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Figurel. The dual Doppler radar wind analyses for Typhoon Morakot near Taiwan at 0614 UTC (left)
and 1020 UTC (right) on 8 August 2009. The wind filed shown at 0614 UTC was obtained from
Chigu and Kenting radars where the wind field at 1020 UTC was obtained from 7 sets of dual
Doppler radar wind analysis of Wufengshan-Hualien, Wufengshan-CCK, CCK-Markung, CCC-
Chigu, Chigu-Markung, Chigu-Kenting, and Kenting-Hualien. Wind speeds indicate by wind
bars with full/half bars 10/5 m/s. Different patterns indicate winds on different levels of height

as shown at the lower-right corner of the figures.
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Figure 2. The impact of parameterizations in planetary boundary layer and cumulus precipitation

on the performance of CWBGFS tropical circulation and typhoon track forecasts. On left, the

root mean square errors of the zonal wind for day5 forecasts (horizontal axis, in m/s) from old

(solid line) and new (dash line) versions of model. On right, mean typhoon track forecast errors

of different forecast times from two versions of forecast model. The cases were selected from 7

typhoons in 2008.
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Rainfall Scatter Plot - More
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Figure 3. Left panel shows the 24-hour accumulated rainfall verification of the independent cases in
2007 by using three different rainfall models. Solid line represents the threat score (right axis)
on three thresholds (horizontal axis) of the original model (all), dashed line the northeasterly
monsoon model (NE), dashed-point line the customized model (NE_98). The bars (left axis)
are, in sequence, the bias scores, probabilities of detection, and the false alarm rates o the
three models on different thresholds. Right panel shows the scatter plot of observation rainfall
and model forecast rainfall. The solid symbols represent forecast model with SSMI data. The
hollow symbols represent forecast model without SSMI data. Different shape symbols represent

different typhoons.
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Rainrate Comparison
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Figure 4. Rainfall rate (on left) and discharge (on right) comparisons of the ensemble average

Discharge Comparison
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estimation using four radar polarimetric parameters at three CAPPI heights (3 km, 3.5 km, and

4 km) and the corresponding observations (OBS) over the Hsia-Yun watershed for Typhoon

Longwong (2005) case.

" TR T Y G R 2 T s SRR
REFERE AT 0 71 > 20094 E51E 2
BT 3#20004F 58 ZU e B\ 25 FI T - ARk S
25317 G SR\ AR M S T e 7K RN A o2 A A 2
b o WFSRAsRER - 6 R AR T =
L - POt AR o B AR RS R
A 20 T 53 R T St TP IR A I
b 1~ 2R 2 BRI R UK
S HIEY o BN R BRI B L BE AR
TEEUERI120 kmZE 160 kmiF - JFEFH
MR B - SMEIRNTE Lz Rk
M - 20 ERD - I B A MRS
[ B (15 ST RS e /K A P B R = HRu
FEEETIE » HNAR S B 4 RS 7 e /K ek by
K SRS R 7K o B TR B i KRR -

P Ja\ 85 U A 25 R 3 e SR\ T E s g A T
T 48 30T B TR R P Y - FERRS ~ ERIhA
= SROHIG 22 B PG AL R T GRG0 3 1 Ry

s AbARER A - BEREE WP RE B SO B
E SRR AAAE o [RIRFR] - 3R T3k 3R L
JEPEE - A5 BRI sE R JEJE R R, - FE 2
185 F e O B AT WL o2 D 1 JB R 7 AE 3
FHETIHRS - MEgRERe A O ERTS
SR INBRIER] - B e B S i o [
58200048 H22H1100 UTC 5&Z1HE E 25
T EAY o R B8 34 1 S 7 B 2 ke 5 155 THI
R (ABZ) & pklE - BPATERS ~ 5
4 52 R e JE\ 4R i B 9 7 BR SR R i 1 W A
ERGIT - BRGNS B R Y A AS 1 T 58 A A
PER = T [7 e D o )RR 80t v S B
2kmE =y [HI R 7 JR\ 55 5 B B - P A AAE
553~ 4G IR e 41 RS B R A ER SR
o Wt P T+ SRS PO Y LS 5 B
MR BR A EER - #2585 2
(2009) -

M3 B W RF 5L =X 7% i Ja, 7 i 1F 2



¥(km)

[ElS. #E20004-8 F22H 1100 UTC 50 %W B E A ey i RUSE T8 TSR0t ~ TR B 2k i 1) T E
T[] (dBZ) F ke ] (72 ) B 2km g g TS 1) JEL 8 1 ol il (A [ © XAQRME L o2 - +
FREREEPHEE R 33km LR B TR UL E - FEAUS SRR - RS T AR -

=

Figure 5. The composite CAPPI in reflectivity (dBZ) (left panel) and Doppler velocity (m/s) (right

panel) at 2 km level with surface flow pattern analysis for the Severe Typhoon Bilis (2000)

over Taiwan area at 1100 UTC on 22 August 2000. Symbol “X” represents the typhoon center

and symbol “+” stands for the radar site about 33 km away from the Taiwan coastal line. The

dash lines are the streamlines and the solid contours are the isotaches.
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Figure 6. The 28 cases of relative positions (left panel, units in kilometer) of the model analyzed
centers (hollow typhoon symbols) to the observed typhoon centers (solid typhoon symbol). The
improvement of the vortex relocation process on typhoon track forecast (right panel). Horizontal
axis is the forecast time (unit of hour). Bars are track position errors (left axis, unit of km) of
forecasts with (hollow) and without (solid) relocation process. Curve is the percentage of the

error reductions (right axis, unit of %).
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Figure 7. The mean forecasting errors (vertical axis, units in kilometer) of NFS, WRF, and EN models
and the Central Weather Bureau official forecast (CWB) for typhoons in years 2008 (up panel)
and 2009 (down panel). Horizontal axis is the time range, from 24 hours to 72 hours, of the track
forecasts. EN represents the ensemble forecast from NFS and WRF models. In year 2008, the
Central Weather Bureau used NFS_Kuo and WRF_MO02 as operational models those be changed

to NFS_NCEP and WRF_MO1. Details refer to Yeh (2009).
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Figure 8. The mean hourly rainfall over Taiwan for cases of typhoon in 1991 to 2008 with its eye lo-
cates at the 1 degree by 1 degree areas from 21°N to 27°N, 119°E to 123°E. The rainfall scale (in

mm) is shown on the right bottom corner.
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ABSTRACT

To improve the capability of typhoon forecasting and thus to reduce the damage loss induced
by destructive typhoons are top priority research topics of the National Science and Technology
Program for Hazards Mitigation supported by the National Science Council. “The Forecast Technique
Development Studies on Typhoon Track, Rainfall and Winds over Taiwan Area” is one of the
integrated research themes under this Program and aimed to improve forecasts of the track, heavy
rainfall and strong winds for a typhoon striking Taiwan. This paper summarizes the outcomes of the
integrated study in year 20009.

Tasks of the study include: Doppler radar wind analysis and implementation of the wind
analysis scheme into the Central Weather Bureau (CWB) operational environment, development
and application of a global numerical model for typhoon track forecast, improvement of the typhoon
mesoscale quantitative precipitation forecast, study of the forecasting technique for typhoon-
associated heavy rainfall and severe flooding, study on the implementation of WRF typhoon
forecasting component in the operational environment of CWB, study on the Taiwan terrain effect on
structures of the invading typhoons.

The results of the studies are fruitful, which include a Doppler radar data control procedure
and the dual Doppler radars wind analysis algorithm which have been successfully implemented
in CWB operational environment. The physical packages of the planetary boundary layer and the
cumulus parameterization of the CWB global numerical model and the vortex relocation procedure
of CWB WRF model have been refined. A WRF 4Dvar system also has been implanted in CWB. For
improving typhoon rainfall forecast, typhoon rainfall climatological model for typhoons coupling with
the northeasterly monsoon has been developed. The typhoon rainfall climatological model also has
been improved by using the satellite data-derived typhoon rainfall climatology. A scheme to integrate
rainfall estimated by using improved radar analysis algorithm, into the water flow simulation has been
developed.

Key words: typhoon, typhoon rainfall forecast, typhoon track forecast, data assimilation, vortex relocation,
dual Doppler radars analysis, typhoons coupling with the northeasterly monsoon, water flow

simulation



