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Figure 1: The dual-Doppler radar wind analyses for Typhoon Fanapi at 2300 UTC 18th September
2010. (a) Composite wind fields on different levels and the radar reflectivity. (b) Same as (a),
except for winds only. (c) Same as (a), except for in colour print. Wind speeds are indicated
by wind bars with full/half bars 10/5 m/s. The wind bars in red, blue, pink, and white in (c)
indicate winds on the levels of 1-2, 3—4, 5-6, and above 7 km, respectively.
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Figure 2: Scattering diagrams of the west-east component (upper left) and the south-north
component (upper right) wind speeds between the dual-Doppler radar analyses and the
observations from wind profiler for Typhoons Sinlaku, Jangmi, and Morakot. In bottom
panels, the scattering diagrams of the gust speeds (squares) and the average wind speeds
(circles) are at 3-km level for Typhoon Sinlaku (bottom left) and Typhoon Jangmi (bottom

right). The linear regression information is also included in bottom panel.
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Figure 3: (a) The averaged track distance forecast errors (vertical axis, units in km) of the
operational (OLD) and the testing version (NEW) global forecast model at Central Weather
Bureau for the 7 typhoons affecting Taiwan in 2008. (b) The percentage for the improvement
on track forecast when the dropsonde observations were included in the analysis. Horizontal

axes are the forecast time in hours.
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Figure 4: (a) The best track of Typhoon Megi (2010), and (b) the average track distance forecast
errors (vertical, in km) of CWBGFS forecasts with (mgps2) and without (mentl2) GPS RO
observations included in the analysis. The track in (a) are marked in 6 hours intervals starting
00 UTC, and the numbers indicate the month/date. (c) Difference of the track forecast errors
(vertical, in km) at 24, 48, and 72 hours forecast (see caption) between the CWBGFS forecasts
with and without GPS RO observations included in the analysis. The forecasts start from 14"
to 22" October (horizontal) with four forecasts per day. Two arrows on the bottom of figure

mark the periods when Typhoon Megi moved with larger direction changes.
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Table 1: The threat scores of the climate model and the newly-developed models to forecast heavy

rainfall at different thresholds for eight typhoons affecting Taiwan.
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130 mm 0.5 0.55 0.53 0.54 0.53
200 mm 0.34 0.45 0.44 0.47 0.45
300 mm 0.14 0.30 0.29 0.32 0.29
350 mm 0.09 0.24 0.24 0.28 0.25
400 mm 0.06 0.17 0.18 0.19 0.19
500 mm 0.01 0.17 0.16 0.2 0.19
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Figure 5: The observed 24-h accumulated rainfall of Typhoon Fung-wong during 271200 - 281200

UTC July 2008 (top left) and the corresponding forecasts (other panels) using climate model
and 4 improved typhoon rainfall forecast models. The track of Typhoon Fung-wong is also

shown in the diagrams. The scale of rainfall amount (mm) is shown at the bottom right corner.
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Figure 6: Scattering diagrams of the observed total rainfall versus model forecasts (in mm) (a)

using original climate model and (b) modified climate model for Typhoon Haitang (2005).

In the modified climate forecast model, there are different groups of typhoon based on the

typhoon rainfall parameter from radar reflectivity and the strength of the accompanying

southwesterly monsoon.
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Figures 7: Time series (horizontal axis) of the observed rainfall rate (OBS, in mm/h) at station
Gauyi and the corresponding derived rainfall rates by radar parameter (a) Ky, and (b) Zp; at

levels of 3, 3.5, and 4 km. (c) As in (b), except for the flow discharge simulated by the model.
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Figure 8: The river water level (in m, colored scale on the right) over the Hsiayun watershed
simulated by CASC-2D model at 1600 UTC 12 July during the invasion of Typhoon Bilis in

2006.

J& (dBZ) [& - 35t HHZEH i e Jo oL B BR
FRAEPGIL T A Z W i A R -
IR R - R ATRE (35 —BEEIg R
PR i fe 7 55 B e o L JEL (58— B
=GR MHE - AR RE 2
FYERS o WFSEAEIRIREUR - e B RV T 52 3t
a2 s FEEHHRE (blocking )

38 (channeling) B APE (corner) %%
JE - ELIRG a4 T 22 1 R e S L L - MR
SYRE AR - H SRR e M A 2

=

AT B B S L Rt AT W B -

fa] (2009) 3f—2 LIWRF& A HES
EZEMY BT - B 5 e B e B
AR - BN A2 - WFFEfR IR
A8 5 2 ki - fBECH ~ EiBn
fHE - B2007F M FEDHER (Krosa) i
IS Ko Ea > 28PN RE
3t 1y FEE 2 % G I AE [ b Y e Y B S HL oy
At R e 525 8 i Tt 200 HEE e 1 g i {1 3t
oA o Rl B E R EER -~ P5 i HE



2000 AUG 22 11:00UTC GRI 2km CAPPI

30

=60

Tl -fo0 -80  -60  -40  -20 a 20 40 60 &0 1o 120

X(km)

@9 L FsAE20004E8 H22H 11 UTC SRAUME EE AT (Bilis ) #yHh RUEE 3= 8 st i S 0 B 2
kmiE B G A (m/s - [ERREE) SR o i a5 R oA E - B
TEE O R B R R 33 kmk R RN - AR R - B G R

(m/s) o NHEF AR A 2kmE S a5 A (dBZ) [& - [ FhRF5R XA SR mE AL
= A A A VA VA=

Figure 9: The composite diagram (upper panel) of the subjectively analyzed surface wind streamlines
(dashed) and isotaches (solid) with radial direction wind speed at 2-km level observed by
Ludao radar at 1100 UTC 22" August 2000 before Typhoon Bilis (marked with typhoon
symbol) made landfall in Taiwan. The lower panel delineates the reflectivity (dBZ) at 2-km

level. The symbol “X” indicates the typhoon center and symbol “+” stands for the radar site.
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Figure 10: The 64-hour accumulated rainfall (scale on right in mm) simulated by the WRF model
during the period of Typhoon Krosa affecting Taiwan from 0000 UTC 5" to 1600 UTC 7"
October 2007.
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Figure 11: Diagram to compare the USGS (upper or left) and IOCT (bottom or right) land cover
datasets in the WRF (a) 45 km, (b) 15 km, and (c) 5 km grid mesh.
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Figure 12: The 12-hour accumulated rainfall (scale on the right, in mm) and the surface pressure
(contours) at 72-hour simulation by the WRF model with the (a) USGA, and (b) IOCT land

cover for Typhoon Morakot.
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Figure 13: Distribution of the soil temperature observed (OBS, line with dots) at Hengchun for the

period from August 2009 to August 2010, and the corresponding model initial value generated

by WREF data assimilation system (solid line) and the HRLDAS analysis (line with triangles).
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Figure 14: The sea level pressure analyses (a) with, and (b) without vortex (center at typhoon

symbol) relocation at 1800 UTC 26" September.
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Figure 15: The averaged typhoon track forecast errors of the CWB official forecast (CWB) and
five WRF model forecasts. WRF_OP stands for the CWB operational WRF system, OL_DFI

represents the one with outer loop and digital filter initialization included in the data analysis.

Others include those with different background error covariance (CV3/CVS5) and different

cumulus parameterization process (KF/GD) tested. Total case number is 247, and the 11

typhoons are issued warnings by CWB in 2008 and 2009.
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Some Findings on the Technique Development for
Typhoon Track, Rainfall and Winds Forecast over
Taiwan Area
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ABSTRACT

“The Forecast Technique Development Studies on the Typhoon Track, Rainfall and Winds
Forecast over Taiwan Area” is one of the integrated research projects supported by the National
Science Council aimed to improve the capability of typhoon forecasting and thus to reduce the
damage losses from destructive typhoons. Tasks of the studies include: Doppler radar wind analysis
and implementation of the wind analysis scheme into the Central Weather Bureau (CWB) operational
environment, application and development of a global numerical model for typhoon track forecast,
a study on the improvement of the typhoon mesoscale quantitative precipitation forecast, a study on
the forecasting technique for coupling typhoon-associated heavy rainfall and severe flooding, a study
on the improvement of the land data initialization and implementation of WRF typhoon forecasting
component in the operational environment of CWB.

The results of the studies are fruitful, which include: a Doppler radar data control procedure
with the dual Doppler radars wind analysis algorithm have been successfully generated at the CWB
for operational use; the new physical processes and data assimilation system, GSI/NCEPS, of the
CWB Global Forecast System have been created to improve typhoon track forecasts. The impacts of
physical changes and observational data such as dropsondes and GPS RO data on track forecasts have
also been explored. Land data assimilation system and a new version of WRF model, called TWREF,
have been implanted at the CWB. To improve typhoon rainfall forecast, the typhoon rainfall forecast
model has been advanced by using the satellite data-derived typhoon rainfall climate model, with
the typhoon rainfall statistics model upgraded by using the satellite rainfall potential. In addition, a

scheme to integrate rainfall into water flow simulation has also been developed and refined.
Key words:typhoon, typhoon rainfall forecast, typhoon track forecast, data assimilation, vortex

relocation, dual Doppler radars analysis, typhoons accompanied by the northeasterly

monsoon, water flow simulation, mesoscale conceptual model



