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A Modeling Study of Eyewall Reorganization of
Typhoon Fanapi (2010) After Encountering
Taiwan Terrain

R £

In this study, numerical simulations of Typhoon Fanapi (2010)
interacting with Taiwan terrain are conducted using the Weather
Research and Forecasting model (WRF; version 3.3.1) on a triply-
nested grid (with the finest grid size of 1 km and 55 vertical levels).
Typhoon Fanapi made landfall on eastern Taiwan on 0040 UTC 19
September and left Taiwan on 1200 UTC 19 September 2010,
producing heavy rainfall and severe floods over southwestern Taiwan.
Kinematic and microphysical characteristics within typhoon eyewall
and inner rainbands were observed by the operational Doppler radar
over Chigu and a research mobile dual-polarmetric radar (TEAM-R)
over Kaohsiung.

When Fanapi approached eastern Taiwan from the ocean, the low-
level eyewall gradually weakened and broke down due to strong
friction by steep terrain over the Central Mountain Range (CMR), and
a secondary low was formed on the lee side (western Taiwan) by
adiabatic subsidence. Above the CMR, the Fanapi vortex continued
its westward track with a slightly southward deflection. Control
simulation showed that as the Fanapi vortex passed through the CMR
to the western foothill, positive vorticity was gradually built up within
the lee-side secondary low and transported upward from the surface.
Then the Fanapi eyewall was reconstructed with a complete vortex
ring, as revealed from radar observations.

A series of reduced-terrain experiments are conducted to verify the
eyewall reconstruction mechanism. In the absence of Taiwan terrain,



Fanapi would continue its westward movement without any deflection
and the eyewall remained intact. With only half of Taiwan terrain, the
southward track deflection was reduced and the degree of eyewall
breakdown over the CMR and eyewall reconstruction over the lee side
of the CMR was less obvious. A southerly jet was formed along the
western foothill of CMR as the secondary horizontal wind maximum
(SHWM) within the principal rainband encountered the CMR. The
southerly jet resulted from the strong vertical shear of horizontal wind
shear within the SHWM or the tilting of horizontal vortex tube within
the SHWM by the downslope winds above the CMR and convective
updrafts within the rainband. Through the vorticity-budget analyses
and terrain sensitivity experiments, it is found that the bottom-up
processes is active to reorganize the eyewall when Typhoon Fanapi
was over the southwestern plain of the CMR.
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WRF(Weather Research and Forcasting) = — B #ciE % 5 fE 3% %
< oF feHE s BN k3> .4 NCAR (National Center for
Atmospheric Research) 7 MMM (Mesoscale and Microscale
Meteorology) #% ® ~ NOAA (National Oceanic and Atmospheric
Administration) 7 NCEP (National Centers for Environmental
Prediction){= ESRL (Earth System Research Laboratory) ~ 8 5.4 j=
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Yk L% SR b A T8 A K £ 55 0 S K R 5 30

ot PEER S L (time steps)P~ 12 45 > ik KF B A R R A o -

Jet

A R ek 3t R4 =1[0.7,1.0] 2 2 n=[03,0.1] ®% & 4«
B K A fRATER T ek 4 2 PR 1 Rl E R
B b AR R 0 R (outflow) S o 55 A am iR B A ] G
1.0000 ~0.9950 ~ 0.9890 ~ 0.9820 ~ 0.9740 ~ 0.9650 ~ 0.9550 ~ 0.9440 ~
0.9320 ~ 0.9190 ~ 0.9050 ~ 0.8900 ~ 0.8740 ~ 0.8570 ~ 0.8390 ~ 0.8200 ~
0.8000 ~ 0.7800 ~ 0.7600 ~ 0.7400 ~ 0.7200 ~ 0.7000 ~ 0.6750 ~ 0.6500 -
0.6250 ~ 0.6000 ~ 0.5750 ~ 0.5500 ~ 0.5250 ~ 0.5000 ~ 0.4750 ~ 0.4500 ~
0.4250 ~ 0.4000 ~ 0.3750 ~ 0.3500 ~ 0.3250 ~ 0.3000 ~ 0.2800 ~ 0.2600 -
0.2400 ~ 0.2200 ~ 0.2100 ~ 0.2000 ~ 0.1900 ~ 0.1800 ~ 0.1600 ~ 0.1400 -

0.1200 ~ 0.1000 ~ 0.0800 ~ 0.0600 ~ 0.0400 ~ 0.0200 ~ 0.0000 > &£ =



B Aneos G 4§ 2.2.2 foB] 2.2.3 #75F o

B d AR R R o 1 (2014)4p IS e E R i
BN =1[07,10]# BN 53 77 E 215K A5 7 fF Rk 4 B
pE R OE TR M IR % o v §_ 3% iF % % 4 #k w_damping=1 -
diff 6th_opt = 2 f-diff_6th_factor = 0.08 % 3% fe £ (damping) s #-
B LN SR BOH] e 322K 0 b o $PATAF AR AT L F fR4T
B e e o
ALY RN AR R ER LY R X IR
3 ¢ < (ECMWF)# # ¢ ERA-Interim £ 4 47 T » 42 B §E 5
1.125°x 1.125° o fF 2 $ficit > B 0 % - K i
Grell-Devenyi s & > % (Grell and Devenyi, 2002) > % = fo% = & %
TR X B EC T e E BT chig i o it 3 Sl iE
* gaE ¥ Morrison = % s dEd 2 LA §§ 5 il & B @ % Dudia
= % (Dudia, 1989) 2 RRTM = % (Mlawer etal., 1997) > :# % & %-#c
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