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Abstract In 2010, only 14 tropical cyclones (TCs) were generated over the western North
Pacific (WNP), which was the smallest since 1951. This study summarizes characteristics of
TCs generated in 2010 over the WNP and investigates the causes of the record-breaking TC
genesis. A long-term variation of TC activity in the WNP and verification of official track fore-
cast in 2010 are also examined. Monthly tropical sea surface temperature (SST) anomaly data
reveal that El Nifio/Southern Oscillation (ENSO) event in 2010 was shifted from El Nifio to La
Nifa in June and the La Nifa event was strong and continued to the end of the year. We found
that these tropical environments leaded to unfavorable conditions for TC formation at main TC
development area prior to May and at tropics east of 140°E during summer mostly due to low
SST, weak convection, and strong vertical wind shear in those areas. The similar ENSO event
(in shifting time and La Nifia intensity) also occurred in 1998, which was the second smallest
TC genesis year (16 TCs) since 1951. The common point of the two years suggests that the
ENSO episode shifting from El Nifio to strong La Nifia in summer leads to extremely low TC
genesis during La Nifia although more samples are needed for confidence. In 2010, three TCs,
DIANMU (1004), KOMPASU (1007) and MALOU (1009), influenced the Korean Peninsula
(KP) in spite of low total TC genesis. These TCs were all generated at high latitude above
20°N and arrived over the KP in short time. Among them, KOMPASU (1007) brought the
most serious damage to the KP due to strong wind. For 14 TCs in 2010, mean official track
forecast error of the Korea Meteorological Administration (KMA) for 48 hours was 215 km,
which was the highest among other foreign agencies although the errors are generally decreas-
ing for last 10 years, suggesting that more efforts are needed to improve the forecast skill.
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Table 1. List of tropical cyclones (TCs) which attained TS intensity or higher in 2010 and informations on formation,
termination, strongest intensity of each TC.

TC number and name

Time (KST) and location (lat., lon.)

of TC formation and termination

Time (KST), location (lat., lon.), rank at the strongest
intensity (min. pressure and max. wind speed)

Rank hPa ms™ Time Lat. Lon.
1001 OMAIS 24 (11\/?2 2113:30,?1;(55,;&1“3' 11;;00 TS 998 18  25Mar 03:00 139 1323
1002 CONSON %ﬂ" ?‘;g‘;;@lf ;“11 09;;;0 TY 975 34  16Jul.15:00 17.6 1102
1003 CHANTHU 1(91{;‘;" 2111:60.(6’;(222. 5”11 0175. (:)()’0 TY 970 36  22Jul.09:00 205 1115
1004 DIANMU 8 g‘;‘féfl}égﬂ; (1329";’“%;58:)00 STS 980 31 10 Aug 09:00 31.1 125.1
1005 MINDULLE 23 é“?%‘y ?91:38)1 ]295 ft;%.;g):oo TS 990 24 24 Aug 15:00 186 1062
1006 LIONROCK 29(1‘;“;5' 1()13612(; Ezi;elf'léiz)oo STS 985 27 30 Aug 15:00 208 116.7
1007 KOMPASU 232‘?‘2%' 1231‘&(; 24?;"’1;'32_35:;’0 TY 960 40 31 Aug 09:00 25.1 129.4
1008 NAMTHEUN  ° (12‘2‘2%' 12212:%(; Ezﬁfli'lgizfo TS 995 20 31 Aug 03:00 256 1213
1009 MALOU 3(23362" 1153:()0.(;)~(§5§9e,pi 303:90)0 STS 990 24  6Sep.09:00 314 126.1
1010  MERANTI ? (Sz"fi’o?{gﬂ; (1207261’1131 4;?0 TS 990 24  10Sep.09:00 243 118.9
1011 FANAPI 15(28’3‘;" %;fg;é;zs,efi ;37300 TY 935 48  19Sep.03:00 240 123.1
1012 MALAKAS 2 l(lsge_%, 112:;).(());(32(’)5:6:{)4;12:)00 TY 955 41  25Sep.03:00 309 142.8
1013 MEGI 13(1%;’2113:82;(5; 8 clt'l g%;)oo TY 890 61  180ct.03:00 17.6 12422
1014 CHABA 24 Oct. 21:00 ~ 31 Oct. 03:00 TY 930 48 280ct.21:00 256 1300

(16.0, 131.7) (36.2, 143.8)
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AAANE HNEFS FHEZ AR HF 56.6%,
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o o7 EjFo Futd 3% Ja7kA Fehd EE
o= gk A - HgA HltEE F 63%Cl Eett
T3 22 717 gEo R Qs AE AR Ay
b gafde Zhzk 419 12 2199 el g3kt
(NEMA, 2010). Bl52o= 1gk =ik 13 - A4
&S oWE HAa3A7)7] el E HE o =9
APFEE Zole Ao] 235} o2 YA T &
HE AlEo] v 1 3 B gl tigh AR A2
< ANsle] B R 7xAEE 243 Fav) it

u]=; National Hurricane Center (NHC)= A<k &
S Gl BT A S A A ek ARTEA

s=71418ks] 7] 4247 35 (2014)

< Fot] HF X 2 Ax, T3, 7148 A
43, T3] 59 34U FRE 7331 Tropical

Cyclone ReportsE 23332 ) Bh(http://www.nhc.noaa.
gov). ©|H3s AKX += vld Tropical Cyclone Monthly
Summary FEIE QofE|o] A|FE Rt ofz} FF
A Aol 2t 2 ao] ARl 5HS aofst
& Monthly Weather Review®l| Al $+chH(Brown et al.,
2010; Collins and Roache, 2011; Stewart and Cangialosi,
2012). ¥ =3 Regional Specialized Meteorological
Centre (RSMC)IX = Ho=dllE &g S EHH S
o]A @A el TS (Tropical Storm) = ©]’d2] A
719kl tigh AFFEA S Bl BEe] SASIA, T4
7193 Al A& F5, d7esHd, HEdReat 5
= BHstd mid BFRIAME AFste] AlEgnt
(http://www.jma.go.jp). ®l= Joint Typhoon Warning
Center (JTWC)IM = EAefH Y, Holweek HefH
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Fig. 1. Tracks of tropical cyclones (TCs) which attained
tropical storm (TS) intensity or higher in 2010. Thick solid
lines represent TCs, which influenced on the Korea
Peninsula.

F, FAEGel N WA AiAIe] T ALFE
S F3 A7 duiA7IY E3A(Annual Tropical
Cyclone Report, ATCR)E ®H7Hsle] A|Fslal ot
(http://www.usno.navy.mil/JTWC/annual-tropical-cyclone-
reports).

2y} 71’37 (Korea Meteorological Administration,
KMA)OIA = 2006975 23] g e ge] 543
RA o e ARAS AAlste] mid Bl FEA
HYAME W7t O AAE o538l HFdr 7%
g2 B8t ATHKMA, 2011). =3k o]y 3 =
B 200609FE 2oF 2 A|Eo] g3|A]o] wiiH
3 tH(Cha et al., 2007, 2008, 2009, 2010).

201092 A SIS IR SR T
AR S AR 1951 ol 7P A2 BlSo] 24
gt olg &2l SZ 7S = UTK(Table 1, Fig. 1). 18
o= Bskal gt S & HFol F IR
WA (1951~2009) 3.270 9} Hls=gt HAY 5 7| 5319
th 53] e GF HF 5 ool BT HF <2
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B =5 AFEA S 8 2010049 BSR4
I A4S 2oste] SAEE Gl AT BFe]
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oM AHE AESE Aol B g

BE S50 U JEe dE AJEE7 A
(Regional Specialized Meteorological Centre, RSMC)
ANA AFste HE H2ARE ARSI ©o] AF
1977958 EA R Fe] e A 7Skl ik
AT 1A SAHAE, S et Ae, 79, A

%4 (maximum wind speed, MWS) 52 X33t}
AAZ1E7172 EdA7ISS TS w2t Ed
A} 9+ (Tropical Depression, TD: 17 m s~ ®]gH), &)
23 (Tropical Storm, TS: 17~24m s7), 73 ZF
(Severe Tropical Storm, STS: 25~32m s7), =
(Typhoon, TY: 33m s o]Zho g2 EFac 2 A+
AN BFEAE dHAUTE A2 QNEF o)
Saoll taiArt dAlskich

sl 42 NOAAA AlFsle 1981 E
20100 7HA] 1°x 1°9] 37k s =] gt a2
(NOAA Optimum Interpolation Sea Surface Temperature,
OISST) A5E ARSIt BFZEol TS vz
iR d7|est AL vs SO S A
(National Centers for Environmental Prediction, NCEP)
A|A Al F= = A FAEA] (Global Reanalysis R2) A}

£ ARSI o] ARE 9 - AR FH =Tt
2.5°%x25° AAlolH, FH o 2= F 1T Fo2 1A
w0} 9t} o] 88 W= 850 hPal-El 200 hPaZlA]
A 2 s kg, 18]35 500 hPa A 93l Ee]th A
£ 7172 1981 5E 201097k o]t}

RS oFe] e NOAA 94 A2 =224 E
#=9 A uEA(NOAA interpolated Outgoing
Longwave Radiation) At5.7} AME-E Attt Eoi#] 7]
o] v, eE st Aol & AY ZAIS S (NINO
3, 5°N~5°S, 150°W~90°W)e] 3l FH%= Hx}be} i
AeAF 22|32 soprlol 2o 197095E

fz

= 0 =

20109714 dE 71’43 AFE(Japan Meteorological
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Agency, 2010)E A}-8-3}e] 4314}

H3 e dlgHer ¥ oy} 2358 Y (upper-
ocean)?] GAjx9| 93-S W=TH(Shay et al., 1992;
Lin et al., 2008; Tseng et al., 2010). "3Z3NF] &4
AFz7t QF4E S A= olfe #HEol
Easlaa] 73elk vl ok &3y f5FR 0%
ArHELEE HsA7]7] dZoltt. dF EW,
HELE7F 2 fFolM e 535 vtz Yol FHeo]
Aok Aof7 wEe Bo Bk AL +4E
Yol o sirHE syt =24 vepdth BE

o] olFahe ol WASRE oleld al4Tewe)
sl BEel Puol 4hHeE 9L vAE A
o2 4dHA UtH(Lin ef al., 2008). WEhA EIE o]%F
Azel 4G AAFEE Ui YA
(Ocean Heat Content, OHC) A5+ HIZF 4L &4
Aot & Aol fYdde&dFS U]'GH‘E A5
&3lAE(HYbrid Coordinate Ocean Model/Navy
Coupled Ocean Data Assimilation, HYCOM/NCODA)
£ o]&ste] Faiith o] ARE FHMYE 1/12°9]

A AT Y L, YR, RS T, £

N

0|

S 2E 20 ToE o]FoA Utt. HUD&FE o
o] 2& o]83le T3 tH(Leipper and Volgenau,
1972).

OHC = pe j T, )

262 0] 26°Cel
A, pe MTEE, 2 = Sl H E(sea water
specific heat capacity)S 1} ﬂ‘ﬂr

A7IM Teye FAE T+,
a2gal ¢

3. EUiX|e] Civ|ch==tet sfjetel S3

gF2 1] o 715l e
W e gEA o 71EdAE 5w
7] F=, T ALAE, dFuEA o], A
R EH%;LE SS9z 5 4 o] Cdutr o7 o
EAEE G Agolr e 52 dlFHRES Kol

ot 0% rlo o2
e i broooh
to o o{m

F85S AAse 20z Z8-3l(Wang and
Chan, 2002; Chan and Liu, 2004; Chu and Zhao,
2004; Chen et al., 2009). =3+ Matsuura et al. (2003)
= EAEE AN EUA 7S EES E9719 vg
712 Uy BEEs 290] BA 8|5 E Se
Surface Temperature, SST)¥ETH olug} tifF 2 th7|
@3} SSTUS| AEAg0) e Wl o) Fol

£ 20104 %/‘%Hﬂ‘”k HEdEo] IS 713 Ed
Q9] R 3 Ape] SRL ARk

3.1 AL
ENSO)

I =31 13t ti71e} seke] wshs o
B @EHXM%“’ %oﬂ FEFS vAE Aoz I
] )thRevell and Goulter, 1986; Chan, 2000). 53],
B E ol e Ee] x| WA Hl=E= ENSO9t
FAAgo] =2 o2 U#A JYTH(Chan, 1985; Chen
et al., 1998). A& EH, AUk A]7]= sy <]
T80 A o] Ade] FAEFo] FslE I o=
A3 Z9] syt Hdn FEEed s |
otk 2 A3, A7 wdte] wAlsks o] Hd
Hop gdeZel X8t gl Fe] wAreo] Hdd
Hlg] $5Zo 2 X$-X= 4TS HATHChan, 2000;
Chia et al., 2002). 2fvE Al7]ol= o]¢} W=
Zo A7 o] FAF X-9-X|= ZdaFe] UTH(Chan,
1985; Satoshi et al 2008)

AdYeE F - 57 HIEYG @usigy slTdes
7F FAHT} %r’f"P *JEM A&=EE 9 POIEPZ 4
OHAI R o= HE7HA] S FH2ET}E 553
£ dyugty Hoshs ke AFAy °d?71%°1
w}ﬂ} ztolg Helth 2 AfdA] Y= A Y
o] FFHeE HHNEAFE o]gshe F 7K
WHS ARSI dus Al M A(Cha
et al., 2007, 2008, 2009, 2010)¢} AFHAS FA5}7]

el

& (El Nifio-Southern Oscillation,

_f',:

Table 2. Monthly mean SST and SSTA (NINO 3), SOI, Asian summer monsoon index, and number of TC genesis in 2010.

2010

Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.
NINO 3 SSTA (°C) 267 272 27.8 281 27.1 258 248 24.1 237 234 235 237
SSTA (°C) 1.1 08 07 06 00 -07 -09 -10 -12 -16 -15 -15
Five month running mean SSTA (°C) 1.1 09 06 03 -0.1 -05 -0.8 -1.1 -12 -14 - -
SOI -07 -10 -06 15 13 06 22 21 24 18 15 25
Asian summer monsoon index - - - - -08 04 08 1.1 02 16 - -
Number of TC genesis - - 1 - - - 2 5 4 2 - -

s=71418ks] 7] 4247 35 (2014)
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Fig. 2. The monthly distribution of SST (colors) and SST anomaly (contour lines) from March to October in 2010. The unit is
°C. Here, zero contour is not expressed. Symbol & srepresent the genesis positions of tropical cyclone each month.

218ke] NINO 3(5°N~5°S, 150°W~90°W)S A&
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Fig. 3. The monthly distribution of negative OLR anomaly from March to October in 2010. The unit of OLR anomaly is W
m™”. Here, zero contour is not expressed. Symbols & represent the genesis positions of tropical cyclone each month.

YEE 77hY E9e —0.5°C oS FAE Pk = gul HE Y] F9F AEE el A2 @
A71Z EFETH(Table 2). Bl ko] Elo|El(Tahiti)2} SAEH Ao} Bie] T}
BhA | GRS %] 9= (Southern Oscillation Index, SOI) H(Darwin)e] LF 3H 71 xpe|2 AlAtd o]

37 4kels] gl7] #1249 35 (2014)
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= EAEE S FE A Tastal FAZA F
7Fete Aoz ¢#A Svh(Satoshi and Matsuura,
2008). AAZ 2010391 = Ly A4do] AlzkE o]
T2 795EH 104970 EAg dojA 7| HdE
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o] HdrT H yFdEo] Siskr] sk
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g FH oA dFEso] Sus|de] wet
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7} s 8¥ol= e rslel el FallolA
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Fig. 4. Comparisons of monthly TC genesis number between
2010 and climatology (60-year mean values) over the
western North Pacific (WNP) from 1951 to 2010. The KP-
influence TC represents the number of TC influenced over
the Korean peninsular (KP).

S 12l 993} 10l = A Bl Fe] = 2 4
N, 270= 30 B 4970, 3.670 T Z ATk o]2A
2010 A Al71ollA] e Ee] Aol AW AL UF
G5o] st Ao 140°E A&l =3H= 7] vl
o2 AlgHnh 1 olf= SFA AAE] tET
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Fig. 5. The monthly distribution of 500-hPa geopotential height (contour lines) and anomaly (colors) from March to October
in 2010. The unit is gpm. Symbols represent the genesis positions of tropical cyclone each month

dol| gk 147] BlE 5 TYE2 77M, STSH2 371,
23 TSHS 471 tH(Table 1).

20100 71522 gFaao] e ¥l 3
o}&t7] 918ted 500 hPa A 9= F o83t HE|H

37 4kels] gl7] #1249 35 (2014)
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fFgss AuRgit.
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2010.

£ HH(Fig. 5), 20109 HelEgarr|te] Hd TS 3 Aoz AlFEHT 7€l BEH YL IgS
wr} w}éﬂl “W@RPA ool dMKoR: T4 %oz X9x wdshs Aol FEHAIL 82
e Ae F 5 Atk 539, 3~627H4 duisd e 798t o EAZ%oR IAsiolch olHe &
(20°N olahol|A] P drc} 7bshA st w7ite] sb ity 5A% Sge 997k fAEH ST
ZARE HEEA A ] dFEsS JAEE o olgfgt 20102 S ZIYEEZ s 2010
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Fig. 9. The spatial distribution of maximum instant wind
speed on 1 September 2010 during the passage of typhoon
Kompasu (1007). Adopted from KMA.
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Table 3. Onset season of La Nifla, number of annual TC genesis, intensity of La Nifia, and pre-conditions (normal or EI Nifio)
for La Nifia years during 1970~2010. Intensity of La Nifia represents the maximum SST anomaly during La Nifia period.

La Nifa La Nifia Number of TC Intensity of Pre-conditions
Onset Season Occurrence Year genesis La Nifia [°C]
1970 26 -1.52 Normal
Sprin 1973 21 -2.14 EI Nifio
(1\/11) AN% 1988 31 ~1.89 EI Nifio
1995 23 -0.78 Normal
AVG. 25.3 -1.58
Summer 1998 16 -1.50 EI Nifio
1(1“ A 2010 14 -1.67 EI Nifio
AVG. 15 -1.59
1974 21 -1.15 Normal
Fall 1984 27 -1.07 Normal
(SON) 2007 22 ~1.49 Normal
AVG. 233 -1.24
Total AVG. 21.2 -1.47
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