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Abstract

This thesis studies the slowdown of typhoon motignthe asymmetric typhoon
(TY) structure for typhoons classified as the tracks 2 and 3 by Central Weather Bureau
(CWB). Specifically, we study the pelsindfall TY motion slowdown of Morakot
(2009), Fanapi (2010), and Haitang (2005). Satellite and radairdlicatethat these
TYs are with significanasymmetricconvection structure in the pedsindfall period In
particular, the posandfall speed of TY Morakot is 5 kmithwhich is much slower than
the environmental deedpvel mean flow speed of 10 kim'. Since the posindfall
speed of these TYare slowerthanthat before our hypothesis is that thesymmetric
convection structure to the southeast of the TY, induced by the interaction of TC
circulation with topography of Taiwan or southwesterly noamsflow, may generate
wavenumber 1 (WN1) potential vorticity (PV) tendendp slowdown the
northwestward moving storm.

We use CloueResolving Storm Simulator (CReSS) with analysis data for the Year
of Tropical Convection from European Centre for MediRange Weather Forecasts
(ECMWFYOTC) or from National Center for Environmental Prediction (NCEP) to
simulate the three TYs. The CReSS model produces rainfall and track simulations that
are in general agreement with observations. With PV tendency diagnesis/estigate
the impact of convection and latent heating effect on the storm motion slowdown for the
three TY cases. Thaliagnosis suggestthat the asymmetric convection indeed
contributes to the WN1 PV tendency and leads to the slowdown of TY motion. |
addition, we perform the water vapor sensitiviéxperimentsto substantiate the
importance of the water vapor supply in the asymmetric convection and latent heating.
By reducing water vapor content in the period immediately afte®s Téparture from

Taiwan, the model experiments with less water vapor are with faster TY motion. The
\Y,



PV diagnosis of the water vapor reductiexperimentsndicates the decrease of the
latent heating effect and the WN1 PV tendency leads to the increase of TY motion.

Our reseech highlights the importance of the asymmetric convection structure on
the TY motion in the podtaindfall period. The asymmetric convection in general may be
caused by the interaction of TY circulation with Taiwan topography or southwesterly
monsoon flowThe PV diagnosis is effective in identifying the contributing factors for

the TY motion.

Key word: asymmetric convection structure, typhoon speed, latent heating effect, PV

tendency diagnosis
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Typhoon Total  Rainfall

Rank  Year Name PR oL EX h) (mm) Track type
1 2009 Morakot 12 15 18 45 8996 CWB 3 (C)
2 2001 Nari 10 51 14 75 8108 CWB Special
3 2008 Sinlaku 16 10 22 48 8105 CWEB 2 (N)
4 2005 Haitang 11 9 12 32 5589 CWB 3 (C)
5 1996 Herb 5 7 4 16 4836 CWB 2 (N)
6 1989 Sarah 5 20 13 38 4655 CWB 3 (C)
7 1960 Shirley 3 11 10 24 4637 CWB 2 (N)
8 2007 Krosa 12 1 10 23 3936 CWB 2 (N)
9 2004 Mindulle 16 18 7 41 3856 CWB 6
10 2008 Jangmi 4 13 8 25 3800 CWB 2 (N)
11 2008 Kalmaegi 8 10 5 23 3763 CWB 2 (N)
12 2005 Talim 4 9 4 17 3526 CWB 3 (C)

!

11 TM-y MY s 120 MM M=ys+  § M VA

<

n | ( = Changetal., 2013)
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Typhoon Morakot

Experiment name

CTL1 MO1to M12

Projection

Lambert Conformal, center at 1) secant at I and 40N

Grid spacing (km)

3 km3 3 km? 100-745m (500 m}

Grid dimension(x, v, 2)

5763 4803 50 4803 4803 50

Domain sizgx, y, 2)

1728km 3 1440km?3 25 km | 1440 km® 1440 km?3 25 km

Topography and SST

Real at (1/120)and weekly mean at Tesolution

IC/BCs

ECMWF YOTCanalyses@.25 3 0.25 and20 levels, 6 h)

Initial time 0000 UTC6 Aug 2009 0000 UTC8Aug 2000
Integration length 96h 48 h
Output frequency 30 min

Cloud microphysics

Bulk cold rain scheme (6 species)

PBL parameterization

1.5-order closure with TKE prediction

Surface processes

Energy/momentum fluxes, shortwave and longwave radi:

Soil model

41 levels, every 5 cm to 2 m deep

M CReSS n G

Water vapor amount

Terrain height 100% 50% 25% 0%
100% MO1 MO02 MO03 MO04
50% MO5 MO6 MO7 M08
0% (10m) M09 M10 M1l M12

©22 "H: M o ol
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Typhoon Fanapi

Experiment name

CTL1 FO1lto FO4

Projection

Lambert Conformal, center at 1) secant at I and 40N

Grid spacing (km)

3 km3 3 km? 200633 m (500 m)

Grid dimension(x, v, 2)

4803 4503 50

Domain sizgx, y, 2)

1440km 2 1350km3 25 km

Topography and SST

Realat (1/120) and weekly mean at esolution

IC/BCs

NCEP analyses (B 1 and 26 levels, 6 h)

Initial time 0000 UTC 18 Sep 2010 0600 UTC 19 Sep 2010
Integration length 72 h 42 h
Output frequency 15 min

Cloud microphysics

Bulk cold rain scheme (§pecies)

PBL parameterization

1.5-order closure with TKE prediction

Surface processes

Energy/momentum fluxes, shortwave and longwave radi:

Soil model

41 levels, every 5 cm to 2 m deep

23 6Twm M

M CReSS n G

Water vapor amount

Terrainheight 100% 5% 50% 25%
100% FO1 FO02 FO3 FO4
®24 6Twm M = b
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Typhoon Haitang

Experiment name

CTL1

HO1to HO4

Projection

Lambert Conformal, center at 1) secant at I and 40N

Grid spacing (km)

3 km3 3 km? 100-745m (500 m}

Grid dimension(x, v, 2)

5763 4803 50

4803 4803 50

Domain sizgx, y, 2)

1728km 3 1440km?3 25 km

1440 km? 1440 km?3 25 km

Topography and SST

Real at (1/120)and weekly mean at Tesolution

IC/BCs

NCEPanalysesX 3 1 and26 levels, 6 h)

Initial time 0000 UTC17 Jul 2005 0600 UTC18Jul 206
Integration length 66 h 36h
Output frequency 15 min

Cloud microphysics

Bulk cold rain scheme (6 species)

PBL parameterization

1.5-order closure with TKE prediction

Surface processes

Energy/momentum fluxes, shortwave and longwave radi:

Soil model

41 levels, every 5 cm to 2 m deep

® 25 M

M CReSS n

ol

Water vapor amount

Terrain height 100% 75% 50% 25%
100% HO1 HO2 HO3 HO4
® 2.6 M !
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0000- 1200 UTC8 Aug 1200- 2400 UTC 8 Aug 0000- 2400 UTC 9 Aug
Expt Speed Direction Speed Direction Speed Direction

MO1 4.92 340 11.22 351 11.98 333
MO02 8.14 335 10.20 355 10.04 345
MO3 9.48 324 8.14 332 11.60 343
MO04 9.75 329 9.59 345 N/A N/A
MO5 5.61 351 13.89 4 10.22 324
MO6 7.44 353 7.53 317 10.72 342
MO7 9.40 350 8.14 335 11.36 321
MO8 10.17 360 11.78 330 N/A N/A
M09 3.79 347 13.97 7 10.36 333
M10 6.47 360 10.99 327 10.43 339
M1l 8.32 360 8.13 313 10.99 327
M12 8.32 360 10.74 321 N/A N/A

& 31 "Hs M - M M P <kmh) CQ O &M 8t 8
-10wB MO yL, N1 1 eA%d CQYZM M t 8w 0000

-1200UTCY Q = 12Hx |
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9/18 12-9/19 06 UTC 9/19 06-18UTC 9/19 18- 9/20 12 UTC
Expt Speed Direction Speed Direction Speed Direction

CWB 21.8 260 13.9 282 22.40 279

9/18 12-9/19 09 UTC 9/19 09 15UTC 9/19 15-9/20 12 UTC
Expt Speed Direction Speed Direction Speed Direction

CTL1 19.39 266 17.18 279 20.36 271
9/19 06-15UTC 9/19 15-9/20 12 UTC
Expt Speed Direction Speed Direction
FO1 15.88 274 28.51 277
FO02 18.4 290 27.83 283
FO3 21.89 304 21.33 307
FO4 21.89 304 23.76 314

& 32 6Twhm M - M M p <kmhby) CO (O &M 9%
18-20we MU >y y vL N 1 9A%d Qv
Z M CTL1(FO1)A ™ t 19w 0900- 1500UTC(19w 0600- 1500 UTC)Y

Q =609 |
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7/17 06- 7/18 12 UTC

7/1812-7/19 OOUTC

7/19 00- 7/19 18 UTC

Expt Speed Direction Speed  Direction Speed Direction
CwB 15.05 301 8.92 301 14.88 330
7/17 06- 7/18 06 UTC 7/18 06-21UTC 7/18 21-7/19 18 UTC
Expt Speed Direction Speed  Direction Speed Direction
CTL1 16.16 303 8.94 294 13.62 317
7/18 06-18 UTC 7/18 18- 7/19 18 UTC
Expt Speed Direction Speed Direction
HO1 12.74 291 9.22 323
HO2 14.34 289 10.04 317
HO3 15.14 288 9.78 305
HO4 17.04 289 10.79 295
& 3.3 N - M M p <kmh) CQ O &M 76 17-
19wB MO >y y vy L N1 9A%d QO YZM

CTLL(HOLA M

Q = 15(12fx )
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