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Fig. 1. (color online) The satellite Himawari-8 image
of typhoon Mujigae provided by Central Weather Bu-
reau, Taiwan at 08:00 UTC 4 October 2015.
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Fig. 2. (color online) The NCEP analysed field at 00:00 UTC 4 October 2015: (a) 200 hPa; (b) 500 hPa;
(c) 850 hPa; (d) 1000 hPa. Arrows in Figs. (a)—(d) mark the wind field (m/s), contours in Figs. (a)—(c)
indicate geopotential height (dagpm), shades in Figs. (a)—(c) represent the heavy wind (m/s), contours in
Fig. (d) mark sea level pressure (hPa), and shades in Fig. (d) represent specific humidity (g/kg).
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Fig. 3. (color online) The illustration of the numerical
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Fig. 4. (color online) (a) Paths observed by JMA, CMA
and simulated path of typhoon Mujigae from 18:00 UTC
1 October to 00:00 UTC 5 October 2015 (interval 6 h);
(b) center sea level pressure observed by JMA and CMA,
and simulated center sea level pressure of typhoon Muji-
gae; (¢) maximum surface wind speed observed by JMA
and CMA, and simulated maximum surface wind speed of

typhoon Mujigae.
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18:00 UTC 4 October 2015.
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Fig. 6. (color online) The overall axially symmetric structure of the numerically simulated tropical cyclone before
landfall (00:00 UTC 4 October), during landfall (06:00 UTC 4 October), after landfall (09:00 UTC 4 October).

The figures are height-radius cross sections of the azimuthal mean of (a), (b), (¢) tangential wind (m/s), (d), (e),

(f) radial wind (m/s, inflow positive), (g), (h), (i) vertical motion (m/s), and (j), (k), (1) temperature anomaly (°C).
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Fig. 7. (color online) (a) Observed radar composite reflectivity at 00:00 UTC 4 October 2015; (b) simulated radar composite
reflectivity; vertical cross section of (c) radar reflectivity and (d) vertical velocity along AB line in Fig. (b); (e), (f) the
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Fig. 8. (color online) The time evolution of azimuth cross section in (a) wavenumber 1 and (b) wavenumber 2
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the elliptical eye. C1, C2, C3 represent three periods, before landfall (from 00:00 UTC to 03:00 UTC 4 Oct), during
landfall (from 03:00 UTC to 06:30 UTC 4 Oct), and after landfall (from 06:30 UTC to 09:00 UTC 4 Oct).
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Fig. 9. (color online) The time evolution of a radial cross section in (a) wavenumber 1 and (b) wavenumber 2 vertical
vorticity toward the west of the centre of Mujigae at 3 km from 00:00 UTC to 09:00 UTC 4 Oct 2015. The solid black
curve tracks the radial outward-propagating asymmetry of wavenumber 2, and the dashed line marks the stagnation radius
of vortex Rossby waves. C1, C2, C3 represent three periods, before landfall (from 00:00 UTC to 03:00 UTC 4 Oct), during
landfall (from 03:00 UTC to 06:30 UTC 4 Oct), and after landfall (from 06:30 UTC to 09:00 UTC 4 Oct).
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Fig. 11. (color online) Model radar reflectivity (shaded) and asymmetric relative vorticity (contour, 1074 s~1) at
3 km in wavenumber 1 before landfall (a) 02:05 UTC, (b) 02:25 UTC, (c) 0245 UTC; during landfall (d) 05:45 UTC,
(e) 06:05 UTC, (f) 06:25 UTC; and after landfall (g) 08:00 UTC, (h) 08:20 UTC, (i) 08:40 UTC.
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Fig. 12. (color online) Model radar reflectivity (shaded) and asymmetric relative vorticity (contour, 1074 s~1) at
3 km in wavenumber 2 before landfall (a) 02:05 UTC, (b) 02:25 UTC, (c) 02:45 UTC; during landfall (d) 05:45
UTC, (e) 06:05 UTC, (f) 06:25 UTC; and after landfall (g) 08:00 UTC, (h) 08:20 UTC, (i) 08:40 UTC.
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Fig. 14. (color online) Radial-vertical cross section of vertical vorticity, divergence, and vertical velocity in azimuthal
wavenumber 1 along line AB in Fig. 13: (a), (b), (c) At 02:05 UTC 4 Oct 2015 before landfall; (d), (e), (f) at 06:05
UTC 4 Oct 2015 during landfall; (g), (h), (i) at 08:20 UTC 4 Oct 2015 after landfall. The blue line represents the

observed 5-min precipitation at the radial position.

BREERT, 20 30 km ARBE AL 5 min BT FEK B
it 10 mm, AKX, H EF4 km & ELEA
BEMBhIEREX, B FEERAEERX, FK2
KAFEE, mERAEEL, R GsRZEE FT
BN S Z RN AT K X R AR 2 IE TR
PeahmE X, bl ) AME AR, 2 2, H
AR AR A AR U BB, X AR IE
it BEHL BN 7 JLF- 5 1E 5B R AR AL B, AR
A 7 FE TR0, b 2 A IE iR A B A1 gk R A
K, m R HOm ;N2 050 e 3 5 OEE
B, AR Z R G g eE, 2 RS EE EAHEah g,
PRBEXHR R G0 K R, &K 78 I 8] P9 A AT e 3
K. BEREAK AR R 2 km = B DL R A7 AE B R ED
IEMEIX, s ss, o BN AE X, R T ZHEEL,
LB, BITE T BT 2 P AR 55 R UTiE s, R
T PR B A % o B R U, R IR S shiE T
PN, FEEORES, HISS TN TR I A A
H. 75 & KRR, BREE A1 5 min R FKEA

JE6 mm, NFFREKIX. FREK X PGB A B P
) (1) 3 B 4> AT R AE 2 R RS AR B, 3 km
DA Em B B AR, BN N UURR. W
B IEFUE X 2 AR AR I, URM R 7R 4% A iR
5525 km b4 km DL B B, RSB ERUEX S
BEE PN IF S XA B S, A R T & 2 8 HOR
KIZEAEWRE; /£4 km UL &, SUZHRBIH
IEAE X 59 B 303l S X B, (AR 2 S
FEHOR S5, fE T U, AR TR R R K E.
B RERE 2 5, BTS2 3R B R, IR RS A 1)
5 min 2K EA L 3 mm. FAHEE 10—20 km
b, KR RAEEHL, MR RS, FBUHKEAF
E—E 1) L FHZE8); E42 M PE 25 30—40 km [HIHR 5
b, BT AR L, L EONERA X, BT R
RZFER TN FUUR. WP IEfAE X R
Ff A RAURN A, AE K52 AR 5, et
N X 76 R 2 10 16 B _E T 3, ] W XA )Z 1
TUtiEs).

089201-14


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 8 (2017) 089201

M2 BT B Aok E (B 15), & RE b
i, PR L s R AR, LN TR A, N R
I B _EHE; mERE G T T RS R AL
X, KRR YTIE sl 8 B 7K O B 3 PE O ) 1E i B
P2 AR K AL AR B4 B BE B B A R T = R
RHIZKE, AFTRE FIRRKIERE. &R
BB, 53R K X P M 2% 10 km 5 AT 4 km 15

FEUL L AU IRBh RN DY IE, FLN B I 3h [A]
N, PR N BRI 2 B _ETHE ) W Bl
PR AL R O BT A A, RS DU, (2
BRI R R, G RERZ )R, REEEXR K
JRAFAER S N tiash, FAR M ks i) 3k BTt
B3, ZAE K SR RS A R TR R s
2y, MR

()

g

g

M 10;

6 &

g

3 o=

. ~/\/\\—/\o 3
(f)

/ :

p g

/ 0=

A

33

0 ~

20 40 60 80 100 120 20 40
Radial distance/km

He
N s O 00
Coworn
1S
Rainfall/mm

Radial distance/km

80 100 120 20 40 60 80 100
Radial distance/km

-
o

—r———
-10 -8 -6 -4 -1 2 5 8 10 15
Vertical vorticity/10=4 s—1

I T T
—-10 -8 -6 -5 =3 3

Divergence/10-% s~1

T T T T T
5 6 8 10 -3 -2-15-1-0.505 1 1.5 2 3

Vertical velocity/m-s—!

15 (MFEE) (a), (b), (c) 10 H 4 H02:05 UTC & REKHT; (d), (e), () 10 A 4 H 06:05 UTC E kI (g), (h),
(i) 10 H 4 H 08:20 UTC &5 2 TR ELR 50 K-F-HUZ IS B ELEE S K 13 AB & m - B /0. H i

LARLIZAZI ML E M 5 min RiHHFKE

Fig. 15. (color online) Radial-vertical cross section of vertical vorticity, divergence, and vertical velocity in azimuthal
wavenumber 2 along line AB in Fig. 13: (a), (b), (c) At 02:05 UTC 4 Oct 2015 before landfall; (d), (e), (f) at 06:05
UTC 4 Oct 2015 during landfall; (g), (h), (i) at 08:20 UTC 4 Oct 2015 after landfall. The blue line represents the

observed 5-min precipitation at the radial position.
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Fig. 16. (color online) Radial-vertical cross section of vertical vorticity, divergence, and vertical velocity in azimuthal
wavenumber 1 along line AC in Fig. 13: (a), (b), (c) At 02:05 UTC 4 Oct 2015 before landfall; (d), (e), (f) at 06:05
UTC 4 Oct 2015 during landfall; (g), (h), (i) at 08:20 UTC 4 Oct 2015 after landfall. The blue line represents the

observed 5-min precipitation at the radial position.
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Fig. 17. (color online) Radial-vertical cross section of vertical vorticity, divergence, and vertical velocity in azimuthal
wavenumber 2 along line AC in Fig. 13: (a), (b), (¢) At 02:05 UTC 4 Oct 2015 before landfall; (d), (e), (f) at 06:05
UTC 4 Oct 2015 during landfall; (g), (h), (i) at 08:20 UTC 4 Oct 2015 after landfall. The blue line represents the
observed 5-min precipitation at the radial position.
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Abstract

Mesoscale weather research and forecasting model with high resolution is used to investigate the landfall process
of typhoon Mujigae (2015). The simulation well reproduces the path, intensity and rainfall of the typhoon, especially
before and after the landfall. The fine thermal and dynamical structures of the typhoon Mujigae and its macroscopic
characteristics of rain bands are examined with the simulation output. The rain band regions from the eyewall outward
are composed of mixing rain band, secondary rain band, principal rain band and distant rain band. The lower-level
inflow and upper-level outflow are observed in the eyewall. The maximum tangential wind, strong updraft and positive
temperature anomaly are located in the eyewall and tilted outward with height. The convective systems in the eyewall
with high radar reflectivity are much deeper than those in the principal rain band, secondary rain band and distant rain
band.

In order to analyze the vortex Rossby waves, the fast Fourier transform is performed to decompose the model
output variables into perturbations with different wavenumbers. The vorticity perturbations in the wavenumbers 1 and
2 have significant features in the azimuthal and radial propagation. The amplitude of wavenumber 1 is larger than that
of wavenumber 2, while the wavenumber 2 propagates much faster than the wavenumber 1 both in azimuthal and radial
directions. The waves propagate with a speed less than 10 m/s, which are in consistent with the magnitudes of the radial
velocities in spiral rain band. The amplitude of vortex Rossby waves decreases quickly beyond the stagnation radius
which is about 90 km from the cyclone center. For the perturbations of wavenumbers 1 and 2, there are some intrinsic
relations among the vertical vorticity, divergence and vertical velocity. The positive values of vertical vorticity with the
two wavenumbers are associated with the strong reflectivity indicating deep convections. When the dipole patterns of
positive vorticity in the upper level and negative vorticity in the lower level over the rainfall region are coupled with
the pattern of divergence, the upper-level divergence and lower-level convergence are promoted. Then, updrafts are
enhanced, which is favorable for the development of convective system and the increase of precipitation. On the other
hand, the updrafts can be weakened in two cases: i) the vertical distribution of negative vorticity in the upper level and
positive vorticity in the lower level is similar to the divergence distribution; ii) the vertical distribution of vorticity is
opposite to that of divergence. Consequently, the convective systems are inhibited and less rainfall is produced. The
dynamical structures of vortex Rossby waves with wavenumbers 1 and 2 affect the development of deep convective system

and precipitation in the typhoon Mujigae.

Keywords: vortex Rossby waves, spiral rain bands, typhoon
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