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Abstract

With the acceleration of climate change, extreme weather events are
increasing, and summertime extreme weather events over the Korean
Peninsula are closely related to the North Pacific Subtropical Anticyclone,
but its fundamental dynamics are poorly understood despite its importance.
In order to improve the predictability of summertime extreme weather
events in Korea, a fundamental understanding of the dynamics of the North
Pacific Subtropical Anticyclone is essential and should be accompanied by
well-designed research, including an observational campaign.

This report is divided into two parts: a review of the status quo and a
survey (Sections 1 to 4), and suggestions for the future (Section 5). The
review takes stock of what has been done to date on the structure and
variability of the North Pacific Subtropical Anticyclone and its associated
extreme weather events, and what is and is not scientifically understood.
We trace what types of observations are needed to overcome the limitations
of our understanding, and what research is needed within our current
observational framework. In addition to the review based on previous
research, we conducted a needs assessment for North Pacific subtropical
anticyclone research with national experts who are currently actively
engaged in research, and consulted with international experts who have
ongoing approaches in their country.

The second part proposes strategies to overcome the limitations of
summer weather forecasts by compiling the results of the review,
exchanging views with participating researchers, and discussing with the
Korea Meteorological Administration and the National Institute of
Meteorological Sciences.

Compound extreme weather events, such as heat waves and heavy
rainfall, can occur simultaneously with the expansion and contraction of
the North Pacific Subtropical Anticyclone, depending on the structure of it.
In addition, the North Pacific Subtropical Anticyclone interacts with various
timescale disturbances to control the weather characteristics of the Korean
Peninsula during the summer. Although there have been many studies on
mid-latitude synoptic eddies and atmospheric rivers, there have been few
studies on the characteristics and development mechanisms related to the
Korean Peninsula. Since the North Pacific Subtropical Anticyclone has

multi-scale characteristics, it has been influenced by large-scale air-sea
interactions and affects summer extreme weather in a short time during the
late pre-monsoon period on the Korean Peninsula, but there is still a lack
of clear understanding. For summer forecast, this multi-scale characteristic
of the North Pacific Subtropical Anticyclone hampers its predictability, as
evidenced by the sharp decline in simulation performance when a tropical
cyclone develops within the East Asian climate model simulation domain.
Therefore, to understand the variability of the North Pacific Subtropical
Anticyclone, it is necessary to consider time scales from decades to days
and spatial scales from large-scale circulation to daily synoptic systems.

Based on the literature review, we suggest that quasi-real-time
observations with high spatial and temporal resolution are needed. Key
meteorological variables are vertical temperature profiles, sea surface
temperature, water vapor, wind and cloud related variables. Currently,
several high quality reanalysis data are available, but their uncertainty is
very large, especially in the areas of observational gaps. Meanwhile, a
significant variability of the North Pacific Subtropical Anticyclone lies in the
notable observational gap.

To fill the observational gaps, a combination of in-situ and satellite
observations is needed to complement each other. In-situ observations
require radiosondes and drop-sondes from ground stations, ships and
aircraft in the North Pacific Subtropical Anticyclone target area, while
satellite observations require the use of meteorological data from the
Geostationary Korea Multi Purpose Satellite-2A and international satellite
observations. It is essential to develop quasi-reanalysis data (level 3 and
level 4 data) by upgrading the basic data (level 2 data) received from
satellites. To produce quasi-reanalysis data, it is necessary to develop
computational algorithms in parallel and to improve computational
techniques for processing large amounts of satellite data. There is also a
need to develop the use of the North Pacific Subtropical Anticyclone by
linking key observations to other factors. Finally, it is essential to develop
algorithms that use observations to improve reanalyses and to be used in
the initial conditions of forecasts.

Key research directions suggested here are the improvement of
observational data, the need for international collaborative research, and
the understanding of the mechanism of the North Pacific Subtropical



Anticyclone. A total of four strategic tasks and 13 subtasks have been
proposed based on the results of a needs assessment of national experts in
each topic and consultation with international experts. The strategic tasks
are 1) Strategy for monitoring the North Pacific Subtropical Anticyclone, 2)
Strategy for improving extreme weather prediction, 3) Strategy for
understanding the variability of the North Pacific Subtropical Anticyclone,
and 4) Strategy for the predictability and future changes of the North
Pacific Subtropical Anticyclone. For each strategic task, two to four
sub-tasks were proposed, along with a nine-year implementation plan and
roadmap.

Finally, policy suggestions were made for future research directions.
First, intensive research on the behavior of the North Pacific Subtropical
Anticyclone is needed to improve the predictability of extreme weather in
the Korean Peninsula. This can only be achieved through strong
government-led investment in research and development (R&D). Second,
future research and development (R&D) efforts should be directed towards
improving observations for monitoring the North Pacific Subtropical
Anticyclone and improving our understanding of the dynamics of its
behavior.

Increasing the number of in-situ observations is essential to reduce the
uncertainty of satellite data and maximize their usefulness. In order to
efficiently use observation resources and maximize the usefulness of
observations, observation campaigns should be conducted in collaboration
with various domestic agencies, and international collaboration with
research institutes and meteorological agencies in Japan, China and Taiwan
is necessary for the efficient organization of the observation network. To
overcome the limitations of summer extreme weather forecasts in Korea, it
is necessary for Korea to take the lead in international collaborative
research by providing a clear research direction and securing pre-emptive
funding.

Keywords: North Pacific Subtropical Anticyclone, extreme weather, western
North Pacific, observational campaign, International collaboration
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SEfZADIIA0 TI2sHs 0ISH YUBIIN B
g TA- 24

I 2.1. SEfZS7|etof 2Elo] U= 7Y Y R O SSHSY =A

2.1.1 FH/ojgn2n SREFFL 7|2t HEY EAL

O o83 Sepgnrigel IUEs Hagol vet 1 A

7k RALAY, BB F 0] BAEE 2T D A
olgRE Baol WAY & Sl webA we HAATE
3} ARE FU-oFE

e AT x=HE A

o]

s /o1’ @t tid AFEL A

o ¥ J ol 2, 1987\ 3 19940l RS ZF dA
yiAbe GEFo 2 BefBdarrishel 7R rt it fod A Je
A3FATHKIm et al. 1998). 2004\d ol L Foll A HA G o]} HAF-S B
o] Hdgfo] WIRTH HFo R A3 HA tr]-a| ¥ FFIHE Aol TR
EEEgrIde] B ZeA g ozA B AT (Byun et al. 2006). 2015
ol Akl A TG T4 =9 BefsgFurihe] ol &3 13 A#EHAU
Th(Yoon et al. 2018). Min et al. (2019)& @] 53] AAH 371'd (1994, 2013,
2016)°ll st FHe] FUTE EAS AYsiant. 35HeR THe IO A
I T8 Fo BHW SIS /MR HAe dRtRRT Gl A om,
T Aol FE w2 9o FUY Ao FAHYHLY 21). 7HEA
£ et 2dEES 3719 FYERTE A" dr]Y AT bE e

)19

b1
JM

o uf

3, 2018\l AR 71 EH Q] Fo B RS |GERGE AATE
of xS FAAH nrIge FFS T HAoZ HIEATH(Yeh et al. 2018).
ol#d FElH Sty AH AR AREHA @G FHL HuF HAd A3
tat® &3 daso] Jdoen HZ FHIF SVFAE Eol=H (Yoon et al.
2020), o1& AHHSNAE HEiBFarriel g Hczvn 4&FE 73e T

gomz /b9l A7st Bash,
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o 3 o 3 iy o
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W RS, B9 E5(3). 59 52 (k)9 500-hPa A9 LE(E UA)

= O =
oF 22(5%). 5880 gpmi} 5,850 gpm ZI7f w2 AAI FHoz mAIH(Z
BE

Z%]: Min et al. 2019)

ARRIEARERE ofu el A7 ARE AR SR ol daed] T WY AT
= o]FolH Tk WMEE 9 (2018)F 1979~20161d Tt A&l A B LA
T 8 42 B FasA Fee VA 727 folrlstA debd &
HAT stAT A7)z s HHES HrIged Hgete] ZHEHE A=
g Azt gofdh FRH Aol 93 ddE F gol vehdnh A of
175% 8 AAste £H 19 49 d55o] SlFILII4H A% FAEA
o Aol 2 mEstn 53 FU17F frdEe MYoR ved FUEETt B E
Al vebdthE S440] Ith(1™ 2.2a). WY, 3 294 7 F 32 4 AA Ak <
38.6% 5 AASHH I FHOR o] FAAT HEFILIIUT MEFol AT
A7 el o8l FEIR7F fdEH Fdo] dAske FRoIt(a™
22bc). A 4= WA 202%F AA sk HejHFarige] dwtE AAE H
e Adolt(d 22d). AARE AVIGE AT YA o= Qls) A%
F4ol ofstatal g E tirlelM el dds 8 AAE ST 4 WAL
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C#us(er 2

2 2
2 2 N
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20N - 20 e s
Ve 12 vave e s noe 0 vive e ysove
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I
30N
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99 23, F 43199 SYARo] ciptel AISAALE §a) wRY VA N HY.
d2ade 500 hPa A|¢J1 =S, HELE 850-hPa vFtg UERE. 5880 gpmE & A
Xog ¥Hr FAIFHIHEAX: Yoon et al. 2018)

THTE BHAA ZedHe FHESFLISY A4 2 T2 R dred
o] FFE A wom AR HAAR FEtAote] drldEH doitiRe o
FEFAA 7193 FAA 22vlvtEe]l 3 ddE REH GG dHE
Aol & dFE 70t Aol N&H o2 HiEIl th(Lee and Lee 2016;
Liu et al. 2019; Yeo et al. 2019; Yoon et al. 2020; Choi et al. 2020; Noh et al.
2021; Choi et al. 2021; Cha et al. 2022). ©]2]§ Z2v]3}of gk HE|%H S 7|t
o] HEA2 23 Al “ReiB It #H AFE AZ7 ol e =AFE &£
Aol A FAIs Akt

FuyESE e HENBYDI(tel Bely FAL

o8 SkEel Z1FE Ao YL w2 Wit Arke nHAow dHow
HE TE 4AE 2 e 719E Aolold FAEE AHA s A&H o ul
7F WEe @40E AR St (7498 2001 224 2006, 41788 9] 2011; Lee et



m

2. SEfgymT|elol J|QlstE {5 AET|M 2 & ZALEA

al. 2017; 19 24), 53] A 719 BEIH G792 23 F8&3 HAFE AEH
02 e FUAA o)da Bk ofe} AEH HFE o= F TS 71Xtk

Continental polar S8

23 2.4, FotAoF FR 7o F

2 A& olUs 2 BAA
Aol gAlg(IdER: Park et al. 2021a)

- B AYATOA BT IBA PFEPY FFAA
&I 7IA = 2 BRIy 7R E w
SITh(Lee et al. 1998, 2008; Shin and Lee 2005; Sohn et al. 2013; Song and Sohn 2015).
2 HA AFELS RAPFLIY A E BHE $37] Sl Yol Bt A4
A ADARE zh= TATE 83 F8A4E AXSKL Atk Park et al. (2021b)2
1979~2018'37F LAY 31870 9] AT e ARRI(ElSe] A 9 Aol 9 FHE
B JFEeE dd o R ArERES Bl wddle sk AVt o) e
SEggarigel @7 Zldnta WHthIH 25). st A7Ite]l Aodtel w5
BN RS e e) AR B ol 537] Sel EA
H

gfo] BEE 98] BT Y Aol H(LRHA
i

‘do 2 HEiggarieel o

I~Z I~ O i
& £ FEE F

£
52
rlo

¢

o=, oldme 27, FHTE A7Ieke] WE 8 A wrel BeHYale 7R
Pt 22 F Y YAV ol AW AFBI/L Aol U LA 214
3} &) 59 ol A&EA e BEHel BAE ekl S8 UlolrE stk o

£ AR TR ope, 5
U olfe] A ANFRAME ebd 4 gouz BAF F7129 A7vt Bas

22|tz oS H FABYI4 ofE B STE 9l8 Faelw

5 2.5, 1979~2018'3 EQF =A¥st 318719] shete 54 AE5s

© Ajzlel 3XL(E, F5. oF5) trlest RAE(IYEA: Park
et al. 2021b).

ZA AL /37 Aol 0]o] Park et al. (2021a)2 T3 A4S &83 3187 IFS
5 AEe] A% 719" BERE T HEEA vehde Beidarriel A
g F2E ANSIAE DA A F oF 40% S AFAIS= “Quasi-stationary frontal
boundary between low and high” M= e FarrIeke] 7PAte]7) ks da%
o Ak, EAAAA A7 YA e8o] HEdl AXste] GREAF ZIhE <
Tt T 719A1e] A ddde] wEsta B2 5TV EAFE T3 AdEH
P2 GAIAR Fo~FTHTE 28] AAES uet FUHIE dth o] FEFLS
Shin et al. (202)ll4 % = HFE-o) F8 HRloz AEHQUT vk, AA A
9] ¢F 21%E AFA8k= “Local disturbance at the edge of the North Pacific high” ol A1
= TR A7 o] YEA et k=T Rl g 7rEA
g o] vz olgol Fofl= o] vehdt. Ites FFHE £ A7I9E <
2] B4 glo] el ardel siMnt XuiEw, FAE wet s AR~
TR a7 o) HFa Tt BT AA9] oF 29% = AdEAHS Tl EE

£l

~
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st= ate A71ste] wi¢- FEHAA vehds 13 AE(“Extratropcial cyclone from
eastern China”), ©] % E?EH-‘—% Frlg 7P Y @S A ke Az A9
13.5%, BA] = Abel7t QF A%E AA T F ?)ﬂ'_‘% Aot Aad Befg
a71e F2E g o, vuE Beig i)k A A G glol= J
T G & Ut

Park et al. (2021a)ollA] £F3 2 %‘J?E-‘?— FES A=t AEARE 3L Frofw|
3k zpol7} WA k=T, o= HFarrlstel JE5aY WA AART= T
o] sxHol F FFE F7I “ﬂ 5H A% 9tk olH g A= o) HA At
2 7154 2020d A5 2 ;Q?E—?“’HE S gHh Park et al. (2021c)2 2020
g 15719] HFEg Aol tidte] FRAFE-U7E di7led E49< Helsiie
d), 53] Zrt du|(6E 4~74 L)<} —5?‘?}7](7% ~8Y Fw)oll HAZ HF 59
Al FEjg Farr)qhe] e FEg Afol < Btk Avrldle SEiE gy
o] FFe] Hdo nis) JAE v FF= WE/HAS AE FHo] IA FEHRH
(L% 26a). ©|Z sl e FEPFrIsHe] 7P EE i 2dFad dA R
o] FES Wl A WUAY, FFHOE T EH FFV]00 93] o] YA &
thA7194e] ZstAl dEakal ?l"?l’ S5 SHHEA FAbE 952 AeserE EA
3Haith Wk, Eukt gt Red HEo R REgarigel 79 @ IR YA 5
kAL, 1 7P 7E bR floll oA Tk £577F FEEATHLE 2.6b).
7PAEE et SR 87 A& wES 53 YEFSU ASH R wAyst
A 1ot 24480 FHFE597F FASATh £, 20200 At AWrle] e i)y

e rl

H)

2]
< FTIUF] FAEAZIE BES 38t FFEfol IR or IFE 71w
B, o= A% £57) FFe T AR ATEs 2208 vhE Aotk
oY HEjggarride dnts HTa ol T WHor 9FE & F Atk

2a|Lia} oS 2I8iv|At o2 BH SuiE

45N 4

25N
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-3 0 3 &

a3 26, 20209 ol (a) W19 (b) F3719] 500-hPa Al9)
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= 58

714 op=2|(HH).

_|-|
)
of
%
m
~
©
=i
% o3
LI
[ o

5,
7l ®mAISto] LER. 5880 gpmq 71E7te $o A2 AlMO
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- o8 Bl YFL 7N FI=AIgl e
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AlSH - EA]: Park et al. 2021c).
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(‘_EL
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(Lee et al. 2020; Kang et al. 2021), 953 A=At B4, L2718, e @l
=
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Z1 vzt A9 glok

- BolAolol| A LA FHEA TS F2 EHlL HO| FFTA Y, LEfol-AlRE
2 FHol B2 ALY, 8|3 Y8 gulth FEA|Q FHo A L=t (Lee et
al. 2020), Z} HeA 9] A gF A& AT u HegIr|de Jaatgshy gt
Zo AR FE 7Ae A7I9S FE Bl $H A BdF o2 AT4H
ok H] s FFo ATENA FAEA7 AT 22 THHE 87| T84
< AH3A Y32 7 uj(Park et al. 2021a,b,c), T =A47140] HehH g

ofGA HEAGEEA B o8, FHHU AT BaF FFolut.

o
o

fu

- HT U71HE Solrloll A & FES @ Itk Kamae et al. (2017ab)S 22 5
OfAJo} of & E<ze] W 9 HEHI} Foprot AEE tZIH EE3 LA With
Bt} 7AZ 2 Pan and Lu (2020)7% Park et al. (2021d)2 S8 F713ke] 7=}
g & uet ti71do] NIdskA dAyshe, Bejsgekarishe] Ay #ishyt ti71 e 7]
F32Ql AU WSS ofafstet] HAUE BATE 53] Park et al. (2021d)2 &
BFurIge] MEe 2 sl Fdshe W7l BEeAr]6~79)d B¢ GRS wet
t7]xo] 1% Zstal RIS EARTa HH om(TY 27a), $7] EEA171(8~99)
de Fegdarigel BT FETolM 2eridEe] wEsh 2GR
A ¢ststa 71 E A7) EeAlr)o) BlE] FiA o2 J RiMakA Gzt 5t
AThZE 27b). 28U 7S A3 SRS |S 7PEAE E wet A 2Ayst
T, ole BRI 7P E AEs] Aetetal dFske Ho) AV B ¥

7] B Bl F28-8 GARIT s AFre] A9 A9 7] B A7) BE

2 ¥g %o,
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21

Ltz o SH T4 o2 B STE s AT

22

O 2.9, SAHEY BEY FAAd 48 A=(OHE
A EEuA 2011).

dH =, 7147 789 22007)= 1951~2004F =) &S oA 7|hs B8}
19809 F4F S0f 7S HHSAE, BB ELIIG] YAVt §EOF
& A% AE Y-S Bk olo] HAXA 92012)& Bl Far1 Wkl whet

=2 o] 2L FSAIL AFFVL " A7l AAE 7SS BT Le
al. (2019)2 1982~2016\d g, Yo 2 &= HAEIH Y dulA7 1S £
o] =R BAsks duiAzIde] fFojrlsiAl 717 v 849 Tells A4
A, o8& FAo = Fejggiricte] Wste)] o AgF eyl 45 71
o2 YEFSTE Camp et al. (2018)9llA= SEISE S8 A5 -85t e
Fu7)qke] A B WEAddd wet BlEe W27t vk = S-S Basiom(T1E
10), Lee et al. 2021)°ll4 Hef <t 109 7] 25o] &0 A4 o 92o] Hejg
Z19e] S FF3a /YR o R AuiAs|Yge] U BAe] £ AFRIT F

He w3l gk

o]

bl

o
o 2

et

o]

-

iind
oo {4

O
o

o o

o

N

ox R

A7 FEBE S|ty I
(2015) EA7I4e] 2717t S5 B
7t ZAEHA dojyar o|2 sl dulA 7ty B4e] o

Park et al. (2021a)2 BlE2] 221 &S wol JFoe7t S of e 3T S
BYH Aol e A7 79 =S weEl EEAID] 571 ol kA ol Foy

= o
= B3k =3, BFe] i Sl sk 19 BEE o8 43S 71y

)

o7 Y e AL o Sun et al.

=
i
A
5
oY
I l:JI ¢
ey
©
off
I
i
o
o
i



2. SEfgymT|elol J|QlstE {5 AET|M 2 & ZALEA

5ol FEHIL o]HF 7|ee] Yol =UH R TR HeE| SRy
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(a) 850 hPa height and 1480m contours
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1480m SA4 S #e AMoR BB, 64, 79, 89 W 1480m SAM S AHO dishgic ool

1715 = = An induced high anomaly to the ="~ A s i i
= £7]§(1%§K1: Lu and Dong 2001) northwest of the anticyclone - k“-;fx‘:‘sgaswu\.h‘.s from cooling to

(Le, OLR-vorticity Pattern). ™S~

_ . N B - Westward Propagation of the . Enhanced rain belts over the EASM and
- 71%8H Ad HE Yolx FejH ¢k AR FRAA FET 54 8 WE s b L il = thie MC rogions (L., Tripolo Paticrn)
e 7IAH ol Folrlo} X 7% F23 AT FTHIY 217). Lu (2001)= = — e Ty iger wind cvaporaion (CWES ewdback).
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Ak do) Al A9 PE(warm pool)llA2] dol) WFAo] HE w Hej gy T2 Eojalo} 744 oJsF BAE(T@EA]: Cheng et al. 2019)

He FHoR HEH, I WiEAol O o AFoR sk AL Stk
Mao et al. (2010)9lAl= 8TAIZ FAE AW ARFFEAA S Sl Far]st 1%
HEHE YehiRlaL, ole A= MBSl ATE 55 5l BAZ0E MutFe 229
3 FelE Ad =3UlF Al2E(Rossby wave-like coupled circulation-convection
system)ol] o34l 2&HL BAIsIYTE Z2nln FEHE AU £3UF A" B
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Zo 7o Myt #Ho] 5S BT Dong and He (2020)= HEiH Far7]¢k
o FA W AU olFol FHEIATY 4F AIARE IEH AAKe] A
s e BATHE 2.19).
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(a) Early Summer
Southernmost phase

(c) Late Summer
Southernmost phase

(b) Early Summer
Northernmost phase

(d) Late Summer
Northernmost phase it

2.18. 2ol§ 4 %9549 10-30¢ F7]9] G5 W EHEIGIIY ¥WE7d
x8sl= U]7]UZ BAlZ(I-EA: Zhou and Li 2022)
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2015¢), ©o] AYEY HEAHL 2 dyx E¥35(El Nino-Southern Oscillation) ¥}
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olEg TA W W= aﬂl 7}%]& T-EHTHWei et al. 2018). 3 HAZE B
L v, ole A=Y B FoMoF B Y
o JAE Wy AEE Y- @%"6‘9_ A EtHLiu et al. 2001). F HA= SEE Y
3718 A= Wstel Suke FA4 U ol ojulsiH, ol o ZAH o7 &
AR A Aok YR ZAEoRE (1) EU A=Y 2) EH FIEE Y, 3) HEA
o5, @) ZYANE T SAEHY (5) Qo AL HEde] 88 842 o
A Aok (I™ 221).
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HA gon, dHse Iy 9 AFe HEAdH s 25| A Hake] 43
ZH-8&(C-mode; Stuecker et al. 2015)°] F83H& F7HH o= BT

G TYHH G A2 A, St DEets AdA sl 2571 Zagt o
of W 22Hv M-S FolA RABEYG Ao LI &8o] EASHAl Ha
ol HHBILIIYS A3lele 3270 FthWang et al. 2013).

A F A9 4, %qh-”‘jml%ﬂ HEAT duE e s AY F
9 s 2% VMR U8l EE e &¥(meridional overturning circulation) &
A4 #E58 E=local Hadley circulation) ©. & el S tF 2o s/
Mef ok 2199 a7 /7t Astdatt st o 71Re BelEdaridE Ak
Tx70] FthSui et al. 2007; Lu et al. 2006).

_1-111 el

EAEE G A @A A H)e tiF Zxo Wile Bepgdariete] AdvisAol
Zo] ki d#A AthLu and Dong 2001). wHEdt SHElE S 9 SE1H Y 3l

A~
=] T
A &% ol tl7]<=8H(atmospheric bridge)S 3l HAEIE S XH2] sH
255 FZaA7in, o me} ok i B2 AVHE EAEBEY sied 259
1=}
B

Mol W7 IPA =S Al Hn] SRR GTIge] MRore] S Fenh

kAo S5 e deo WA ANt A AR Ao 2 A
MEBFe T AT, TIHES B FHE G F RS oA
ok okl RG] 229 W Fol Hejwarrigte]l AstErk(Feng and
Chen 2021).

I N

S - T T T T T T T T T T
il W 1] W E Al i 120 I 150 IsTw 120

O b —
98 UPIUS BAE WA/ ANS GEE/ADLE A4Y eso olp 2
(Gil)-Etd ¥hg-S UEA(O"EA: He et al. 2015a)



2. SEfgymT|elol J|QlstE {5 AET|M 2 & ZALEA

- 21 Rhell, B darishe] AduEdS AR < Jle AR Hobroh a9
$HSouth Asian High)# S8 $aL719ko] 3 2H-8(Wei et al. 2018), SAIE1E A
Aol Ad wsle] wE wjigd wske} ——TEH%%HJ]“ e t7l-sd v=
(Convection—Wind—Evaporation—Sea surface temperature; Chang et al. 2000; Xiang et |
al. 2013; Cheng et al. 2019), 952 AEH JIF(BSISO) R FotAok-Eg S LA ¢H 1
(Wang et al. 2023)°] A=k

2 o1e

Toe0 Toes 7550 TSS TSS0 oS TS0 Tses  =zooo Zoos=

O %7]¥ 54 (Interdecadal variability)

- Sui et al. (2007) % Riyu et al. (2008)& BibF ZAdHEA0] F 79 F8 mE(d): 1

3,354 F7)2 T8 AojArtn BB 239 7719 REE A% thE A S T
%’M«l s 25 Aeol 93 24 slEd 8/ ]

Bl

(Wu and Zhou 2008), 3~5'd F71¢] g2 BAEEY AY s+H 25Gui et al N

2007; He et al. 2015c) & Ed] A=9] dl4H 25 (Chen and Zhou 2014)9} A3o] )

Atk B 1909 E FAHORE o)A 77l 3~5d F7]9) REV), o] F 7] o] :

el 2~3d F719] mE7F R darrishe] Aan s AWt (ad 222). b _ lazzzoqéxgmlMWWHQB%EHE“*DVS ‘lim‘“‘ %q
AYATENAE B571(1-2d/2-33) 9 A5714-53/3~61d) Feo] Sejgdar) Ao fo|Ssiavelet) HUAME(IURA: Sui ot al
3t AdRiEA o] EATh L B sk I (Park et al. 2010; Cheng et al. 2019) AlZtol] wh 2007)

2 AujAQl Adisde] #7171t Mshs Rk Matsumura and Horinouchi (2016)
B sl AdAEA L ENSOE Ado] AT A7|HEA L ol
A EQ PFEolFS oFr]3l= Pacific Decadal Oscillation (PDO)® © & ## o] 3}
g AA AT TE 2.23).

rr

180 160W 140W B B 100 120 IAOF 160 180 160W 140W

N [ [T I [ [T
-06 045 03 015 0 015 03 045 06 2 15 -1 05 0 05 1 15 2 _,
SLP (hPa) U200 (m/s) 5

23 2.23. ENSOSF PDOO|| tigh szt |df 45 v 3l A& (29
Z£*]: Matsumura and Horinouchi. 2016)
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O &7 A 3 w7+ s}

- 27 A7-E°lA=(Zhou et al. 2009; Gong and Ho 2002) 1970\ t) ZH-E Ath
L5 Ao Qs A=
B3t TH 1 2.24). AR
THOR A7|FAE AANS W, 19709 ©]F
FAgo] FHEHA BTk o]oF71stth He et al. (2015b)ollA<
SRS A7FAE dve o AT2dstE
IE HFE ol 83A Hejd

e

- (a) NCEP/NCAR_1980~1999

EREE D Ee
/Héé_i 3;:]—7{1-§_1:]-_L

o oty =9
¥ o™, Huang et al. (2015)°l14 &
g HAduw Buskch

A=
2ng gkgo g ey gariqel
, Wu and Wang (2015)141&= & A

SR e] BejspurIeh Ao
SCEEEI TR
015’} a‘é‘}:ol ;(]_r] ‘7_1;:_0” }-dﬂ7]

Farikel A7FAE A Eotol okl
FATIYo] LEZO R FETE A7) FA

(c) ERA40_1980~1999

N /._'l'l

100E 120 140E  180E 180
(b) NCEP/NCAR_1958~1979

1206 1408 160 180
(d) M_msanmn

=

.

%

[\ st 8

/
N

a3

500

1006 1206 140 180E 180

10E  120E  140E  180E 180
2.24. £ 719 MEAXES L3 (bd) 1958~1979'Fd U (a.c) 1980~19994 of SA oAl

-hPa A|§]11=9] 5870-m SAA(ZHEEA: Zhou et al. 2009)
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22|Lizl oS M FIEYIA R SuE 98 Haely

- HE7)S wistel HAT Sesg et wstel AEiAl Li et al. (2012)2 IPCC 43 7]
S W39 7L R 14 (Assessment Report 4, AR4)e] ZFAEL BAs) &% 719
2 dinzt A7) w2l Reigdarr|del vzl Zad Aoz Awsigdon
(L¥ 2.25), Yang et al. (2022) HE|E 4] T4 W& dFA ol mlef7] Foll 5% AT
I Bskgich 22 53F 71 SS9 AAES BAT He et al. (2018)2 ol
H A= HHE 288 SHEdrIds G A vgr| sl 1]%e] 28%
o2 HErh AT IY 2.26).

5.8
102
o —5.6
o 0.0 E
£
& l-5.4
& 984
= 52
E g5+
8
@A E E —e— NPSH ~50
9.4
—%— NASH
Las
T T T
PICNTRL 20C3M SRESATB

2 2.25. AR40|A] ©olEl BEjE ek 7] (NPSH)} 2
A GR7|HNASH)Y] Alve]ed e (I-EA: Li et al.

2012)
(a) D(H,U,V) RCP8.5-Hist o (b) D(He, Se) WNP AVG o
2
--0.5
- -1
. . F-1.5
He Se

2 2.26. (a) AR52] RCP8.5 Alyg] oA AMoe X9 %= (shading)@t vl (vector)?] Historical &
of tful folst RejHeruel HAS Julste Helcontour), TS Historical 2], WML
RCP8.5 Alu2]| e, (b) SAEIHEY F FE Hed] vl HaFH( 2 &4 He et al. 2015)
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i
e
o
Bt
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08
1

o

P BEoAle] 471 5A DA E BT 5 o] FehFLAYL L 1 WE
HoJshz el meh ol AsHE Holth mebs Rejgusisie] 37 FA4

oy o H

& Beg )% 2olo] AP /T N5 2d A o) §F vie Bl
Fx7lgh sk % AEH W AT/ 8T A

)

39

v 7] ol A e 1 WSS olshsh=dl JlolM F217) B sttH(Cherchi et al. 2018).

|t o SH V|4 o2 B ETE 9B

o
0
-]
2
4

2.3. SEfgSAI|L 2 o{FE 7|10 st ol H oIS |
Sig =AL

2.3.1 IEY By HEFZLT|240) CHEE OJE AT B8 EA}

NeHos ofd 1Y F FF

Qor ¢ o307 HolA § mekow AA AHA Ve

i

ol
A 2 oH%E] wgho] sl A= HHHI @Eﬂ AME okdt) 171%ke] % BehAz
FAghE o] YERdTH(E 227). © 04% wrn 17180 dEE oz A

o] He ALH otdd 17]%}34“ ge g os dro] Hojok e AR,

ERA interim JJA average SLP hPa
90N PP (PSP, SR, VP (O RGN (ST [EPULT [JPROPE [P (PP [

| _——me J____\'“'j; -
V/,_’/ '—’\

is

305

605 —

205

180 150W 120W 9O0W  BOW  30W ] 30E 60E S0E 120E 1S0E 180

{b) |CONTOUR FROM 580 TO 1024 BY 4]

4 hPa)( 1%%7\% North et al 2014)

- g AYATN A5 Y BHPIY|Ye] WY L 44 WAUZES EEse
el it shAIRE Sejsdarr|etel de 8l 44 viFHAYU el AesiA Hye] HA
< AAolr AAZAE B2 A7V I Qlok ARATNA AlAE 7554
oA o] Rejggarishe] BE 8l #4 vizysel ek 7Hd S oo o] A
3 4= 9tk

QO Monsoon-diabatic heating mechanism (Rodwell and Hoskins 1996, 2001)

- Rodwell and Hoskins (1996, 2001)ol| A= &5 A H(FotwlE]7l 2549 3571
o} #AH vdd g AGill)-EHY THEoZ A7) 28T Rossby wave) 7} &
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2 gejgomylgl Jlolsts ofSH YN B HEY FALEA 22|tz oS H FABYI4 ofE B STE 9l8 Faelw

718 "HEaL o] sPIRVE SEEdarIde ddTL At A R gAY o] R GAIY B B FA wFAYUFe] oFF ] FYE A Gkt wEtA

< &l T WAUES g A S GAEo R Fol AY Rl E FeiE e ARATEANA AN GFt vAYFA 3t g2 =27t B8, vrAYF=l

a7|gpel mojE v AYast 8l vy o] FUHENS W SRR EILIE Aol 3 LA olazt otk FrtE & uotd REAY HAE Fal AAE H A

Hs & He 2 gdsiant UsEol BB gl mAs ZhA el ol sl olsfs) & a7t Atk Son
et al. 2020).

QO Local (shallow) land-sea thermal contrast (Liu et al. 2004, Miyasaka and
Nakamura 2005)

- 9k4 A<= Rodwell and Hoskins (1996, 2001)9ll A& & thi @4 2 QL diF @ 2.3.2 B/O|ATIS MAID} MEfTOITI[QL0] CHE OJE & OIS 7] HE
ANA TG = AY vdd o] F83 A Ivka AEsiginh ook @
2] Miyasaka and Nakamura (2005)1 4= 3t 5 02 wAe t)53} 271& sjoe) & - FARDE o] &3 £ 2o A Tl i Bejg e 93 9 5S40 w
A gjH) 2 218k ZA Al ekl Wzkyte HAAto] Bkt Ao 228 Ao 2} O 4 AUtk @l Z Yoon et al. (2021)2 2016137} 20183 -ejvttol] & FFS F=
sba 9T 4% REARS B lE-aok 1ke] 2R = el ke Wzksld o) Zdo] dFdo] FeHESLrIY Bojo wEt zto|7) & o Aok AAEAT (2R
olslA Bepggaricre] Fwsk B3] 70% FEAA AT, 2 Ui Aol 228). 01643 84 £} AF TR AZVE ARG O 22 XEHUSH o= AR
o3k Bt PAo s thak 2e Aoz shelsty) ol FARdEo] Aot & R Fe] BEjEdarish

o
wRolth X RAEo] HepWIII%E BUHOE BOlShA] R
o 857 Bl wol v, BAejHee] AjAs|q ge] rhue F3t Aw
olth 20169 FGe BejBFTrIgol olsh ge Tl BHET FEAFHUN B
| 9 A, 1719 AAL] molwu ohlet il BT molA HFHok

Q Diabatic amplification of cloud-reduced radiative cooling (Bergman and Hendon
2000)

- Bergman and Hendon (2000)°14+= 212 & A HollA -5l o7t BAL Wyzhe] 7+
A, & UF AFoA Y A W2 7 @4, 22la 75 WRelxY JE B= BAe 3ol v 2018 E o] A9 By kar|qte] xujA oz 733l
ojgt Ao =3 o] A3 A4S Tl Bdd AA o] et |gE ol Fa% I FH FREY o] AoFoes Q) o) ZG ®me] exrb IA B
q&g & AAEATH

o

2
T
o

(b) (c) (d)

Reanalysis Heanal Sis. Reanalysis
~ ST o 7 1

Q Air-sea interaction (Seager et al. 2003)

- Seager et al. (2003)°l41+= Rodwell and Hoskins (1996, 2001)l| A AJAIE #<=oll o] gk
Higd ol ofsl Hejgdaridel 45 I AEe ofsty, thyl-si o 3ke] &
o] FzApgo] HeR |9 Askstal el %ol f1A8hH A =%H(seasonal
cycle)& &3S B3R
Q Tibetan Plateau (Wang et al. 2008; Son et al. 2019, 2020)

- Wang et al. (2008) 2 Son et al. (2019, 2020)ol| A= E]¥l ardolA 2] vivd 714314
(234 Eaﬂr) 4 XIﬁéierfﬂl oJg 22Hne yhgo] B arriche]l £ 9 Il
7193

O:l : L% Ruse:seon - { * Awse:7706 ¢ 077 Ruseera7 - 3 % Awse :60.42 I'W

23 a9 2.28. 2016\d (a) 783} (b) 8, 20184 (c) 7€} (d) 8¥ 500hPa A|Y =70

1 vlo] B r0'7701-%g1:d;7 05‘—_} o@_ 7. % . 3 ok A =
a 1-1/] "TE]]“LO:] o]:-L ]H oo}’ ] ‘l’l q’o]: “ﬂ %]4 (0:“ Eﬂﬂg © ] (9]) ABEAA D} (71 2@ AT, 32]1 (o) 2 xtol(ZAEX]: Yoon et al. 2021)

=
ol oS58 =8 WAHYS; Park et al. 2010)5°] A sogtont, &3kl

12
k)



- B3 L et al. (2018)2 3he3t 35 A|9qe] 4 AF A, 7|k AFEE wE
7l A mle A s AdErks A BAsr 1 ol AY 2l

AET S di7lal FEAgo]l UHOR wgslel RelBFurIeke] WEAel

el A 29 F7] HZo|tt (11 229). o|AH HEE It AleitA W
3} moj7} AZFolojok Foprlol Ao G dFo] HAL 5 3, o]E HsIA
7l-ag dEaE, SAEA7IE B SoiAZISL, ofddl AHe) iR, A &5
S o] FeigdarIde] Walel 9IS & F e vIFd 2450 dFS )
A e 7lee] FWE vt gtk

oy rr

- 40N ;14:::3

.-.- e s

Zolo] WAIY ©f Uehts 2w ulel obwel; ERAIM, RegCM,
FROALSE 717F Aj2Aixte, of7]ed, oprjsidgede] 2ot ojujg(2d5A: Lin et
al. 2018)

- BejEekarrisel S-S 2dtte 7IFREE0] o dares AEU~AE 9 A

< . Tt 3 WA YA/ ez A

S/ HNE ATE ta B Aot B 27135 53 AW e A4

Ql Htgo] Z4 oo Tgo] "tk A AFEo] 22 K(Yoon et al. 2018, 2023;
Seo et al. 2019), FEHHFL7IFFH] 22 B BRI

43

Ltz o SH T4 o2 B STE s AT

2.3.3 ¥o/USE(SHEM7IY H 7l Eghel SEfFSRIetol cHgt o=
Y == e

44

Be I BAE AFES, FASAYY, A o ol £, B5H AT
e o AolA ASGh old e e o RegYasIdel WSS X9
s A1 FRESo] o] 8t % olol o Folrlol ol BRw B B4/AF

99 A-GAE g AFAZoe &8 ThsAol o dTENA AAE vk AT
(Kosaka et al. 2013; Takaya et al. 2020; Ham et al. 2021; Qiao et al. 2021; Zhou et
al. 2021). Kamae et al. (2017a,b)2 IPOC effect ©|&-& 7|90 & AL AU TS
ol o]lFal AEE oot tr|e] E5-S vE] A58 & USSR AL vt
9Tk

B 5] BA% AAR el FNER s £57] 4 527t 942
S SeuelA 57 BT FEol wS Fobdith meby SepHeasge] 4
3 AB7E B} G Fe TE B9 alSe] WrAolet ¥ 4 gk AT ok
a9} Make] FRE ASE vl olele EAHL SAelTh 1Y 2309 2
ZA7ke] F7H84% UMSE KIM 2399 Se|5okar|e A% 47 meoj7t 2o
A R 59 o ZE Afol7h U Bk F mlel A Seigeralde] ws molvt
THE ol BeW Tl ofdth el mol} Afolrk t] Rl ol 4 T
5 59 208 U] A BUBITG Wtel TS FE asEY A%
2 AT 5 Y A1l STED. A2 BepEgasIeh Wal] 9T FE ot
As) sl A etiFRssE AHsshe Hol BaF 4 Uk

X

ool o 4



e

T 2.30. 2019 8Y 249 QOUTC Z7|A]7t91 UM, KIM mHlo] 7k &t 7+ A]7]9)
(499 &) 5,880 gpm ALt WM, mpeba 424 de Z7F UM, KIM, ERASS 9
2P EA: AF EBA)

oo
0 Lol TGS ool W Rl iz el A
b2k Cha et ol @09E 199 48T A BHSLTAATYD)
FHLE Aole] AL MAYH T Be| 5 I rie AR FobAoh o
= o) A, AL AT TBE ASE A A T
7k AAEo] B mo] A 2Y 4 glrhe e BT, 53, B4 A
e Rshgele] e W0 sk mojd B§ HepH g
O Qls) B T ER YEOE o)Fs| WE vt o2 94

F O AN, SO AN Bk ARE R RIS 43

-

45

2Lt oS T4 o2 3 EuS flsh HAdT

(a) Precipitation (mm) (c) 850 hPa wind speed (m s1)
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(b) 500 hPa GPH (gpm) (d) SST (°C)
5900 30

5880

28
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e
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® SOM
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5820

5800 T T 24
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1June 16June 1July 16July 1August 16 August

a9 231 AY7]5nd S o83t Foprol ofF & B9 A ofFd] SAEEY
(110-145°E, 20-32'N)olAl g BHet (a) 244 (b) 55 AY¥LE, (o) 35 <«
g (d) s149 =0 Wzt CTL, SOM, SOM_ISN 717} WRF 2@t o] g3t Al

WRF El_\ﬂ]oﬂ OHO]:El_Eﬂo] K%oPQ }\1%]‘ WRF El‘é}oﬂ OHOOI:EEEI_L]» ‘_E-IK-] A E.'r_g

17-15)10] Ag= AYe oujd(2-dEA: Cha et al. 2009)

2.3.4 €Oix7|48 HEFHLT(240) CHEt O|E X OISI|E B8 EA
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- Wang et al. (2013)& BolAlo} o B8] 4% 8 Qo)A AdAED Bejged
T71%ke] AdaEo) Wl WHA ABHL RATRDAS 27) 07 o4, Bej
f71gke] AANE S otk s Lxel wWale] Felg ol HERe
5} 2 B Q) ol AFRE od) & SHS BelowH HejHair]gto]
QA9 FEA ) Aol o] 282 & 9182 RATH Wang and Wang (2019)
F B Y Ar) Brpoe] HEae mal Bepdornslgte] AdEEe] Jae
A BAEE doiAsIke] Ao Ze] LB & S-S AL v} Ak

- ©]Jo|= Camp et al. (2018)3} Moon et al. (2021) F=3F 217} 7| S 283} FHEEYS

ol gste] el Farr|eke] AR o] BAME G dthA7Ite] =2 oSl -
T8Ee B3 vk Atk ol dtfATIgke) Rz Sl 9lof Ta7 84 T il AF
o 5ol %Eﬂf@%kiﬂ"“ﬂ A FEFE W] PEolnt. BF FHe BHH 5851
ALFFe T8 £ Ute @l A e Tevl doiArIshe]l S gy AA
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AA FE E53r] Wil gy Byt dUiA7IS dSel IA 43S ok I
N _ . . . GFSANL GFSFCST
2329} 7+o] ECMWE$} NCEPS] &g £7] o= mdo] nojdt Bejyokir|gte] F7HEE T T N R L g
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7k Aol7k vt IWER Pt 202349 65 BlF 7hee] =7t tEA dSH 4o 4o
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%3E Moon et al. (2018)2 TR TAREE o] &3 EAYY 5Y dSolA S84
279 A2 BEHFLIg welo] 237} WS DAY} dSo] JFe =
sl gl S 13 melel 25k ) 'E-H m_i 5= = - AUAYISE Beenigte] dEe A2 485 YFS E 4 Utk Cha et al. (2011)
4 QITk= ZS BTHIY 233). olelT BAIES Sasty] 13) me] J uliolx 7 ! ] ]
o ZHw e s)uke] 7] FERdS o] 43k ool 7|F e A me] o ) @
AzAE =8 do] Maks 2HERY /WS HeadT, oS Ba Hepggn
o el oA 216 A LAY Fusl A Bl Ase] HaHel o oA 7]gte] WHAlE wnich Hejg ekt mel o] A wolAths AL ur
T E R e T TH2E 234). AhA7IE dlZ0] T7)5F mololl ZAl QS W] wEe] Hejgorn
2 2= d2o] shsaArt ] T ) T
79t me| @3pE Tl FARE QA7 me| oxte] Uolo s Hgs) ALH o
2 REYES B gaks 2 5 glth SABH oe] Ao BlEe] mejdel ulolA
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3.1.1 SEfEAA7[4e f1Y AH o= =A
AYATANE A BEAE D ALY FBF gl TFT S FUAAY B
Fn71GF Aele] BN detal] gteh kAW WA MBS HEjHEnrIe)
42 olalsrlel AR A FA FA Atk old BAYL FHeT ¥
W FR %S o WL olasty] A 94 UA BEARY Bgo] BEH oLk
A4 9F BEABE A FUHOE THFE(F B, ¢ YEVENZ AFH 24
AROE AT AAE BUHY & & Ak @4 2 AAY 71450 BeEY
Ao DAYE BEARE ABOR ATAL Yorw, ofF FEATW S
B2Ame] WAE FEIADL AFH O WESE FUBLLIG 54 sl )
W 5 gtk olol wel, BHUBYILGE VST & UE A AA AFHE =
Asln =% bed asse 2ANYT
O BHBYL G B b5 94
- A e AT EHG FE BARY AR ATAYOE, AAAE 7149
4, FAE 394, AT B5 940 Atk 1Y 31 BAPF AGe] 1y
S B ARE ATAE 1N, FAE A4, AT B2 94 2 B3 A
9g HelF3 vk RABFIY BEO| 5T AY U BEOE FoA
HHT, 7, YB) AAAE A4, VT §1 FAE 94, 203 A4 A=
FHe Fol ANE BEABEY AHgo] b5t
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a4 3.1 SHEGLYG 5 7ts A (BRHEH/3: GK2A (3H4), Himawari (),
2 W = QA JPSS/Aura (0]=), Metop/Sentinel (&3))

£ 3.1 FOAOKT/E/Y) BRAE A 54

=7} A4 A 5§ 714713t
GK2A AA: AMI [F3H 7HA A8 0.5 km, F9Ad 2 km
(GEO-KOMPSA | [A]ZF] ofAJolel 3 /3= 2%, HA T 108 (¥4
T-2A) 75 A4, W59, BAR, FAEAZE, A4
At £ z23Y, 937 55 Z29Y, gUdAEA S
A% qrHes, ARULIE 5 F 52/ 718 44EE At oF 20291
Ll GK9B AA: AFFAA GOC-I [F3H 0.25 km [z | (2019/7/258
(GEO-KOMPsA | 113 (@HH= $4 Local Area 71%) [d5] sjkziat | €9, 518 106D
T_2B) 5ol B4 BE F 2670 YA RE AEE A4
Aglorel 4 AA: FAFAA GEMS [F7H 35 km (FE533) 8
- ZBLi © km (FAEE) (A7 83)/1Y [AFldoA2E 2 74
d F 90 AEE AN
AA: AH [337H] 7FAAE 0.5-1 km, 2249 2
- . AoAg 1-2 km [A7H] A AT 102
[<IN-=R H]ma - !
= wari-9 [ 47]Cloud Mask, Atmospheric Motion Vector, Sea 2022-2029
Surface Temperature, etc
A A: AGRI [F3ZF] 0.5-4 km, A= AAF
FY4A : 15%, (AsATF#S 20163
=+ FengYun-4 A A: GIRS [337] 3.5 km (G&44) 8 km 129-2023d 12¢
Series (FAE), A F5 607 oW, TR 30% olu,
] trj2sE 229
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B 3.2 0=/5% FH= 948 &4
27} 914 AF 8 7+8713k
AA: ATMS [F71] 15.8-74.8 km, [W%] 7] &= @
PSS W= AR
(Joint Polar A A: CrIS [&3H 32 steps of 48 km [¥<F] 443
e catellite grles 9 £5 Zeny 2011-814)
P AA: VIRS [23H Adel] wah 4Fo] 375, 750 m,
Y (M%) T2, do2E 5 U], s #d
AA: OMPS [E71] 50 km [H4] Az o= Zz el
AA: AMSU-A [Z7H 48 km [H%] ti7] 4% e
=23y A
Metop: AA: AVHRR [E7H 1 km [92:] 72, )59, 44 o5
&% | EUMETSAT R, 22811923 fﬁj_t‘;zﬂﬁ
Metop-B and C AA: HRS [237H 10km [¥4] £5223Y, cETE
SEES, ARAGNE 5 U7) $4 guaa
A ST (270 12km [44) 0)7] 2= 9 &%
E%ﬁgﬁgb AA: SRAL [Z7H 300km [94] s A& AW =
’ ) =1 e} 3 _Q_E -3
4% | Sentinel 3A, 3B R AAEH G A ad 2016/2-2A,

: AA: MWR [F3H] 3-5km [W5] B71537] 2 2018/4-2 A
and-6 Michael o) g2 By

Freilic

- A AAY Y LA BFo] REiBGLYIY BFl AHE Thesty, 53] APt
14 2A3(Geo-KOMPSAT-2A, GK-2A)e] Ah-&o] HE|PF7|4S #S317]
Ageitt. GK-2A =Wl H=x=2 /MEd BAAE 7 3ALE Feg S
o] #Zol FE&T 5 A= HEAQ 71T 102 b4 8] AT #Z0] 7he
stH, ol A g3 FHt=s 28 HA ] #Zo] Jhesty] Wi Rk A&sHA
Ht= A7 Ak dinzE Jbestt Aol TIske AR B AR
7o 57 BEXE #Z53E T HH 845 B3 SUHBEIII|GSE FAHE
T Atk mEbAl, GK-2Ad A AFste 52719 7134tEE F SRS rId &
d A #Faad ey, 357, dFdeE, 7FEATH 54 A €1y

T34 AE AF=E AT
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(241 HAYYA 245 7|4AtRA A AR F2lE BA(ATBD))
W AEE AEATE A&
THBEATE AT FATH A A=
RTM-7154-2714 Aol 4244 A8 A4
e -0.0181 K 2 AFULE 4E SugZol Do A 8
o 7 4HEA4sk Hybrid A58 22 frEstel 85
- HEeEE AN ALY
Ao BAREE olgstd FAstadAe A
dHEE o o)
ool -0.14 K % ex ZEodg 1Y WMEWY PPoR 4
2%
Ao BAAEE ol gstd FAstadAe A
AR
! ;;;w_ 132 % A 5 ZRYS 13 WEyE Pyos 4
2%
ARAos A%d P2 RE de Wle
g | golesmy | Y2 WEed (£ WAE FA Lrsel 2y AU
-0.44 m/s 4 Yo} TF & £3579 olF WS 4
g
Aedat AAdel Aol WE F5E Aol of
=91 % gate] 9l BgdAel &4 4F R FELES
£ EE 2471+ 19.17 hPa - ) o
(o ealar|  emew dork |TE AR AAE BUsC dEF 2Ed
2= eRexw, oA TE -580 m d ARE vigeg A &E, ¥37|Y, 1=
AT, FEJA 2 a8y
TEHHE F7k -1.92 % )
Zopt 3107 % |JPIZAAAEL ALl TERREAS 2
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https://nmsc.kma.go.kr/homepage/html/base/cmm/selectPage.do?page=static.edu.atbdGk2a
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= ¥, sr%#aa(mw) Az} o3 Fasn g A Br1sE
P A

&3 ge AABME] Ausol LT Ak

ot
o v 7] & nEACAZE
142 vgd BRE A= 713 4% 4 HolAd &

)9 T A Y =
o] 7.
% F37A uRd T2ad 24 s

07] BAF £3A4: A (interferometer) & &85t T4 WEEHE BAE
agE 2HEZHoR -‘r\j/], 07] k5o 2= 8 5 ZEads

mhol A2 5} Bhr) @.mE); 5 o] AZTH(eF 22-60 GHZ)E Thel A'D(ek 10~20
ME Bt thr1e] 343 25 8 $E Zed$ 4HE BA BYART o
AAFETE Fout FE W AR W&ol sdtel 5 Yol E FHo| shsatn]
BA BBASt 45 BAHoT BEY,

245 & eto| th(Differential Absorption Lidar, DIAL): A& & F 33t #
oA tigk tr] T EZ T 4 XolE o83t T EH T EE
E AE O] 7t B B F35U1Y FHEE SA S f8 E84.

3.3. 0= YT7|H(NOAA) ol=d 315 U7] m2mdayl AJAEBICLAMPS, Collaborative

Lower Atmospheric Mobile Profiling System) £XAH]. (¥%) vt2A AXLx HES Q5 ==
glolc, (hed) S5 U 4E @A B2 93 o] BA} B, (LEF
S RS DEEEAE R

) A5 2UAE 2= I

st3 ti7]e] 44 Z=23d A= "*%% %’4311 &3 AY 94 a5 ZRvE A
TEo] gHI glon, %‘*‘Eﬂﬂlﬁ
EdEZ F2 28&HL doh =
ol & 9 7le FEL 8= 5}7] o -l

AHLDE SalAE g BHE E8He=
7l Bag Aot
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22|tz ofS A ATIIA OfE B STE 9l3 HHAT
O &% 714 ¥ A
- AFHEZol AHE AY Ee SF Aol FHZARE
o] FgHAH. g F8HE V1EHY FTH
(Aircraft Meteorological Data Relay)E &34l F13t
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SA4E 25, 55, 7%, Y, 35 BRE Y A5
o AYHH Y BZL Priezysl A Fo
=
- I¥Y4 AMDARE F8lAM SAHE ARe 90 &
$HH thr)e] Az zasye §Fr)e ojFFo
HER o Jro F3HZQl Fx= wff- AR oo
FEFS VA= FHEFLIIG A9 U &
A3 9o} s FRE| 4HE = wf§ 3o
- R A S FHAY AHA Y BEE B
MaZo] o] Fojith 714 BEE TV F37)9
st =5, §5, 71 A AR oj9d= D
(dropsonde), GNSS RO 59| W& &-83t th7] 9
< wE
- GsEdE 4318 o8 wHA T
g e 2ol &5, F5, 714,
71l A Fotdk & gapikE o] &8t
€ 9= et (2E 34). AT W
g 4EY 5 Aol UF, B
7+ Parachute
GPS Antenna
GPS Receiver
400 MHz Transmitter
30.5cm Battery Pack
Microcontrollers
Pressure Sensor
y 5>Humidity5ensors
K L : m‘“ Temperature Sensor
a4 YsteEd|(dropsonde) & 2 375 o] &3t ¥

A7) AsiA FE
#Z5S WMO2 AMDAR
7 & A G
NES 0l FH3he 3
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0“1‘1% I HO](buoy) %}%ﬁl 7] #Zo] o] Fo

=5 FalA
b duto] 23 A 2o W}—E— g7l B g 25 #F AEE FTfeH, FUlE
Asstd Adu )4#E ZEI% (Automated  Shipboard  Aerological
Programme, ASAP)& %3l Zit] LEHE o] &3 ti7] 4S5 EE A4kt ol
T AsE FHAA FEHEE GISE T3l THdh

- Bl Y] Az ZEad HRE AFSE ASAPY A5 AA 713 2 7%
Az 9 IR AYdRe Fa% ARE AFsh, tiFEY #Zo]
A EAEE Y X I3k o] glo] ofdd] MElH Y AFY IS A
e S &5 A7) dEd 7A3te vt A @2 o E addEg

- FA AR FESEZZOI(VOS, ASAP 5)2 AT A YoMt £FHH TS
WE7F 52 7] i), 93te A ARE & A== A7) A Mars
o] &3 B HAZo] FPHAT. EEHASZL Yty o T FAZo] H53 29 b))
9 3 Fedg ATE HEA FAEHH ZZUV]Y RE, F5, 7Y o9 =
A2l A vieksteE S E F8l g ty] sl Zaado] s
S A o] FolXth

- #]=9] DYNAMO(Dynamics of the Madden-Julian Oscillation) A4} #& =
O3 S S FHETAY oJAREE o] &% “EAHHES sF-r] Fezs

2 EE F43 @8 47 ol dEFHA Aot

43} 8 @A

- A AR BE YEYAE A A B dS

- A RA BE S GES] BEL AN HFUY) L, &%, NP =
=3tdge] Jhssht AEAY AF AYS WA bt Ao 544 WY &

ool
- 7] L AN Ju GatEd, g eEe B 94 #52 FHA el
AulBY) Ao Uyl B3 A7 QY AYHYoL, B #S vgow
A EMBZS 9% ATy w9
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Ltz o SH T4 o2 B STE s AT

QO The THORPEX Pacific Asian Regional Campaign (T-PARC)

- T-PARC #A#H AL eiFF Ao A Fyst= 74 SAEIF) A
A Fe 98 2008 d ST H otEdl AR Y AGA FaH
ZaPo R FFUE o] HEtE #HSo] FAE olEHh Hl=, o
=9 9] Falcon 20 (DLR), WC-130] (USAF), P-3 (NRL), ASTRA (DOTSTAR)
< +

o

N
[~

O Asian Monsoon Year (AMY)

- EEA9Y A H FAY olslE A% #5 AFULE GAME (GEWEX Asian

Monsoon Experiment) - AsiaPEX (Asian Precipitation Experiment) ¢} o]} x|+
8o 2 A #F dTolth 2007~20129d9) 7IzE Bk Ay EHAoH
2008~2010'A 0l FEopAloke] W& A qell tiF HTAZE FPstaL s 713t

=
/\g‘E

B¢ B ABMAAEE AAEtS g7 @4 BA4E ST

- oo} A He] F4 W FAY AT Jog EEAE 220" HUtEI
o, A-du 2 A (subseasonal to seasonal, S25) ¥ A YR E&
A= g 2dy Ao FHE F AMY-II7} 2025~20283S X2 AFFH

o AHFA AMY-IE S8 AW F5 ATl o FHL Fu Ak

Q Prediction of rainfall campaign in the Pacific (PRECIP)

62

- PRECIP-& ¥|= NSF(National Science Foundation)®] €& FAHo=E, oyt

YoM 20221 AFFE WA BBFFAS Fs AT A Aol vt

of wixj® theef ot w53, 3rie} &87I(Wr ASTRA, W=

= King-Air) 5 3 AF/SHE 228y A7=E 745 Utk

g fshs Ot R (multi-scale) @4e] d/ < 3HA
KeN

s
3 ;ovq ot xlea% %—gzi #2o] o
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Al shetsly] o @k @AV Atk @Al Selveks Akl 245 $AH
I 3.2 SHAMQRAE N2{510{ SEfE ATt FEnIetE ¢St HETEF HAI Ao Ao BASEE o] f5le] AHBIAoAe] AA o% W T
ZERde 1Y NEP PPOR HEsT Yvh BAHZED RTTOVE 5
3.2.1. Hd A 5 A= ow % #3 WY GwL 7o 0005 hPa2RE 1050 hPaZkxl 7+ SdoAe] Lx8 ¢
Z2ad K2, 2 YA 3718 ¢ 29 T gk 2 A
By RRIGte T2 Hoke 98] BE AR W ARA AR Fol AEHT 9o = e e T e &s
3 ) FE (WE AE3ta 7] dFol] Ags A2 23 ALk ofFH o] Utk
U BEa 5o BE AN AR BHUY SO A% BeBILI| AL Hobet
=g A8 @A ATt oo, N BE A ALY AAML NS 9] B - o] fal 71E 4hE e F JdEAT VEs 8T AT H2 dF3AT
Houre ZAE 93 A 98 B= A8 FLLS AA A ok 71eS AED 71394 AE 71l uF A7 o R glen, 71E 4
%H]—tﬂoﬂ H]'@‘H ﬁb\c}-g_ e = P__TL_}EL olr;]_ (2 3.4
O 94 71225 (Level 2) A% A4 °r ° e >
- &Y, AAE EHE G|t TE d4 BFH8A Qo= ohE 249 AR
- By usige] T2 R WS4 gote s Selue AAAE A4 A e o s o .
_ _ ) _ A ZAE B A NE ASES B A54E 48 9 238 By g
2L 2A5 9] 527 71AtEES E8F 4 QT dA), Z*zﬂ N4 EE F _ }
N . 4o 72 9 WEAEE 994 e FHESLIIY 8 EE LS VY
3N AEEEHB ST G #E dA S QAR WRE/SFFV/EFHE g 2 ol
S
- - - T .
=/FE 5 2P BE AT Bgsa o, A 4 9] 7149 .
e Ao HsiHE $e A% Holw ot T 34 d3As Ve AW /1EdEE 4 W
i Ny Bued
- 19 35 HHIASLGHIHA Fa Ud 84 AMA Hz FF Z2 FY-4A94 9] GIIRS(Geosynchronous Interferometirc
(GOES-16/NOAA, MSG/SEVIRI SST data record/EUMETSAT 71%)¢] $14¢] 4% A% Infrared Sounder)}&.c] ANN(Artificial Neural Network)
] = s . e Neg HMest] 7leEnEnAS AE. AFAY 7122 | Huang et al. (2021)
Aol GK-2A0 4% AFEE 7wow A4E Aol BHFFRI|Y B moda | ee A ey Bk @ ZA M EH]OM e oxlo
o] AT E FAATN7] Al HE At 2A5 9] Level 2 (L2) A= AA S 4H& FITN J}E sto]
% ASEg NAo] ozt 71E #Z A8 BAAYS sy v o A8 R AY BE AR UL FA NIEE 712
ol o ok o0k oAl fe oo ) sag | FA(Cloud-Free) 3o shaa P e
3 = 2=3] o pid .
TR BB SIS AAAF0] T AR YRt 2_'_5 Aqua Aol ©xiE MODIS(Moderate Resolution Imaging Sunder et al. (2020)
Vertical Temperature Profile Vertical Moisture Profile Temperature (SST) Atmospheric Motion Vector Cloud Top Height Sp eCtroradiOH}et»er)gl A K}_ﬁoﬂ 7]7:“5_'}% 8=
f 1K pano ey Seanne oL el A5t AA 9 sievee £ YN Y
g g g g | - g oi7]- &5 9el o] 4 @ xf(tracking error)o] thet UYL
ém %m %m % w0 | %ao 2271/ | 7W43517] 95 RF(Random Forest) 717418k 71¥of 7]¥tst Q &} Joaquim et al.
8.1 i, i, 8. i, sl | 54wl A DEME 2e ol gs) A vl oxje) (2020)
- =40l MUYL U5
. @ o o 0 Okamura et al.
S 20 = | 20 AFAs 71 ALE 5ol +5 €A, &5 Fe5+A 59 5 (2017),
ol 1% g , nil " AE A WSt ZoRF B4 BAS JjME 4 Qe oz Hadizadeh et al.
fmeE MAEDSE PR HAETSE YRS NAHDSE ez MPAEDA= BAeE NAHDAE ﬁuo}~ OFZ_]: 7}}\]~ Lg _c’q;g Cg%}% ;%—5}0:] OFZ_} % FEI}K] (2019)‘
13 3.5 GK-2A9] BEHAI|Y £ /AeA A HEE ula ae | ARSI YHEL A 7 540 B9 % UEQ BAE Y Gorooh et al.
(BA: AIAT 714« 718 2598 71 AFE s AlE BEaA 2021, 71487) ° 7V (2020).
H#Hsto], 71AIErE/FRlY 7IH S A&oto] 4tEE 15 AHEE0] Mahajan and
o 7189 AgA daals 71¥ol vlsh ZEert A gHol Fataniya (2020),
- WA Selgetel 714914 WA 2450l 947 (Imagen®t A7} H ol Cjae] ng 8] un Min et al. (2020),
3, @27)Sounder)7t 917 Wl hrle) A e Y wx zeule Yus Wang et al. (2020)




O A 71EAZRE 83 =AEAS(Level 3/Level 4) N

- 94 ANEARE AF AR} FolSER YR GFH WFE FEH
o2 BNy YAME EARY BY U AAE B AR BAAR

Level 3 (L3) At5.9] /o] FQ3sjo)

- EY, 1A AE e Y FARAEYAE, AdASAR, ARAAE,
olt] #8829 &8o] 7testEE, o5 FYT Level 4 (L4 AR MEE Tl &
el aricte] 7+ 2 WEA et &8 4 ok

- ok ol X 2 A2 ARE AZES FAC waste B &84T 5
Ae Bk g Z& o] e ETE 53t REHESFLIIL A B o1
Ao 88 ¢ Yok

-3¢ Fa VIHEY L34 A7 NE FF

- 1] == NOAA(National Oceanic and Atmospheric Administration)oll A& ==, &
B #3H AANAE 94 #= AE (nfrared Imagery)et vl=, R AA=
4 #Z A= (nfrared SST data)E &3t AT dloH 25 A5E A4t
st ok (2" 3.6, 1% 3.7 (AMA/914d A H: ABI/GOES-East and West,
AHI/Himawari, AVHRR/MetOp, SEVIRI/Meteosat, VIIRS/SNPP).

e == ] i T I | 'Jk
= LI i x | T i S| || S |
3% 3.7. "= NOAA GeO-Polar Blended Global Sea Surface Temperature Analysis (Level 4)
A=
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I3 3.6. 7] NOAA AVHRR (MetOp-1/2) Level 2/3 A=

s f)aFAlstae]  SSEC(Space Science and  Engineering  Center)=

Real-Time U.S. Composite Satellite ImageryS S AX A 7149429 AA
2t ARE ANZFES AFET Jom, AZE W3l wWE A4 ojn|x
(animation) & AlF3ted WMFEL] Alzte] WE HIE Shipel AT 4 ot

(28 3.8)(https://www.ssec.wisc.edu/data/geo/#/animation).
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& 3.8. w]= Real-Time U.S. Composite Satellite Imagery

Help.


https://www.noaa.gov/

3 SHjmUDI|Y TE U HUSSH TS A BE M 22|Li2l 0183 I o ) EWE 9B YHAT

- v]= CIRA(Cooperative Institute for Research in the Atmosphere)s= NOAAZ<2] T U W3 Qv sidAYeA A HES £33 A, Merged
RAMMB(Regional and Mesoscale Meteorology Branch)®} NESDIS(National Microwave and C3S 2+l Hl3] 0.0 kg/m?e] 225 RPow, AIRSS ERAS=
Environmental Satellite Data and Information Service)®} & <dsted GOES-163+ 0.75 kg/m?e] 2x& Ryt 19 311 §FA=9 (@ ERA5 (b) Merged
Himawari-8¢] #8& &&FHo=Z AF3lr] <& SLIDER(Satellite Loop Microwave (MMV), (c) C3S, (d) AIRS-AMSU ver.6, (e) GOME Evolution, (f)
Interactive Data Explorer in Real-time)Z 7W&&tch (28 3.9). sig ol Infrared Microwave Sounding (IMS) Zt2] =} (bias) (%3)9} RMSD (2 2%
ol A= GOES-167 Himawari-8¢] o= 3= GK-2A, 42 Meteosat-9/10, ME HEpl L Uk
H=e] JPSSel e & AAAE A A5 =3 A BUER| Vet .

o, Was A7 Ao, Aol B0} overlay® stol ofe] AN} BEE W "m A "‘]
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& 3.9. vl SLIDER(Satellite Loop Interactive Data Explorer in Real-time)

- #% EUMETSAT(The European Organisation for the Exploitation of
Meteorological ~Satellites)& Microwave Aol #=  25(SSM/, SSMIS,
AMSR-E, TMD®} near-infrared AlA1¢ #Z A S(MERIS, MODIS-Terra, OLCI)
E %3t Level 3 A+ TCWV(Total Column Wate Vapor) AH25 AJ4kslal
Atk (2= 3.10.

MODIS®} MERIS A4 e ¥4 #ZF 59| Level 2 TCWV A5E A%
ARM #= x89 7A=3 23 T A8 2% 0.989 JAASFZ =2 A3
Btk (RMSD: MODIS-Terra 1.3 kg/m?, MERIS 1.8 kg/m?. OLCI 414 2]
#H= 279 Level 2 TCWV #A59} A4#= GNSS A7 1te] A= ZAx
FBAFE 098, RMSDE 1.3 kg/m’2 vebgtth. ¥k MERIS, MODIS-Terra,
OLCl 914 ¥4 &= A5E §F3t A4d Level 3 TCWV A=59] 49, A
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= 94 MSG(Meteosat Second Generation)oll gAl® SEVIRI #= A3 & 7|4t
o= Level 3 %, 4 2E/¢4¥E/1E A5E AL Ut

A8 Level 3 &2 -9 (Cloud Fractional Cover) 2% A% T+= Hi o3
10% (absolute) ©] 2., CALIPSO 14 944 #ZAg0l Hl&) -10%, MODIS ¢
4 94 BZAE BlE -10~-20%, AGHAZAE Hl&) 3.6%2 B LAE
Holx gt #+AHIES AS, EX AHI=E= HAF 2x 1,200m 7|F,
CALIPSO 914 9A4#=x89 -2,661lm H 235 Holx Y, 2ALH
749~ 110hPa H+ 22+ 5% tiH] MODIS 94 9743 #=A5 9} -40~-50hPa,
ISCCP #}&.¢} -20~60hPag] H+ 225 Holi gt

tras (COM - ERAS) in kgl

coooT

< MMW) I bt

CRMSE (COR - MMW) i kg/mé  cRMSD {COR - ERAS) in kg/m*

bine (COR

Cloud Fraction, ICDR AVHRR, 2020-06
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™ 3.12. 3 EUMETSAT Level 3 Climate Data Record(CDR) Cloud fraction #}&

NOAA-15, MetOp-A/Boll ®A1¥ AMSU-B(Advanced Microwave Humidity
Sounding Unit B)$} NOAA-18, MetOp-A/Bell &A1¥® MHS(Microwave Humidity
Sounder) &= A& E 7|HtoE Level 3 Microwave UTH(Upper Tropospheric
Humidity) Zt2& A4tsta ok (23 3.13).

AAE Level 3 AHg9] 7%, Yulx o g ERA-Interim =20l B8] 3% o A
3t = (accuracy), 8% %S A =(precision), 0.1%/year o <HA E(stability) S
Holx

CAMSD (COR - IM5] i1 kg/m®  CAMSD (COR - GOME B in kaind: cRMSD (COR

™ 3.11. 9 EUMETSAT Level 3 A5+ TCWV(Total Column Water Vapor) A& A= 7=

3 EUMETSATS 4= 2 AXAE A4 A8E 7|HS 2 Level 3 Climate
Data Record(CDR)E A4bsta it (2€3.12). A= 9144 NOAASH MetOp<]
AVHRR #= AEE 7o Level 3 AT %, &4 25/48/1%, &4,
TE& F5FA, T 8 04 2 £9 A2 A8 F At JoH, X
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T3 315, BAEEY JetED o8 HAWS oA L Atz BE A
A YL B3 4A ez AlE B2 N Z7h (Y 4-83)
% W7 LE, $E, vigd ZEady fuAelE 2%

AT g AU B A4 FreEh BS (YL 4-83)

EAEE G AGe] HetEd B35 (5 2-43], 3T ~20A%H #F)

1) 24 82 2ol &0 B YE 37} (28]>43])
@ Korea O Japan
O Taiwan @ USA

2) 52 7| ZEMAY #T{ALO|E (U, 29l)
@ Wind, T, RH Z20tQ 3

3) AU 72 Y MY 2iC g 2#E
(ofl: sk, S| A1)

4) AR SR 27} B

X [e] o] 1=
® 534K Aokl BE
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oIS atcj2 &g *
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5) SAMEfTY 33| £ 22 T2ME H
(%l: GPEX &)

114°E  120°E  126°E 132°E 138°E 144°E 150°E

33 3.16. REEILISG SEHE 22T oA(JAHEE #E i 13 Sohn 2020)

3% 7] ZEsy
S A E BN

318 ATY + A= el Yon AP Aol £IL B HF BE
E

Ltz o SH T4 o2 B STE s AT

(NCAR) =& A FDOE)Z Zo] 1o 3 Hx|3te= o] thddt 8ol
Yo, 45 BFS A8 T AAskE A5 = A FHIHNOAA) A
Gk ol Arle &Eo] HEAY ZoE Addn.

Ho Ho

NOAA NCAR (NSF)

2% 3.17. o5 o] ZRodY FHACIE & FEO oAl (¥F) ulx siY7]78(NOAA)9]

=3 mZ2utdd Alo]E Collaborative Lower Atmospheric Mobile Profiling System, (712U,
o)== ZHof7|pstA LA (NCAR) Integrated Sounding System, (22%) DOEQ] Atmospheric
Radiation Measurement (ARM) Mobile Facility.
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- KORMEX(Korea Monsoon Experiment)/KEOP(Korea Enhanced Observing
Period)/ProbeX(PRedictabilityand Observation Experiment of Korea: WMO
Z2aR3 AAT Au, AF/ S A" 93 54 24, FAARE
LY A4 ol dig 43,

- ICE-POP2018(International Collaborative Experiments for Pyeongchang
2018 Olympic and Paralympic winter games): 3% SA<EY A¥9L 9
3+ WMO RDP/FDP =1, s H= =A3E JsHS AHA.

- FEA FJF5HSF T2 3(2021~2026): FEHNA B SR
Aol olsf F AEHAA EA £A4L 9T JFHS ZEIH0F QA
FEHA #F JzgE FEFE

W

2) =8 AT

- THORPEX(The Observing System Research and Predictability
Experiment)/ TReC(THORPEX Regional Campaign): WMO FE=2 <35t3}74
9 dF 7, FF AN2E, A553 @ #F A, A A S8
FHog AT A AY R #F AHAI AF

- SCSMEX(South China Sea Monsoon Experiment)/SCMREX(Southern
China Monsoon Rainfall Experiment): d&=r3ll, = dHolA ¢ 2
B Ao ddE thdzt 35 AT
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al. 2017; Dronner et al. 2018; Hadizadeh et al. 2019; Gorooh et al. 2020;
Hékansson et al. 2020; Mahajan and Fataniya 2020; Min et al. 2020; Wang
et al. 2020).
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- "= NOAA VIRS (SNPP) Level 3 (Temporal coverage: Near real
time+3days)

ST ERAESSION (Calalus)
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- "= NOAA AVHRR (MetOp-1/2) Level 2/3 (Temporal coverage: Near real

time+3days)
5 f‘“
‘Uh
: -

Dt courtesy of
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20 2022/03/03 |0 062
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18:10:13 UTE
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147 krndpusl

- m= NOAA GeO-Polar Blended Global Sea Surface Temperature Analysis
(Level HE "=, dE, FHY AAA= A48 #F A% (nfrared
Imagers) ¢+ ®|=, 8o AAE 994 #= A= (nfrared SST data)S &
Fstol AT A5 L= ATE A

(A A/14:  ABI/GOES-East and West, AHI/Himawari, AVHRR/MetOp,

SEVIRI/Meteosat, VIIRS/SNPP)

T

i | [ U
p————SNE L A R
- u]= SatCORPS at NASA Langley Research Center in support of
ACTIVATE®S] ACTIVATE-MODIS-MERRA 2 merged CERES MODIS (satellite)
and MERRA-2 (model) dataset (pixel-level geostationary cloud products)
- "= Real-Time US. Composite Satellite Imagery:s $l2=2AItdtae)
SSEC(Space Science and Engineering Centen): AR AE 7149149 AA
7t ARE AAEle] AFEt Jom, AIZE Wl mE A& o|u|X]
(animation)& Al Fate] AFEL] ARt ©E WstE kol 1T = 9l
S{(https://www.ssec.wisc.edu/data/geo/#/animation).
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End dato / timo:

‘View (image / animation):
EECTTTIED

Info:
Aot curmety.
dipiayod msges

Settings

Help

- "= SLIDER(Satellite Loop Interactive Data Explorer in Real-time)2
CIRA(Cooperative  Institute  for Research in the Atmosphere)7}
NOAA(National Oceanic and Atmospheric Administration)©]
RAMMB(Regional and Mesoscale Meteorology Branch)$} NESDIS(National
Environmental ~Satellite Data and Information Service)?t ¥ste]
GOES-167} Himawari-82] #1525 &8 o= 8% & Qe ES ALt
32 .

g #o]R oA GOES-167} Himawari-8¢]ol= dt=2] GK-2A, 8]
Meteosat-9/10, ml=r¢] JPSSe} 22 T2 AAAE A A5 =g I
REUET & F Jdom, A= AIRE A9, ®igo] 53] overlays 3hed
g AA7E BEse WS 3 v 2 BAE F doke Aol A

(https://rammb-slider.cira.colostate.edu/).

(Mo Step 107ue

Band 8: 6.2 ym (‘Upper-
Laval Tropospharic Water
Vapor)

GeoSST (CIRA)

i Borders
Vo o

20230803 14:50:20 UTC.

- % EUMETSAT Microwave AlAe] #= #8(SSM/I, SSMIS, AMSR-E,
TMD), near-infrared Al4¢] #Z= 2Z(MERIS, MODIS-Terra, OLCDS &%
ko] Level 3 25 TCWV(Total Column Wate Vapor) A&E5 A4Hsh
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Glabal mapsof daily TOWV in units of kg/m® from the combined microwave and near-infraredimager data record:
1 tuly 2007 (loft) and 1 July 2015 {right). Grey areas mark regions that are not observed by the satellites,

- 8 EUMETSATS A= 2 AAA= 944 AFEE 7|Wte= Level 3
Climate Data Record(CDR)}& A4k == 914 NOAA<} MetOpe] AVHRR
#AZ A5E 7o R Level 3 AT %, 4 2E/AH/AE, 4, TF
BT, TE FE W 2 9 A2 A5E sl Jon, AR
$14 MSG(Meteosat Second Generation)ol ®41€ SEVIRI #Z A5ES 7]%k
°2 Level 3 %, 4 2E/YY/AE AEE 2Bl S

Cloud Fraction, ICDR AVHRR, 2020-06

- 9 EUMETSAT-> NOAA-15, MetOp-A/Bel ®#j®l AMSU-B(Advanced
Microwave Humidity Sounding Unit B)2} NOAA-18, MetOp-A/Boll ®=j€
MHSMicrowave Humidity Sounder) #= #A8F 7|WteZ Level 3
Microwave UTH(Upper Tropospheric Humidity) =}& A§4+3}

i Mean daily UTH (%) for MHS/NOAA-18: 07/05/2014
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A A AlZ7 (National Center for Atmospheric Research)
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% (Lee et al. 2019), =4 (Lee and Lee, 2016; Yoon et al. 2018), I Z
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T-PARC (2008

- THORPEX (THe Observing Research and Predictability EXperiment)
Pacific Asian Regional Campaign (T-PARC)S E-A e} s} Folalole]
o7 S BAEt CdEAS TV A% 2008 T =
A FF HJsHZ T2 1YWY (Parsons et al. 2017)

- T-PARC A2 E &83le] EFA= Mgk (Wu et al. 2007; Yamaguchi et
al. 2009; Kim et al. 2008), Y3tEd & 37 = A=ss & HIF
o (Jung et al. 2010), T2 A=Est A28 AL (Wu et al. 2006;
Wu et al. 2010)¢] A77F =

PRECIP (2023)
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32 (Bell et al. 2023)

- Y #EE o83t JFEee mAEE A Bell et al 2023). vk
AXg Fog 59 A]2~E (DeHart et al. 2023), HAF#Z A553F
(Chung et al. 2023; Yang et al. 2023), A= 34 tifF @A ol i =dd
(Rios-Berrios et al. 2023) 52 A7} AyPF
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Reference: Centurioni, L., A. Horanyi, C. Cardinali, E. Charpentier, and
R. Lumpkin, 2017: A Global Ocean Observing System for Measuring Sea
Level Atmospheric Pressure: Effects and Impacts on Numerical Weather
Prediction. Bull. Amer. Meteor. Soc., 98, 231-238,
https://doi.org/10.1175/BAMS-D-15-00080.1.
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SynObs: https://oceanpredict.org/synobs/#section-overview
The8thWMOWorkshoponthelmpactof VariousObservingSystemsonNumerical W
eatherPredictionandEarthSystemPrediction(WMOJET-EOSDEactivity):
https://community.wmo.int/en/meetings/8th-wmo-impact-workshop-home
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1 AsiaPEX: GEWEX Regional Hydroclimate Project in Asia

AsiaPEx Z 24 E+= GWEWX Regional Hydroclimate Z2Z4E F sly=
FE SF AT 23E T3 U EANEEE 28T oMo 2
"3 248 7 AT =4 25 s Agsta . 1 #5S
gg3te] AMY AEA T 22 AR &8 AFQ.

Reference: Terao, T., et al.,, 2023. “AsiaPEX: Challenges and Prospects in
Asian PrecipitationResearch.” Bulletin of the American Meteorological
Society, 104, E884-E908

2) MEXT-program for the Advanced Studies of Climate Change
Projection (SENTAN)

SENTAN Z2AEE 7|FRge] 23S 2E dE| thxF
afez 1FAS 3FA A REBHIFL % Foprot 71F B
=o] 234,

Website: https://www.jamstec.go.jp/sentan/eng/

T ==
a
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A AR

-

3) JAMSTEC &= 8%

JAMSTECS #71doz #Z 7HAS A YMC (Year of the
Maritime Continent)®} Z& =A| ZRAEe| ZA 7|9E. Aol s
ZpAgE AFaE2 JAMSTECS] Kunio Yoneyama ®FARel] 9],

4) Hotspot3 (A4 Azt F)

Hotspot 3+ Hotspot2e] 402 A¢tE ZZAEQ, o] ZZAHELE ofA]
o B¢ WsAS TIIEF AFHE FHE. Hotspot2e] Azt ==
AE MA oo wet AHE A HAL o] ZRAEA ofAo} E
o 2HE wE AR 25 9d9d.

Hotspot2 Website:https://www.jamstec.go.jp/apl/hotspot2/index_e.html

4 BRIl WEA
& FolAo} Frtee Fw
AR e Fas
ahette] ARl ¥
QU 7HE AFE 3

A BEAANE T W) AAnoRE FEA e & ) WEel o
7 o] Wad /M BFAL AT BFY. HY 2] SnObstk WMO
JET-EOSDE 253 2& olUMEInst o] Au5sel tha 82 J8o| 45
NEE FYs) NS tEE gel Bad 2] b JkE B, 33

BokE 71 o] ZRAES Z&3= 2R T8 EXFAY.

5 A FE3 85 A
e& 73 B5 2y
ok & ALF] U@ oA

AT BEE FYST U= Aol AFH ZeAES) JkFHolH 19 AR 2
e sl WY J18E AT AL FA

FEAME R e 2o vlolE] AESQl dPDF (Mizuta et. al. 2017)&
THEo] m Wstel FRAAe] 2 MAYEE AFeke d T83 AR
Z83la e FA MRIE thy UTFE e BYE 98 2] AlzHEd
T-EECE /M . T-SECE sl Ao yAo) i A 2 Al
€9, MPDEE o]&3 ddolvk &% it A5 89 B
4PDF 2&& AMEsle] 2d uizts A

FAZFH AR AF S FUAZE S A WCRPOl WGSIP
(Working Group on Seasonal to Interannual Prediction) 5¢] <7} 92 &<2l&
A4 CMAS] Hongli Ren whAle} 3 AdE <& oS #d oJUMEIRE
FE FEIIAL S WCSPHell= S8 &% d3o 27 < 92 oUMEER
A

WCRP Lighthouse 5% 142l Earth system Change (EPESOE €991 73 2
dF A7E ASHeR FAs Y F8 Trxe TvlH(decadal S

Z|FAE]). B @ AT A9 CLUVAR/GEWEX #< #d 9 WWRP
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< FE =Yyt (World Weather Research Programme) working group on Tropical Meteorology
Research (WGTMR)9} 22 223 1193 #AE 753k Zlo] Z=AE =
+o] FA4.
WGSIP website: https://www.wcrp-climate.org/wgsip-overview
CLIVAR/GEWEXMonsoonPanelwebsite:https://www.clivar.org
[clivar-panels/monsoons
WGTMRwebsite:https://community.wmo.int/en/activity-areas/wwrp
/wwrp-working-groups/wwrp-tropical-meteorology-research
Reference: Mizuta, R., and Coauthors, 2017: Over 5,000 Years of
Ensemble Future Climate Simulations by 60-km Global and 20-km
Regional Atmospheric Models. Bull. Amer. Meteor. Soc., 98, 1383-1398,
https://doi.org/10.1175/BAMS-D-16-0099.1
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Tianjun Zhou (Institute of Atmospheric Physics, Chinese Academy of Sciences,

zhoutj@lasg.iap.ac.cn)

References

Research Questions for oversea advisers

1.  Recently, East Asia has been experiencing frequent extreme weather events with
rapidly increasing damage. Extreme summer weather events in East Asia are closely
related to the expansion and contraction of the North Pacific Subtropical Anticyclone.
Therefore, gaining insights into the temporal dynamics of this anticyclone at various
scales is of utmost importance. Despite numerous previous studies, our understanding
of its variability remains limited. Given our current understanding of the North Pacific
Subtropical Anticyclone, what research questions do you think we should be addressing
in the future?

1) One example of extreme heat event related to the North Pacific Subtropical
Anticyclone (NPSA) is the 2018 case. Although detection and attribution studies
highlight the contribution of global warming, the mechanism for the interannual
norward extension of the subtropical high for such kind of extreme remains unclear:

References:

Ren Liwen, Tianjun Zhou and Wenxia Zhang, 2020, Attribution of the record-breaking
heat event over Northeast Asia in summer 2018: the role of circulation, Environ.
Res. Lett. 15 054018

2)  Mechanisms of NPSA variation, especially on interannual timescale as part of the
East Asian summer monsoon system, have been extensively studied. For practical
prediction, predictability sources from intra-seasonal to decadal timescales and their
possible changes should be clarified in observation and warming climate. The
decadal scale westward extension of the subtropical high since the late 1970s was
explained by the basin scale warming of tropical Indian Ocean (Zhou et al. 2009).
For NPSA projection, reasons for large uncertainty in different model ensembles
should be clarified, focusing on the impacts of key physical parameters in cloud and
convection schemes and model resolution.

Chen, X. & Zhou, T. (2018) Relative contributions of external SST forcing and
internal atmospheric variability to July-August heat waves over the Yangtze River
valley. Climate Dynamics, 51, 4403-4419.

Chen, X., Zhou, T., Wu, P, Guo, Z. & Wang, M. (2020) Emergent constraints on
future projections of the western North Pacific Subtropical High. Nature
Communications, 11, 2802.
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151

Ltz o SH T4 o2 B STE s AT

3)

Pacific Subtropical High has Extended Westward since the Late 1970s. Journal of
Climate, 22, 2199-2215.

Chen, X., & Zhou, T. (2014) Relative role of tropical SST forcing in the 1990s
periodicity change of the Pacific-Japan pattern interannual variability. Journal of
Geophysical Research Atmosphere, 119, 13043-13066.

Chen, X., Wu, P. L., Roberts, M. J. & Zhou T. (2018) Potential underestimation of
future mei-yu rainfall with coarse-resolution climate models. Journal of Climate, 31,
6711-6727.

The NPSA is a basin-scale circulation system, but extreme climate events are
usually regional-to-local scale. It still requires deeper understanding on the dynamics
connecting the variability of planetary-scale circulation system with regional climate
extremes across multiple time scales. For example, the North Pacific subtropical
anticyclone was stronger than normal condition in the summers of 2020 and 2022, but
subtropical East Asia experienced extreme flood in 2020 and extreme drought and heat
waves in 2022 (He et al. 2022, 2023). Efforts should be devoted to the understanding
of regional scale climate extremes associated with the variability of subtropical
anticyclone.

References

He C, Zhou W, Li T, Zhou T, Wang Y (2022) East Asian summer monsoon
enhanced by COVID-19. Clim Dynam 59 (9):2965-2978. doi:10.1007/s00382-022-06247-8

He C, Zhou T, Zhang L, Chen X, Zhang W (2023) Extremely hot East Asia and
flooding western South Asia in the summer of 2022 tied to reversed flow over Tibetan
Plateau. Clim Dynam 61 (5):2103-2119. doi:10.1007/s00382-023-06669-y

2. Given the limited in-situ observations over the western North Pacific including
the East China Sea, where the North Pacific Subtropical Anticyclone is most active in
summer, our monitoring and research predominantly rely on satellite and reanalysis
data. In the context of monitoring and forecasting the North Pacific Subtropical
Anticyclone, what, in your opinion, constitutes the most significant source of
uncertainty in current observations? Furthermore, what specific observations and
research initiatives do you believe are necessary to reduce this uncertainty?

This is a good point that 1 have never touched. Anomalous vertical velocity of
atmosphere is the direct driver of climate extremes including floods, droughts and heat
waves. Usually the circulation, temperature and winds in the latest reanalysis such as
ERA5 are thought to be accurate enough for climate research. But if this viewpoint is
actually lack of verification, it is necessary to launch a project of enhanced vertical
profile observation, including the temperature, wind, pressure, humidity et al., over the
WNP region.
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3. Could you please provide information on any ongoing or upcoming research
projects or initiatives related to the North Pacific Subtropical Anticyclone in your
country?

In China, most studies on the North Pacific Subtropical Anticyclone are treated as part
of East Asian summer monsoon. Both NSFC and the Ministry of Science and Technology
have supported lots of projects on monsoon. For example, there is an ongoing Project
supported by National Natural Science Foundation of China (NSFC) named “Response of
the atmospheric circulation anomaly over western North Pacific associated with decaying
ENSO to global warming and its mechanism®. It is well established that the anomalous
anticyclone over the western North Pacific is the key atmospheric bridge connecting
East Asian climate variability to El Nifio-Southern Oscillation (ENSO). This project aims
to investigate the response of the anomalous atmospheric circulation over the western
North Pacific during the decaying phase of ENSO to global warming, and to elucidate
the mechanism for the responses of the atmospheric circulation anomaly by using a
hierarchy of idealized model experiments.

4. The variability of the North Pacific Subtropical Anticyclone is very important for
extreme weather events in East Asian countries. International cooperation with these
nations is essential. What do you believe are the most pressing international
collaborative research areas? How should we structure international cooperation
efforts? What are the expected difficulties in promoting international cooperation?

Improving the prediction skill of NPSA from seasonal to interannual timescale should be
the most urgent. Together launching new model intercomparison project, applying
international cooperation program from funding agencies in each country, or organizing
coordinated observations should be of higher priority.

In addition, new data assimilation method along with new observational data are also
encouraged. The major difficulty is how to jointly design, construct and maintain a
long-term observational system through international collaboration.

5. To enhance the predictability of extreme summer weather events in Korea, we
are embarking on an intensive research project focused on the North Pacific
subtropical anticyclone. This includes the possibility of international collaboration and
an observational campaign. Your input is valuable. Please share your suggestions and
comments that we should take into account when planning this project.

A model intercomparison for understanding the NPSA variation in past and future may
be a candidate. Multi-models run the same suit of designed experiments such as those
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driven by realistic or ideal SST anomalies in different basins or changing other forcings
like sea ice or snow cover, or modifying GHG and aerosol, based on different scientific
targets.

As mentioned in the response to the 2nd topic, collaborated observational campaign in
the WNP region is also crucial. In my knowledge, the Japan Society for the Promotion
of Science (JSPS) and NSFC are jointly supporting some collaborations on the
multi-disciplinary study on the climate change in the western Pacific, including some
field campaign.

In addition to above questions, for the technical details for subtropical
anticyclone research, the Metric used to quantify the subtropical anticyclone is
very important. Traditional metric on the subtropical anticyclone is primarily
based on geopotential height, but geopotential height increases systematically
under global warming which may lead to systematic bias to the variability of the
subtropical anticyclone (He et al.2015, 2018; Cherchi et al.2018; He and Zhou
2022). Therefore, multiple metrics should be used to examine the variability of
the subtropical anticyclones, andinter-comparison among different metrics should
be helpful.
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2. Xiuqun Yang (Nanjing University, xqyang@nju.edu.cn )
Research Questions for oversea advisers
6.  Recently, East Asia has been experiencing frequent extreme weather events with

rapidly increasing damage. Extreme summer weather events in East Asia are closely related
to the expansion and contraction of the North Pacific Subtropical Anticyclone. Therefore,
gaining insights into the temporal dynamics of this anticyclone at various scales is of
utmost importance. Despite numerous previous studies, our understanding of its variability
remains limited. Given our current understanding of the North Pacific Subtropical

Anticyclone, what research questions do you think we should be addressing in the future?

Multi-scale variabilities of the North Pacific Subtropical Anticyclone (NPSA) ranging from
subseasonal-to-interdecadal time scales and their causes need to be thoroughly explored. The
causes might be associated with the combined effects of both climate modes originating
from the tropics (e.g., ENSO, 10D, BSISO) and from the mid-and-high latitudes (e.g., AO,
NPO, NAO, or PDO/AMO) and even from the stratosphere. Some strong regional human
activities such as aerosol emissions and large scale urbanization (say, in Yangtze River
Delta region) may also have impacts on decadal time scales. On the subseasonal time scale,
the boreal summer intraseasonal oscillation (BSISO) in the northwestern tropical Pacific
which has been recently found to be phase-asymmetric (Li et al., Journal of Climate, 2023)
may migrate northward, causing NPSA rapid movement and associated rapid transition
between flood and drought in East Asia.

7.  Given the limited in-situ observations over the western North Pacific including the
East China Sea, where the North Pacific Subtropical Anticyclone is most active in summer,
our monitoring and research predominantly rely on satellite and reanalysis data. In the
context of monitoring and forecasting the North Pacific Subtropical Anticyclone, what, in
your opinion, constitutes the most significant source of uncertainty in current observations?
Furthermore, what specific observations and research initiatives do you believe are necessary

to reduce this uncertainty?

Besides the satellite observations, I believe there exist limited other observations at some
islands and coastal stations across East Asian countries. This need an integration of those
existing observations, although it is quite difficult. Given the importance of NPSA to the
East Asian countries, a joint observation and research initiative deserves to be proposed
under an international cooperation framework. To my knowledge, there exists such a type of
international cooperation framework among China, Japan and Korea for climate science. It is
noted that such an initiative might not be only for the meteorological sector but for the
oceanographic sector, which are separated in China.

8. Could you please provide information on any ongoing or upcoming research projects
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or initiatives related to the North Pacific Subtropical Anticyclone in your country?

To my knowledge, there are not big research projects or initiatives specifically for NPSA in
China. There do exist some research projects on the East Asian weather and climate
variabilities supported by Chinese funding agencies, which are more or less involved in the
NPSA. Since NPSA is an atmospheric circulation system, its variabilities are under climate
system. Most of the ongoing related projects were proposed in the context of climate
system.

9.  The variability of the North Pacific Subtropical Anticyclone is very important for
extreme weather events in East Asian countries. International cooperation with these nations
is essential. What do you believe are the most pressing international collaborative research
areas? How should we structure international cooperation efforts? What are the expected

difficulties in promoting international cooperation?

As mentioned before, I believe that a joint observation or research initiative is necessary
and of interest under an international cooperation framework among East Asian countries.
The theme entitled “The multi-scale variabilities of the North Pacific Subtropical Anticyclone
and their impacts” is good topic. I consider this is a commonly shared issue with a top
priority for East Asian countries. As I know, both the Ministry of Science & Technology
(MOST) of China and National Natural Science Foundation of China (NSFC) encourage
Chinese scientists to implement international cooperation through applying for relevant
projects. I am not sure if the counterparts of Korean funding agencies have similar

mechanisms.

10. To enhance the predictability of extreme summer weather events in Korea, we are
embarking on an intensive research project focused on the North Pacific subtropical
anticyclone. This includes the possibility of international collaboration and an observational
campaign. Your input is valuable. Please share your suggestions and comments that we

should take into account when planning this project.

One of my suggestions at first is to develop an international collaborative research project
focusing on the issue of “The multi-scale variabilities of the North Pacific Subtropical
Anticyclone and their impacts”. The observational campaign under the international
cooperation frame is relatively complicated and difficult. In China, this may get CMA

involved.
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3. Yu Kosaka (University of Tokyo, ykosaka@atmos.rcast.u-tokyo.ac.jp )
Reply to “Research Questions for oversea advisers”
Yu Kosaka

Research Center for Advanced Science and Technology

The University of Tokyo

1. Recently, East Asia has been experiencing frequent extreme weather events with rapidly
increasing damage. Extreme summer weather events in East Asia are closely related to
the expansion and contraction of the North Pacific Subtropical Anticyclone. Therefore,
gaining insights into the temporal dynamics of this anticyclone at various scales is of
utmost importance. Despite numerous previous studies, our understanding of its variability
remains limited. Given our current understanding of the North Pacific Subtropical

Anticyclone, what research questions do you think we should be addressing in the

future?
We have developed a schematic image for the T %{? High
summer climate variability for Japan that there / ‘

are three key influence (teleconnection) pathways:  /
the Pacific-Japan (PJ) pattern from the south /
(also called as the EAP pattern), the Silk Road
teleconnection along the Asian jet, and the

. . : North Phcific
wavetrain pattern along the Polar Front jet (see Tihetan/South Asian high Subtropj’Z/aI High
(upper troposphere) (surface)

the right figure). The first two patterns directly
affect the N Pacific subtropical anticyclone variability, whereas the last one is related to the
formation of the Okhotsk High. First, influence of the Silk Road pattern on the Subtropical
Anticyclone, as a function of zonal phase, seasonality, and magnitude, is not clear (to me). I
wonder if there is a nonlinear dependence on the magnitude. The second, and more
ambitious theme is how the combination of these teleconnections affects the anticyclone. We
have extracted a “pure” mode of variability by statistical analysis and idealized simulations,
but the reality is that multiple modes of variability evolve simultaneously. Predictive
understanding requires the nonlinear interactions of these modes/patterns, beginning from a
combination of two patterns and then expanding to three and more possible patterns. There
are a few such studies examining such coupling (e.g. Takemura and Mukougawa 2020,
Hirota and Takahashi 2012), but are not enough. This is an idea for funding proposal
emerged from a group in Japan incl. Profs. Kimoto and Watanabe.

Another topic would be the influence mechanism of the Subtropical Anticyclone, rather than
the variability of anticyclone itself. (If this is not relevant here, please ignore.) This will

involve midlatitude air-sea interaction, radiative feedback, aerosols, moisture supply, and
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multiscale interactions (e.g. interaction with TC activity, Meiyu-Changma-Baiu rainband,

meso-scale rainband, etc).

2. Given the limited in-situ observations over the western North Pacific including the East
China Sea, where the North Pacific Subtropical Anticyclone is most active in summer,
our monitoring and research predominantly rely on satellite and reanalysis data. In the
context of monitoring and forecasting the North Pacific Subtropical Anticyclone, what, in
your opinion, constitutes the most significant source of uncertainty in current
observations? Furthermore, what specific observations and research initiatives do you

believe are necessary to reduce this uncertainty?

I have no experience on observations, and below are just what I learned from interactions
with others. I learned that there are considerable (~a few degrees) differences among SST
products, even though all are based on satellite observations. Ship observations and
comparison with different SST products may be useful. In synoptic scales, direct observations
within a tropical cyclone and around an organized convective system may be also valuable

(but I am not involved in studies on those scales, so I don’t have any specific perspective).

Observation sensitivity experiments (OSE) and observation system sensitivity experiments
(OSSE) with a prediction model are useful to identify the key source of prediction

uncertainty and evaluate the value of observations.

3. Could you please provide information on any ongoing or upcoming research projects or

initiatives related to the North Pacific Subtropical Anticyclone in your country?

I don’t know any projects specifically targeted at the Subtropical Anticyclone. A related
project may be the extratropical air-sea interaction (the climatic “hotspot” project). This
project started more than a decade ago by Prof. Hisashi Nakamura as the PI, and this
academic year is the last year of the 2nd phase (the hotspot2 project) with the PI Dr.
Masami Nonaka of JAMSTEC. Now we are applying for the 3rd phase, which focuses on
the climate system around Japan. We will soon receive the result of the first step, and if
successful, we will submit a longer proposal, and then have an interview. (Note that the
chance is not very high.) In this project, I will lead a team on hot and cold extremes both
in winter and summer, which will have strong linkage with the subtropical anticyclone
studies.

In the SENTAN program (The Advanced Studies on Climate Change Projection) led by Prof.
Masahiro Watanabe, my and Dr. Yukiko Imada’s teams work on attribution of climate
changes and extreme events, respectively, wheresome studies can be related to the subtropical

anticyclone.

4. The variability of the North Pacific Subtropical Anticyclone is very important for
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extreme weather events in East Asian countries. International cooperation with these
nations is essential. What do you believe are the most pressing international collaborative
research areas? How should we structure international cooperation efforts? What are the

expected difficulties in promoting international cooperation?

From observational perspective, in the hotspot projects, researchers have conducted a coordinated
simultaneous multi-ship and airplane observations together with station observations to measure
atmospheric and oceanic conditions around Japan. They care about the EEZ, and if it can be
expanded to international coordinated observations, it would be pressing. I don’t know how this
is feasible, though.

For the modelling and analysis studies, multi-model and large ensemble simulations are useful,
but transfer of huge simulation and prediction data is always a bottle neck. Accessing and
analyzing them on remote servers or on the cloud service would reduce the data transfer and

management workloads and promote collaboration studies.

5. To enhance the predictability of extreme summer weather events in Korea, we are
embarking on an intensive research project focused on the North Pacific subtropical
anticyclone. This includes the possibility of international collaboration and an
observational campaign. Your input is valuable. Please share your suggestions and

comments that we should take into account when planning this project.

I have described my ideas above. I would add here that a project including both
observations and modelling/analysis teams, the two activitiescan easily be separated or
appear to be separated. To avoid this, a project design that links the two communities

would be useful. For example, support observations by weather forecasting and analysis,

and use the observational data to assimilation (e.g. OSE) and model process validation.
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4. Yuhei Takaya (MRI-J]MA, yuhei.takaya@mri-jma.go.jp )

Research Questions for oversea advisers

Recently, East Asia has been experiencing frequent extreme weather events with rapidly
increasing damage. Extreme summer weather events in East Asia are closely related to
the expansion and contraction of the North Pacific Subtropical Anticyclone. Therefore,
gaining insights into the temporal dynamics of this anticyclone at various scales is of
utmost importance. Despite numerous previous studies, our understanding of its variability
remains limited. Given our current understanding of the North Pacific Subtropical
Anticyclone, what research questions do you think we should be addressing in the

future?
1) Future Change of the North Pacific Subtropical High (NPSH)

CMIP models still exhibit substantial uncertainty in predicting the NPSH's future
behavior. How can this uncertainty be narrowed, and what could serve as a reliable
emergent constraint for regional climate change? Specifically, we lack a clear
understanding of reasonable constraints, which could select more reliable projections of
extremes in East Asia.

2) Climate Drivers of the NPSH Variability and Extreme Weather Events in East Asia

Previous studies indicate that different remote forcing of climate drivers reinforce
different patterns of NPSH anomalies. Clear distinction of response and attribution may
be utmost important. The investigation of climate drivers responsible for extreme
weather events in East Asia spans various timescales. Despite extensive research, our
understanding of compound extreme events remains limited. This includes determining
the relative contributions of climate drivers to NPSH occurrences and assessing their
predictability. Additionally, there is a need for a deeper understanding of the underlying
physical mechanisms.

3) Assessing the Capability of State-of-the-Art Dynamical Prediction Models

Evaluating the performance of state-of-the-art dynamical prediction models (models in
S2S or C3S data archives) in predicting the Asian monsoon variability and extreme
weather events, including their frequency, intensity, and duration, is obviously a crucial
research objective. However, addressing this question has remained challenge due to
limitations in reforecast periods and ensemble sizes. Expanding large ensemble prediction

experiments may help address these limitations.

4) Atmosphere-Ocean Coupling in NPSH Variability

The physical mechanisms governing atmosphere-ocean coupling in NPSH variability are
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not yet fully understood. Particularly, why models exhibit different responses to remote

forcing from various climate drivers has not been clearly answered.
5) Time-Scale Interactions in the Asian Summer Monsoon

For example, the influence of phenomena like the Madden-Julian Oscillation (MJO) and
Boreal Summer Intraseasonal Oscillation (BSISO) on longer-term variations of the Asian

monsoon still lacks quantitative evaluation.
6) Feedback Processes Impacting NPSH Variability and Predictability

Investigating the influence of various feedback processes on the variability and
predictability of the North Pacific Subtropical High is important to enhance the
predictive capability. These processes include El Nifio-Southern Oscillation (ENSO) with
its Bjerknes feedback, Pacific Meridional Mode (PMM) with its Westerly Wind Stress
feedback, and the Indian-Pacific Ocean Capacitor (IPOC) with its self-sustaining energy

conversion mechanism.

Given the limited in-situ observations over the western North Pacific including the East
China Sea, where the North Pacific Subtropical Anticyclone is most active in summer,
our monitoring and research predominantly rely on satellite and reanalysis data. In the
context of monitoring and forecasting the North Pacific Subtropical Anticyclone, what, in
your opinion, constitutes the most significant source of uncertainty in current
observations? Furthermore, what specific observations and research initiatives do you

believe are necessary to reduce this uncertainty?

I think that the most significant source of uncertainty in current observations stems from
atmospheric moisture profile measurements obtained via satellites and in-situ (sonde)
observations over the western North Pacific. For operational forecasting and analysis,
surface pressure measurements from buoys are also crucial (Centurioni et al. in 2017).

Also associated with the response to the first question, I emphasize that a substantial
portion of uncertainty in the analysis (data assimilation) arises from the limitations of
model physics. Specifically, uncertainties in convection schemes and air-sea interactions
(which include not only surface physics but also the atmosphere and ocean boundary
layers) play an important role. The misrepresentation of atmospheric convection also
affects the accuracy of wind analyses. Therefore, an extensive focus on observing
vertical profiles in both the atmosphere and ocean can significantly contribute to

improving the representation of model physics, ultimately leading to a reduction in
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overall uncertainty. Furthermore, obtaining more accurate analyses of temperature and
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humidity profiles is essential for advancing our understanding. However, it's important to
note that achieving this requires not only enhanced observations but also ongoing model

improvements.

Reference: Centurioni, L., A. Horanyi, C. Cardinali, E. Charpentier, and R. Lumpkin, 2017:

A Global Ocean Observing System for Measuring Sea Level Atmospheric Pressure:
Effects and Impacts on Numerical Weather Prediction. Bull. Amer. Meteor. Soc., 98, 231
—238, https://doi.org/10.1175/BAMS-D-15-00080.1.

Could you please provide information on any ongoing or upcoming research projects or

initiatives related to the North Pacific Subtropical Anticyclone in your country?
1) AsiaPEX: GEWEX Regional Hydroclimate Project in Asia

The AsiaPEX project is one of the GEWEX Regional Hydroclimate Project in Asia, with a
primary focus on terrestrial precipitation. However, it also encompasses broader research
of the Asian monsoon variability, including the western North Pacific. The project also
plans to conduct intensive international observations and subsequently utilize them for
reanalysis purposes, akin to the AMY reanalysis.

Reference: Terao, T, et al, 2023. "AsiaPEX: Challenges and Prospects in Asian
PrecipitationResearch.” Bulletin of the American Meteorological Society, 104, E884-E908

2) MEXT-Program for The Advanced Studies of Climate Change Projection (SENTAN)

The SENTAN Project is a flagship research program in Japan focused on climate change,
includes scientists working on the North Pacific Subtropical High and its relevance to
East Asian climate within Themes 1 and 3.

Website: https://www.jamstec.go.jp/sentan/eng/

3) JAMSTEC Observational Campaign

JAMSTEC regularly conducts observational campaigns, which have contributed significantly
to international projects like YMC (Year of the Maritime Continent). For detailed
information on their plans, please contact Dr. Kunio Yoneyama at JAMSTEC.

3) Hotspot3 (has not yet been adopted):

Hotspot3 is a proposed project as a successor of Hotspot2. This project expands its
research scope to include the Asian monsoon variability. The initiation of Hotspot3 is
contingent upon the adoption of the project application. | am also a member of the
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sub-group focusing on the Asian monsoon within this project.

Hotspot2 Website: https://www.jamstec.go.jp/apl/hotspot2/index_e.html

The variability of the North Pacific Subtropical Anticyclone is very important for
extreme weather events in East Asian countries. International cooperation with these
nations is essential. What do you believe are the most pressing international collaborative
research areas? How should we structure international cooperation efforts? What are the

expected difficulties in promoting international cooperation?

| think, an international observational campaign is the most essential research activity
that requires multi-national collaboration, given that a single nation's resources may not
suffice for it. Multinational collaboration is also necessary for conducting an
intercomparison of observational impacts in data assimilation, such as initiatives like
SynObs in Ocean Predict or the WMO JET-EOSDE activity.

One of the primary challenges lies in coordinating research efforts across different
projects, each with varying timeframes, objectives, and areas of focus.

Website:
SynObs: https://oceanpredict.org/synobs/#section-overview

The 8th WMO Workshop on the Impact of Various Observing Systems on Numerical
Weather Prediction and Earth System Prediction (WMO JET-EOSDE activity):

https://community.wmo.int/en/meetings/8th-wmo-impact-workshop-home

To enhance the predictability of extreme summer weather events in Korea, we are
embarking on an intensive research project focused on the North Pacific subtropical
anticyclone. This includes the possibility of international collaboration and an
observational campaign. Your input is valuable. Please share your suggestions and

comments that we should take into account when planning this project.

| would kindly advise to initiate contact with the above-mentioned projects that are
conducting research observations well in advance, preferably a year before, to explore
opportunities for collaboration.

In Japan, our colleagues have created a dataset of large ensemble simulations, d4PDF
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(Mizuta et al. 2017), which is invaluable for studying future changes and the underlying
mechanisms of extreme events. Currently, the Meteorological Research Institute is
developing the next system, T-SEC, for the next large ensemble simulations. T-SEC is a
partially ocean coupled system with nudging to the ocean analysis. Collaboration using
d4PDF or the future large ensembles are highly welcomed. | have conducted model
sensitivity experiments using the d4PDF model.

Furthermore, establishing connections with international activities can significantly enhance
research visibility. For instance, there is WGSIP (Working Group on Seasonal to
Interannual Prediction) in WCRP (World Climate Research Programme). | am currently
co-leading an initiative on thee seasonal monsoon prediction with Dr. Hongli Ren of
CMA. There is also an initiative within WGSIP focused on predicting extremes.

As one of the WCRP Lighthouse activities, Explaining and Predicting Earth System Change
(EPESC) actively promotes attribution and prediction studies. Its main focus is decadal
prediction and climate projection. For monsoon-related research, establishing close links
with organizations like the CLIVAR/GEWEX Monsoon Panel CLIVAR/GEWEX Monsoon
Panel, and the WWRP (World Weather Research Programme) Working Group on Tropical
Meteorology Research (WGTMR) may be valuable for your project.

WGSIP website: https://www.wcrp-climate.org/wgsip-overview
CLIVAR/GEWEX Monsoon Panel website: https://www.clivar.org/clivar-panels/monsoons

WGTMR  website:  https://community.wmao.int/en/activity-areas/wwrp/wwrp-working-groups/
wwrp-tropical-meteorology-research

Reference: Mizuta, R., and Coauthors, 2017: Over 5,000 Years of Ensemble Future Climate
Simulations by 60-km Global and 20-km Regional Atmospheric Models. Bull. Amer.
Meteor. Soc., 98, 1383-1398, https://doi.org/10.1175/BAMS-D-16-0099.1.




	최종보고서_여름철위험기상예보한계돌파를위한_정책연구
	개요
	  개요 
	 1.1 목적 및 배경 
	 1.2. 범위 및 내용

	 북태평양고기압에 기인하는 여름철 위험기상 관련 현황 조사·분석
	 2.1. 북태평양고기압에 관련되어 발생하는 위험기상 현상 및 그 영향범위 조사 
	 2.1.1 폭염/이상고온과 북태평양고기압의 관련성 조사
	 2.1.2 장마/집중호우와 북태평양고기압의 관련성 조사
	 2.1.3 한반도에 영향을 끼치는 중위도저기압 및 대기천과 북태평양고기압의 관련성 조사
	 2.1.4 한반도에 영향을 끼치는 열대저기압과 북태평양고기압의 관련성 조사
	 

	 2.2. 북태평양고기압 구조 및 변동성 관련 연구개발 사례 조사 및 분석 
	 2.2.1 북태평양고기압 발달 및 유지 메커니즘 조사

	 2.3. 북태평양고기압 관련 여름철 위험기상에 대한 이론 및 예측 기술 현황 조사 
	 2.3.2 폭염/이상고온 현상과 북태평양고기압에 대한 이론 및 예측 기술 현황
	 2.3.3 장마/집중호우(중위도저기압 및 대기천 포함)와 북태평양고기압에 대한 이론 및 예측기술 현황
	 2.3.4 열대저기압과 북태평양고기압에 대한 이론 및 예측기술 현황 조사


	 북태평양고기압 구조 및 변동 특성 파악을 위한 관측 전략
	 3.1 관측가능 요소 및 장비 특성에 따라 도출 가능한 요소 조사
	 3.2 핵심요소를 고려하여 북태평양고기압 구조파악을 위한 관측전략 제시

	 기후위기 시대에 적합한 기상정책 마련을 위한 수요조사 및 시사점 제시
	 4.1 북태평양고기압에 대한 이해 및 예측성 향상을 위한 수요조사 및 시사점
	 

	 4.2 북태평양고기압에 대한 이해 및 예측성 향상을 위한 국외 전문가 자문
	 

	 4.3 시사점 및 추진전략

	 우리나라 여름철 기상예보 한계 돌파를 위한 정책적 제언
	 5.1 국내외 수요에 대응할 수 있는 정책적 추진 방향 제언 
	(내용없음)
	 



	 참고문헌

	책갈피
	_Hlk148121207



