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Abstract Characteristics of precipitation in South Korea during the 2016 Changma period (6/
18~7/30) are analyzed in great details. El Nifio-induced tropical Indian Ocean (IO) basin-wide
warming lasts from spring to early summer and induces the western North Pacific subtropical
high (WNPSH) circulation anomaly through an equatorial Kelvin wave during the 2016
Changma period. Along the northern edge of the WNPSH, strong precipitation occurred, in par-
ticular, over eastern China and southern Japan. During the Changma period, South Korea had
the near-normal mean precipitation amount (~332 mm). However, about 226 mm of rain fell in
South Korea during 1 July to 6 July, which amounts to 67% of total Changma precipitation in
that year. Upper-level synoptic migratory lows and low-level moisture transport played an essen-
tial role, especially from 1 July to 3 July, in triggering an abrupt development of fronts over the
Korean Peninsula and the eastern continent China. The front over the eastern China migrates
progressively eastward, which results in heavy rainfall over the Korean peninsula from 1 to 3
July. In contrast, from 4 to 6 July, the typhoon (NEPARTAK) affected an abrupt northward
advance of the North Pacific subtropical high (NPSH). The northward extension of the NPSH
strengthens the Changma front and induces the southerly flows toward the Korean peninsula,
giving rise to an increase in heavy rainfall. The NEPARTAK is generated due to interaction of
the Madden-Julian Oscillation (MJO), equatorial Rossby wave and Kelvin waves.
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(a) SSTAs and 850—hPa GPH anomalies ( 2016 MAM )
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(c) GPCP, 850-hPa wind anomalies and 5820 & 5880 gpm ( 2016 JJ )
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Fig. 1. (a) SSTAs (shading, intervals of 0.3 K), 850-hPa geopotential height anomalies (contour, intervals of 5 m), 850-hPa
wind anomalies (vector, Unit: m s™') anomaly during spring time in 2016. (b) SSTAs and 850-hPa geopotential height
anomalies during early summer (June~July) in 2016. (c) GPCP anomalies (shading, intervals of 0.5 mm day™") and 500-hPa
geopotential height at 5850 gpm and 5880 gpm (contour, black for climatological mean, red for 2016, Unit: m) during early

summer (June~July) in 2016.
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Fig. 2. Daily precipitation climatology (green line) and daily precipitation amounts in 2016 summer (JJA) (black bar) averaged
at 45 meteorological stations in South Korea.
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Fig. 3. (a)-(¢) Temporal evolution of OLR anomalies (shading, intervals of 10 W m2), 850-hPa geopotential height anomalies
(blue contour, intervals of 10 m) and 850-hPa wind anomalies (vector, Unit: m s™') from 29 June to 3 July for 2016. (f) OLR,
850-hPa geopotential height anomalies and 850-hPa wind anomalies from 1 July to 3 July for 2016.
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Fig. 4. (a)-(c) Temporal evolution of 200-hPa zonal wind anomalies (shading, intervals of 5m s™') and 200-hPa geopotential
height anomalies (black contour, intervals of 40 m) and 200-hPa zonal wind of 30 m s™" (red contour) from 29 June to 1 July for
2016. (d)-(f) same as (a)-(c) but for 500-hPa omega anomalies (shading, intervals of 0.08 Pa s™') and 500-hPa geopotential
height anomalies (contour, intervals of 20 m). (g)-(i) same as (a)-(c) but for 850-hPa moisture convergence anomalies (shading,
intervals of 4 x 10 g kg' s™") and 850-hPa moisture flux anomalies (vector, Unit: m s™*).
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OLR, 850—hPa GPH and wind anomalies
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Fig. 6. (a)-(e) Same as Figs. 3a-e but for 2 June to 6 July for 2016. (f) Same as Fig. 3f but for 4 July to 6 July for 2016. The
typhoon NEPARTAK temporal center position is marked by the typhoon symbol.

= ;(-]]EA _Or];‘(] =i} 7o]-§]_7]- 7<]—u]. ZJ/\-] ﬂ—/H
slo] S F= F8 7] &8 48y gy
(Kang et al., 1999; Sun and Lee, 2002; Shin and Lee,
2003; Seo et al., 2011). 20163 79 1YHE 3U7HA]
_?_aq_g]_oﬂ uugts]- 71— = _?,]_4 xﬂ Z7 g _]_Pr_ u]-_z«_
ahe] UERd Al ddle] S4ste 7 F3 5ol
A e volg dde] Je BFHo we A
o7 RAMdr

{o
W

3.3 20161 78 44~72 60f LIElt HE S5
SN 24

79 447E 647HA9 HF T9= 7Y 3¢ ZE
da 52 dgoA gEst Al 8F vvg
(NEPARTAK)®] 7+ &S wHT}. Figure 5+ |3
o] A A 91X 1E]i ARE #7]¢ 199
t}. Figure 5941 7€ 2 ]3] % (8°N, 145°E)
o] 4] WSk Al A YH-(Tropical Depression; TD)7}
79 3 9A]7oll &% ©lF(Tropical Storm; TS) 437
St HAF HAK sted 79 sdoll= Aal AEiA
733t B3 (Typhoon) -2 “"‘j@}‘:’:] =4 7194l 900 hPa
7HA Wzttt o] & oigk XM 7 10
=+ FAL ME of 250km Ha gao=
A g AR ofstE A

olof thgh Al A& 98l 79 295 E 79 64
MR 9] 1Y 7v4 Haat 79 49-79 6d HFd 7)

d=71eks Y7] A279 35 (2017)

Zrol] thgk 7] W
H SIAE Fig. 60l VER T 7oA
&% vk BAb o], A4 850 hPa A|9|ALE
=] 283 WE = 850 hPa WHE of-dE] B X
£ Yeith & dFeA A A85E S vE
W ohdy] BEoM % Fig 5904 vrehd glFe] 1
9 2 Ayt & JERdth(Figs. 6a, b, ¢). A714 A
A} SA R HE dlgEre] JaFo s BAE)E gl
k] A A9 7|9 fte] HEom ey 7
¥ 4del= 42 HE 5SS FAo2 Wdsie] NPSH
el thFig. 6¢). o= 71eke] thx]
3L ks JEoA FAFE 7IFE =
d4-e BTl 8102 F8etlal 7
4 597 79 6ol HAF EAsk= dlutEe] o
FoE JE HE WES TSR wad 79
o] FAE™ Z7F A& E A
ThFigs. 6d, e). 7¢ 4UHFEH 6Y71A] HAE o=
g EXoAM e dE FE H%:roﬂ z“(33°N, 135°E)

ohwwel ok BF e

O olo

R=RNc R

AT gikee] Gl BAE ARt FEEE @
v ERAUS ZA oz AMol FAskE o

25kA UebdthFig. 6f). ©] A7l wEa w719
A ge BF vl BAHoR 245 o
ol 7] €74 A gieog Q3 JIgw

Wol Fstel= Aoz B,

==
=3

61—7]-]]



) IR L e Rl il X 285

-
.
- - e 090y & o
. .
P e e 4 ¢ e e -

00 804 & - & & ¢+ & -
q e s 0000
4 AN - 4 e v - L4 > -

o000 . LRCRCNCC I NN )
= 4 oaa

180 160W 140W

—

2

| Je)
-45 -4 -35-3 -25-2-15-1-0505 1

Jm—]
1.5 2 25 3 35 4 45

Fig. 7. Composite map (24 TC cases) of GPCP anomaly (shading, intervals of 0.5 mm day '), 850-hPa geopotential height
anomaly (contour, intervals of 3 m), 850-hPa wind anomaly (vector, m s™') from 1994 to 2015. Black dots indicate the GPCP
anomaly region that exceeds the 90% confidence level based on a Student’s ¢ test.

0
N
>
~J
o
N
e
rlo
e,
e
ul
] _11;;:
=
o
i',
=S
K
~N
o0
ox,
M

Atele] FF 3% 717 F vl 7P B A
Fo]l et 3, 79 597 6ddlE 27

ko] Zhsles TRl YERSAIT 1 F4lo]
MEOZ olFsle] ML HEoAe] TFE 7]
oFslE]o] 4Uo vlg)] Fuld oz AL Tt el
th(Figs. 6d, ). #7] Z& A3 AFolx NPSHY &
z ghgto] Al Aol B3t FFS = ¢ YL
olof WS F= Q1o thgk vk 2Alo] o] Fof
ATk k9 2016 79 4YoA 6Uo] YERT HF
399 82l T A sFNA FEslE A
= ®HZF] 1 gz Yepe 7191 M
ol9} AFE It Fhrol] xS W B A

O
O

dn 4w
fr B ox

2 AToA = HE dgdEs A 2R olF
st A HF AME BAE 8] 19943 FE 2015
| Atole] o FF A7 Ulel] ZAE HF o] 10°~
20°N, 125°~140°ES A UE g5l tiaf #d W]
ohedE]lE et AHE 2470 AH) £EE Fig. 7
of Yelllth 28N SYoE H X2 AF ofx
o], A48 850 hPa A9 2% ol=e], WE = 850
hPa v}g ol & YEepfaL 7b4 HEo] fofst
FYS A2 Ho= Yl BFe] $42

3} (10°~20°N, 125°~140°E)l] $]R]8}aL P& G20
2719 £8ko] ZrstEo] UERY SR HEolA
$E 717t AstEe] YvEE fYEe 757

T ST 9714 dhbmolAle] Zr STt
= 90% Tl FosA UEREA] A -2t

o] dfFstE 32.5°~40°N, 125°~130°E 492 Ho
st 7% AaeE 90% FEolA oAl YR
om vt 4570 A 7RSSR BF AEE
Hiatel 13 AANME FolEA UEstt) ole
AME3E GPCP AFE7F AEA Ag2 273 A=k
of vl thh ~F(smoothing) & &7} wgd
AZE Bolth 39, Fig. 79 H BEXoMe o
B g a17)9ke] A8 ebE GEelA] @l
U dse Alge] vigo]l yehARE 201619 735
ol s UE & Y5S TR 379 7l
e & G FALG L] nigo] 2 YeRsith
ol Wt Fupr|7he] HFe Ao E Uehe
ARG Aexe #7144 w3t o= QIS
B8 27194 £80] XA Hole FEAIYEY
Hlgho] £57] £ 23 938 dhe AL 9
Bllia=4

Figure 79| 3474 w2204 Yepd t7] &3¢
vl 74Ee] 542 Lee and Seo (2013)9F Kim et
al. (2017)91 4 AAZE ke Ful =2 Z7HA]7)
= 719 2 e A28 vl fARekeE sl Aol
Me B SYHEE A9 &9 dlFHes ofx
22)7} bt Fupr)7t Skl BAMeiE Y ti7) )
ol A7, L& &l 17 o3e YAt
e G Y o= 5 firsty vl
FEEe 757 7S STHRIA Ve
s 7 S S B olge Axe ¢

a}

I

f

Atmosphere, Vol. 27, No. 3. (2017)



286 2016\ ghit=

4w} 3%

A

i

73

r-lm

OLR (Shading), MJO_OLR (Black contour), ER waves (Red contour), Kelvin waves (Blue contour)

(a) 29JUN2016 (b) 30JUN2016

(c) 01JUL2016

120 140E 160E 160%

(f) 04JUL2016

W ’ hed .
L 5?00{ 120E 140E 160E 180 160W 5?00!5 120 140E

(g) 05JUL2016

(h) 06JUL2016

155 4 - af :
ow '36E  120e 14 160E 180 10M

(i) 01JUL2016 — 06JUL2016

25N

20N
15N
10N
SN
EQ
58
108
158

108

100E 120E 140E 160E 180 160W  100E 120 140E

- 153 - - .
160E 180  160W 100E  120E  140E  160E 180  160W

| [

-100 -80 -60 -40 -20

20 40 60 80 100

Fig. 8. (a)-(h) Temporal evolution of OLR anomalies (shading, intervals of 20 W m™), MJO_OLR (black contour, intervals of
10), Equatorial Rossby waves (red contour, intervals of 10) and Kelvin waves (blue contour, intervals of 15) from 29 June to 3
July for 2016. (i) OLR anomalies, 850-hPa geopotential height anomalies and 850-hPa wind anomalies from 1 July to 6 July for

2016.

et FHA WA sk 37—7] W =g 9A F,
NPSH®| 531 ol mj-¢- riZksHAl Y& Ee=the
AL AA}SH)

J-ﬂ, 79 495 647HA A JFE9-9 7t
&2 2RIl HF vgEe] A4 A9 dd 3F
o] A& Tl & 4 Ut Maloney and Hartmann

(001 AEA AES E3] MIOo] <&l 2
st 7] ske] AFol olall HAEFEFE 5 o
L= S 1 B B e e o 7Pf‘fP A% FEH 7]
a5 A7YAE =8 283 =2 5 25 F
v w o A7ISe] Al £ x2S UE
Atk 3tk Lombardo (2004)14E AEA A=
£ B3l A= 229 gen AdE U] &5 AlE
o] A7IH w8hS e Al F dle QRle] EH
A5 T 2 dFelMe S v A4 3
AelA vehd G o590 JFS EA 5] 93l 6
o 209%E 7Y 67 19 7HA e 74 |
A~79 64 Htsk 717kl gk 7] o] oft

_1

sh=t71288ks] 7] #1274 33 (2017)

o} 9 v AR BEXE Fig 89 YElAT o
JolA S92 A Ao B} olwmdty], a2 A
42 MJO_OLR, &7k A2 Ax 224 35 4
a8y g AxAe AW b RS Uit
MIOE EdSH AXoA &9 7 UF7t ddste
Jgol o] e HF7F A EHE JGolth
Figure 8iolA] 7€ 1°“:‘E1 6U 7R HAE EXof
Ae gl vEe] T8 5o YERzl &=t &
A, 69 2990 A% AME|HYF 10°S~10°N, 120°E~
180°E Aol FAL T A= MIO F A& &
AEIH Y 10°~20°N, 160°~180°E Aol $1x]3F 2w
224 9% 287 69 30¥0] HE MeEjEd 00~
10°N, 115°~140°E Aol 923 Al bz F53
227} AUtk(Figs. 8a, b). 78 1L7HA] A= e
of 1218 MJOL] iR A% 533 +4Y flol 4
A=) QAL FA HlF ol XS Hx= 22H] 3p
Fo Ha A& 10°~20°N, 145°~165°Ee] 1213
o AN 3z A FRE 0°~12°N, 125°~150°E



40N

CHag ol - ARE - TR 287

160W 140w 1200

. [
2.4 28 32 36 4

30N

20N m

80E 100E 120E 140E 160E

180 160W 140w 1200 100W

| | I—

-2 -16 -1.2 -08 -04

0.4 0.8 1.2 1.6 2

Fig. 9. (a) Mean field of Genesis potential index (intervals of 0.4) and (b) GPI anomalies during Changma period (6/18~7/30)

in 2016.

o 1A th(Figs. 8b, ¢). 72 2= MJO2] A%
7PgAE|9F A 222H] 3bE 18]3 AR 9bE0] A
2 TR A (515N, 140°~160°E) S A7) A
AR 79 3gol= 4 HF o= HEslS] th(Figs.
8d, e). °1F 7¥ 4dFH U7 HEol A%
MIO &2 A 4&Eeta ANl 952 §Eo2
AUzkon HAx 22w gbE JEI 545 GA
AN MIO tiF ARG do} HA HA ST
(Figs. 8f, g, h).

)3 2016de] HAYS BE2 F 2072 B4
(25.6)3 ¥ oI AA T 20161 1€HE 6¥€7F
A o e BFE BASHA] %A o= 1€F
H 6971 HF 4719] B Fo] HAsit= S aH
b ufg- olE|F el AlEl2 F3Ith Gray (1968)=
5°N o]l R eA 27°C o|4e] slsHeEs}, oF
3 AFA (< 10m s, HF 24, th7] 53(700
hPa)oll A1 9] =& Al 5=, t7] sl el A
o7t 73 wiof] Ao A7|ste] Z A== Aol
UEPES 93 th. 28|32 Emanuel and Nolan (2004)
NMe dul A7 A IdFS = & dE 9
A, A sa Wyl Ztel] AE g A7Iqtel #

240 AMgSel AUA AFGPHE Aot of
= ]

A A7ISE B 78S UEplE gkl
ARE FEHL QU
B Ao AE 2016 Awlr|7F S9te] Ao A7)

o A 7FEAEE BRI s Arbr)Ztel tigk GPI
o]l F#F 2 1981\ A5E 201087k 715 HF 7t
S W o= E Fig. 99 YEPHTE Figure 9acllA]
201610 w77 Fete] it GPIY] EEAdA= E
o MElE S} EAEE S A A 0.8~2.4 Ale]9]
ko] eI Fig. 9bollA GPI9] HA= SAE|H Y
o] A oA Lo BEE wol P vls] &
o A71gF @AY o] A E= A3l ol iR
A7 wlZAge] B TS Ak A 7HA
dale Ad | A7 FRe I gsEd 93 A
3 ZgoF gFo] dAT & )3, BT AR
FEFS v F AS A

>

29 4 e

Atmosphere, Vol. 27, No. 3. (2017)



288

22 E ISk AA SAEEE Aol I e

& YA WNPSHE] o R it E&E &

F WS QB GG A8 B3 F5rt vEl

A Fmbees o AE A ohwewEzh Uit
7.

=
20161 w717t Fte] A=k W 7S 332.1 mm

2 W FFOIUAT o] T mm (67.0%)8 5
7F 74 14~748 6% Tetell FT o] el 54

= 3% A He thew R

+ 6% 279 vl 2ol A A Feiel
Fggel FRstel QB Fo) /19 A
o 43 4SEA 69 3020
2o] F4l0] gukeo] Uit 4% AE ¢

O OlNI

=
=
%l—

T ool WAE 1 RO 4 W
U o] SEo2NHe) JERE GRS
SRR T 7
Sgol Brksle] A5 RS whe ol g A4l
shegln. wad Ade
2 195 37 FheE Ay
ugl}.

C AFENEE T7] A3l 9%

Fo TAHE &

N
A1
offl
4z
=
o & rx
HUUL—O‘
o ) ofN T
offf o ox ML H1 L

of
R
o
b
9
A
24

)
rlo
ot
&
Gl

N
o
o,

i

L
o,

e

il
T oft

:Jd
=
T
9
it
o g
~]
e
Jr

o

24 o

o
K-
R
ol e
w
>,
o

gk
ox,
ot
>,

T
o

Ay #ge o3 7o

o 7€ 39 WA A1s
NPSHe| 5% &7go] LElY
713 SRl PE&o 2 AT JRE
g2 FE 552 STMIA Fet Ao 43
SRtz W2 Zrrt UErs

78 44FE 647HA vt B JFs
AH B4 oA et ti7] £8ke] EAA 2
U= AHLS NPSHE| B o] Ueld o
2|9} Aol wet Evete] A e W 9
< Ath= Aotk B Ao+ NPSHE
gl Je mE 4 ] % 2 7% a4
o thek 24

o)l
AT

2 %3 Seuke 45 w4 gl o
e IR F
293 20169 B WIS} AR ofF 42

d=71eks Y7] A279 35 (2017)

2016\ ghke g

A

4 24

M

s

7HE HE AHEE A 22197H1994~2015) & 2470
7} AATE 4714 AR E 24709] BjFo] 10°-20°N,
125°~140°E A 9& A Gl e 3 H4e]
ohrezte] 9 FxoAAM = Bl o5 NPSHE| &
% ghgo] fFmEo] 7|whe] Ui E sl eI
We2o] 537 FE 55 ST7KIA Adde] &4
AL SEuEtel B 447 2T ol o
53 eI Joll #AEHE vlEe dFo = st
T FHoA Yehde a7Ige] 91Xk Awrt Wk
o] FFeA EueEte] At F71E Atk
A& AAFSH

shA, 20161 Arlr]7E B9t
T Z22v] gF g3 ARl ¥
F7F iAol HiF HAS AAlshe M= E

AJEE WIS 5 JSS Wit B Al 2
TAdoz BAS HF| TS
AE7] ol T2 U= o] Mo %3
g0 BA e fElvEl vk ] A7)«

ol B3HalAdol Frte 4 e sk a%le

Ry T—

MJO tF A&
0] Thi iR Al

7]

etetr]= wi

g, NPSHe| 55 g7o] Anl dAe] &4dstet
A AHo] Avke AR
|9, A2 NPSHe|
B57t s2uet Av s S7P7E Aol

. &, UlESH E2RA= NPSHe| &% o3
of meh dAe) de 757 3 A A7 DasA
HhEste] pEjuete] Aol A FE vl 5

s Uehg 4 ik weal,

oo
o v
s

ol]

Age) nd Ao AxE 53 A E9oZ NPSH
o] Bz o] i Anl 7o mAle TS

rgets] whelaak et
#Atel =

o] AFE 714A 71AIe e e 713Ms)
ZAl oS 2 7P ALY AR (KMIPA 2015-
2113)9] Yoz FYPEYHFU T2 Ao} I
EE 3 2 F AARIEA ZAEG Y

REFERENCES

Ding, R. Q., K.-J., Ha, and J. P. Li, 2010: Interdecadal shift
in the relationship between the East Asian summer
monsoon and the tropical Indian Ocean. Climate
Dyn., 34, 1059-1071, doi:10.1007/s00382-009-0555-
2.

Emanuel, K. A., 1995: The behavior of a simple hurricane



228 ARG s A8 -

model using a convective scheme based on subcloud-
layer entropy equilibrium. J. Atmos. Sci., 52, 3960-
3968.

, and D. S. Nolan, 2004: Tropical cyclone activity
and global climate. Preprints, 26th Conf. on Hurri-
canes and Tropical Meteorology, Miami, FL, Amer.
Meteor. Soc., 240-241.

Gray, W. M., 1968: Global view of the origin of tropical
disturbances and storms. Mon. Wea. Rev., 96, 669-
700.

Huffman, G. J., and Coauthors, 1997: The Global Precipita-
tion Climatology Project (GPCP) combined precipita-
tion dataset. Bull. Amer. Meteor. Soc., 78, 5-20.

Kanamitsu, M., W. Ebisuzaki, J. Woollen, S.-K. Yang, J. J.
Hnilo, M. Fiorino, and G. L. Potter, 2002: NCEP-
DOE AMIP-II reanalysis (R-2). Bull. Amer. Meteor.
Soc., 83, 1631-1643, doi:10.1175/BAMS-83-11-1631.

Kang, I.-S., C.-H. Ho, Y.-K. Lim, and K.-M. Lau, 1999:
Principal modes of climatological seasonal and intra-
seasonal variations of the Asian summer monsoon.
Mon. Wea. Rev., 127, 322-340.

Kiladis, G. N., K. H. Straub, and P. T. Haertel, 2005: Zonal
and vertical structure of the Madden-Julian oscilla-
tion. J. Atmos. Sci., 62, 2790-2809.

, M. C. Wheeler, P. T. Haertel, K. H. Straub, and
P. E. Roundy, 2009: Convectively coupled equatorial
waves. Rev. Geophys., 47, RG2003, doi:10.1029/
2008RG000266.

Kim, A.-H., and T.-Y. Lee, 2016: A study of a heavy rain-
fall event in the middle Korean peninsula in a situa-
tion of a synoptic-scale ridge over the Korean peninsula.
Atmosphere, 26, 577-598, doi:10.14191/Atmos.2016.
26.4.577 (in Korean with English abstract).

Kim, J.-Y.,, K.-H. Seo, J.-H. Son, and K.-J. Ha, 2017:
Development of statistical prediction models for
Changma precipitation: An ensemble approach. Asia-
Pac. J. Atmos. Sci., 53, 207-216, doi:10.1007/s13143-
017-0027-2.

Klein, S. A., B. J. Soden, and N.-C. Lau, 1999: Remote sea
surface temperature variations during ENSO: Evi-
dence for a tropical atmospheric bridge. J. Climate,
12, 917- 932.

Korea Meteorological Administration, 2011: Changma
White Paper. Korea Meteorological Administration,
268 pp.

, 2012: Learn from Case of the Last 20 Years, Top
10 Heavy Rainfall. Korea Meteorological Administra-
tion, 47 pp.

, 2017 2016 Abnormal climate Report. Korea

DR

off

ol - RS - R 289

o

Meteorological Administration, 190 pp.

Kosaka, Y., S.-P. Xie, N.-C. Lau, and G. A. Vecchi, 2013:
Origin of seasonal predictability for summer climate
over the Northwestern. Proc. Natl. Acad. Sci. USA,
110, 7574-7579, doi:10.1073/pnas.1215582110.

Lee, S.-E., and K.-H. Seo, 2013: The development of a sta-
tistical forecast model for Changma. Wea. Forecast-
ing, 28, 1304-1321, doi:10.1175/WAF-D-13-00003.1.

Lee, T.-Y., and Y.-H. Kim, 2007: Heavy precipitation sys-
tems over the Korean Peninsula their classification. J.
Korean Meteor. Soc., 43, 367-396.

Lombardo, K., 2004: Influence of equatorial Rossby waves
on tropical cyclogenesis in the western Pacific. M.S.
thesis, University at Albany, State University of New
York, 135 pp.

Maloney, E. D., and D. L. Hartmann, 2001: The Madden-
Julian oscillation, barotropic dynamics, and north
Pacific tropical cyclone formation. Part I: observa-
tions. J. Atmos. Sci., 58, 2545-2558.

NOAA, 2017: Global Climate Report - Annual 2016, pub-
lished online January 2017 [Available online at https://
www.ncdc.noaa.gov/sotc/global/201613.].

Park, C.-G., and T.-Y. Lee, 2008: Structure of mesoscale
heavy precipitation systems originated from the
changma front. Atmosphere, 18, 317-338 (in Korean
with English abstract).

Seo, K.-H., J.-H. Son, and J.-Y. Lee, 2011: A New Look at
Changma. Atmosphere, 21, 109-121 (in Korean with
English abstract).

, J.-H. Choi, and S.-D. Han, 2012: Factors for the
simulation of convectively coupled Kelvin waves. J.
Climate, 25, 3495-3514, doi:10.1175/JCLI-D-11-
00060.1.

, J.-H. Son, J.-Y. Lee, and H.-S. Park, 2015: North-
ern East Asian monsoon precipitation revealed by air
mass variability and its prediction. J. Climate, 28,
6221-6233, doi:10.1175/JCLI-D-14-00526.1.

Shin, C.-S., and T.-Y. Lee, 2005: Development mecha-
nisms for the heavy rainfalls of 6-7 August 2002 over
the middle of the Korean peninsula. J. Meteor. Soc.
Japan, 83, 683-709.

Straub, K. H., and G. N. Kiladis, 2002: Observations of a
convectively coupled Kelvin wave in the eastern
Pacific ITCZ. J. Atmos. Sci., 59, 30-53.

Sun, J., and T.-Y. Lee, 2002: A numerical study of an
intense quasi-stationary convection band over the
Korean Peninsula. J. Meteor. Soc. Japan, 80, 1221-
1245.

Wang, B., B. Xiang, and J.-Y. Lee, 2013: Subtropical high

Atmosphere, Vol. 27, No. 3. (2017)



290 2016 SHbE A} 73

S|
A

A

73

M

predictability establishes a promising way for mon-
soon and tropical storm predictions. Proc. Natl. Acad.
Sci. US4, 110, 2718-2722, doi:10.1073/pnas.1214626110.

Wheeler, M., and G. N. Kiladis, 1999: Convectively cou-
pled equatorial waves: Analysis of clouds and tem-
perature in the wavenumber-frequency domain. J.
Atmos. Sci., 56, 374-399.

Xie, S.-P., K. Hu, J. Hafner, H. Tokinaga, Y. Du, G. Huang,

and T. Sampe, 2009: Indian Ocean capacitor effect on
Indo-western Pacific climate during the summer fol-
lowing EI Nifio. J. Climate, 22, 730-747.

Yang, J., Q. Liu, S.-P. Xie, Z. Liu, and L. Wu, 2007:
Impact of the Indian Ocean SST basin mode on the
Asian summer monsoon. Geophys. Res. Lett., 34,
L02708, doi:10.1029/ 2007GL030526.

=748k 7] A1277 33 (2017)



	2016년 한반도 장마 강수 특성 분석
	Abstract
	1. 서론
	2. 자료 및 분석방법
	3. 결과 및 분석
	4. 요약 및 제언
	REFERENCES


