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Development of tropical cyclone initialization scheme
for DFS global barotropic model

In-Hyuk Kwon

Department of Environmental Atmospheric Sciences. Graduate School,
Pukyung National University

Abstract

Tropical-cyclone initialization scheme for the global, barotropic,
DFS-spectral model was developed. The Sth-order harmonic spectral
filter (HSF) was employed in this new scheme in order to get a sharper

cutoff of high wavenumber as well as improved computational efficiency

compared to commonly used Kurihara filter. To separate the disturbance
field (i.e., typhoon-scale perturbation) from the analysis field objectively,
a new algorithm is presented: The typhoon scale is tentatively defined
in terms of two-dimensional wave number n. Then, from the analysis
field the circulation of scale n is separated, and the center of that

perturbation is searched, By monitoring the center of Lhe perturbations



with different n, the disturbance field is finally determined as the scale
for which the positions of the centers are not sensitive to the change of
n. The area of typhoon was identified using the streamfunction. The
axisymmetric bogus typhoon was generated following the Holland's
formula and modified to eliminate the discontinuity at boundary of
typhoon area. The new scheme was applied to the 3-days track forecast
of the typhoons that passed near or over the Korcan peninsula in 2002
summer. Compared to the previous scheme or forecast withoul the
bogusing, the new scheme vielded an improvement in the forecasts of

tropical cyclone track.
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Table 1 Average error (nm) of the track models, for 1996-97

east pacific tropical cyclones.

Forecast Interval (hr)

Model 12 24 36 48 72
CLIPER 42 80 122 165 935
NHCO1 11 74 103 135 209
BAMS 51 9l 129 163 211
BAMM 47 83 113 144 208
BAND A3 87 120 152 233
LBAR 43 80 112 148 929
GFDI 55 93 119 154 230
No. Cases 289 244 197 166 110
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Fig. 11 Streamfunction for the disturbance field. Thick
denotes the boundary of filter domain.
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ﬁmls
Fig. 12 Axisymmetric wind field obtained by Holland's

axisymmetric typhoon model.
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(a) (b)

{(c) (d)

Fig. 14 (a)} Analysis wind speed field. (b) Wind speed field with

axisymmetric wind before modification. {¢) The same as in (b) except

rescaled  axisymmetric wind. (d} The same as in (¢} except boundary
matched axisymmetric wind.
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Table 2 Track-forecast error distance of typhoon model for Rammasun.

(unit: km)
NO NEW
BATS GDAPS RDAPS
BOGUSING | BOGUSING
12hr 81.7 78.3 70.7 60.3 67.3
24hr 188.4 133.1 84.9 1299 1426
36hr 305.7 20577 151.3 213.1 225.0
48hr 4126 2969 256.0 305.3 3114
60hr 502.0 451 4 325.2 302.1
72hr 6497 602.0 3765 3325
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Table 3€ Nakri®] Z-¢of @22 a3 e wduel 2t )
weh Zelth 20020 TH 99 QOUTCH- 20029 79 129 00UTCZA ) 7
Aol A3 U3 oaE HEH gl

“ln Z7|o0E BATSS) A7k 7hg E4 srgho) 484171 o) 5o
GDAPS®| A7t A3t £& g Agelty Ao ha %7 a3
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Table 3 Track-forecast crror distance of typhoon model for Nakri.

(unit: km)
‘ NO NEW
BATS GDAPS RDAPS .

| BOGUSING | BOGUSING
12hr 108.2 69.7 71.8 527 55.0
24hr 174.5 915 1013 128.3 95.2
36hr 235.5 1724 168.0 202.8 163.4
48hr 226.2 381.8 296.6 254.0 225.4
60hr 267.8 6205 3325 303.8
72hr 420.0 838.0 423.0 419.3
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Table 437 Fengshen®] 2 9o B 22 928 v}z ndlZe) 2ite}
wlargk Fleloh 20021 79 199 12UTCHE 200249 79 269 12UTC7FA]
of 1570 el hell 2212 HF 3 Zlo|u}.

i 1240 BE 27]83 DFS ¢ rdo] 7 £9o) 1y
Al e Balghel] djEiA = GDAPS® dubrt g@9as =9t DES 49w

Bel Ay HE 271G Ak oha) kg Al w8 Fam

Table 4 Track-forecast error distance of typhoon model for Fengshen.

(unit: km)
. NO NEW
BATS GDAPS RDAPS
BOGUSING | BOGUSING
12hr 785 787 1159 73.2 73.4
24hr 1405 1114 14657 138.6 133.3
36hr 181.8 118.1 192.8 230.2 2081
48hr 2108 135.6 2305 3318 266.5
60hr 280.7 140.3 366.3 3119
T2hr 392.8 144.0 364.5 3538

- /7 -



Table 532 Fung-wong?] A §-ol B4z 925 e wdnol A
ek vlugk Zlolr) 2002y 7¥ 212 QOUTCHE 200241 74 262 00UTC7
Aol 1170e] A $ell sl eabs HEF grelo

ol 2 12A el Bl F 27183 DFS &shedo) 713 2o 3
ST 2441kl A 48A1ZH7 A = RDAPSS Ad7b 744 E9tor} BjE =
71818k DFS 9w g 343 2ol o2 mdSo uls) $43 2y
LAY B G0AIZERE 72417kl GDAPSe] A spa 9 smsiadr)
Fung-wong?| 4§ o]4 & Blod, #E F4o] Fengshend
2ep ghrtelel fxste, BIE e AFE Aol A7 Ao moltt DFS
TOFEE e H dd Azl best track® Wol AR O o B 484
ttel A vb¥iM Fengshen®t 4 & 283 H A, best trackol A @o] Qo] i
Zhea=y

AL
bl
u

I& B

f

it

r1r

)
Il

Table 5 Track-forecast error distance of typhoon model for Fung-wong.

(unit: kn
NO NEW
BATS GDAPS RDAPS
BOGUSING | BOGUSING
12hr 102.8 83.4 63.4 725 60.5
24hr 1779 1353 93.3 181.9 95.2
36hr 209.4 186.3 131.1 207.1 1585
48hr 283.7 298.7 201.1 265.0 2049
B0hr 441.5 3124 4447 408.0
| T2hr 6227 378.0 527.9 546.0
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Table 6= Phanfone® 2% €lF22 ¢xg & paso) i
ALk slolvh 2002 89 149 120TCYH 20029 &Y 20Y 00UTC# #
ol 13709 Aol sl A5 Hitg ghelo)

B 247 = HE 2719 DFS o9 do] 74 22 A u
Atk ol 36A17tell = RDAPSS] An7t 7% Z9k3, o] %o BATS?]
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Table 6 Track-forecast error distance of typhoon model for Phanfone.

(unit: km)
NO NEW
BATS GDAPS RDAPS .

i BOGUSING | BOGUSING |
12hr 39.8 81.1 792 737 2.2
24hr 181.6 156.8 137.3 162.9 128.8
36hr 234.4 22028 207.0 236.3 231.8
48hr 280.8 286.8 301.8 384.8 360.6
50hr 3254 360.2 497 .8 469.2
T2hr 3207 455.4 531.6 505.5
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Table 7+ Rusa®l 7% E7s o4& 2 waso Ane) u
gk Aol 20024 89 2449 12UTCHE 20029 8Y 20Y 00UTC7} ] 2]
11708} A $-ol thsll 242 sk ghoc},

AIERds 2% vad dss udn)h o) 1247k BATS| 4

i

L7F 7 FUR, 2441203 3641 7ol A= RDAPSYF b e o.xE n
ok the BE Ao vpAAR gE 288 ) shx Qge A

Foll ulsh $-5shc

Table 7 Track-forecast error distance of (yphoon model for Rusa.

(unit: km)
NO NEW |
BATS GDAPS RDAPS

BOGUSING | BOGUSING

12hr 67.7 89.8 82.0 83.3 85.6
24hr 116.6 134.6 94.0 149.5 148.3
36hr 1749 1675 139.6 207.2 189.2
48hr 2945 1745 177.3 953.1 295.8
60hr 2648 225.0 3035 269.2
72hr 301.3 328.0 337.4 323.0

..60_



e n
frax OL
=y = — of T° o HWy T
o < ER fp Wy = =
N2 ﬂmowwawww@%
! Mul Hiy d! —t ﬂw._ = T LM w.:.o
. : G d : =} -
& s amf_fawwﬂo&_-mqmnﬁj
n X > —_ ~ ' < ,
urm o o =R X ® Y oW 0 MM ey .i ol A
= o o0 N -t i e
7 St ol Ty = -
_ - S > o o TR Ho . )l
o T G- "y EE =~ = B oy T o 4 = ~©
Ho ok IER R N e o < < - ~ ™
= 70 S o B o= o T ;
_ ) RO B T = M el o Y
g - T T g ﬂzﬂﬁ%@a
2o W w0 o= %o o KT A T oo N
& T or % o= o b ST S
- = a @ 4 N W o 50 - © E
T = T o o W xR 5% B3 ’ |
BN G S @z w o o EE i
® 0 H?Tﬂo_,mlﬂéioﬁ i
= Box 0¥ o9 s = M e w0
&I 0 Bl g o ﬁi —_ i D\_, of C_E
Com o I Rl oy B 2 E W D
= & o T B N = W o M Lo A N o
= M mn ) Mooy, o - o i g o = I a ] %
B %, = To mw_c ﬂ_.m B o oK = m o He H
= X LT W mm 2w m],n T m IO & T T
G B SN e = = B T o
o O:c, ,.AI d» DL, - H—.L ,mlr <" o ' OE o M .w.__
i & TR [y B i Mo wp . o B0 lv_A.o <N ™
o = ER LT g b ooy ® T M R i
- ° o Lw TR O A oM ~ = H oo o
T £ = ﬂ}%ﬂr%g ¥ IoM g > o0
Ty 5 ° B 3 L S B oo O o
- ~ o = o <8 v ST P o ’
BX W7 P 3 = o DT g ooy T
=5 ey o T s T oy E.o ﬂw T o <r e i
< L T T T o i o B o = = N
ix_ = o ap o= = wo WO O o i) o M o Nir
e i i mo o & T :wv i3 A Ak Ho T
. il h - Y
s oE o T T ol oW R g m T oL
S o T m_%%g,rwa* ﬂw‘ﬂﬂ%ﬁ
L ) Boe B0 o g =N 7 G
Gk o < %0 = W g B | B
LT P | - @
T < e 7 ™
O Ho N s
T ™ iy
O

o7

(2002) 9]

s

a

e

B,

=
=

=

e

[

)

g

A
T

1} ©
2
- 61 -



o 41 Rammasun, Phanfone, rusa®)

FAl 2AbE]

5]

o g

"H_va
T2

[}

il
—_

3]

4T W3] BE 27]

of FEI Hol A5

712k 3ol A

of

DFS orde] 12 =45

- 62 -



700

600

500

400

300

200

Error distance (km)

100

Fig. 19 Track [lorecast orror as a tunction of the

maximum  wind latitudinal

speed  and

location of the
tvphoon.

_63_



Appendix

¥ 448 Fig. 7oA dehd 2i7el Sa e audelel, Rage 72
TEF, o @l of Ww vZYYoE Bue] A A £
& #A&Ah Fig Ale 0% F4L /Foe 53 Mg 3% 5 2
Aol M HYFEL WTe Holuh M windle BE Fde A% o

el HAulEL, M wind2s 5% gelols HoT Lol % oo 4

Ztzte) HdjFgol ME zol7b Agd "EgAS ojnjgtl Fig. Ale] A
a7t & odiels A9 M_windld M_wind27F ooz Zuale) shztct

1@ 4 ek el w40 febd 4% Mowindlel #l8) M_wind27h 7
Aoy spprb 228y #ol A5 M owindl 9] 71877 #olE, w1912
vhoshg R e el wEmAel sl Aol uehitoh Fig ALS Fig.
T sE AR dugne F03d4 ohIAE A7ge HARe %

A3 BEFAe) AuE ol gd BaFel Al AL AWHF

_64_



A
[as)

©
5

]

—
-
T

—
3]

——M_wind1
—o= M_wind2

Wind speed (m/s)
>

—
=y
3

P,

—
[€%]

| L L L 1 I .

30 29 28 27 26 25 24 23 22 21 20 19 18 17
Wave number

12

Fig. Al Comparison of maximum wind speed in the west (M_windl)
half area from center of the vortex with the maximum wind speed in
the east (M_wind2) half area. The perturbation field used for this

comparison is filtered field which consists of a single wavenumber.

...65_



I

-l E Tle e, WATRA AR A5, 7

o

i

HEZE, 2002 B F o)
G

Aberson, S5.D., and M. DeMaria, 1994: Verification of a nested barotropic
hurricane track forecast model (VICBAR). Mon. Wea Reuv., 122,
2804-2815.

Anthes, R. A, 1982' Tropical Cyclones: Their Evolution, structure and
Effects. Meteor. Monogr., No. 41, Amer, Meteor,
SoclISBN9-933876-54-8]

Cheong, H. B., 2000a: Double Fourier series on a sphere: Applications to
Elliptic and Vorticity Equations. J. Comput. Phy., 157, 237-349
Cheong, H. B., 2000b: Application of Double Fourier Series (o the
Shallow-Water Equations on a Sphere. J. Comput. Phy., 165,

261-287

Cheong, H. B, I. H. Kwon, T. Y. Goo and M. ]J. Lee, 2002: Iligh-Order
Harmonic Spectral Filter with the Double Fourier Series on a Sphere,
J. Comput. Phy., 177, 313-335

Gandin, L. 5., 1963 Objective Analysis of Meteorological Fields.
Gidrometeorologicheskoe Izdatel’stvo, (Leningrad, Israel Program
for Scientific Translations) Jerusalem, 242 pp

Gray, W. M. , 1979 Hurricanes: Their formation, structure and likelv

role in the tropical circulation. Meteorology over the tropical oceans,

_66_



D. B. Shaw, Ed., Roy. Meteor. Soc., 155 218

Holland, (. ], 1980: An Analytic Model of the wind and Pressure
Profiles in the Hurricanes. Mon. Wea Rev., 108, 1212-1218

Kang, M. K. and H. B. Cheong, 2001: Oscillation of separation distance
between paired typhoon-scale vortices. J Meteor. Soc Japan, 79,
967-983

Kurthara, Y., M. A. Bender, R. E. Tuleya, and R. J. Ross, 1990
Prediction experiments of Hurricane Gloria (1985) using a multiply
nested movable mesh model. Mon Wea Rev., 118, 2185-2198

Kurthara, Y., M. A. Bender, and R, J. Ross, 1993: An Initialization
Scheme of Hurricane Models by Vortex Specification. Mon, Wea.
Rev., 121, 2030-2045

Kurihara, Y., M. A. Bender, R. E. Tuleya, and R. ]. Ross, 1995
Improvements in the GFDL Hurricane Prediction System. Mon.
Wea Reuv., 123, 2791-2801

Kwon, H. J., S. H. Won, M. H. Ahn, A. S. Suh, and H. S. Chung, 2002:

GFDL-Type typhoon initialization in MM5. Mon. Wea Rev., 130
2966-2974

*

Lord, S. ], 1991: A bogusing system for vortex circulations in the
National Meteorological Center global forecast model. Pre-prints,
19th Conf on Hurricanes and Tropical meteorology, Miami, FIL,
Amer. Meteor. Mag., 40, 247-250

Sanders, F. and R. W. Burpee, 1968: Experiments in Barotropic

- 67 -



Hurricane Track Forecasting. J. Appl. Meteor. 7, 313-323

Serrano, E. and P. Unden, 1994: Evaluation of a tropical cyclone
bogusing method in data assimilation and forecasting. Mon. Wea
Rev., 122, 1523-1547

Trinh, Van Thu and T. N. Krishnamurti, 1992: Vortex initialization for
typhoon track prediction. Meteor. and Atmos. Phy., 47, 117-126

Zou, X. and Q. Xiao, 2000: Studies on the initialization and simulation of
a4 mature hurricane using a variational bogus data assimilation

scheme. J. Atmos. Sci., 57, 836-860

_68_



-z
T

PENE I TR

A

Hell A 7 =

2

o
&

ojar Al

-
=&

K<
T

HA

&)
1

©

Aol A

i
G
A

AR ol A

&

29

ol

—_
file)

ﬁo
M.

ral
T!

,‘_ }{]"l

T
—

ejn), v

OkA~ 1
= =5 -

] O
Z\ii

A AL =

oF O
vy

I18 4]

P

ol

Hujrt

.

Al

wKa

"

~

EE

Ut 85 o daa

74

=
=

2 5

—~

o
ma

=3
oH
3

#

1
o

ol
T

ol

ol

V1

onj

[]
s

} 7A]

3
Y1

<
s
e
o
of-

Mo

_69_



S shah AV AN A wSh F4 WY, Toleln A4 apali o

ofd, bR #o] Sl M H& AF FEY, crelu APy Fo
A& Ewol st Mg mobFe] ozl Al ) Bgole 4w
oy Ay yhEu T
4T3 35elA Tl o dAetR, g4 AT vhAs g o
CR71d EA AN, 4E, $301Y, FEY, HFoly, HFold, v Fo

W RE aehgela. @ol Al thall nAaY TR olys

CEREE

2
pusy
;

£

@ﬂ‘-%@ﬂ%i,%ﬁﬂ%%*%ﬁ%&ﬂ%ﬂﬂiw%%r@ﬂ%
g A% Fobd ATE( A, A, TY, FE s, ¥ 43, #, A
&)o} mupg]

Aol the AMEA weby, su A FRW A48 2 Hgn 2
ST A A2 EEF MYRol ol AE Ay apsEel) WA
FA elolA FAles A sRULY "elRolA BelylR ste gl
BERR Bash B EAE obARAE welY nYadt 2 A
| 2@l Apdle. = g duee AeslFar 48 opuA, 4w, mu
RERAAE b S gel B4 Agols @ 5& omau g
Gtz A 139 AESASNAE 2o wleg W

ox

_70_



	표지
	목차
	초록
	1. 서론
	2. DFS 전구순압 모델
	3. GFDL 방식의 태풍 초기화 과정
	4. DFS  모델에 적합한 태풍 초기화 과정
	4.1 모델에 적합한 분석장 생성
	4.2 태풍규모의 결정과 요란장 분리
	4.3 태풍영역 결정
	4.4 축대칭 태풍 생성  
	4.5 축대칭 태풍 수정
	4.6 바람장의 초기화
	4.7 고도장의 초기화

	5. 태풍진로예측실험
	6. 결론 및 토의
	참고문헌

