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Rapid Intensification typhoon with “Atypical Convection” : The
Role of Surface Latent Heat Flux

Shangqi Shen', Qijun Huang', Xuyang Ge'

Key Laboratory of Meteorological Disaster of Ministry of Education (KLME)/Joint International Research
Laboratory of Climate and Environment Change (ILCEC), Nanjing University of Information Science and

Technology, Nanjing 210044, China

Abstract: In this study, rapidly intensifying (RI) tropical cyclones (TCs) with ‘Atypical’ convection
(upshear concentrated convection) in the Northwest Pacific were screened by using reanalysis data
and infrared cloud images. A group of slow-intensifying (noRI) typhoons with ‘Typical’ convection
(downshear concentrated convection) were gathered for comparison. It is found that the RI group
has a stronger maximum region of surface latent heat flux on the left side of the vertical wind shear
(VWS) direction. To further explore possible mechanisms, the ‘Atypical’ convection case ‘Lekima’
was selected for sensitivity numerical experiments. The diagnostic results indicate that the surface
latent heat flux on the left side of the VWS direction helps establish convective-instability in the
region. Consequently, the effect of the "Ventilation effect”" was weaken through the "Boundary layer
entropy recovery" mechanism caused by the surface latent heat flux. Under easterly VWS,
convection activity can be enhanced in high surface latent heat flux regions during the transition
from the down-shear to the up-shear, thereby stimulating strong upper outflow channels. The
establishment of outflow channels (Outflow blocking mechanism) can resist the environmental

easterly flow, which weakening the strength of VWS and allowing the typhoon to develop vertically.

Keywords: tropical cyclone, rapid intensification, upper vertical shear, outflow, surface latent heat-
flux
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i S e ( Tropical cyclone; TC) [HRE#IGEIFE (Rapid intensification;
RD #5E SR 24 /NB Y & R OR RGE IS N 30 kts (Wang and Zhou,  2007).
Hoid A 9 3 M R AR RN IRAE i 22 4 AN B R 0 7= s ok B R B (IR B 5 A
Tl 1979 S SCESE, 2005; BROGHESE, 2005; T RS, 2007 TREETT
MBI, 1996; 25848, 2004; REEMZEME, 2001), 1 RIS H)6ERE
FHRAMC |H 2 Ml 55 TR 4 55 7] 8 (Krishnamurti et al., 2005; BEFEk, 2011). RI
ARG #ty e N B #ED 1 A 0K, T HA S KRR R E VI G.
FIR BN EE YA (VWS) R TC 3 MS# KN K2 — (Emanuel et al.,
2004; Zeng et al., 2007, 2008; Wang et al., 2015; Chen et al., 2017; Corbosiero et al.,
2002, 2003). VWS 540 TC 52JE B0 MELS, W4 MAIE, e EAR
F: 1D GREERLEXAER (Frank and Ritchie, 2001); 2) FETESEAN
TC BREGHH . 0@ AR, AT IS5 #18% (Tang and Emanuel, 2010; Ge
et al., 2013; Kanada and Wada, 2015). MZh 1% MERH, EEAVIES[HE G
WIRZ S5 s 23 0 MR, S 80E X B 50 R AR (Jones, 1995),
B R A WX 3= — R AEXTFR 458 (Corbosiero and Molinari, 2003), 1 $5(
JEXIR (BB HESAIRSE GERRD Z A AR5 K & RREE.
FEXF BRSSP AT 10 I — P AERTRREG R, BP9 AT AT H IR IR ) A8 /e
o AR SO IXFIAE f IS — 00 (4 58 06 S 3% sh AR Ay S B o it 43 A RS AiE o X
T A v Lk 5 & 5 R0 W) AE I IR i (Wong and Chan, 2004),
M B F TC YK E B L4544

Ryglicki et al. (2018 a) it p#riih, EmEEENYIZFHIE T, #0K
PHAEPROE I iR S MAMIITEL G RLAN], SRR 2O A 5T Lk« g~
SRR ATEAE (Ryglicki et al., 2018 a), RIS H 58X i 5 1 2 &k A 48 X138
AR — M) RSB IR Ao TR SR HLR R A3 A7 5 & X RT IR0
PUEI S “HR” SHRANE, Hod “ bR 7 A2 — A = R g 2
(Ryglicki et al., 2018a, 2021; Dai et al., 2021). [F, & XI%YIAL 52 H
ST SRy Hb XTI AZ B 6 55 R AT RE ALY RT TN 48 A5 (Shi and Chen, 2021, 2023). {8
5 —4EM &, Richardson et al. (2022) FEGiHXT LU ISP, 183 55 4 & X
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L, RI G XA iR i Al &, X et 72 AR R D) AT
¥, A TRRMEREYAE GERAD M. BAEmE, &T XIS G X
MHLE Je RANMRDIAZ— M, EAREM CaitEHRaEE) ~, XRiEshnl B
MR Hom B o8 . XA AT 2 I E 18 ORI A B DAL, [F]
I A5 2 B 5 XU 3283 o e o 7 L D)3 3 RSP A X R Bk 2T 5 DX e e L 45 7,
IR

2401k, AR AL RI & XWF TR Z RIIRTRPEE,  PEAEK-T-# RI
GRS RA A “ARIR7 SR AR HUEEES " HLE R 1 ARG
FHFPEARTRTFE 7 6 3 ) A AR e AT B IR v B TR X 38 TC 5 fZ AR I
iR ASCE SRS PEAL RT3 “ AR A R A 0 PRIg I o & XA, F
WIS BRI oA AT B O EE BT, R KU R T M S i
BAFEREZE 5. EBIEAR AT i RS AT SR E BB AR, IR TR T
Pom X AR TR ARRFAE 200 DL B 5 BRI 56 (R B LA o

2 LB L 1T
2.1 Bk S5 ik
A H A EEEES 6 KRt (Joint Typhoon Warning Center, JTWC)

SEHLT 2006-2019 FEPUAL KTV & KR R B, Tk 24 /N & X
RGBT K F-25F 30 kts (Wang et al., 2007) HIREA 153 4, #k—, N T
gt ik b & KU XT3 KNG AR — 30, FRATTE AT A& % (Ryglicki et
al.,2018b), ikt 29 LT 2 AR F M & A, Ab T X FhER R A
B G RAEEX N E S Z R VWS, e, R4S B E AR < S

(National Oceanic and Atmospheric Administration; NOAA) [X I A0 K E S % #6
I] (Regional and Mesoscale Meteorology Branch; RAMMB) &L & X\ 2 Wi i
A, I S KA iy s R B AELE A X A AN E] T <7 RRAE, B R R
S T AR T RO AR )R — I G s g8 7 AR IR AT
WA G R RIA (RES LR D. FE, EAUNEERADIEE ST, &
SO — L ZIB AR & R noRT TS EL BT (B4R S L3k 2).
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F 1 FIERFEF 2006-2019 FRNTIE THE “FFHREXTRAVFRERIZERAE RIA,
(R 200hPa-850hPa 545 M iz it H )

Table 1  RI cases with "Atypical" convection during 2006-2019 in Western North Pacific
(zonal VWS is calculated from 200hPa-850hPa zonal wind field)

RI
=) B M B R RI B8] 2R R7)
2011 @b 1800UTC23SEP 6m/s
2012 £S5 1800UTC21JUL 8m/s
2013 1A 1800UTC100CT 6m/s
2013 SEHE 1800UTC160CT 9m/s
2014 B S 0000UTC13JUL 10m/s
2014 S RE 1200UTCO3JUL Tm/s
2019 ED 0600UTCO6AUG 10m/s

2 PEAERIEF 2006-2019 FRNATIE T 2T BB ISR AIZ BT (L 2H noRI A M,
(%515 K Y1F 200hPa-850hPa 1455 Kt & )
Table 2 Same as Table 1 but for noRI cases

noRI

F4 BN E BORIAE] 49kts 8] Zm M)
2009 B 0000UTCO04AUG 8.5m/s
2006 = 1200UTCO7SEP Tm/s
2012 M 1800UTC26JUN 8m/s
2013 B 1200UTC17AUG 8.5m/s
2014 S {E g 0000UTC18JUL 10.5m/s
2014 st 0000UTC12SEP 8m/s
2017 b 1800UTC26JUL 8m/s

1 R A 08 Bl B I Ge it e A, AR SCARER T IR o 31 R Ui
> (European Centre for Medium-Range Weather Forecasts; ECMWF) $2 4 (1) 45 11
fi KA AT 8dE (ECMWE Reanalysis v5, ERAS; Hersbach et al., 2020). %%
RPN 0.25 © x 0.25 °0 “FIZF 57 G REE I FH R QR A
N WRF-ARW Version 3.9 (Davis et al., 2008). Xf T VUEBREME, SR>
ABCE 27, 9, 3 1 kmo BN EEAEH 73 [H E SO AR AR
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5> BT #9545 (National Centers for Environmental Protection/ Final Operational
Global Analysis; NCEP/FNL), {EAMAMIN IR GG FIA T 3. ZE5HE LI 1A
[FIBE A 6 ZNEE (0000, 0600, 1200, 1800 UTC), 7K Fa#FR A 1°x 1°, “Fl&FL”
& KEHLIHILE T (8] 2019 4E 8 H 6 H 0000 UTC, /MBI 2 K, £
TR E GG AR E R . R AR EEULRS RN T EES I
(Huang et al., 2021),

2.2 WP 5 Hr
FEXIES Xk, = Ze, TR L. Bk, 25 REX T
PARCBRE T iiiG . B 1 4t 7 HA “IESA” X R “ IR SR 4 ARy
fEfI & A, THER T LARR VWS Al 78 “Jely” b (B 1 a-g), [
SEARIRGEN, & RN XA AR Ae M GEYIE—MD, X 5K
PO sR A “HAEIL” XHR AT £ A2 (Ryglicki et al., 2018 a). & 1 (h-n)
AT noRIAANM . — A EFERZENZ: noRI 4 & KT Af 3 EAE P 7E U R
M OFIAE—MD, 5 RGN T4 8 & KR A&
@U2NESAT (IBVICENTE  @1325Wipia

T
"\’i‘\

\

(d)1326FRANCISCO  (e)1408NEOGURI

(H1409RAMMASUN  (g)1910LEKIMA
By >

4
.

(h)1207DOKSURI (1)141SKALMAEGI

L/ ar "
@ ssadl)
g' R
s ) ~

1 BEWNMIIINEEBEERIEEINROBIFE, HPFE—F743E84% RI 5D
f5l; BB =47 noRI X, (EIHEFLA 200-850hPa T EH XTI F5[0)

Fig.1 Satellite-observed infrared brightness temperature characterizes the distribution features of

strong convection. Black arrows are the shear direction (a-g: Atypical cases; h-n: Typical cases)

N T RPA G KPR Ssm s, B 2 X LA KU 500 km 245 Y A8
RIHEAT AL, WTEE T & AE SR I B 33 kts B 26 ) KUBE & B2 40 Al . AL
¥ 200 hPa 5 500 hPa ) XU Z 5 s =B XYIA, IKE (W1 850 hPa) %I
500 hPa [ R 7 7 8 SCAHRZ R ERYIAE . HEW W, P4 E RIHE L
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A H A TIAE, RTALAT noRI 41 & M B X TIZZ A AL, HAF 2 EX Y]
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Fig.2 The vertical profiles of center composited environment zonal wind in RI and noRI cases

3 TG R # (Surface latent heat-flux, SLHF) #h7& & ik
ST, Forh “OBTZIA M G RCF Y58 R 1 YOS B 49 kes B %1 AT LUK,
FEWF LIS B, P R A W R — AR PR g4y, B SLHF &E hOdE A
R EAE AR 22 (Downshear-left, DSL) )48 /241l (Upshear-left, USL).
EAERMRZ, RIAE AR HHA T3 SLHF, HF5l2&-24H I w1k 3 300
Wm™2, X5 noRI1 A A fif I L o

TC I JAFH R T 46 80 5 2 [ E S, FR O X8 R 5 B b 3R HAE i 2 4
i (WISHE; Emanuel, 1986). RI G KUK ALK — Mo B 75 B o R i 6 78 FGE
ERIGRXHAE . 7ERDIZEVEF R & R R RR T, 03 1 S R A eI ) 28—,
171 Jo T I B e 8 ) A8 — M Je, EIT S8 o AR AL I RE . 2% 18 DSL-USL X35 A7
BEMES, KR—AMESEE R XS0 SLHF Qe 500 b 5 3
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XHAE BN ? I TR 12 T AR 7T

Distance(km)
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3 REHRBEENEIRTRHE (BAWm™), HP@)O)()RFRIAH, (dE)HORF
noRI 48, (a) IR BRAK BB & AlE 200-850hPa R ZE F71E) (BEEL), MO AIRYIEL
fl (DSL). IRtn&AM (DSR). #Et)ZEZAM (USL) FETILEEM (USR)

Fig.3 Time evolution characteristics of surface latent heat fluxes (unit: Wm™2), (a-c): RI cases;
(d-e): noRI cases. Fig.3(a) is separated into_Downshear-left(DSL), Donwshear-right(DSR),
Upshear-left(USL) and Upshear-right(USR) according to VWS direction (black arrow)

Liang (2013, 2014) i FA5 S BLAE S A% i DA & 2 25 S 22 18] 1 AR 56
£, ATRNONRER T IE PR R Z A — R . X T2RVE RS, Pk
IS 1) P2 51X X, BRI T) A, B0 45 SRR B B K ALLR At T

T _ C12=C12C1q1+C11C1 a1 1
2-1 — 2 ( )
C11 C11C2—C1,

o Gy XX Z I REAR 1 2, =X, — X (X; — X))
Cia R XK 2 W) {3y 7 26 . ForbX, = Z0n Apiyif b AR 5
Ty o FO L BT B VU b5 1 F0 2 L35, Bf )y nats A5 S0 R 1. b
SR AL B R T AN R AR . WHT, =0, M 2 B 1 AR
. OB 1 RBEBSLT 2, MEASET 0, MEERELR GuEd 8 EkER

5.
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M 125 EE B0 BRI 8] 1) 73 P AR okl e DAVHE ek R PRIg S AR .
I, ASCEMEHRT A RAFDS (1910 FS2hbr M EEE (Huang et al.,
2021) 1Z AR, H BB FE PO sl 72 . BAR DA K “ AR ALy
ATRFE o A SCIEASEALI R PP 1 (R XU D BEAX, 12 T i o B I ) A
WX, HEERRS (B 4. KR, S{E$ (0.6nats/6h) 7T
JEURE)J7 A2 (60-180 km SEHIPY), H KA Xi@ 1 MR, Xk
FRRLARLE bR A DR E AR5 SLHF fAEZ VIR R R, HEURX BT
& RO CE T 7 ) 22 = R 60-180 km i FEl A ).

240 - I1
1801 Y oo

120
60 Y o

—0.6

_60-
-120-
-180-
-240-
~246-186-120-60 0 60 120 180 240
Digtance(km)
B4 FART Llang -Kleeman {5 2 RIBIITEBEINF TS (1910) X, hREBEHBE
FEMREENEER (BAF) FTRXEFRRIAZR 0.05 BEMHKFE)

Fig.4 The information flow obtained by Liang-Kleeman information flow theory in simulated

—10.4

—0.2

—0.1

Lekima (1910). (Dotted areas indicate a significance level of 0.05.)

gx BRIk, i#id RIAT noRI P ZH & KA ORI, 43 0 R <HF g A g iy
SRR, Forf RIZH & KA 7 404 S5 ¢) SLHF i o, 1hifE
B JTEALAR HIX R 2= [ AR AE . (2 SLHF [ 2 557 0] 52 1 56 L8 742 i oA
T, AR SCRE B e v ol B R AT SRR RS, DA A8 7= I 2 ) 73 A1 A2 B i
AR SRR HET RI AT RERAL o

3 BRI S R
AEH T WRF-ARW #ix, #RAEE L LSHTTE1ES N (Huang et
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BARKAL, EBABHLERE T, 4 noQ k56 & KU Il X 35 60-200km 5 [H A (1)
R RIB RN 0, RISCH T Hh R RIB RN (W& 5. CTL Al noQ i
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Fig.5 The distribution of upward water vapor flux in noQ experiment at the initial time of
integration (unit: 1e” - kg/m?s ), with surface latent heat flux set to 0 within the semi-circular

arca

3.1 B & KR BN
Kl 6 45 7 CTL A noQ 5G40 5% B S5 WXt LU AR o . FH AT ML, CTL %%

TP AL HH SE B & U SR AR, U R TERIAL 48 /NIFHATE], & KU OB AR
JEFF%Z 920 hPa, BAIGGIZI N F% T 67 hPa, HIg KBRS 115 kts, HI G
WA T —RPGER R FE . SR, noQ RI6H & MR FE B AH T 4% .
FERLANEE 48 /NI, & MU D B IR Z) N 947 hPa, & KUK XUIE Y 88 ks
KRBT noQ 15 & KIBA G P UG SR B e BHUb T 0L, R 22 (1 3
PN PR E /IR G XU RO B 5 2
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Fig.6 The observed and simulated typhoon intensity of Typhoon Lekima (black line:

observation; red line: CTL experiment; blue line: noQ experiment) during 6-8 August, 2019; solid

lines represent the minimum sea level pressure (unit: hPa); dotted lines represent the maximum

wind speed (unit: kts)

N TP BRI AR A A AL, B 7 4 T R 2R AN [ e
J& (1.5, 580 15km) HEEEE S A5 AmtEol. f£E 724, 8 H 7 H 0000 UTC,
CTL REHSAHR /A (EEEE KT 2ms™) EEATE MMM, 4RrE L
FAIEHRIR, WIXSHRE R TR GEYIZEMD B EBLHE <R %o
ARHIE . ERERERE, YRR LS F8A T &)E (15 km), X
R HAE B S S I B £ R B R — 0, IR R . 52
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—MD H XA
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7 8 HF 7H 0000 UTC (a) CTL i35 (b) noQ iIXIEHFAESE (1.5, 5 15km) EHI=
HKFERE (B ms?), REERBEEBSXHOD7124 120 1 240km
Fig.7 The horizontal distrlbutlon of vertical motion (unit: ms~1) at different heights at 0000

LI\Y

UTC August 7 in (a) CTL experiment and (b) noQ experiment; Black circles are located 120 and
240 km away from the typhoon center, respectively

RS R IRSRZE S, B (8-9) 45 H T ARG 25 G Rt
% 180 km 705 B P4 2 FL3# () CFADs (Contoured Frequency by Altitude Diagrams;
Yuter and Houze, 1995). FEIH AR RERE & K10 360 km x 360 km Ju [ A,
A () PR A S X3 e P o L A8 DR /) B v BB 23 AT R 1O o 3 AT DA S R 2% v FE
AN RS R /N 1) T LS SE (AR A o A B 2 X0 T S el A 4 ks, i
I A TE BITGE DX 3 rp 1 o Ly, B SBOcH RS B R FE g . PR AL IS TE R v
FAEEEE EEAL msT EEN . HEJEAT W, E£CTL (EI8), 8 H 6H 0700
UTC & RRYIAE 22 (DSL) )2 (12-16 km) > 2ms ™ 1) _EFH S J LR B
XA ULATE & X RL BN ATH, S8l £ BIYE DSL ik, /£ 8 H 7 H
0000UTC, K4 RI JE3h, &XGY)AE—M] CFADs 73 Afi 530 H B AE XS PR s
), YK AN (USL) HEL 6 msT U EHIEZE LR, BZXIEA LK)
ETHES) . X B 7SRRGB E. £ 8 H 6 H 0700 UTC, noQ
PRI P T BB SR AN OLS CTL RIS HCAREE (B 9). WIHEE <R
[FFE FEAL TG X DSL. 14 8 H 7 H 0000UTC, %X DSL # USL SRR (¥
THzahifesz (12-16 km) WATIG R, Higse) EIiashiifi T DSL, BIA
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Fig.8 Snapshots of the CFADs (unit: %) of vertical velocities within a radius of 180 km from the

typhoon center in each quadrant in the CTL experiment at 0700 UTC August 06(top panels) to

0000 UTC August 07 (botton panels)
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Fig.9 Snapshots of the CFADs (unit: %) of vertical velocities within a radius of 180 km from the
typhoon center in each quadrant in the noQ experiment at 0700 UTC August 06(top panels) to
0000 UTC August 07 (botton panels)
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