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Abstract

This study summarizes the tropical cyclone (TC) activity of 2010 over the
western North Pacific (WNP) including the verification of the official track
and intensity forecast errors of these TCs and the main characteristics of
general atmospheric circulations related to the TC activity. In 2010, only
fourteen TCs were formed in the WNP, which was a record-breaking low
genesis frequency over 31 vyears, compared to the normal frequency
(1979-2009 average: 25.8).

Tropical cyclone formation was markedly suppressed in the western
North Pacific during 2010. To explore this cause, we compared monthly mean
fields for January, May, and July in 2010 with climatologies, particularly for
atmospheric variables such as 500-hPa geopotential height, outgoing longwave
radiation (OLR), sea surface temperature (SST), and vertical wind shear. We
found that prior to June 2010, the El Nifio/Southern Oscillation (ENSO) warm
event of 2009-10 dominated in the tropical Indian and Pacific Ocean basins. In
May 2010, the ENSO warm event was terminated. Even though the effects of
the ENSO warm event had abated, and the SST in the western Pacific was
above the climatological SST, the weak convection activity, strong vertical
wind shear of the large-scale circulation were sufficient to suppress tropical
cyclone formation in 2010. On the other hand, in July to October, thirteen
TSs formed in the western North Pacific in response to enhanced convective
activity. TC activity in July to October is modulated by the large-scale
circulations induced by the La Nina and vigorous convection activity over the
WNP.

For 14 TCs in 2010, official track forecast error of the Korea
Meteorological Administration (KMA) was 215 km for 48 hours. There was a
big challenge for individual cyclones such as CONSON (1002), DIANMU
(1004), KOMPASU (1007) and MALOU (1009), resulting in the increase of a

significant forecast error.
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1099 59H2000-2009)9] shtolA HAStE A A TS F
FHZ AR A, HE 56.6%, &% 24.5%, A 11.3%, hE35$ 7.2%, T
0.4%2] o2 HFo Fdtd 39 Ja7tx] Feld oz A3k 2.7HH A
st EE F 63%°] &3tk TE e 7|7 HlFo® Qs wAyE At ol

-1-4

Wk A4 saele 747k 4193 12 2199 9le] SRTHaNEAE, 2010).
Foz g Huis AHAAY NS s AisAs7] FeAE BE

Fash o2 AM @ o BF ATl Bhu
TS EEel WA AT ARAL dAse] BEelne /xARE B§T 48

v]= National Hurricane Center(NHC):= A 2 Fejd oA LAsE 7)
H oAl e AR S T HE AA 2 AR, S, 714EH F

AEXAA g8 Fo 3442 ABE 335t Tropical Cyclone Reports=
2 skal Qohhttp://www.nhc.noaa.gov). ©]#]3 ARE wjg Tropical
Cyclone Monthly Summary HE]Z Q°F= o] Al&= #ul oz} g Al A
Zo] EYH 1 &9 FHYARJ 5HE 8oFste] Monthly Weather Reviewel Al
A 3k} (Collins, and Roache, 2011; Stewart and Cangialosi, 2012; Brown et
al., 2010). ¥¥ %3 Regional Specialized Meteorological Centre(RSMC)ol
e geTals 293 SAeE gl BHAS TS(Tropical Storm) = o4
of A 7|kl ek AMFEAE F8l BEY TAUA, FATISH A AE
5, 7] 23, HEdR A 5 EA ek vid BFEIAANE A st Al
& 3Fth(http://www.jma.go.jp). "]=F Joint Typhoon Warning Center(JTWC)ol

Nw e, Selwek GEse, dlngelA A AoAs|te o

1w ) = LY

AFZEAS E5 A7 dijate]EFE B A (Annual Tropical Cyclone Report,

pical-cyclone-reports).
L8y} 7174 (Korea Meteorological Administration, KMA)o| A= 2006
HE 2 3 A% BHFe SR drAgT e thgk zfEAS AAste] mjd
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2. A7

H3% %o thdt AHE dE =3 Regional Specialized Meteorological
Centre (RSMO)OIA AlFste HA A= AR5E AFESIITH o] Alss Ak
EAEEG Il A7 AEH HATIGE HES e A%, A A7
9, FAHNZL(maximum sustained wind speed, MSWS) So] 64
Ao R AEHol o HUFEHS 19773dHE ATt vl A7t
FAHYESES 7= ®2 453 TD(Tropical Depression: 17m/s H|%F)
TS(Tropical Storm: 17~24m/s), STS(Severe Tropical Storm: 25~32m/s),
TY(Typhoon: 33m/s °]’H= #+F/F3}h. 2 AFdAM= TS &5 °olde A&
Bl Ekal Agefstal, 195135 2010744 o] AARE o] &3

Ao sl A 242 NOAAdA Alesh= 1981dFH 2010G7H4 1°x1°

o I AT Y sed SE(NOAA Optimum Interpolation Sea

o,
[ENS A 121

oF

[

Surface Temperature) A5 S AF&3} T}
g5 S vz dixge tjr] 43k 24 National Centers for

Environmental Prediction/Department of Energy(NCEP/DOE)o|A A&

1

=
Global Reanalysis (R2)AFEE AF&3ISIH. o] A5& 4% 73 =7t
2.5°x2.5°AA oI, FHAOZE F 17 TS . Yy o] &3t W=
850hPa%-8] 200hPa7bA| &A1 B e whek, Z2]al 500hPa A 9laLkolvh. AL
|5 712 198195 2010 7kA o] o,

s oo AGS NOAA 94 Aeg==2Z5E #5593 uiEAt
(NOAA interpolated Outgoing Longwave Radiation) X577} AF&-% AT}, o] =}
5+ 19749 69FEH AA7HA o] & TheetARt vE AR d¥d A= B4
< fal 1981dH-H 201097HA] AERHE ARESESH

St FEFEE o Ax Wstel Y d-8%(Ocean Heat Content, OHC)9
#A A= HYbrid Coordinate Ocean Model/Navy Coupled Ocean Data
Assimiation(HYCOM/NCODA) #&& o]&st3lth. o] A8 FH&d:= 1/12°
o A AT 32 HY 2= ARE FHHORE 207 FoE o]Folx vk

OHCE T3t A2 Q=pc,oT az2 FHHHLeipper and Volgenau, 1972).
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AR 7)1 2= (Japan Meteorological Agency, 2010)& AF&3}o]
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7, UiF g5 T2 dE & 7 Utk ety og ofFH FAHESE A oA =
T2 AFHIEE Hols AHo] HFo®m A, oF Zw V9= F3
BAEE S 7|ste] HAgH. olgld 54 dYe-EHls T3 2 AV
HEs gEo] o] A9 HIFLsEs AYste 8oz ZEehti(Wang and

Chan, 2002; Chan and Liu, 2004; Chu and Zhao, 2004; Chen et al, 2009).
T3 Wang¥} Matsuura(2001)2 SAEH A A7t S5 4719
H 2372 v &5 W3t flo] @A sl == (Sea Surface Temperature,
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o= QIgk thr]-sf ¢ wehe] Wt o] Ao g AVIY FEed dFS
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o7 AgA= AYFS Hole FHoex dulx Joi(Chan, 2000; Chia et
al,2002). Uk A7]elE ol¢b migiE ElEe] whelo] B AZo] X942 &
74 &o] 9ItH(Chan, 1985; Satoshi et al, 2008).

R T8 HEHY AR dugo] HWuRT FolbdA 1 A7t
= didolgtar Fodt ¢ AT ol HALR FFUHLLET FEENS
HE dunta Fod & durtel dEide dAAgeR Y %

Z1gol obd mhEe] QA @ AR AF7)Tel wheh A wA5H o)

i
N
—

i

AeE olgstel 48t AYx A NINO - 3(5°N~5°S,
dYn AAEG sl 2% Azt 5709 9]
A

sk Ay
A 05T olds AT 45 AUk, -0.5TCelsts AT 45 gyvatar 3
O_ﬂ|

anomaly, SSTA)¥= 2010 5€7bA] ko] HAP7F A &HHIJUIL 1€ 1.1TE A
Yol Hg= dgegict. 18y 20109 6€5EHE &9 A= npH o]
1241507 =2 AarE AEHAY. 57/0E ol edt SSTANM R 2010
2 1¥5Y 3¥97hA= +0.5CE 238 Ay, 19al 6¥5E 57HY &<t
& -0.5T olatE A7 gy 7172 s tH(Table 1).

G754 4=(Southern Oscillation Index, SOD+= A% HH S F493F =
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Table 1. SST, SSTA, and SOI in 2010.

2010

Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec.

Jan.

272 278 281 27.1 258 248 241 237 234 235 237

26.7

NINO 3 SSTA(T)

-1.0

0.8 0.7 0.6 0.0 -0.7 -0.9

1.1

SSTA(T)

-1.4

-1.2

-1.1
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-0.5

-0.1

0.3
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0.9

1

1

five month running
mean SSTA(TC)
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Fig. 1. The monthly distribution of SST (shaded) and SST anomaly
(contour) from March to October 2010. The ( & ) is denoted the genesis
position of tropical cyclone each month. The unit is C. Zero contour is
suppressed.
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Fig. 2. The monthly distribution of negative OLR anomaly (shaded) from
March to October 2010. The unit of OLR anomaly is Wm - . The ( & )
1s denoted the genesis position of tropical cyclone each month. Zero
contour is suppressed.
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ofrlo} E2 olFd HE Y AEY HOoRKE ool WS T Fe
AdZFom BAEF SN B dfA7]ete] 75%7F ol¥e E&o ek
oA whgEts Aoz deA Qlth(Ritchie, 1995). Table 2% ofAlo} <X
S yehdth o7)A Fe] e ofAlolEo]l EuehS oulshal, &9 e
WEkA] okgS oudht), o] A4 35°N~5°S, 60~150°E A <ollA #Hdz}

i DA

201000l B}E Aol $IW 5~69 Hore] opAlop EeEAfE g9 gom
dshA] dgtod EeAart 4ol g dEhis 7-104e= 20109 AA
HASATHCAA A BF o] 93% AHA). o] A7)

AT BE R S Al oJe HA%oR A9 wAF Fgs w

Table 2. The Asian summer monsoon index in 2010.

2010

Jan.  Feb. Mar. Apr. May. Jun. Jul.  Aug. Sep. Oct. Nov. Dec.

activity - - - - -0.8 -04 0.8 1.1 0.2 1.6 - -
Northward

. - - - - -0.3 0.0 -0.7 0.3 0.4 2.1 - -
shift
Westward

. - - - - 0.9 09 -0.1 -03 0.6 0.2 - -
shift
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4.1 7H AL °HF A F 7F

A e el A At 59 (1951-2009)7F BiS-2 vid Bt 26.4707F A S

AN 20100l &= F 14709F @A o= A 594 &< 7 A2
5 Hlxgolt), 2010 €99 HlE WANIEE HYE 3¥9o el EFo] A
Sk o] % 6YE7EA] © el HTE wHASHR] @ktar, o FH(7, 8, 9¥)d= H

W(14.47DEY 25 42 13719 o] 2tk (Fig. 3). 11€3 12¢€L2 ©
Al e HE R wAEEA] St d S 1.87) A). 2010 A 1470
HZ 5 TYES 770, STSw& 370, 183 TSH& 478G tH(Table 3).

7
W Monthly Cli.
6 -— mMonthly 2010
B Monthly Cli. (affecting typhoon)
E 5 | mMonthly 2010 (affecting typhoon)
Y
04
.
3
3
E
=
22
1 J I I
o B - I : .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nor Dec
Month

Fig. 3. The monthly distribution of typhoon number of 2010 and
climatology over NWP and attecting typhoon from 1951 to 2010.
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Table 3. List of tropical cyclones which attained TS intensity or higher in
2010.

Min. pressure, Max. wind,
Formation(KST) ~ Termination(KS) Date, Lat. Lon.

Tropical cyclone
P Y (Lat. Lon) (Lat. Lon)

hPa m/s Date Lat. Lon.

1001 OMAIS 2?12&2 f;ﬁa)?fgé/’b;gfgo TS 998 18 2331%%“ 13.9 1323
oy BAESSEMDN oy ow BE s s
1003 CHANTHU (lf;;l ﬁﬁ%;éjé%ﬁ?%? TY 970 36 %%%‘3' 205 1115
1004  DIANMU 8( 2A3L.1§', 2112:291; é%éfgi 31;:5? STS 980 31 189%“0‘%' 311 125.1
1005  MINDULLE 2%?"5’ ?ff%;(fg’ﬁuﬁog?go TS 990 24 2%%”5' 18.6  106.2
1006 LIONROCK 23 ﬁf’ 10136:95) Iii‘?‘ﬁ 11655?? STS 985 27 3(1)5%“0‘%" 208 116.7
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Fig. 9. The track and OHC conditions for typhoon (a) DIANMU, (b)
KONPASU, (¢c) MALOU.
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Fig. 16. Forecast error for KMA (a) typhoon 'DIANMU' (b) typhoon
'KOMPASU" (c) typhoon 'MALOU'. The @, + denote analysis location and

forecast location, respectively. Adopted from KMA.
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2010 EAEE S BELA S F 147009 201092 ALst P A
= 16719 ElFo]l dAE 1998Wo|t), o] Foll = BAEBE G BFo] A
A A o] 54 dolry] 98] 1998W# 20109 500hP A ¢ Lk o}
A2 ukghAl o] (850hPak-E] 200hPa7bA] A4 2 HdEulghE Fd dFds ) 3

FH LEE 9 Y YEHE A EAT

199837 201098 4~69(AMJ), 7~99UAS), 10~12€(OND)Z 5 371€¥
BrakS Fd(1981-2009)% ¥lasle] AxE i)

HEo W22 st 500hPa A% #4118 o3 #rh 100~180°E,
0~60°N®SIolA 2 ale] AMJ, JAS, OND&¢te] 500hPa A% oh=de]E
S9oZ FAEITh oleh FA HA ek a7ieke] AlElS WSk 500hPad
5880gpm A|91ate Me] 7]Fgt 1 o] HFrghs A7 A FHoR HAE
3L S 71zl wAS BlF e BARIXE How FAISITHFig. 18).

19983} 2010 AMJO] HEfd < 7]k HdRt HA%ow 44sqlal
W53 A4S HTHFig. 18ab). olw 2010d 1% BlF Qovfolxy HejH
ar7)gre] R ETE v 13.4°NeA HAEGITh JASS] HEjsgd it A=
el vl FAFo R o] 54 Ao|tkFig. 18c,d). Hejddar|ste]l A &
s el deadlz Fate el SrketH, v AfddE R &
et BlE o] F7Feck(Harr and Elsberry, 1995). 212 2010(1998)4d JASE
o WAk F 11D B T 4WAE AQsta Fo=s), Lejd, gurgos A
Askodek HA 91A] ek HEEYg gl gl uhet elFo] 140°E Aol A
BAEITE MRk o g 1998\ 2010 Hefd < 3]sk ddel s &
Mo g e fA 8t HF 2ol JIdS w Al 1998 ONDO| &%
Gk FAn sgo] FAEJA T 201092 FAHG FFEHASS &

F AtH(Fig. 18e,f). olo] wg} 1998 ONDEer wHAlel B3 & 71%7F &3
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Fig. 18. Observed anomalies in 500hPa geopotential heights: AMJ(left
columm), JAS(middle columm), OND(right columm). The 5880-gpm lines at
500hPa in the climatology(dashed line) and 1998, 2010(solid line) are
overlapped in (a)~(f). The @ is denoted the genesis position of tropical

cyclone each month.
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Fig. 19. Same as Fig. 18, but for the Sea Surface Temperature. Not

denoted the genesis position of tropical cyclone.
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Fig. 20. Same as Fig. 18, but for the Wind Shear. Not denoted the

genesis position of tropical cyclone.
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AAZ Gyt A o eFLAAFTE AL F1s7] fste] 197035 2010
W7hA AYm/Euny sle] HFEAASE vlasrekth. B4 EerY
Nino-3#19 9] &|l4H2=AXE Fig. 219 Zuh A4 dyyns 2 #o
HpAste] oF 17 A &E o] olFa ALl AEHA T Atge] wE AlE 2 F
= A7), AE7IzEe] #|AbE Ak A 7)Eel 19709 RH 20109704 Y
EFUhE 109 AR 1 5 5(4)He] Foll, 4(2)Wo] o&e, 1(3) ¥
o] 7kl Al#E AtH(Table 4, Fig. 22).
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Fig. 21. Nifio—3 index(black line) during 1970-2010. Gray line is indicate
the absolute value of Nino3 index than *0.5T
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Table 4. List of the twelve EI Nifio and La Nifia episodes from 1970 to

2010.

Duration of EI Nifio

Duration of La Nifia

Spring 1972 ~ Spring 1973
Summer 1976 ~ Winter 1976/77
Spring 1982 ~ Summer 1983
Fall 1986 ~ Winter 1937/88
Spring 1991 ~ Summer 1992
Spring 1997 ~ Spring 1998
Spring 2002 ~ Spring 2003
Summer 2004 ~ Winter 2004/05
Summer 2006 ~ Winter 2006/07
Summer 2009 ~ Spring 2010

Spring 1970 ~ Winter 1971/72
Spring 1973 ~ Spring 1974
Fall 1974 ~ Spring 1976

Fall 1984 ~ Summer 1985
Spring 1988 ~ Spring 1989
Spring 1995 ~ Spring 1996
Summer 1998 ~ Summer 2001
Fall 2007 ~ Summer 2008
Summer 2010 ~ Spring 2011
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Fig. 22. Schematic diagram of Nifio-3 index for (a)EI Nifio year and (b)La

Nifia year.
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[

-

o,

I 25.370, 23372 FYuksle] AHF 21.271KHt Uk o & Aol

A A Fykafo] WA Bl AH 157E #hyurele g R E4
A DTS 755G o] AR EEH o FH Al ghyis)el B S A
o] 7|EA o AL AL & 4 ArHTable 7). 7FZol w3k Abglel 1974,

19844, 20072 ZF2F 1975, 1985, 2008 o= #7353t

Table 5. Average number of typhoon for the normal year, EI Nifio year

and La Nifia year for the period of 1970 to 2010.

Whole Year Summer
Normal Year 25.8 11.0
EI Nifio Year 25.2 10.4
La Nifia Year 21.2 9.0

Table 6. The total number of typhoon (N;) and the number of typhoon
affected on the Korean peninsula (N,) in EI Nifio year for the period of
1970 to 2010.

Duration of EI Nifio

N, N,
Onset Season Occurrence Year
Spring 1972 31 4
1982 25 4
1991 29 5
1993 28 5
1997 28 5
2002 26 4
AVG. 27.8 4.5
Summer 1976 25 6
2004 29 5
2006 23 3
2009 22 0
AVG. 24.8 3.5
Fall 1986 23 6
Total AVG. 25.2 4.6
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Table 7. Same as Table 6 except for La Nifia year

Duration of La Nifia

N, N,
Onset Season Occurrence Year
Spring 1970 26 4
1973 21 3
1988 31 0
1995 23 3
AVG. 25.3 2.5
Summer 1998 16 1
2010 14 3
AVG. 15 2
Fall 1974 21 2
1984 27 5}
2007 22 1
AVG. 23.3 2.6
Total AVG. 21.2 2.4

T2 oA th(Fig. 23).

AUk [ 48 Bgeigon 1~59, 11~12% HAT GFL 47 J 4.3
Az Bdnn Bgor 6~108 WA BES 19342 Fd FEolgn o
Yels 6 BAstgon o¥ w45E AUkl kbR

3} tH(Table 8).
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Table 8. The genesis frequencies of TC in the WNP over JFMAM, JJASO,
ND during EI Nifio I and EI Nifio II

EI Nifo I EI Nino I

Year JEMAM JJASO ND Year JEMAM  JJASO ND

1972 2 24 5 1991 4 19 6

1976 6 16 3 1997 5 20 3

1982 4 19 2 2002 3 20 3

1986 5 18 7 2004 3 21 5
2006 1 18 4
2009 2 17 1

Total/mean 17/4.3 77/19.3 17/4.3 Total/mean 18/3 115/19.2 22/3.7
Clim. mean 2.3 19.7 35 Clim. mean 2.3 19.7 35
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Fig. 23. Schematic diagram of Nifio-3 index for (a) EI NifioI and (b) EI
Nifio Il .
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B Yk 270 NifoA 9] sl4H 27t 343 Walste gy
Uik A9d7]e] NifioA9 9] sfW
wo] Wyl FASHA @il AR Bolrte AR FEeklth(Fig. 24).

U] &= 49 Ao 1~5€9, 6~10€ 11~12€ 2% gF 7217}
H 0.870, 1770 z2g]la 2.8701=2 Hd 9] 2.37], 19.770, 3.570Htt A}, 2y
U= 59 wAElon 1~59 A EEFS 1671E d 23Rt AAA R
6~10¥ 3} 11~12¢ HA B> 7ZhzF 20.870, 4702 Hd 19.770, 3.57) K}
Ak ol A e gk sle®= 2 7 3o ENSO Aol wheh e @Al
o dF& vHE & 4 Arh(Table 9).

Ao guvs] WA BdEg 4 Ao F3sh dAyn 3§l
He HAFE Fdz v s deikth ojzle® dyns gy vlste]
‘ WFE T4 s & F Ak U B E WEe] Fo] Fa,
1710 webd ok A moErh o Foll Al gl
19987 201092 167, 1470% A EAsiglon dun AE7|e J7473
gy dAos 1ags u 2067012 Hd 25.5709] @A wEte] 7kAs)

)
L o
v
["_8{_'4
o
>,
L
S

;

¥

Table 9. The genesis frequencies of TC in the WNP over JFMAM, JJASO,
ND during La Nifia I and La Nifiall

La Nifia I La NifiaIl
Year JEMA JJASO ND Year JFMA JJASO ND
M M

1973 0 18 3 1970 1 21 4

1988 2 26 3 1974 4 22 6

1998 0 11 5 1984 0 23 4

2010 1 13 0 1995 1 20 2
2007 2 18 4

Total/mean 3/0.8 68/17 11/2.8  Total/mean 8/1.6 104/20.8  20/4
Clim. mean 2.3 19.7 35 Clim. mean 2.3 19.7 35
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