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Abstract

This research simulates the development of typhoon Xangsane (0615) in terms of vertical vorticity of the storm.
The Weather Research and Forecasting (WRF) model is used in the simulations. The Rankine vortex wind
bogussing is used to enhance the weak observed wind speed before input into WRF model. Results show that with

bogus wind, the simulation provides accurate timing of the intensification of Xangsane from tropical to typhoon.
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Introduction

Tropical cyclones have great effects on long shore or

. c:cmL for r<R, (1)
offshore structures and frequently cause losses of lives '
and properties. Thus, it is of great importance to simu- P
. ) c=c,| — for r>R, )
late tropical cyclone development. In this research, the R,

development of typhoons Xangsane (0615) is used in

a model simulation. The vortex bogussing is a method
where c is the tangential wind speed and
to improve the initial data by increasing weak observed
the value of OL has been determined empirically from
wind speed of tropical storm before input into the model. ] ] ]
; observed tropical cyclones. In this paper QL is 0.6.
The Rankine vortex is used in' to bogus tropical cyclone
The tangential wind speed of a typhoon can be
wind in a single level primitive equation (SILEPE) model.
calculated in the west—east direction or zonal wind (V)
A rankine vortex is applied in bogussing tropical cyclone o o ]
) and the north—south direction or meridional wind (@) as
forecasts by MM5 model in® which results in better wind

speed forecast. u=c cosf (3)

v=c sinf (4)
Methodology and data

A. Rankine Vortex Equations
where 0 is the angle between the wind speed and the
Assuming the initial position, the central sea
north direction.
level pressure, the maximum tangential wind speed c
m The geopotential height is defined as z=gh, and
and the radius at which the maximum tangential wind
assumed to be related to the wind field by the gradient
speed occur R , the tangential wind of a typhoon can be s
m ; . wind relationship
calculated according to' and”. This wind can be described

as a function of the radial distance of the storm r as oz 2

a (5)
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After replacing ¢ from Eqg. (1) and Eq. (2) into
Eqg. (5) and integrating,

2
Idz =| fc,, + Em I—dr r
Rl" Rm

-0
jdz = fc,, J{Rrj dr+c31 j; =g Ar .y >R,

We have

2
C r
z(r) = %(me +Cn {R_] +¢

SRuco | T e c,i r e
(r)y=—"""| — - +c,
- \ R, 2a\ R,

7

Assuming continuity of geopotential height at the
radius of maximum of wind, c, and ¢, can be eliminated
from both of the equations. This will lead to the geopoten-
tial height at the distance r from the storm center, z(r),

which is calculated from the following equations®

1-a 2
Ry | SR | R} (—o)
2 = 2(R) [z(l—a){z[zemj (1+e)-( a)[ij}
. 2 R -2a - 2
—E [R—mj —(1+0¢)+06(E] rSRm (8)
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B. Weather Research and Forecasting (WRF) Model

r>R, ()

The WRF model is used to simulate vertical
vorticity at the 850 hPa. The WRF model is developed
primarily by the National Center for Atmospheric Research
(NCAR) and the National Centers for Environmental
Prediction (NCEP). Other contributors include the Forecast
Systems Laboratory (FSL), Center for Analysis and
Prediction of Storms (CAPS), the Air Force Weather
Agency (AFWA), the Federal Aviation Administration
(FAA) and the Naval Research Laboratory (NRL). This
is a fully-compressible, nonhydrostatic model, and is

conservative for scalar variables®.
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C. Vorticity

The vertical component of vorticity is defined as
the circulation about a closed contour in the horizontal
wind components u and v.

The expressions for the vertical component of

vorticity is

_Ov Ou

ox Oy (10)
The central-difference approximation for com-
putation of vorticity at grid point (i, j) transforms Eq. (10)

into

D. Experiment Case

The experiment case (Table 1) in this paper is
tropical cyclone Xangsane (0615). Data for this storm are
obtained from the Joint Typhoon Warning Center (JTWC)’
and the initial condition from®at 850 hPa. The initial time
of simulation is 26/09/2006 00UTC and the ending time of
simulate is 27/09/2006 06UTC. The domain in this study
between latitude 0°N to 23'N and longitude 95 E to 125 E.

Table 1 Observed data of typhoon xangsane’.

Maximum
Date and Times Latitude | Longitude ;; i’:‘; Type
(m/s)
o Lsan wse | we |
ZO&GUOTQC% 156°N | 1097°E 33.44 Typhoon
2%()06U()T9C27 | I56°N | 1086°F 38.58 Typhoon
2%%6U0T9c27 157°N | 1074°E 43.72 Typhoon

The steps for the simulation of typhoon Xangsane
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development are shown in Figure 1

Import data u, v and z from NCEP

v

Wind bogussing

v

Input initial condition data

v

Run WRF model

!

Output wind speed of typhoon

v

Compute vorticity

End

Figure 1 Steps of the simulation.

Results and discussion

Wind speeds from the simulations of the
typhoon development with and without bogus at 850
hPa on 26/09/2006 at 18 UTC are shown Figures 2 and
3, respectively. Wind speed patterns in both figures are
similar. However, the vorticity development in bogus case

is better than that of no bogus case.
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Figure 2 The simulated wind of typhoon Xangsane with
no bogus wind on 26/09/2006 at 18UTC.
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Figure 3 The simulated wind of typhoon Xangsane with
bogus wind on 26/09/2006 at 18UTC.

The vorticity of typhoon Xangsane as simulated
with no bogus, bogus wind and vorticity computed from

JTWC data are shown in Table 2 and Figure 4.

Table 2 The vorticity of the typhoon xangsane.

D;"ffn‘::d (x?foz";?') Type (E!}%'?) Type ()S‘B oy | Toee

zoluiisutz?czn 321 Typhoon 203 T;‘i(‘,’ri:' 345 Typhoon

Zi.EJ(fULKT:CZ? 377 Typhoon 247 Typhoon 398 Typhoon

203}:]-;)1?(?7 4.03 Typhoon 292 Typhoon 4.34 Typhoon
—TWC iesess NoDopus = = DoOgus
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Figure 4 Comparison of the simulated vorticity for

typhoon Xangsane.

Results from the simulations show that the
bogus wind can provide realistic values of vorticity when
compare with the JTWC data.
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Conclusions

Observed wind speeds from satellites are usually
weaker than real wind speed around a tropical cyclone.
To correct this problem, a wind bogussing method is
applied to the observed wind speed before input into the
WRF model. Simulation of vorticity during the develop-
ment of typhoon Xangsane shows that the simulation
with bogus wind provides better results than without

bogus wind.
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