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Abstract

This study investigates the possibility of seasonal prediction for tropical cyclone activity in the western North Pacific
by using a dynamical modeling approach. We use data from the SMIP/HFP (Seasonal Prediction Model Inter-comparison
Project/Historical Forecast Project) experiment with the Korea Meteorological Administration's GDAPS (Global Data
Assimilation and Prediction System) T106 model, focusing our analysis on model-generated tropical cyclones. It is found
that the prediction depends primarily on the tropical cyclone (TC) detecting criteria. Additionally, a scaling factor and
a different weighting to each ensemble member are found to be essential for the best predictions of summertime TC activity.
This approach indeed shows a certain skill not only in the category forecast but in the standard verifications such as Brier
score and relative operating characteristics (ROC).
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2d gF g IS5 Blasks gohE o 9
A HEY B Amg A5l gleigit
(Vitart et al., 1997, Vitart and Stockdale, 2001,
Camargo and Zebiak, 2002, Camargo and Sobel,
2004). T3t Watterson ef al. (1995)2} Thorncroft and
Pytharoulis (2001)o]4= GCM #7] ZE-& E3) ]
T WAl Y= v = dite & 84S0 iRt
A7} A|A = B} 9lck. Vitart and Stockdale (2001)-2
A GCM A& PFEZ 7| B2 A AE A H A&
A o]gsto] J3t mdof o3t BiF FAIFY AA
A E 7S AAEH. & dFolAE ot &2
do] e AP Tl HI T TS
AlEsto] At o O] 7hsAdS BRlel Hja gttt

714749 A2l GDAPS (Global Data
Assimilation and Prediction System)2} A2t slw 9]
71% o249l GCPS (Global Climate Prediction
System)& ARERE A7 A& Al =7} Qojgtet (A=
s}, 2004). B Wzke] A AR || Emo]
71 B 7wk Soll QlojAl 7o o] #-go] of
L A=9] A= Bk el gt
A SR o) A7 HZoAe 2d yRox I
A7|9bo] WAy skaL St BE2 Sk Aol T
=8 & dFollA= olE BEFEAl diEt A7] S
of| &-gstarx} gt

2 A7 F BxE AA T 95t Zdl GDAPSE
-g-sto] el o) A7) A& Alof| =2dll ol A WA Sh=
32 B35S At AR HFo B Hu e
24 mdlo] glF9 F7|dFe| ol H=E &-§E
T JEAE AR Aolth B3 AAHEA oS0
ofd & AP S Bt YAE FE o=l it
A Tl LOREOZH GDAPS AHE Ao of
L A=Y 95 58S A=A E A LA S

2. NE R a7%E

GDAPS T106 24 7]¥te] SMIP/HFP (Seasonal
Prediction Model Intercomparison Project/Historical
Forecasting Project) 7] 412 A71E H-40] AMgal%
o (AedighaL, 2004). SMIP/HFP= $A|%] 3l S}
Hog dag sw LS AF zaste] AikE
2 B LES AAZACE ALY BY S
gbeh (ATt 2004).
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O 2 PE A e AN Eydth
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Fig. 1. RSMC best track (a) and HFP track (b-c) of 1997 summertime.
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Fig. 2. Summertime (June-August) frequency of tropical cy-
clone from 1979 to 2004. The vertical axis is TC frequency.
The solid line represents the observed number of tropical cyclo-
nes and the dashed line is for the ensemble mean. Dots indicate
TC frequency of each ensemble in HFP run.
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oF ZolAA €t o|FA %6, 7,89 7 7|¢ B
IAE 7+ SAFE W9 6, 7, 8YE EE €F 7o
etk shte] GAE HHZF UeEtd= 29 B3 AN
a7t 9E 7|13 B AAE FE e Fol "
t}. o] ¥4 Viart 5 (2001)0| 4 AR-E 41} 5
sieh. o]gA SfA 3 7| F HAY IS 2 R |
A 13 HAAE B (3D AA TS Tl (AA)

£ ¥R vehd I9o] Fig. 4otk A Moz 2y
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24 g3 T=E =HF e Ate]d] Aol Y
T wkopA] ofmo] 2 g3l7 ol Fel7} glek. Sugi 5
(2002)01 A AAE 24 G3f Aol AHgH mdo
HH o2 FdH Aotk mEbA & Aol AME &
@9l GDAPSS] o 53} 5 7he] 4 S A ke
Ao wd gF F7 2AL 37 YA Sugi 5
(2002)9] 3 2AE9] YAZS WA 7|HA o
e vl A st A ey e =

HFP(JJA) no scaled freguency

corr =0.03

Fig. 3. As in Fig. 2 except for using the detection criteria fol-
lowing Sugi et al. (2002).
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Fig. 4. Summertime (June-August) TC frequency that scaled
by climatological correction factor. The vertical axis is TC
frequency. The solid line is observation and the dashed line
is the corrected ensemble mean. Dots indicate scaled TC fre-
quency in HFP run. Model tropical cyclone frequency is de-
tected using the detection criteria following Sugi et al.
(2002).
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Fig. 5. Summertime (June-August) frequency of model trop-
ical cyclone with modified Sugi tracking criteria. The vertical
axis is TC frequency. The solid line is observation and the
dashed line is the ensemble mean. Dots indicate TC frequency
in HFP run.

YEAR
Fig. 6. Summertime (June-August) frequency that scaled by
climatological correction factor and subjective weighting.
The vertical axis is TC frequency. The solid line is observation
and the dashed line is the ensemble mean. Model tropical cy-
clone frequency from HFP run is detected using the modified
Sugi tracking algorithm.
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£ Y7L 67 olE= 6719 SHHE A= T
ﬂ%’i HFHZ 197997 2003 E7HA] 257H7P el
A3, aAlEH o8 IAATES TR ol
Al A gt ﬂﬂﬁl’“EOﬂ o3 HAH =g =3 A
S (Sha)2 B2 HhE A4 (A S AEE e 1
ol Fig. 7olch. B9 B Aot A4 Bate] 4
AL 0.622 & AL Bt BiFo] 71 B
o WARE Tt A WARE wel Fghe & BAL
e EakAn A os B BF A4t 44
BE NS 2 geizic 3L B BARIA Bl
ol 8= ool-/g—% ndo] EXAolglal & 4= AT A
2 3 8 wHs 3 By 28 gou 37
2 H5te FgelA] Ao] FYot vo] 13 ot
Bt Ao= B 5 glrk. AF 717 % 2004 o2
oz 15709] ejEo] MAREE me AL 9570 5
A ool & 2248 wolw gtk 123 0] B4 =
HE 4] dgde 11.2700]1, AR =4 =HFE
O] AHAL 11 47)2 22 -0.29] biasE BT
7] dEolM= 234 AR EThs 4 7HH L
2] o)X (Zhang and Casey, 2000))E 3}7] wj&o] &
£% RSMC, HFPo| Higt &5 74 &5 F3i
below normal (BN), normal (N), above normal (AN)
o] YIS 3t 7| 2L af QAT
1951'3E 20033714 53?_1 ¢ 454 (6-89)
of| WAt AR B F Aol et Rl=sE UEhd &

HFPUJJA) scaled fregquency

corr =0.62

YEAR
Fig. 7. Summertime TC frequency that scaled by climato-
logical correction factor and superensemble weighting. The
vertical axis is TC frequency. The solid line is observation and
the dashed line is the ensemble mean. Model tropical cyclone
frequency from HFP run is detected using the modified Sugi
tracking algorithm.

ol g3t A H el A o] efF

WY AE o=

304 BN, N, AN©] Z}Z} 33%, 34%, 33%7} S ==
#1912 Fo1=t] RSMC BRI M= WS A4 0]
2 stk a8 A RSMCQ) normal 2] ®HY+= 107)
BE 137|7A] o], N2 45.3%, BN-2 28.3%, AN
264%2 AAFES Zhzte] WIS Hakglch. 22l
A2e B o 25 270 s A HEP o2
A (6-8%) B9 g Ao 71F B AAE FoA
HAs & = el tie HI=E el 204
+= BN, N, AN©o] Z}Z} 33%, 34%, 33%7} H =5 HY
£ A5 S9= F5H3h 23 A HFP] normal 9] 1
S 7974 14675 o)z BEE E A4
L Ao\, 71 H4E 2 giE s LR U
ERst7] wiZolch.

Table 12 7H 78] |52 A3t Folch A
2 HFP &3 7|3 B A QIz}of Q&) EA = JAE
B RINC 130 WA B3] 23 158
el Teels she| e ol2S BASCH 26
Y (1979-2004) 20| HFP2} RSMC7} 2o 7hg 3
o= B3l 3= 14902 53.8%2] FAEES BHTh
4714 3eH] FE| ] oSS TEs) B o) 33.3%9)
AZEL skillo] = A Wt}

TS ZHE|aLE o Hof tfet o2 SHAEQl HSS
(Heidke Skill Score)E ZA5}9t}. HSSE 7ok= 2
A2 A 2k 53 oS04 below normal,
above normal, Z18]3 normalo] YEld &S AAL
gtk A(DollA = 2 7HEIaEE YeliY, p(f 4,0 )
£ B3} olZo0) 28 78| Te)E ekl sholtt 1
Y3 p(f )% P(o )&= A4 ST BS54 ZH 7t
a7} Jeld &2 A, Table 19| 4] above normal<
Hel #Sol 6Woleug p(f,)=6/26°] Bt

S P(f o)~ 3P )P(o)
HSS = =1 — =1 6))
1- ;}lP(f 2P(0 )

gt =Y uf 2P<f 0)=1 °|E& HSS:= 1

o] E11 HSS7} 0 oY A9 skillo] Q&= Ao = o
o, =d de 95 8 e X
(Brooks and Doswell, 1996). 42 7}E]]J"’_ﬂ of| 20
gk HSS+= 0.192 9|& F8o] o] Hr= Sl A
o2 Y
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Table 1. Category forecast in HFP summertime. The letter B, N, A means below normal, normal and above normal,

respectively.
Year HFP RSMC Year HFP RSMC
1979 13.0(N) 6 (B) 1992 12.6 (N) 14 (A)
1980 13.1 (N) 7 (B) 1993 16.3 (A) 12(N)
1981 11.2 (N) 15 (A) 1994 15.7 (A) 18 (A)
1982 12.4 (N) 11 (N) 1995 8.7 (N) 9(B)
1983 6.9 (B) 9(B) 1996 14.7 (A) 11 (N)
1984 12.5(N) 12(N) 1997 9.9 (N) 13 (N)
1985 143 (N) 12(N) 1998 6.9 (B) 4 (B)
1986 9.3(N) 10 (N) 1999 5.7(B) 11 (N)
1987 10.1 (N) 10 (N) 2000 8.8 (N) 11 (N)
1988 6.2 (B) 13 (N) 2001 8.8 (N) 13 (N)
1989 10.1 (N) 14 (A) 2002 6.8 (B) 14 (A)
1990 11.8 (N) 13 (N) 2003 6.8 (B) 9(B)
1991 12.4 (N) 10 (N) 2004 10.6 (N) 15 (A)

4. Y¥E 9E A= BT

4% HFP o153 (1979-20049)°l| thaiA 4
= ZE A= AF (71447, 2002)= 24Tk ol A
952 B4 7HE ] A5 s 715 24 ¢
Aol o3 HAH 2d S Tt #5E =S i
242}l @l 4] normale] 918 o151t o] WelS
0]-83}9 below normal, normal, above normal Z+Z}
o] ti3lA] reliability, resolution, Brier score (BS)E
F3lA AE9 52 AS3H4TE Relative operating
characteristics (ROC) £4]of| A= AME W o wh=
M2 OE dea Hol7] H3iA oF 3l 2 =
Ao}t e G EdAE 4 FEFE 52

7 ANt

4.1 Reliability

Reliability (Atger, 1999)+= A& A|AH| 9] AZ| %
£ S7%k= Folth 7|4 o|HEY ti3lt 2 9] &
E3 AA I o|HIETL AT SE9] WA= YR
ojZict. gl A Y o AEE= 09 g 2=t
A=E 399 71252 8E o, A2
Z+ ZHE| e AA S oHE ggolrt. tjZdS
g A2 =5 Uehe, AZ = o] gzt E Tt
Qo) Yx)5PH 434 (under-forecasting)S 2u|s}laL
Hith = ofefjof )23t S (over-forecasting)=
ofugic.

Fig. 82 HFP ¢J&-3 below normal, normal, above
normal®]| T3t reliability == 32} sharpness =¥ & 3
7 Yebd Aot} Below normal$l 7o) disjr=
BE gE 7HE o dsfA AiF8E she B
< HEelth Normal?l 7-$-of tiajAl= 3/6 (0.5) °]s}k
o] 32 gh& 7tE| o A= oy, w2
£ 7He|l gl o] taiA = B ot A el
t}. Above normal@l Z-9-of A= 1/6 (=0.17) ©]
ste] @F2 g e e o] A= a2, 2
ks 7He| o) tisiAe LA she B B
Mi=g

4.2 Resolution

Resolution (Atger, 1999)2 of|H.o] #HHS e}
Y= =24 resolutiono] S48 WHigo] Hojuk
A B A Agol2k g = Utk SEA|RE o 2.o] o7}
BAER] 9ko resolutiono] ATHA 4] WIEA] £
© ol w A Agolekmi 3 4 gick

AFE JPoA AFE FAQ] 7|72 dE A
2" 9] resolution THEE 4= 9t} AlEE ZA49Q] 7]
277} 24 (perfect reliability)ol| A 274 Laks)| =] A
no resolutionol| 7}7H 85 ol B A| A7 resolution
2 gojz|A €t} No resolutiono]gk AH| o2 o]dll
Eot AR I&H oHIE Ato] o] v| 2 o] H )

Sharpness =3+ of| & A|2H] 9] resolution< 5+
3] AAshs Aoz ZF i 7HE| e o2 Hle
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4.3 Brier score (BS)
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Fig. 8. The reliability diagram in HFP summertime. A diagonal (dashed) line is the perfect reliability and the solid line is
the observed frequency against the forecast probability. The histogram at the corner is the sharpness diagram.
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Table 2. Brier score as to below normal, normal and above normal in HFP summertime.

Reliability Resolution Uncertainty Brier score
Below normal 0.07 0.01 0.18 0.24
Normal 0.11 0.03 0.25 0.33
Above normal 0.05 0.02 0.18 0.21

Table 3. Contingency table indicating hit rate and false alarm rate, and the costs and losses accrued by the use of forecasts,

depending on forecast and observed event.

HR = H/(H+M) Observed
FAR = F/(F+R) Yes o
Yes Hit (H) False (F)
F t and Action Cost (C) Cost (C)
- No Missing (M) Rejection (R)
Loss (L) No cost
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