?

Table 1. Pre-depression large-scale vortex instability.

The first VHT = 13 km in height Genesis  Tropical Depression

Instability
_ _ Max Vertical Start _
Expeniment Time (h) Helicity (ms?) Time (h)  Time (h) ¥V (ms"')
A2 8 1.3x10- 12 16 9.4
B3 38 6.1<10 40 48 8.8
C3 18 1.4=10- 18 26 7.5
El 3 5.2x104 10 20 8.2
{EIJ}' {Eﬁ.} {x 101:—; m'- s:} {EP}, {E!S} (x 1015 m‘- S:‘} "f-E11:‘-"', {EB} I:x 1ﬂ1r~ m$ S?) "‘:Ep}, {EH} {x 1015 m.r. 5?}
3 - = 1.2 - — 2o f20; - _ ]
[ Expt. A2 L | Expt.B3 [ | Expt.C3 o ] | Expt.El
[ "3 km" "“CAPE-less” Joo 1 5 "Weak Vortex” | 1 1 5. "Zero Coriolis”
2! 0.8 (3km) NAEEE : /o ! L
t A {0 [ / ] [ Y TH
': ,.-’ R m / 1.0+ e ] 1.0+ Tnﬂl £ \ e
i 3 5 G, T i - / : - LA v N -
vz "y 041 £ - i o A ; : ] B f ]
: TD /H- - : 1 0.5' -E ) D____’/ " 1 0.5'-_ B ", N
/r g N . J-T PR Rt P |
ﬂ ] ...... 000 e 2 - 000 l e droeo
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
tlme {h time (h) time (h) time (h)

JBOIIONHA KHHeTHYECKOH YHEePrHH NepBHYHOH (1) H BTOPHYHOH (2) HHPKYIALHH, IOKA3AHHAA COOTBETCTBEHHO
CILTOMHBIMH H MYHKTHPHBIMH THHAAMHA. KpacHbIe THHHH NOKA3BIBAIOT BeJTHYHHY YJHEPIrHH B MOMEHTHI, KOTIa:
(G — HAUAHAETCH B3aHMHOE YCH/IEHHE ofenx IIIIP[\"}'.'IHIIHE, BHXPH CTAHOBHTCH 3HEPreTHYECKH CAMOMOOTEP-KHBAINHMCH

TD — obpa3yeTrcd TpomH4YecKad JempeccHs; TS — BHXPb JOCTHraeT HHTEHCHBHOCTH TPOMHYECKOT0 MTOPMA;
H — BHXpb YCHIHBaeTCH J0 YParaHHOH HHTeHCHBHOCTH.



€© AanarHocTHKA SAPOXIEHMA TY

Yr1o HaO0aercs B 10Jie BePTUKAJIbHOW CHIUPAJIBHOCTH ?

0,4 Qs 1.0 1.5 2. 2% A0 15 4.0 ® 10 mosd

Exp. A2: (a) Ileppas mHTeHCHBHad BI'b > 13 kM B BeicoTy mpu (=8h, z=1,4,7, 10, 13 km;

(b) KapTuHel B BepXHEM CeUeHHH pacueTHOH oOmactH 276 kM x 276 kM mpH Zz= 13 km
t = 8: moasunack uHTeHcHBHaA BI'b; f=12: chopmupoBamack BII; =16 h: oGpasopanace TD.



€© wTOrM YNCIIEHHOIO AHAJIN3A

OYHAOAMEHTAJIbHBIE:
» DBbigBneHa kko4YeBas ponib BI'b B ABNeHUX TPONMUYECKOro UMKIoreHesa;

» WHTepnpeTauns TPONMYECKOro LMKNoreHesa Kak KpynHoMacluTabHon
CrpanbHO-BUXPEBON HEYCTOMYMBOCTW, NpUBoASLIEN K 0Bpa3oBaHuIo
TPOMUYECKON aenpeccuu, No3sonuna:

- ONpeEaennTb TOYHOE BpEMA, KO'Aa Ha4MHAETCH UMKNOreHes;
- BBECTU KOJ/TMHECTBEHHbBIE KPUTEPUWN, XaPaKTEPU3YHOLLUME XaOTUHECKOE
BNUSHME BNAXXHOM KOHBEKLIMN.

NMPAKTUYECKME:

» CnvpanbHOCTE W ee MpPOCTPaHCTBEHHble BKNaabl ObliM BBEdeHbl B
aTMoChepHbl  0bnayHo-paspellaoWid  YACNEHHbIM aHanus ¢ Uenbio
KOJTMYECTBEHHOr0 UCCneaoBaHns 3(MMEKTOB HOBOW HeYCTONUMBOCTH;

» [lone BE[JTMKEU'II:HDIFI CNpalbHOCTKA 6b1n10 Briepeble MNMPeyioXXeHO ¢

NPUMEHEHO B KauyecTBe GWIbTpa ANS NoKanusauMu  aTMoCqepHOi
BUXPEBOW KOHBEKLIMK.




2020: SAPOXAEHNE YPATAHA ISAIAS
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€© PRE-ISAIAS 23-29 July 2020
$

Five-Day Graphlcal Tropical Weather Outlack ““%)_
b

Masonal Humcans Center Mismi, Flonda

Hurricane Isaias originated from an easterly wave off the coast
of Africa that represented an area of disturbed weather over the |
open ocean. The wave was first identified by NHC on July 23.

When traveling over warm tropical waters, the wave developed
a broad area of low pressure and intensifying convection, and
became more organized.

On July 28, satellite data showed that the system, approaching the
Leeward Islands, did not have a well-defined center. Surface
observations showed gale-force winds about 15-18 m/s. Therefore,
a threat of TC genesis prompted to designate Potential
Tropical Cyclone Nine— TPC 9 — on July 28.

However, the situation continued to remain very uncertain, since the |
Air Force Reserve reconnaissance aircraft, several hours later, also
failed to detect a well-defined center of circulation.

As a formed tropical cyclone it was identified only
36 hours later, and at the stage of tropical storm [/
with winds approximately 23 m/s. 03-00 UTC

The vortex named TS Isaias was located to the South of
Puerto Rico — 250 km, and Dominicana — 430 km.

LE

Ceterd Cashrtances anc Five. Dy Cyciorn Formation Charce.  Thedtn B 080w 30 = 0%
Tropical o Sub-Tropical Cysiora: @ Degresslon & Stom  # Huricars
B Pl Teopeeal Cyciors of Mesnacks




€@ Exact Time of ISAIAS’ Genesis—?

VHTs patterns, which are typical for the onset of large-scale vortex instability in the vertical helicity field, can
be compared with VHTs patterns in the temperature field from the GOES Imagery. The satellite data is a useful
tool in retrievals of cloud top height. It allows estimating cloud height based on the temperature of its top.

Bearing this in mind when tracking a tropical disturbance, one can analyze satellite data with a special focus
on cloud tops about 13 km and higher — the so called “overshooting cloud tops.”

Infrared satellite images on 29 July 2020: (a) 0900 UTC; (b) 1200 UTC.
The color bar represents brightness temperature (°C). Dark red and black color is a manifestation
of very strong updrafts, which reach the tropopause and can penetrate into the lower stratosphere.

Based on the author’s observations, the first overshooting cloud tops appeared (correspondingly, with both possible,
formation of the secondary circulation and following large-scale vortex instability), when the disturbance was approaching
the Leeward Islands on July 28. Highly likely, that the pre-depression instability was under way in the forming vortex
passing near Puerto Rico — in the figure.

If so, TS Isaias could have been designated 15-18 hours earlier.



€© BbIBOAHI M MEPCIIEKTHBAI

B HacTosien paboTe npeasioXeH noaxod Ans oOHapy)XeHUs HOBOW
KpynHoMacliTabHON  BUXPEBOWM  HEYCTOMUMBOCTM B TPOMUYECKOU
aTMocdepe 1 TOYHOM AMarHOCTUKW LIMK/IOreHe3a Ha OCHOBE COeMHEHUS
obnayHo-paspeLuaroLero YmceHHoro MmogennpoBanus 1 GOES Imagery.

[lo0 MHeHWIO aBToOpa, Nocse TWaTeNbHOro U3y4yeHus, cﬁopa CTaTUCTUKK
Mo 6OJ'II::LIJOMY ynucny uccnepoBaHHbiX TLL M aHanm3a BceX MOyYeHHbIX
PE3Y/IbTAdTOB MNOABUTCH BO3MOXHOCTb TOYHOW ANarHOCTUKKN 3apPOoX4eHWA
TL| Ha oCcCHOBe TONbKO CMYTHUKOBBIX JaHHbIX.

PaboTta BbinonHeHa B pamkax roczaganua N2 01.20.0.2.00164 (tema «MOHUTOPUHI>)

Publications, presentations, data:

https://www.researchgate.net/profile/Galina Levina
https://iki-rssi.academia.edu/GalinaLevina

CrNNACN6O 3A BHUMAHME'!
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