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o COLIEPYAHME [IOKNIALA
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1. OrkpbiTne BUXPEBOM Bia:kHOH KOHBEKIHH B TPOIMHYECKOI
armocepe — VORTICAL Hot Towers — VHTS

e [opsuue oOmaunbie Oamrau — Hot Towers — 1958
e VHTSs — O6nauHo-pa3perniaroiiee ynucieHHoe MmoaenupoBanue — 2004
e VHTSs — IlepBoe HabmtogarenbHoe moarepxaeHue — 2005

2. Buxpesbie ropssuue oamau — VHTS

* OCHOBHBIE XapPaKTEPUCTUKHU

* I'eHepanys U yCUJICHUE BEPTUKAJIBHOU 3aBUXPEHHOCTH
* [eHepauusd cnUpaibLHOCTH

3. AnenTu(UKALNA BUXPEBOl KOHBEKIHMH B I0JI€ BEPTHKAJIbHOM
CIMPAJTBHOCTH — METOANYECKHUE PEKOMEHIAIUU

BblBOAbl



© BBEAEHWE: MOTHBALNMA LIOKIIAAA

B cepun Hammx npenpiaynux AokiaanoB Ha koHdepenuusix MKU mo /33

B 2014-2018 rr. BuxpeBas oOyiauHas KOHBEKIUS 00CYKJajlaCh B KOHTEKCTE
IPUMEHEHHUSI TCOPUU TYpPOYJIEHTHOTO BHUXPEBOIO JMHAMO K HMCCIICAOBAHUSIM

Tponuyeckux LMKIOHOB (TIl), B 4acTHOCTH, C LI€IbIO0 paHHEH JUArHOCTUKU
3apOXKICHUS YPAraHHOTO BUXPS.

B 00cyxJieHHsSIX MOCJIEIHEr0 BPEMEHM C yYaCTHHMKaMH KOH(EpPEHIIH,
PELIEH3EHTAMU HEKOTOPBIX OTEYECTBEHHBIX KYPHAJIOB U CIICIIHATIUCTAMHU B
ATON 00JIAaCTH MOCTOSAHHO BO3HUKAIOT CJIEAYIOIINE COMHEHHUS U BOMPOCHI:

> Jloka3zaHo JiM CylleCTBOBAaHHE BHUXPEBOH 00JaYHOMH KOHBEKIIMH ?

(COZ]ZCICHO cKenmukam 6 pazeumom ypacane ona 80061/{/!8 O0NIAHCHA NOOABNAMbCS GPCZLL;QHMQM)

» Hy:kHa 14 Takasi BeJIMYMHA KAK CIMPAJbHOCTD I0JIs1 CKOPOCTH ?

» 3adeMm B Poccum npoaokaTh H3ydyeHue TPONMUYECKUX UKIIOHOB ?




@ HOT TOWERS IN THE TROPICAL ATMOSPHERE

https://en.wikipedia.org/wiki/Hot_tower

Riehl and Malkus (1958) implicated the role of HOT TOWERS

(horizontally small but intense cumulonimbus convection cores that reach the tropopause via
nearly undilute ascent) in the vertical heat transport and mass flux in the tropical atmosphere.

Reference: Riehl, Herbert and Malkus, Joanne.
On the heat balance in the equatorial trough zone. 1958: Geophysica, 6, 503-538.

Tropical Rainfall Measuring Mission s
"Hurricane Bonnie 08/22/98"

A hot tower is a tropical cumulonimbus

Yo 18k cloud that reaches out of the lowest layer,
Tower' B of the atmosphere, the troposphere, and
into the stratosphere.

In the tropics, the tropopause, typically lies
at least 15 kilometers above sea level.

These formations are called ""hot""
because of the large amount
of latent heat released
as water vapor condenses into liquid
and freezes into ice —
TS memmme el — 2 phase transitions of moisture !




THE THIRD MILLENNIUM

CLOUD-RESOLVING NUMERICAL SIMULATION OF
TROPICAL CYCLONE (TC) FORMATION

Hendricks E. A., Montgomery M. T., and Davis C. A. 2004, J. Atmos. Sci., 61, 1209-1232

The VORTICAL nature of atmospheric moist convection in the tropical zone was discovered
by near-cloud-resolving numerical simulation — Vortical Hot Towers — VHTs

Reasor P.D., Montgomery M. T., and Bosart L. F. 2005, J. Atmos. Sci., 62, 3151-3171

The first observational evidence that convective bursts have the vortical nature was obtained
by aircraft measurements in the tropical atmosphere

By now, observational evidence for the existence of vortical convection
during TC formation has been provided for different regions of the tropical zone




VORTICAL HOT TOWERS — VHTs

Hurricane Isaac (2012) before landfall.
Courtesy of CIMSS.
Winds of 80 mph (36 m/s)

VHTSs in Tropical Storm Gustav (2002)
From Hendricks et al., 2004.

G-14 IMG BAND=1 (0.62 UM) 28 AUG 12 (2012241)

VHTS - rotating convective clouds

the lifetime ~ 1 hour,  the horizontal size ~ 10-30 km,
the height ~ 14-18 km of the most intense ones penetrating the entire troposphere ,
the vertical velocity from 2- 4 m-s! upto 25-30 m's!,
the relative vertical vorticity up to 103-10-2s1 (by 1-2 orders exceeds the planetary rotation).



@ VORTICAL HOT TOWER ROUTE TO TROPICAL CYCLOGENESIS

New scenario of hurricane formation based on self-organization of convective processes

MO06 :
Montgomery M.T., Nicholls M.E., Cram T.A., Saunders A.B. 2006, J. Atmos. Sci., 63, 355-386.

A nonhydrostatic cloud model was used to examine the thermomechanics of tropical cyclogenesis

Results
A new scenario of hurricane formation absolute vorticity—mergers at 925hPa
has been proposed. L R R

Ax= Ay=1 km

Self-organization of vortical (!) convection
was observed as:

« an enlargement of vortex structures from
the size of individual rotating cumulus
clouds in the model,

» their induced concentration of absolute
angular momentum on the system scale
circulation;

 their merging with each other to yield
newly forming larger vortices and g :
intensifying circulation on the system scale. S ] e —

Hodel Info: ¥3.7.2 No Cumulus MEF FEL ~ Schultz 1 kma, 38 levela, 1 zec




@ VHATs: NUMERICAL AND OBSERVATIONAL EVIDENCE

Houze R. A., Lee W. C., and Bell M. M. 2009, Mon. Wea. Rev.,137,2778-2800.— Aircraft mission measurements

The paper presents the detailed direct observational documentation ofvortical convection as well as evidence that corroborates
the basic notion of a VHT route to cyclogenesis by Montgomery etal.

Montgomery et al., JAS, M06: Fig. 9b. Houze et al., MWR, 2009: Fig. 10d.
Numerical simulation, Experiment A1, Ax =Ay =2 km; *ELDORA 3D wind fleld in pre-Hurricane Ophelia (2005)
The first VHT in the simulation at t =40 min A VHT at t=2108-2122 UTC, 6 Sep 2005
(b) t =40 min. (d} Vorticity and perturbation wind at 6 km 103 g
w f+C : : ; 2
z = 9km » Anticyclonic

Z =T7Kkm
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At z=3-9 km: Max cyclonic vorticity 2—5-103 s At 6 km: Max cyclonic vorticity 12103 5!
The updraft wide 10 kim, height 16 km. The updraft wide 10 km, height 17 km.
Max vertical velocity 33 m's! at z= 10 km Vertical velocity 10-25 m-s! at upper levels

VELDORA - the especially high-resolution Electra Doppler Radar



FORMATION OF A VORTICAL HOT TOWER

GENERATION OF VERTICAL VORTICITY
AND LINKAGE OF VORTEX LINES === HELICITY

Montgomery M.T., Nicholls M.E., Cram T.A., Saunders A.B. 2006, J. Atmos. Sci., 63, 355-386 — [M06]

Levina G. 2018, Open Journal of Fluid Dynamics, 8, 86-114 — helicity generation emphasized.

Interaction between Convection and Vertical Shear VHT - a Helical Vortex Dipole
(@) (b)

(C) w f+C

VHT is helical
‘by definition’

Generation of vertical vorticity and helicity within a mesoscale convective vortex (MCV). Combination of figures:
Montgomery et al., 2006 and Levina, 2018. Purple lines represent vortex filaments. (a) Radial vorticity generated
by vertical shear profile of initial MCV. (b) Updraft tilts radial vortex filament upward, generating a vertical vorticity
dipole with positive and negative relative vorticity. (c) Vertical velocity (m/s) and absolute vertical vorticity (x1041/s)
signatures associated with deep cumulus convection.



HELICITY CALCULATION BASED ON DIRECT MEASUREMENTS
IN TROPICAL CYCLONES — a TEST for NUMERICAL RESULTS

Molinari J., and Vollaro D. 2008, Mon. Wea. Rev.,136,4355—4372.— [MV08]
Extreme Helicity and Intense Convective Towers in Hurricane Bonnie
Helicity was calculated in Hurricane Bonnie (1998) using tropospheric-deep dropsonde soundings from the NASA Convection and

Moisture Experiment (CAMEX). The most extreme values of helicity, among the largest ever reported in the literature, occurred in
the vicinity of deep convective cells. These cellsreached as high as 17.5 km.

Infrared satellite image at 0100 UTC 25 Aug.

Helicity values (cell motion # 0) and mean winds over 0—6 km.
Sondes D9-D15 were released 2330 UTC 24 Aug — 0153 UTC 25 Aug

Helicity values (cell motion =0) over 0—6 km were also calculated [MV08].

They can be compared with our results of numerical simulation [LM].

The highest helicity value [MVO08] was found for D10 on Aug 24 when the
maximum surface wind was about 55 m-s-.

In simulations [LM] the total 0-6 km helicity reaches its highest value near the
simulation time 60 hours when the maximum wind is 42.5 m-s'.

MVO08 LM
Max Helicity a2 o2
e 2578 m*s 2700 m*-s
Max surface - 425 ms!
i SSms m-s

MV 2010, J. Atmos. Sci., 67,274-284. The study of helicity was extended to 8 tropical cyclonessampled by NASA during CAMEX (1998/2001)



©  vorrrcaL cLoup cowvecrion

Vertical helicity
density:

h =V, (curl\7)

y4

POSITIVE HELICITY:
cyclonic updrafts &
anticyclonic downdrafts,

NEGATIVE HELICITY:
cyclonic downdrafts &

anticyclonic updrafts
08-23-98 00 hr V =~ 6 m/s
08-23-98 06 hr V ~ 9m/s
08-24-98 09 hr V=~ 17 m/s
08-24-98 20 hr V =~ 34 m/s

08-25-98 03 hr Max Wind
43 m/s

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

l Time = 08—-25-98——03 hr, 00 min I

-15 —1.0 —-0.5 a5 1.0 1.5 2.0 25 2.0 35 4.0
X 10" ms?

Expt. A2 [M06]. VERTICAL HELICITY: VORTICAL CONVECTION



Mopeauposanue — JI.A. SIpoBasi
MI'A PAH, CeBacTomnoJb

YeprHomopckni ksasu-TL| (2005):

Bpawaolancn KOHBeKLNA
18.00 UTC 26.09.2005
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LIBeTOM noka3aHhbl:

BEpPTMKaNbHasi CKOPOCTb

BEpPTUKabHas CNpasibHOCTb
NO3BOJISIET JIOKANN30BaThb
BpaLLatoLmnecs
KOHBEKTUBHbIE CTPYKTYpb
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6aLuHs

w~3103¢s1

w (m/s) lon=31.4 18Z26SEP2005




@ OBCY)KJEHHME HA ®OPYME TSTORMS.ORG

Tema Re[2]: [Tropical-storms]
O71 Kerry Emanuel 4
Komy levina@iki.rssi.rul, miander@triton.uog.edu X, tropical-storms@tstorms.org X

MAara 31.10.2019 15:33

Location of first intensification to a hurricane
HURDATv2 (1950-present)
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iSome questions concerning our new 35-45N Main Development Region

Hi Galina:

We are projecting a modest increase in Black Sea TC-like storms over this century;]see

Romero, R., and K. Emanuel, 2017: Climate change and hurricane-like extratropical cyclones: Projections for
North Atlantic polar lows and medicanes based on CMIPS models. J. Clim, 30, 279-299.

Yours, Kerry

Kerry A. Emanuel

Rm 54-1814, MIT

77 Mass. Ave,

Cambridge, MA 02139

Web: https://emanuel.mit.edu

Professor of Atmospheric Science
Phone: (617) 253-2462

Fax: (617) 324-2055
Emall: emanuel@mit.edu

Hurricane Pablo has set a new

record as the easternmost hurricane on record.

Quasi-TC over the Black Sea (2005)



o urory

> BUXPEBAS OBJIAHMHASA KOHBEKLIUA CYLLLIECTBYET !

> BUXPEBASA KOHBEKLUWUSA HArNAAHO NMPOCJIEXXUBAETCSA B

NMOJIE BEPTUKAJIbHOW CMMUPAJIBHOCTM (N/IOTHOCTb
CMUAPAJIbHOCTU — HE UHTEIPAJ!)

> BWXPEBASA KOHBEKLUUA HE NOAABNSAETCA BPALLEHUEM TU

» CIMUPAJIbHOCTDb — NOJIEBHAAA AUATHOCTUYHECKAA
BEJINHUUHA U AKTUBHO NPUMEHSETCA B METEOPOJIOINA

> MPOAOJDKATDb JIN USYHEHME TL| B POCCUN ?

CrNnACNMbO 3A BHUMAHMUE!



