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Improvement the Tropical Cyclone Data by
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Abstract

This research provides an improvement data of tropical cyclone resolution in
order to forecast. Linear Interpolation Method and Rankine Vortex Technique are used
as this solution. The result showed that improved data has much clearly resolution than
non-improved one. Furthermore, the improved data also gave much better image of

tropical cyclone central.
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(List of Symbols)

is the tangential wind velocity.

is the maximum tangential wind at the radius of maximum winds(R,,) .
is coriolis parameter (s ™) .

is the acceleration of gravity (ms™) .

is the Jacobian operator.

is pressure (Pa) .

is the gas constant (J kg7 K™').

is radius of maximum winds.

is radial distance.

is time (s) .

is wind velocity in x -direction (ms™) .

is wind velocity in y -direction (ms ™).

is horizontal coordinate increasing northward.
is horizontal coordinate increasing eastward.
is an empirical parameter.

is the beta parameter.

is the relative vorticity.

is the absolute vorticity.

is the streamfunction.

is vertical velocity in pressure coordinates (Pas™), and it is defined by

vil

@ =—pgw, where w is vertical velocity in cartesian coordinate (ms™),

p is density (kg m™).
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1. Barotropic Model
1.1 Basic dynamics of the non-divergent barotropic model
On a local x,y and p (pressure coordinate) Cartesian coordinate

system, the horizontal equations of motion governing the non-divergent barotropic

flow is;
ou, O, 08 L (1.1 2)
ot ox oy ax
a x oy
The continuity equation for the system is
.Qliq- > o_ (non-divergent) (1.t ¢)
& oy
where u is wind velocity in x -direction (m.s™').

v is wind velocity in y -direction (m.s™').
g is the acceleration of gravity (m.s™).
is coriolis parameter (s7').
x  is horizontal coordinate increasing northward.
jJ is horizontal coordinate increasing eastward.
¢ istime (s).

If we differentiate Eq. (1.1 b) by g— and Eq. (1.1 a) by % and take the difference
X

between the two equations and use the continuity equation (1.1 c), we obtain the

vorticity equation for the non-divergent barotropic flow. This may by written as;



% 1% 0% T 2 g (1.2)
ot Ox oy oy
) .. of
Note: the horizontal equations is ua =0
where ¢ = o _ou is the relative vorticity.
ox Oy

J is coriolis parameter.

We may rewrite Eq. (1.2) as;

—6, = 0 1.3
dt~° (13)
d 7] 0 %)
where — = ——+ u—+v—
dt ot & Oy
&, = ¢+ f isthe absolute vorticity.

Equation (1.3) merely states that the absolute vorticity of a fluid parcel is conserved
following the motion of the parcel.
We define the concept of streamfunction. Given a velocity field V', one may
decompose it into a non-divergent (sometimes called the rotational) part, ¥, and the
divergent part, Vy , that is;
Vo= ¥, +V, (14 2)

such that

V¥V, = 0 and VxV, = 0 (14 b)
For a two-dimensional velocity field, V-H, the non-divergent part of the flow can be

expressed in terms of a scalar streamfunction, i, such that;

Ve, = kxVy (1.4 c)
or in Cartesian coordinates;
u, = %y and v, = @jﬂ 14d)
oy Ox

In streamfunction form, the relative vorticity,{ , may be expressed as follows;
ov ou 2
= ——— =V (1.5)
¢ o o ¥

Using relations (1.4) and (1.5) the non-divergent barotropic vorticity Eq. (1 .2) can be

written as;



0 oy
—Viy = —JwViy)- - 1.6
o’ ¥ V) -~ (1.6)
2 2
where T is the Jacobian operator, J{w,Viy) = oy Ny oy Ny .
& Oy oy Ox
Vi = gxﬁ _ou & is the relative vorticity.
B = g is the beta parameter.

f 1is the coriolis parameter ( f =2CQsing), Q is angular speed of rotation of

the earth and ¢ is latitude.
Equation (1.6) forms the basic of the non-divergent barotropic model. The equation
has one unknown, i (streamfunction). The integration procedure consists of replacing
the derivatives of the prediction Eq. (1.6} with finite difference approximations at a

discrete set of points in space and time.

2 Rankine Vortex Equations
According to Milne-Thompson (1968) and Andersson and Hillingsworth
(1988), the tangential wind velocity (c) of a Rankine vortex can be described by a

function of radial distance (r) as follows;

¥
c = ¢,—; r<R 2.1)
ﬂlRm m (
c = ¢ L_a' r>R (2.2)
m .Rm 2 m "

where ¢, is the maximum tangential wind at the radial distance R, .
« is an empirical parameter with the value from 0.5 to 1.0. In this research
a is set to 0.6.
Eq. {2.1) and Eq. (2.2) can be used to compute the zonal and meridional components
of the vortex tangential wind.
The merging of the idealized vortex to the initial data field is done by the relation;

W (ry=U,(r); v )=V, (r); O0<r<R, (2.3)

u(ry=U, (r)(%} + u(r)( ;i’” ]; R <r<R (2.4)

n "



where R is the maximum radius of the initialized vortex (size of the vortex),

()’ represents the merged value,
(), is the bogus value,

#R,rR, and RR, are the distances from r to R, from » to R and from Rto

R, respectively.

The equations for v'(r) are similar to those of u'(r).



3E0IANHUNS VY

(Methodology)

1. ideniretheamegmpunewiiolydmsuluqadeya (Tropical Cyclone
Case)

f‘hﬂ%’ﬂuam?%ﬂﬁ"lﬁtﬁﬂﬂmqmgunm%au XANGSANE  (Typhoon
XANGSANE) tiludradedmiunisiiulgedoya ieannidumemsindoud
ﬂummqﬁmsméauﬁmé’qﬂizmﬁ%ﬂ 1Y XANGSANE ﬁﬁ;ﬂﬁuﬁﬁ‘ﬁ Philippine
Sea Tu¥udl 25 Aueion 2549 Taefifemensnasuiirnualszme Philippine Tl
South China Sea cﬁqmmquusammwquﬁuﬁyﬂmi’iuﬁ 27 fue1gu 2549 ua
quinasueamgegiiaziya 12.4'N , a0adga 125.5°E Saulums3Sutise 1814
%agax‘éuﬁ’uﬁ%sﬁlmﬁmﬁﬂ%’uﬂqﬁ’fayjamaﬁuﬁ 27 e 2549 1781 00.00

UTC

TYPHOON 18W (XANGSANE)
25 SEPTEMBER - 02 OCTOBER 2006

3//~ . r"j .
' ' : o Juh 27 fueeu

B/N~3 - e ' d - 25N
. _ i ! a ¢
¥ A riotlng  Keafiong 2549 UIIUFgUY

30007 19115 - hatgve snge i

' rbaine L pang7 13 105 |~ . pl

“}5)“%-' . ‘ 5 e S04 /o / & AeBtnd 11170 / azHga 124°N,
= 0208 18 35 ARG KT [ e WJ an 1SN - .
¢ afe § Yizie e N Mgl 7R00Z 3 35 NOIAIN125.5 E

2hOGZ BiA ol

10N 10N

. o G Foan Vol
i B 4p

LEGEND
11 24-HR BEST TRACK POSITION
5N || aoo TROPICAL DISTURBANCE o = SN
TROPICAL DEPRESSION X ‘
§44 TROPICAL STORM
44 TYPHOON/SUPER TYPHOON

24 HE BEST TRACK POSITION —

oL IDENTIFICATION BRER
DIC $PDEKT) INTET) Lo
XOXE XX x I

95E 100E 10SE TIE . 115€

g1 1. idumamsndeniuesniy XANGSANE (JTWC, 2006)

2. Y0y ai31eiu (Initial Data)
a9 a9 P Yo ow Y
nsToudeyaisudureaniy XANGSANE fiuglddmiumsdiuilg

i’;’aua“lﬁ’mﬂ European Center for Medium Range Weather Forecasting (ECMWF)



A <
RPUNERIRZN B! vivnaa'lan hip//data-portal.ecmwf.int/data/d/interim_daily/ % 3

b4
o

= 3/ = =)
51Uﬁ$lﬂﬂﬂ‘llﬂﬂ‘llﬂuﬁ1]ﬂﬂu

Typhoon XANGSANE
Type Pressure levels
Date 27-09-2006
Time 00:00
Parameter u,v
Level 500 hPa
Resolution 2.5 degree

13147 1. Yoyaisuduveany XANGSANE 118110 ECMWF

3. Fumenlumstiinljaveyamgnuniou

31 hdeyaiSuduiivesniy  XANGSANE 11490 ECMWF w1viins

& A o v . 5 d.g g t::!
Wmﬂimlﬁﬂﬂ"lﬂ”i!,muQ“UﬁNWWIﬂﬂi% Barotropic Model FaivunoUAIH

Input

Read Grid
Point(u, v)

Run Barotropic Model

v
QOutput

Initial
Streamfunction

¥
gﬂ 2. Flow chart Lie7 AYUUANBUVOY Initial Streamfunction

ldnndeyasuduyes ECMFW



Y A ¥ oAy ¥ =t 3/ 'l
3.2 Mindeuaisuduii 1An1n ECMWE awaziboavedoyasgdil 1.5 degree
el = & A (Y T =4 [ 3 e 9 a ¥ 4
wiedszuin 150 Alawas Fadende luazBuaneasiusneihdoyasuaui
ayiinsdszanaaiie 19 ldanuaziBend 0.5 degreeriinilszunm 50 A laluas
s . . =] ad . =1 3
1ao1435 Linear Interpolation Method Fuiu35119 Numerical Method Taglitiunau

9

o A
Ad

Input

Read Grid
Point (w,v)

v

Interpolation Data
from 1.5 degree to 0.5 degree
using linear interpolation method

|

Rum Barotropic Model

Y

Output

Initial
Streamfunction

L4 ]
71/ 3. Flow chart e aUn®UY8A Initial Streamfunction i IAsNMIszanme

FoyasudulildaruaziBoai 0.5 degree M58 50 filamns



TR ARG avonssigum 10

a ‘é =4 C; = a o/ =y
3.3 ieyadelinrwaziBend 50 Alawas unimsdiudzalagdinaia

4 a2 v
499 Rankine Vortex ¥90TUADUALTI

Input

Initial Streamfunction
after interpolation data

|

Improvement Data
using Rankine Vortex technique

Rum Barotropic Model

Y

Output

Initial
Streamfunction

E
31 4. Flow chart aa39UnBUYe Initial Streamfunction M515u3a

Yoyamignyuunien1aol435 Rankine Voriex



=\ Qs
Han13ady

(Results)
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