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Figure 1: 2200 UTC September 18 2010 radar retrieved wind speeds (m/s) on different heights
(symbols in lower-right) and at different distances from center of Typhoon Fanapi

(horizontal axis).
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Figure 2. Time evolution of the wind speeds (m/s) on 4 km height at a cross section from

center of Typhoon Fanapi to a distance 200 km away from the center.
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Figure 3: The horizontal wind (bars) and the potential vorticity (scale shown in lower panel, in units
PVU=1x10-6 K kg-1 ms-1) on 900 hPa for Typhoon Haitang (2005) at (a) 28, (b) 28.5, (c) 29, (d)
29.5, (e) 30, and (f) 30.5 hours of WRF model simulation.
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Figure 4: The simulated minimum sea level pressure (vertical axis, in hPa) before Typhoon
Haitang (2005) made landfall (landfall time, in model integration hours, marked with L in
horizontal axis) in Taiwan. Curves with dots and circles are results from simulations of
with and without Taiwan terrain, respectively. A, B, C, and D mark the time at 30, 31, 32

and 33 hours, respectively, of model integration.
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Figure 5: The ensemble typhoon track forecasts (thin lines) by shallow water equation model
for Typhoon Fanapi initiated at 0000 UTC 17 September 2011 with the initial flow field
from different combination of flow fields at 850, 700, 500, 400, and 300 hPa levels. Line
with typhoon symbols is the best track and the line with triangular symbols is the shallow
water equation model forecast track with initial flow from the vertical mean of flows at

850, 700, 500, 400, and 300 hPa levels.
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Figure 6: The ensemble typhoon track forecasts (thin lines) by shallow water equation model for
Typhoon Megi initiated at 1200 UTC 16 October 2010 with different vortex structures. Lines
with typhoon symbols, circles and triangles are the best track, ensemble mean forecast track and
the forecast track with mean vortex structure (Vm=40m/s, Rm=96m, b=0.66), respectively.
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Figure 7: The vertical distributions of the RMSE of (a) zonal component wind speed, (b) meridional
component wind speed, (c) temperature, and (d) water vapor mixing ratio for partial cycling
simulation (PNO) and full cycling simulation (FNO).
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Figure 8: The 9-h evolutions of the mean absolute surface pressure tendency (hPa (3 h)™*) averaged

over the forecast domain of TWRF forecasts.
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Figure 9: The ensemble typhoon track forecast for Typhoon Fanapi initiated at 1200 UTC 16
September 2011 for the experiments (a) without, and (b) with the initial vortex perturbation.
Dot-line (best), Dot-+-line (mean), and thin line (EFS_member) stands for the best track,
ensemble mean, and individual ensemble track forecast, respectively.
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Figure 10: The 0-72-hr ensemble mean track forecast error (solid line) and the ensemble spread
(dashed line) for the experiment with (solid dot) and without (open circle) initial perturbation in
Typhoon Fanapi. The unit is kilometer in vertical, and forecast length (hour) in the horizontal.
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Figure 11: Radial-pressure (hPa) distribution of the simulated azimuthally average radial wind
(contours without labels, intervals in 4 m s™, dash lines for inflow), static stability (contours with
labels, units in 10®m*s’k), inertial stability (shaded, units in %) and radial-vertical wind field
(arrows) for (upper panel) Typhoon Yutu at 48 h, and (lower panel) Typhoon Manyi at 96 h.
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Figure 12: Composite time series of the (a) normalized intensity and (b) normalized size for typhoons

with the outer mesoscale convection system (Outer-MCS), the enhanced rainband
(Enhanced-rainband) and that encountered strong/weak south-westerly flows (Strong /Weak
SW-flows).
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Figure 13: Scattering plots and the regression lines between the mean observation rainfall rates
(vertical axis) and the mean low level westerly wind speeds (horizontal axis) over the mountain
area of southwestern Taiwan (area shown in lower-right) for Typhoons Morakot (2009), Haitang
(2005) and Talim (2005).
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Figure 14: Time series of the averaged observation rainfall rate (bars, in units of mm/h), the low level
westerly wind speed (lower curve, in units of m/s), and the corresponding prediction rainfall
rates (upper curve) over the mountain area of southwestern Taiwan for Typhoon Haitang (2005).
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Figure 15: Average accumulated rainfalls (in units of mm; shown in the color bar) on Taiwan for
typhoons in track-type 1, 2, 3, 4, 6, and 9 during the typhoon warning periods. White colors over

land indicate areas of no rainfall observations.
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Figure 16: Abnormal precipitation index (API in the scale of standard deviation; shown in the color
bar) for Typhoons Aere (track-type 1), Sinlaku (track-type 2), Haiting (track-type 3), Fanapi
(track-type 4), Mindulle (track-type 6), and Nanmadol (track-type 9). Accumulated rainfall less
than one standard deviation among typhoons in each track is indicated by either arrows or
circles.
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Study on the Improvements of Typhoon Track,
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ABSTRACT

“A study on the technical development of typhoon track, winds and rainfall forecast over
Taiwan area” is a three-year integrated research project supported by the National Science Council
beginning from 2010, which aims to enhance the capability of typhoon forecast over Taiwan area.
Topics of the study include: dual-Doppler synthetic analysis of typhoon circulations based on Taiwan
radar network and its applications to real-time operation, mesoscale modeling and analysis of the
inner-core structure changes and rainfall associated with a typhoon affecting Taiwan, a study on
Taiwan terrain effect on typhoon motion by using a shallow water model, a study on the improvement
of mesoscale numerical model to enhance typhoon heavy rainfall forecast in Taiwan area, typhoon
track and rainfall forecast in an ensemble forecast system, typhoon structure and its interactions with
ambient environment, building the indicator of heavy rainfall for Typhoon in Southwest mountainous
area of Taiwan, the characteristics and identification principles for landfall typhoons with abnormal
structures.

Major achievements through the middle of 2012 on operational use include refinement of the
TWRF model, refinement of WRF ensemble model on typhoon track forecast with taking in vortex
structure perturbation in initial fields, heavy rainfall estimation over Southwest mountainous Taiwan
using upstream wind speed, and development of an operational system for dual Doppler radars wind
fields. Those are very helpful to the Central Weather Bureau operational typhoon forecast. As to the
improvement in our understanding of typhoon motion and structural change, the study shows when a

typhoon encounters mountainous terrain, terrain beta effect and advection effects are the dominant



terms to affect the typhoon motion near the terrain. On the Typhoon Haitang’s (2005) looping
motion before its landing in Taiwan, the study finds that the forming of the strong band-structured
convection system acts as a critical mechanism, and the asymmetric heating effect of the convection
contributes to the potential vorticity change. The study also finds that the compactness is a useful

index to categorize typhoons as whether the central structure is easily modified by the environment.
Key words: typhoon, typhoon winds and rainfall forecast, typhoon track forecast, numerical weather

prediction, data assimilation, dual Doppler radars analysis, mesoscale conceptual model,

ensemble forecast
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