JLLYANALYAN
%604 2 P SR AR R 22 Vol. 60, No. 2
2024 45 3 1 JOURNAL OF NANJING UNIVERSITY

(NATURAL SCIENCE) Mar., 2024

DOI:10. 13232/j. cnki. jnju. 2024. 02. 005

E

PSR RIEREEPEEREREREINFFIE

Bl E, A

(PR BERFEMER A E W E AL E , m ot R KA =B, A, 210023)
T OE R A SIE (TC) I B2 P AFE 4 OB IR E (TSV ), H 51 A A 36 B XU 30T 1 B AT 3 2052 . )
WRF-ARW BT 5 555 5% XL Earl (2010) #E 47 /5 43 9F 3 9 BB IR BERL, 2001 1 TC i1 )2 T 46 RS 10 e Ay 1) 28 43 A
TEVL B kA ke e W Rl RE R A . Earl & R B4 5 ol B o, TSV 850k il 45 Earl 58 B 1) 1 58 10 35 i, G FLAE 55 1 18] 2 30 5 o 7
BR, — T TC B3R EL AL T B3R 19 75 5A 613 TSV 5 AR i, 55— 5 TSR 0 3 S AR K A A iy TSV % n, —
B 22 [ Bt 77 A2 A9 TSV st 8 £ . TSV 2B pl X 3 B Earl f9 % & M 2 B3 XD 22 0038 37 45 v 22508 B0 2 0, L3 2243
RMW P37 b J2 Yk % 3090 L Tk 52 R0 i R T B0 108 18 407 8 AU, 3 B 50 v A T L 0 7 RO WD A8 S e 1) b B2 45 A
TSV BB A T i 45 5 R 0A X TSV Az ik J e 32 22 5T ik 19 2 5 7K 72 KUK T 910 28 A0 5 14 R A 30 L B 5 3 028+ 56
P 00, 3X BUR A TSV 1A S & R W] fig 5 2 B Y0 A8 ASF i FKOF 90 A8 A Fa e A 6
KEER P AU, B R IE , I B Y AS KPP0 A8
RESES AP444 XERAREAD : A

Characteristics of tornado-scale vortices in an intensifying tropical cyclone

Zhou Yueying, Fang Juan’
(Key Laboratory of Mesoscale Severe Weather, Ministry of Education, and School of Atmospheric Sciences,

Nanjing University , Nanjing, 210023, China)

Abstract: Observations have revealed the presence of tornado-scale vortices (TSVs) within the boundary layer of tropical
cyclones (TCs), which significantly impact near-surface gustiness. Based on Weather Research and Forecasting Model -
Advanced Research WRF (WRF -ARW), a high-resolution numerical experiment in simulating Hurricane Earl (2010) is
conducted to analyze the activity characteristics of TSVs in boundary -layer. During the strengthening process of Earl, the
number of TSVs increases with the intensification of Earl, especially during its peak. On one hand, the strengthening of the
tropical cyclone (TC) provides a stronger background field, making it easier for TSVs to form. On the other hand, the
stronger background field leads to an extended lifespan for TSVs, resulting in a higher number of concurrent TSVs at any
given moment. The area that TSV generating gradually shifts from the left side of the vertical wind shear to the up-shear left
as Earl develops, near the secondary circulation updraft and the maximum vertical vorticity , where often meets the necessary
conditions of unstable vertical and horizontal wind shear. The results of TSV vorticity budget analysis further indicate that the
stretching term associated with horizontal wind shear and the tilting term associated with vertical wind shear are important
factors in the generation and development of TSVs, which implies that the generation and development of TSV may be
related to vertical shear instability and horizontal shear instability.
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Fig. 2 Simulated (a) path,(b) minimum sea level pressure (SLP,unit: hPa) and

(¢) 10 m maximum wind speed (unit: m-s ')
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20 mes ', respectively.
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Fig.5 Wind speed (unit: m s ') at 200 m height from 00:00 on the 30th to 09:00 on the 31st, with the black circle
indicating the radius of the maximum wind speed at 200 m height and the vector arrows

showing the vertical wind shear in the ambient field between 200 hPa and 850 hPa
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Fig. 6 (a, d, g, j) azimuthally averaged tangential winds (shaded, unit: m"s™) and radial winds (contours, 1.0 m"s™
interval) from 18:00 on the 30th to 09:00 on the 31st; (b, e, h),and (k) azimuthally averaged radar echoes
(shaded,unit: dBZ) and vertical velocity ( contours at 0. 5 m"s™' intervals); (c, f, i),and (1) azimuthally averaged
relative vorticity (shaded, unit: s™') and comparable potential temperature (contours at 1 K intervals);

and purple hollow circles represent identified TSVs
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