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ABSTRACT

2013-20159] 7hg AElolA Yebso] qhte 7Reo] 4718t & Al 71 "8zt
Aol EHL e 7o) E24] 714l digt A = A AR
Hofl JF3ff gt &2 AFolM= A7) 7hees T & 4 Qe ke 5] T
(1029 Standardized Precipitation Index 6, SPI6_Oct < -0.5)¥} 54(SPI6_Oct
»0.5)9] ti7] & ¥ S EATCEN e Fo7]= 713 olsfiskal 7t
= A5 5 e A AF oS dAE AAISITE ESE ol o A
= O|-&sto] 7Rt 7hg Al AR Y-S sk S APCColA 7] 7
71Asks 719 7rollS REof o]2et oS AR o83 Wl 7he cl5E o
T FE Bk

B4 gL Arf BjEepel St 328 Wi ofSo] YL ok
Q/ZIE AGe] 317]%G0] AepEYIA lX]m Selvtete] 1 chsd dES
REsP] Rolgieh. 712L 4y EH”;‘°U FA4o] ulag a& 2ol A

—EEOE} A 913t ‘?_‘} H 74]79012-— O—J”]?l’—u—ﬂz*oﬂ . T
Ao}, Fotrlotz olojRl= = 729 1t iElo] 7hadlet Fslioll AP A
A9 IAE Ech
SPI6_Octet 19-3¥ B+t oW 2&=(SST)2FY] AtatA 23s vigo=
SST 718k} b4l 71| 9] A SIS A5kt 1 5 i==9o] siet vl
= 3}|9] SST Ao|(NA_dipole)= 7Rl &2 A4(1995~2014 717+5<t
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7IAlSks o] - F2 AR A-(d~2 i d)eks 2 11 Al
2ol 3 E~67NE) A SRS ZHHZ Al A5 el oM
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1. INTRODUCTION
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o= &3t 7HE
o] Wat 1= QIgt utl= AA| ek ARolth o] 7] THEAe] FAISH
4 Zd3of| = gete] 7Ra2 5, 14, 34, 1159 715 7HAH @Ast Sl= AL
2 YEPTHKIm et al., 2009). 1990t o] WS 7ka 5 1939, 1968, 1978,
19820fl BAJEE 7HEo] 417 FaL(4l 7], 2009) 19909 H o]Foll= 1994-1995H,
20014, 2008-20094, 2013-201540] 7Mgo] Hzkick. B3] A2 201397E A%}
w72 ARt A= oF 717 A& A AT AR W7t AT
2015).

7H20] 7|AFEHA ot B sl Zod) 722 Asiet g et 7]7to] A

A Gof thefRt llo] EgA oz SAEo] 7] dizo] Hx U= A7 Bo
o|Fojz]|7] ¢k Ho|t}, 7|9 AFEL FE AH FAH9 AQld Iyt st
A7} o]Fof ml= 7hgol| HisiA e of2] ARE o2 SAIA olsi7t REsith
(e.g., Wang et al., 2014; Seager et al., 2015; Watson et al., 2016). SHI= 7=
off tigt 71detd A= F2 54 7R(ClEE, dSH, 2001; oI5 2, 2002; ¥
A, ZAE3, 2003; o2} 91, 2003; 2714 91, 2009 S)°ll thgt AEe] gt o52el
otol= A o] tigt A7 2 Pl BFH(Kwon et al., 2005; Wu and
Kirtman, 2007; Wu et al., 2009; Lee and Seo, 2013; €¥Z 2], 2014) 7Hz2]
oA AT A= BA| YrHe.g., H3E, 1996; Park and Schubert, 1997).
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o] A A Eo*“‘ﬂ(o}ﬁﬂﬂ 9], 1997; 73141, 1998; 2274 2], 1999; Kug
et al. 2010; Kim et al., 2012; Son et al. 2016) 53 H3Fd-2> YettA] Aot
21274 9] (1999 7okl A% Arjke Holz Hejer 27134e] wto] B}
=oAL YA7F HET EE/EE5R 0 R Hfoly] uhzol Fup A Al7]eF TR Al
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ATEY] FAle AYk/SUvrt WEst=A AEsh=Ao] weh Aol "2,

ENSO9| d3t/do] gHt= W A[Ho] Wzt th=2™(Jin et al., 2005), 2] Bt
2 IF S ¢ 27| giFo|tiKug et al. 2010; Kim et al. 2012).

0|9} Zo] gt 7Rt AHE 3Rt thet i s/ di7] =gbdo] AL A]
F Stz o= ARl 71971 FHste] o] dbe thE S Hole 99 climate
shifte] 7Fs/doltt. 7]&9] Ato] W= 1990 FHbofl Thfet climate shift7h
A=l AAE Y=t o] 717+ T2 AMO(Atlantic Multidecadal Oscillation)7F
29] QPJollA Fo] to g AMstE|H(http://www.esrl.noaa.gov/psd/data/correlation
/amon.us.data) oMo} oF E<=0] L] HlE Tt BjEee] visto] vIZtsiA=
59 "3t IEEtHKwon et al., 2005; Chen and Zhou, 2014). -soFAJo} 24
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1. INTRODUCTION

A 2ol 4 845 SRV, 7 A 715 A, BRE, 2YEE 4
Skoich Oﬂi St ke 7Reo] ol wEt of2] a7 H B HES AEsto]
7RSS a8E o A 7€ AFolA Hol YRt VoS RdY HEECR
39 E‘fﬂ_l(e.g., Leilah and Al-Khateeb, 2005), AlAIE€ 2 @(e.g., Mishra and
Singh, 2011; Han et al., 2010), && 2 d(e.g., Steinemann, 2006), A% =3
(e.g., Morid et al., 2007) 5°] Ut}

=

2 50l A3AH 7]‘?“ Agtote] 71AIsks S 53l 7heelE=s s¥cks A+t
Aol Fth A7IEAA AZ7F AlAFo] BRE Sk A2 QU7 HE7tol ofsiA
=AY, QIto] AlEgt ?:?i A=E ol-&st 7|A7 =ESHA ==, ol#tt ey
A9 AFE RdPS 7|ASk5o]2kl SH(jJensen, 2005). Tadesse et al. (2005
AgGANA FE53 A 2 ARE EE35A9(Standard Precipitation Index,
SPI) 59 7hs Al 9 EA| o, EY & AU 7 T W AY 5% 22
AET A0l HeET T o] 8ol 2F, 45, 6579 TSt A7 Htime lag)E 7=
& 719re] 39 EA % (rule-based regression-tree) BE-S 7=, 7lha AHE] 2 2}
= Zu\j ZF2 dE&sta. o]x1Y (2014, 2015), Rhee and Im (2017)2 H&He] 7z
ol JAFEHZEA (DT, decision tree), HHEZHAE(RF; random forest), =

e EE](ERT: extremely randomized trees) 52| 7|ASHy @S &85t

7158 0% ot FFE 5~1089) U WEHo] W] who] o] 7171e]
PeTFe Al 2 G AA k. AFolA A4 WohE T BE 7L

L A&EERA] o= v A4 Va2 2 o g0l ARfske el 2lem 8 A=
=t SiE olold 7hs/dol =71 wWZell(F% €], 2008: Kim et al., 2011) ©]
A719] 7he2 71 7hs ARk A5 SHolA Fasith B3 o5 ThEo] ARt

ol&3 =& 7ol *lojof A it ARt VR A Ve 2 2

A B A7 A=1990d ] K] climate shiftE 1l8lslo] 19954 o]& 8
F717H5E-109)0] wAst 7HEa #=AsH 7|4 EAS A 5kAL st ZEe]
7Ha2 783 E44E 7HXAL AT o] AtolA = JiEA EAETY 3854 £ T

HEoto] HEY, AT B e <8 AEEHL I ol B

G
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2. DATA AND METHODOLOGY

2. DATA AND METHODOLOGY

2.1 7I3XI5 AME

SPI+= McKee et al. (1993)] 2Jsf| Hl=|q=t, Ysk= AIZF 2A Y(timescale)oll
et e FAAZIAL, ol Atstste] & o St AediE ANSSEE He
A qof| ofsh - o= Qlar JJf #ho] Btk Aer 4B g AlgZHAQl vl w7} 8o
Sttt TS AREAPE AIZE AAYS SRR TR el wet tfsiAl AREE
T AUk

AP IS & Y Al B, detd o g 12709 lvte)] e AR AR
£ w=2x gorz uj7fH47l 27091 Gamma EEEREFSU ujzfEs 3749
Pearson Type III &EREAG 5 AT SGEREdpo] T 2 AFolA=
Gamma SERZIS o8

f(x): Baxaf 167 Bz

ol i, x== Gamma EZE =& & H4—’F(> O) f (x)& Gamma ZEEEF 0|
Mo} SAgudeoltt. o, e o] FEEET WHESE o= FH wi7lHEs
(>0), p= 7= 7] o] " (>0).

i

¢

0
-{o

EECIER RS

OO

A5 7170 e ¥4 Y AAgES et the, 9EE
L-EHE = - EH(maximum likelihood) 5& o]-8sfo] of7fH<S Zk
Sttt ofof we} 7k 4 AeiFe] 2 &&(cumulative probability)= &4

™, Frexdeo] gdrE AREote] SPI ghe APsHAl Hrt

o

_ v(a,
= (Eq. 2.2)

o] ©j, F= Gamma FHEIZIo|H, v(a,Br)= S 7t ool AFYH 1&
AR a2 0, F5HAR= 10] H&=d], McKee et al. (1993)9] A|Ao w=t
7HE9] AEE R 4 QtHTable 1).
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Table 1. Drought categories based on SPI (McKee et al., 1993).
Classification Index Value
Extremely Wet (EW) > 200
Very Wet (VW) 1.50 to 1.99
Moderately Wet (MW) 1.00 to 1.49
Near Normal (NN) 0.99 to -0.99
Moderate Drought (MD) -1.00 to -1.49
Severe Drought (SD) -1.50 to -1.99
Extreme Drought (ED) < -2.00

2.2 7135l Sole] He|

Figure 12 1099 SPI6 A2 AAES Yepdt). Feke] 735 U571 599
A 109 A}OH RS viEro g AAbE 109 SPIGSPI6_Oct)= Al 40859 =
7¥ohz FAIE Kol St 7| A1 AAsHL b £ oFet 7Fe9] 71E<l -0.55

oF A2 thAlElE 7HEol, L RHE 0.558 T =
2 Ax). 783 1049 SPI3 goll = 71E3]
71(74 SPI3; 5-7¥ 735 719het $47|(10¢ SPI3;

7] SPI3%o]

=9] SPI gh& HAAL e "ol 34t
).

=2 A Ol5AcHTable
Al QJstae A\t

7I8hof| =&
e TH L E

o oAl
o= i

]’—r

o

SPI6 in Oct

—o— Original

=== low

Figure 1.

=—8— Detrended

= = = high

40-year (1975-2014) time series of original (blue) and detrended (orange) SPI6 in Oct
(SPI6_Oct). Years with SPI6_Oct less than -0.5 are defined as dry years while that that
greater than 0.5 are defined as wet years.



2. DATA AND METHODOLOGY

Table 2. Dry and wet years after 1995,

Dry Years Wet Years
1996, 2001, 2008, 2013, 2014 1998, 1999, 2003, 2007, 2011

23 7t S8 # 71A =4

7= 2.5° x2.5° ZHA9] National Centers for Environmental Prediction-
National Center for Atmospheric Research(NCEP-NCAR) reanalysis(R1)E AR
otlEdl 850, 500, 250hPa A$IALE(HGT), siH 719H(SLP), 250hPa, 500hPa,
850hPa v 59 WS AREol3tt. SST(sea surface temperature)?} B=4ulE
*Houtgoing longwave radiation, OLR)= National Oceanic and Atmospheric
Administration(NOAA)7} Al&-5k= SST Extended Version 4(2°x2°)2} monthly
interpolated OLR(2.5°x2.5°)& Z}Z} o]-&5}itt.

f1F/tf7] ¥s A4+ Climate Prediction Center archives(http://www.esrl.
noaa.gov/psd/data/climateindices/list/) 2% 42 ¥ zZo|tt ENSO ¥HEA
2 s AR&E A= NINO3.4(°]F NINO3.4Z #7]) Aol o] efoj=
NINO1+2, NINO3, NINO4, PDO(Pacific Decadal Oscillation), Southern
Oscillation Index(SOI), El Nifio Modoki Index(EMI), Interdecadal Pacific
Oscillation(IPO), IOBWM(Indian Ocean Basin Wide Mode), IOD(Indian Ocean
Dipole), wNINO(West NINO), TNA(Tropical North Atlantic), TSA(Tropical
South Atlantic), CAR(Caribbean Index), HAW(Hawaiian Index) 5°] AM&-%| ATt
7] A4¢2+= Arctic Oscillation(AO), North Atlantic Oscillation(NAO), West
Pacific Pattern(WP), Pacific/North American Pattern(PNA), East Atlantic/West
Russia Pattern(EA/WR), Scandinavia Pattern(SCA), Tropical/Northern Hemisphere
Pattern(TNH)°| ARE-E| it

F A7 FE 2019(1995-2014)R0H Al AF3=0] 19909 = St A
9 climate shiftE 18$F ZoJtHKwon et al., 2005; Chen and Zhou, 2014). o]
20W(1975-1994)0ll oA = EAstRARE w2 AgotA] = g T 2019 23t
£ 2o
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7o} E*z‘sﬂcﬂ o2 di7]/siFe B4 AolE AmE7] 98 Composite

AnalysisE 3519+t °] £404= Al §l= 1000819 72914 He9S &5t
bootstrap HJ‘%Q(Gershunov and Barnett, 1998)& o]&3lo] AE| =& HAESIAL]

B4H0) RS 1Y) 9l Y AT BAE ol8siglt g ATk BAl
YA FREL WAs] g AA Fo| ATE Be=E A7) M4 AA Azt
52 v|Est A3 T9E JAGT K ojglel ol A9 LEkA] igke. 4w
oJzAle Lely] sE 49§ B2 ol gsial.

>
o3l
~

2.4 71Aigks 7Et VkE RRE

T2 o8t 7hedls RS flo AR ARt HES oS 2.

N
)
I

241 X=

2411 35 A=

718701 1973858 9] A5 AmE FAS 9 ARnS YE AR ddst
o 7RE A3l SPIE 671 ARF AADR APISIint. miifaE ke 71 IRk
1973 %€ 2002872 Fatdon, ASo] 2L 6471 B= K79 20024 HH
201671419] 109 SPI gk 71Agt5o] ol-8s3ict

2412 g A=

24121 XNEH 2

A 2= 0.05%0.05° 31V =E A== Pl+ NASA(National Aeronautics
and Space Administration)2] Aqua $1/3°l 84¥ Moderate Resolution Imaging
Spectroradiometer(MODIS) AllA9] G A EH2E MYD11C3 AH=E 0|85ttt
2L, ot A ZEE EESH Bt i 2% E3t VA BEo] o BbE
8519} A== vl= NASAQ] Earth Observing System Data and Information
System(BOSDIS, http://reverb.echo.nasa.gov)°llA @533t



2. DATA AND METHODOLOGY

2.4.1.2.2 A48 K==

AR = A EH 28 vRRZA| 2 vl=r NASAC] Aqua #1430 €A41E MODIS
AAQ] I AARER] MYD13C2 Ak=2] NDVI(Normalized Difference Vegetation
Index)?} EVI(Enhanced Vegetation Index)E ©]-&ot3tt. 37 A EH 2
o At

24123 ¥4 &=

57 AR E Precipitation Estimation from Remotely Sensed Information
using Artificial neural Networks(PERSIANN)-Climate Data Record(CDR),
Tropical Rainfall Measuring Mission(TRMM), Z12]il Global Precipitation
Measurement(GPM) A=E ©o]&s}¥ct. PERSIANN-CDR Ar=E 60°S-60°N,
180°W-180°EQ] ®Heloll tis 0.25°x0.25°9] TSI 1983 d7E A2
H(Ashouri et al, 2015), TRMM A}&+= "|= Goddard Earth Sciences Data and
Information Service Center(GES DISC)°lA4] 50°S-50°N, 180°W-180°E <ol tf
S 0.25°x0.25° FZedER 19989RH =35I, GPM Integrated Multi-
satellite Retrievals for GPM(IMERG) A=+ 20149 495H 20159 12€7HA]
90°S-90°N, 180°W-180°E ®H<lo]l thaf 0.1° x0.1° ZXISAER NASAQ] Precipitation
Measurement Missions(PMM)OlA S 5T

71AIeRs LS Sdok=t vAE X 99 7HE AHE UEF= A EZ 0]85]
Al A A 7S] 7HEAE AP etiEdl, 914 A AEE 0.05° x0.05° S
T2 fAEste] SEEEGS u/fHSE &35k SPI6671YE SPD)E AFYsHeich

TE 9 AmeE FehE EZdloke 5YUs 32.5°N-39.0°N, 122.5°E-132.5°E9] H
Hofl s 0.05°x0.05°9] XA =R S HEEH AL

2413 UIE A=

AAE d= a2 APCCY 671Y R dSAE(MME; Multi-Model Ensemble)
4 1~670¥E &S A4ilok= 7iE B ARE o] 85ttt MME A&+ SCM(Simple
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Composite Method) BH-& &3t AR o853t o]8H 7/fErdS APCC,
CMCC(Centro Euro-Mediterraneo sui Cambiamenti Climatici), MSC(Meteorological
Service in Canada), NASA, NCEP(National Center for Environmental Prediction),
PNU(Pusan National University), POAMA(Predictive Ocean Atmosphere Model

for Australia) ©
HE dS ARe dehE X
Dol tshl 0.05° x0.05°9] B3k
712 717k gt O}i‘ié_ﬂlﬂ Al
Tsto] YA oA 53 7157 Climatology)oll A&, thAl YA 716Ee] o
Halsle 99 zho g AEtHQuan et al., 2012).

D?,l'.

SH= =U3k 32.5°N-39.0°N, 122.5°E-132.5°E<] H
AE g gAEZEQlon pdlo] YUY ZhS ALASE &

274 v]&(Percent Increment of Anomaly)<

%

1m

2414 7|2 B =2 715 X3 X2

e P 2R 7% A ARE 7
3.1.4 F2)9) XA L] ol &=t

o
19,
)
A
4%
E:
Hu
H1
i
i
le
_L.i
K}
_ll)l
r>4
=
)
2

2415 1% K=

1% ArE vl= AZAHU.S. Geological Survey)ollA4] 53 t2F 1kmx 1km
BAIE2] Global 30 Arc-Second Elevation(GTOPO30) At&% 0]-851t}.

242 Jt50F 22 YH=E

2421 7|Haks 2

& AFoIM ARGE 71AISHE 2] i B AAAIRE A2 o]xg (2014, 2015)°
Uehd Qltt. 71AIsks B8 5 71 AHe.g., ©1R9Q, 2014, 2015914 <=5t Ao
Hyow ofg] Jolo] IS Fol oVIAY ko= %
4 SHHEZ(ERT) ZEZS ol-8stAoH, E3t o

o
ZRGEA] 2 EHEEC] B2 7 AE FolA Bdo] Fojdl ¥ AmE 1T



2. DATA AND METHODOLOGY

HFYSHE S Sh= ofttAE(Adaboost) d E3F o] 8513t ERT @3} Adaboost
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sensing-based rainfall indices
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SPI6_FCST NDVI, EVI Pacti itrence

, Topographical SPI6 calculated from
Large-scale climate information observed rainfall

Machine Learning
Models of ERT or
Adaboost

SPI6
forecast

Figure 2. A flow diagram of machine learning models used in this study.
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a) HGT_850 b) Wind_HGT_850

=0.72 (o] 0.72 =72 (0] 72

Figure 3. 6-month (May-Oct) average SST ("C), HGT (m), winds (m/s), OLR (W/m2) in dry years.
Regions statistically significant at the 95% confidence level are indicated in dots.
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ARt Az 5719 F<3l Foll 200392 At e Fesie] AZE =yt
AT OLRGS EH g2 oot fE|uhe vttt d2 AMEB G ofddl A1
I Agell A7t S7RtAAL Ao SEB I FEE Y, ot didE Ao
F7h et Hgol Eeltt. ddi Megdele A7t BatEoh 2ol st

ZHEalFigure 2000 Hlstole oAl wee] ghe Aol
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a) HGT_850 b) Wind_HGT_850

Figure 4. Same as in Figure 3 but in wet years
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7PE SEHEGY A oA @4T guIE olFa Utk AEBEAd W
(150-180E)° &5°l, AH(75-120E)°] A&o] &0l A=EFl $=Ho] o]Fof

4

o



16 | Bl 27 7120 71ei S 24

mjo

e lE Ty Ve

AW g7t et Zog Beln. SHBEF] 5 Al A9 @A A 2A4
oM 5% 25°N7HA] &= 0] 9loH 11 559 di 33 I Mg 24 A9
< 2t JE Holal Stk Aol Ae HotdlEriolM e SHAY,
ZhAlot T, SorAlotel 2A A%t Hi7] WiE/dol BEEe g, HRHA =2
Ay, SRyl o wA, deRR-sER e 29 wAh 42 #5259l d
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= ey Ad3s] fARBIHFigure 3a). 53] 7Hedl9] A& 5% 27192 5Y
ol AgHo= TEoIZS ulRitt.
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a) SST and WND

¢) HGT_500

I e

i) NDJ

ii) FMA

iii) MJJ

iv) ASO

Figure 5. Seasonal anomaly map of SST (°C) with 850 hPa wind (m/s), OLR (W/m2), and HGT_500

hPa (m) in dry years. Regions statistically significant at the 95% confidence level are indicated
in dots.
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Figure 6. Same as in Figure 5 but in wet years
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Figure 7. Time series of MEIl in a) the dry years and the following years and b) the wet years and
the following year. X-axis indicates month and y-axis indicates C. Yellow and blue boxes
in @) and b) indicate the targeted dry and wet period in this study, respectively.
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a) 12-mon before b) 6-mon before c) Simult.

Figure 8. Temporal changes of 6-month mean SST (C) field in the dry years: a) May (=1)~Oct (1),
b) Nov (=1)~Apr (0), ¢) May (0)~Oct (0), d) Nov (0)~Apr (+1), ) May (+1)~Oct (+1) in the
dry years. (=1) and (+1) indicate the prior and subsequent years of the dry years, respectively,
and (0) indicates the dry years. Regions statistically significant at the 95% confidence level
are indicated in dots.
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Figure 9. Mean geopotential height anomaly in May-Oct in the La Nina developing summer before and
after the mid-1990’s (a). Regions statistically significant at the 95% confidence level are
indicated in dots. (b) is time series of 500 hPa HGT averages over North Pacific High (20~45°N
and 150~210°E) in blue and Western Pacific High (20~40°N 120~140°E) in orange for Aug-Oct
from 1975 to 2015.
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May-Oct (simul.) Jan-Mar (pred.)

Cor (SPI vs. SST)

Cor (SPI vs. OLR)

Cor (SPI vs. HGT)

Figure 10. Correlation map of SPI6_Oct with May-Oct a'veraged SST (a), OLR (b) and HGT at 500 hPa
(c) for the 20 years (1995-2014). (d), (e), and (f) are those with Jan-Mar averaged SST,
OLR, HGT at 500 hPa, respectively. Correlations being statistically significant at the 95%
confidence level are indicated in black contour.
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Table 3. List of potential predictors and the corresponding regions for SST averaging.

X OIEQIX} 0| SST & X[%(Figure 10d &%)
NA_dipole A minus B
E_JP E_JP
West Pacific Difference E_JP minus D
Northeastern Pacific C
North Pacific Difference E JP minus C
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ot Blll= die FaHEo wle- A7F A (Figure 6) 7Rasiol= NDJ9F FMA7IZE
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290l 319] SST= HAYTE &3l o532 ofAlot o] & FTF= F+= A9L
2 4 A it SST WA} o HEE 671 AL 71 A7} X}ol& T3 kS
Z F U= A0 F YEFHTHSung et al., 2006; Wu et al., 2009; Seo et al., 2012;
Lee and Seo, 2013). 3] Lee and Seo(2013) o] A|F9] & of+H 2=} Hf
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(Ding and Wang et al., 2005)°] &RI%+=H| Figure 10coA] Hole SHE=2] ¥
A AFE(e.g, ASH L ASE, g 50, AT EE W, vl TR S
A= AT 5)olH

19-3Y Wt 2 9o] 3ff SSTe} Hiall= &) SST2] Zfo](NA_dipole=A-B)7t 5-10¥
250hPaA| 9 1=t vigol] v|X]i= FHI0% A=A Foju)et gk Bl &
Qlst7] f15to] NA_dipoled} 59-10¥ A= H250hPa)d] AHIHAIE A EIT
(Figure 1la). BIZE 98l 7FHaAIe59-109 A= 250hPa)] FHHAE
Figure 11b°]l ZAISHL}. & 12 AXFH o0& o] FARH dFolAE A3
o] A7|1¢A < B FF A9 YA <8, 4 559 178 o8 A
F2E Aok YE HH(E 5789 29 B4, AFHHe] &9 T, 5= 5%
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(Figure 7a in Lee and Seo (2013)) €& AE Q] x|t A9l FAlsH HT
ER SYUsiH.
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&7 v QItHKripalani et al., 2002; Wu and Kirtman 2007). £3] &40 &0}
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a) Cor. of NA_dipole with HGT 250 hPA
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Figure 11. Correlations of May-Oct averaged HGT and wind at 250 hPa with NA_dipole index (a) and
with SPI_Oct (b) for the 20 years (1995-2014). Correlations being statistically significant at
the 95% confidence level are shown only in (a) and are indicated in black contour in (b).
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a) Seasonal mean of NA_dipole
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=@==Dry years ==@==\\et years

b) Cor. of NA _dipole with HGT and winds at 850 hPA

Figure 12. (a) Magnitude of NA_dipole index in DJF, FMA, MJJ and ASO in the dry (orange) and wet
(blue) years. (b) Correlations of May-Oct averaged HGT (color contours) and wind (arrow)
at 850 hPa with NA_dipole index. Locations of A and B are also shown in blue boxes. For
HGT, correlations being statistically significant at the 95% confidence level are shown only.
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A7) AAof|A dE E_JPe NA_dipole AEAE EZgHSE o]85to] o Azt
22 s 7HE Sttt & W0] AddAE -0.0524 AR SHAolth

SPI6_Oct = 0.404939 + 1.01796*NA_dipole + 0.652250*E_JP  (Eq. 3.1)

Figure 132 ¥5H 7RaAl5e} A& 7HaAIE Hojer)h EFloldo] AREH 20
H(1995-2014)7F 0.739] 4 3’1—}3’1—}74]— HOIEEI Leave-One-Out 22}t A3 23} 0.609]
FA(TCOE 2= 5 F S3¥,E AR 2S5 18T o Blud £2 J5S
Bt} o] g&rdS o]gsta] 2015, 2016 W 7HEAISE dl&3e A 201549 =

Ak 7Rt 2016901 20159 7He Aol 3te FEiE & 2ok 2o Vet
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CHFigure 13a). E5] & »3 S 2
A SHPE Syt 5-10¢ Aol vlAl=

47%94 HE

rulo
i
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7RE A2 NA_dipoled}e] AlAIE & Z(Figure 13b)= o]& 20W Xt} - 209
S0t ¥53] 73 Ae(r=-0.15°114 r=0.68) HafFr] A 71=sd 201549
78 29] NA_dipole #t3F o] 72 7oz HRIth E_JPe}t 7RaAl9] 4

HA -(Figure 1309l 1990 F4F A3t 9] Wshyh Itz f9ln] 512 -2
Hh, oF 7~8W F712 TAZL ZsHe.g., 1976-1983, 1996-2002, 2012-2016)= %
o7t 7 Ato] 717t BAZE s e vhEoka 9o Ed] 73t ZREdlol
E_JP#rol ¥(e.g., 1977, 1996, 2001, 2013, 2014, 2015) 54L& Ho|1 i},
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a) SPl_obs (thick) vs SPl_est/pre (thin)
E Training : Prediction

1995 2000 2005 2010 2015 2020

b)SPI(obs) vs NA_dipole
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c) SPI(obs) vs East_Japan
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Figure 13. (a) Observed (thick line) and model-estimated (thin line) SPI6_Oct from 1995 to 2016.
Training and prediction periods are divided by the vertical dashed line. (b) shows the time
series of SPI_Qct (thick line) and NA_dipole (thin line) while (c) does that of SPI_Oct (thick
line) and E_JP (thin line).
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14 and Figure 15). @A A3t vle} o] SPI6Y] AL 671¥€9] 7 &3S o835}
<t °] 67119 7I7to] A& AdPAR Wt B F2dt oS FEo® WA "o
TS T2 94 Aol 7191t Aadds, S F22 oS 71He] A4S 218513
T}, SPI6 AMY Alofli= £/ =eoll 719kt A &3l nle] AHgs) $2 SEREd

g o5kt

HBARIo] B7F4E 7He st BASIGT ARARio] 17199 A% i
o] mdo] 0.4 o9 BT Mot MWARE 274 olF L T3] A5
o}, 7% 2 1ho] Axte] Fjol7} ok gk, AAITo] 174931 A NCEP =g

I PNU 29| gyt ohg o] v]s) ofF ozt Wolkd Aol wish Azt 2714
4 uf o] F o] e} g Belo] vjs] &2 $E 0.228 A= Ark(Figure
14). MAES] B¢ AJAlto] 37145 07} S7tskol=tl, AdARE 1714e] 3
F CMCC Zde] Iurt 0372 Jidos A2 A5 HtKFigure 15).

0.8
0.7

_0s m APCC

] m CMCC

505

4] = MSC

< 04

gﬂ m NASA

-

g 0.3 m NCEP
0.2 m PNU
0.1 = POAMA

0 i . mMME
4 5 6
LT (month)

Figure 14. Drought Accuracy of FCST_ONLY cases.



HJIO
|'O|I
N
oo
rz
o2
~
>
~
e

32 | SRIT 57| 7130 T1ME £ 2A

2.5

mAPCC
| CMCC

= MSC
m NASA

W NCEP
= PNU

MAE for drought categories

= POAMA

= MME

1 2 3 4 5 6
LT (month)

Figure 15. MAE for drought categories of FCST_ONLY cases.
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A Hds FHA7 = A ot R i7iEsE A9kt 4 Qlek ERT
ndo] AL |9 /5ot ETE A= HE, 181 Adaboost ZEO] AL E
219] g ZH2e] o s 2 A35}ste] E} E3F %A A3t Leave-One-Out I
A HSS Bl ofF] AdF B F 5 BEE Aot o] A% 7 7HEIE
MAEE 7|20 & o]&s3iet. A dISIAtE 23R 499t 1387 2 A9 A4
H 2Ee o 3o YERt QtK(Table 4).

A SN E@Wﬂ o} 1P R] 2 wf g F9 APAR] wE Bdl A
o] YAt E35] APFAZE 1, 67HEQ] A= 7P A2 o345 HQl kdo] 77
APCC, POAMA 2P & -2 AiE BcKTable 4). 71ASks Bd9] X5 379
Bolle of71olA A8E 4 Bdl vk o]-85to] A ZAISREE o185k 2

71 95UR Ao vimatct.
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3. RESULTS AND DISCUSSION

Table 4. Selected forecast models for each method and lead time.

LT (month) ERT Adaboost ERT (w/Large) Adaboost (w/Large)
1 APCC APCC APCC APCC
2 APCC PNU PNU CMCC
3 PNU NCEP NCEP NCEP
4 POAMA POAMA POAMA CmMCC
5 APCC PNU APCC APCC
6 POAMA POAMA POAMA POAMA

3.2.3 ZZ 4t

3231 7t5 d=k & 7k 729l MAE

AASES B3 AAE 290 AnE A4 oZANE ZeE 499 1
A9 tistel, 71AsHES B34 UL Z1FlE Bd ke o] 8% B0t B A4S
HEHog Wiste] wLskr

%,
Y oxl
o rit

ZIASIE o R VRS REES —/F— -9} HOlHAGTS St 7|5 nd o= ZrS
ARESt 795 Hlaetd, AT S =S F 4 7HE AT REe] A 1:1 %l
UEeEPHttHFigure 16; Table 5). o]&= MAEoﬂ/ﬂE 2 A 2, 71 955 Ak
71AsksE o8’ AolM UEtdtH(Figure 17: Table 5).

A SIS = Hol Rt Fe-ef 2HA] b 45 Hlalshd YAt
of wet v At yetst=t, S 42 AdPARtels EZokohA| ek 52 Bd s
o] $=5k Wk 71 AgAIToA = A dlSQIRE 29Tt B9 deol okt

(Figure 16 and Figure 17; Table 5). ¢ll§ &°{, ERT 22Z &3t 17]€ A =<

BF AA ASAAE Ao 2 -2 MAEZF 0.312 A ASAAE Zotet

739-9] 0.442 ) Yok 7HE FSE® 0.612 0.43°] B3 £k, /1Y Add=

o] A9E A EAAE ZFRE 97 MAE 0.89, 7hHe A 0.22% E3IsHA|

&2 7499 MAE 1.1, 7H& A& 0.099] 3] AftjA o2 =9 thFigure 16 and

Figure 17; Table 5).
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Figure 16. Drought Accuracy of machine learing models as well as bias—corrected forecast data.
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Figure 17. MAE for drought categories of machine learning models as well as bias—corrected
forecast data.



3. RESULTS AND DISCUSSION | 35

Table 5. Drought Accuracy, MAE for each lead-time, and model with selected climate models.

LT ERT Adaboost
(month) =i s (w/Large) (w/Large)

1 031 APCC | 031 | APCC | 044 APCC 067 | APCC ' 037| CMCC
057 APCC | 065 PNU 072 PNU |0.72 | CMCC | 0.57| NCEP
091 PNU |0.89| NCEP | 0.78 NCEP | 095 NCEP | 107 | NCEP
1.55 | POAMA | 1.564  POAMA | 1.11 | POAMA | 1.12 1 CMCC | 1.48 | POAMA
137 APCC 1126/ PNU | 105 APCC 094 APCC 15 | PNU
1.1 | POAMA | 1.16 | POAMA | 0.89 | POAMA | 1.13 | POAMA | 1.78 | POAMA
0.61 | APCC | 0.74 | APCC | 043 APCC | 0.17| APCC | 043| CMCC
0171 APCC | 039 PNU 026 PNU |0.17 | CMCC | 0.22| NCEP
022 PNU |0.09| NCEP | 0.17  NCEP |0.17 | NCEP |0.09| NCEP
0 | POAMA 0.04 | POAMA  0.13 | POAMA  0.04 | CMCC | 0.04 | POAMA
0.13 | APCC 1022 PNU |0.09 APCC 026 APCC | O PNU
0.09 | POAMA | 0.09 | POAMA | 0.22 | POAMA | 0.17 | POAMA | 0 | POAMA

Measure FCST_ONLY

Drought
Accuracy

Dol bhrlOIN 2 OO0 BMON

3232 ¥= B0 N SRk

71Asks RS A W A FREE AlFsk=dl, 7HY Sa% M9 F
85 E 1002 stal o]} H] Ho & 4= Ut AA dISQIAE EotsHA| 92
B EHA A He 5 f8 A o]-gsto] 719t SPI6S] =71 1-4704E A3

AlZrolA 71 = A Yebsew 4 5_3 ]Zl’ol AojAHA A 2= 1120 3=}
=obith(Figure 18 and Figure 19).
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Figure 18. Relative importance of input variables (%) for ERT model.
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Figure 19. Relative importance of input variables (%) for Adaboost model.

A ASAAE 23 FE AHEH, APATto] 1-2719 A<= A4 =l

7I5kRE SPI6_RSS] $8%=7t 7H wt7), okt 71 AgPAIzte] disiA= A 52l
Z} % NA_dipole 9 5857t 7 222 & 4 thFigure 20 and Figure 21).
AdAo= 914 My 1k, NA dipolex Al&Jet thE A SRS 8%+ W
Q¥tHFigure 20 and Figure 21).
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Figure 20. Relative importance of input variables (%) for ERT model with potential predictors.
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Figure 21. Relative importance of input variables (%) for Adaboost model with potential predictors.
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3.2.3.3. SPI6 . & KF K=

7hRe 7HElaLE] 9] MAE SHolA AdgAIte] 1, 671 o =3t 238 Hol 4%
of taf &= gt oS #e] AR I8 FA SRS ZR6HA] g2 ERT, FA
SRS Zet ERT, 1jal "Ho|RARt 7|0f|S5& 0|87t FCST_ONLY ®H<
] 3FAtH(Figure 22 and Figure 23). 1714 A8 &9 A= 22| 75l Hisf
MAEZ} 0.31, 0.44, 0.372 W= APEAA 7ol sigsle Fstd F-ollA
22| 2o|7t AUH(Figure 22). 670 A% 52] 49+= 442l MAEZ} 1.1, 0.89,
1.782 AHe] ol dAld ez e T2 YebdtHFigure 23).
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Figure 22. Scatterplot of observed and predicted SPI6 for () ERT (APCC), (b) ERT with potential
predictors (APCC), and (c) FCST_ONLY (CMCC) with 1-month lead time.
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(b) ERT with potential predictors (based on APCC climate model)
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Figure 22. Scatterplot of observed and predicted SPI6 for (a) ERT (APCC), (b) ERT with potential
predictors (APCC), and (c) FCST_ONLY (CMCC) with 1-month lead time. (Cont)
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Figure 23. Scatterplot of observed and predicted SPI6 for (a) ERT (POAMA), (b) ERT with potential
predictors (POAMA), and (c) FCST_ONLY (POAMA) with 6-month lead time.
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4 MAE for drought category = 1.78
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Figure 23. Scatterplot of observed and predicted SPI6 for (a) ERT (POAMA), (b) ERT with potential
predictors (POAMA), and (c) FCST_ONLY (POAMA) with 6-month lead time. (Cont)

7R ZHEALE|e] MAEE 7I€o= 7F) 955 A3E Hel WHES ol&sto
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AlZE 1-670€9] d& A =2 AHHETHFigure 24 and Figure 25). 1-271¥ A3
&2 APCC 7|59 &3k 0|83t ERT 24, 3-471Y 9 671 A&
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9, 571 A5 APCC 715 oS4k 0]-83F Adaboost HElo] o]-§= It
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RS-based SPI6 for October 2014
125°€ 127°€ 129°E 131'E
-05
38°N
-1.0
TN
z
15§
H
36°N L
x
2035
35N £
34°N =25
m
ey | - @
o 10 20 e
3.0
123°E 125°E 127°€ 129°€ 131°E
1-month lead SPI6 forecast for October 2014 2-month lead SPI6 forecast for October 2014
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E
-0.5 =05
380N 38°N
-1.0 -1.0
37°N 37°N 4
2z 2z
15 -15%§
36°N & 36°N &
£ -
4 =
-20 3 203
350N g i 2.0 g
34°N -2.5 38N 25
33°N
-30 3N -3.0
123°€ 125°E 127°E 129°E BIE T3 25 T7°E 126°F LI
3-month lead SPI6 forecast for October 2014 4-month lead SPI6 forecast for October 2014
123° 125°E 127°E 129°E E1°E 123°E 125°E 127°E 129°E 131°E
8 -0.5
38°N | 38°N
-1.0 =10
£
37°Np 37°N
z 2
15 -15%
2 2
36°N | o 36°N &
£ £
S S
-2.0 3 =203
3N 5 35°N 8
34°N -25 34°N -2.5
33N} o
3 _30 33°N iso
123°E 125°E 127°E 129°E 131°E T3°E 25°E T7°E 129°F BiE
5-month lead SPI6 forecast for October 2014 6-month lead SPI6 forecast for October 2014
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E
-0.5 -0.5
38°N 38°N
-1.0 ~1.0
3 £
37°N 37N
2z z
155 -15F
H s
36°N 3 36°N &
E &
20§ 203
35°N g 35°N T8
34°N -2.5 34°N =25
o 33°N
33N o -3.0
s N s L N L L L L s
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E

Figure 24. 1 to 6-month lead SPI6 forecast maps with remote sensing-based SPI6 for October 2014.



3. RESULTS AND DISCUSSION | 43

RS-based SPI6 for October 2015
123°E 125°E 127°E 129°E 131°E
-0.5
38°N
-1.0
3
37°N
2
-15%
s
36°N K]
£
203
350N &
34°N =8
33°N '3 _30
123°E 125°E 127°E 129°E 131°E
1-month lead SPI6 forecast for October 2015 2-month lead SPI6 forecast for October 2015
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E
=0.5 =05
38°N 38°N :
-1.0 -1.0
£ £ ;
37°N§ 37°N =
155 8 -157%
H -
36°N - k3 36°N 2
=] ~ =
-2.0 g -2.0 g
3N | g 35°N { J Lav &
34N -25 34°N A -25
kn
33N 0 sl . 3} g
L L L L L n L n L n
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E
3-month lead SPI6 forecast for October 2015 4-month lead SPI6 forecast for October 2015
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E
; i 05 -05
38°N 38°N 3 X
-1.0 > A -1.0
£ 3 o
3N 31°N / 0
2 - 2
-15% ' -15%
s 3 T s
36°N - K] 36°N ¢ K]
£ < £
-2.0 g -2.0 E
35N | & 35°N T8
3N} -25 34°N . ] -25
kan kn
BN T 30 v -3.0
n n n L L n L n n L
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E
5-month lead SPI6 forecast for October 2015 6-month lead SPI6 forecast for October 2015
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E
-0.5 -0.5
38°N 38°N
-1.0 -1.0
37°N 37°N
2 2
=157 -1575
s >
36°N k] 36°N g
£ £
208 208
35°N g 35°N &
34°N -25 34°N =25
33°N 33°N
: -3.0 3 -3.0
L L L L L n 2
123°E 125°E 127°E 129°E 131°E 123°E 125°E 127°E 129°E 131°E

Figure 25. 1 to 6-month lead SPI6 forecast maps with remote sensing—based SPI6 for October 2015.
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