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ABSTRACT

A seasonal outlook for crop diseases and pests is most valuable when it provides
timely and accurate forecasts that not only farmers and/or extensions, but also
governments can use. While farmers use the information in their crop management
decisions, the government can take advantage of the seasonal outlook for the
implementation of national-level disaster preparedness plans. In particular, the
seasonal outlook can be utilized for collaborative disease and pest controls in Korea,
because most collaborative controls are done in a preventive manner before the
disease and pest infestation actually takes place. The decisions based on the seasonal
outlook include which diseases or pests to focus on during the control measures,
amount of agrochemical stocks needed, and what ratio of pesticide and fungicide
to mix for the spray.

At the APEC Climate Center (APCC), we aim to develop a seasonal disease and
pest outlook (SDPQ) using the APCC multi-model ensemble (MME) seasonal climate
forecast (SCF). To realize the SDPO, we focused on two studies this year. First,
we developed and utilized spatial and temporal downscaling methods of the APCC
MME SCF to generate SDPOs. The SDPOs were generated using two agricultural
models: the EPIRICE model for rice leaf blast and sheath blight and the
temperature-dependent development model for small brown planthopper. Based
on the predictability of each outlook with different lead times, the potential
applicability of the seasonal outlooks was evaluated. The predictability of the SDPO
can be defined by the sum of errors from the SCF, each downscaling procedure,

and the agricultural model. In order to quantify the relative contribution for the



final uncertainty that the resulting SDPO carries, we examined each component
for their uncertainty levels through a comparison with observed weather data in
each downscaled station level. However, this study did not consider the uncertainty
carried by the agricultural model. Overall, the uncertainties from the SCF and
downscaling procedures resulted in relatively low predictability of the resulting
SDPOs in the least forecasting lead time required for its practical use. Nevertheless,
SDPO showed a range of predictability based on locations, resulting from different
performances of the downscaling skills for each station.

Secondly, we tried to elucidate the probable relationship between climatic
phenomena and disease and pest epidemics over the South Korean region using
statistical methods, such as the Moving Window Regression (MWR) and the Climate
Index Regression (CIR). Brown planthopper was selected for this analysis because
of its migration characteristics. The brown planthopper cannot overwinter in Korea.
Instead, an infestation is initiated by windborn summer migrants from China. The
infestation begins with a northward migration that occurs in late March from the
Indo-China Peninsula, which fits well with the concept of our statistical modelling
- utilizing a long-term, multi-regional influence of certain climatic phenomena and/or
indices. The MWR resulted in a promising statistical model that showed a relatively
high correlation between the national infestation trends of brown planthopper in
Korea and some tempo-spatial climatic variables near its annual migration path.
The CIR statistical model resulted in a relatively low correlation compared to the
MWR model. However, the climate indices selected from the model will provide
a starting point for further analysis of the potential relationship between climactic
phenomena and pest epidemics, which governs the brown planthopper infestation
in the rice growing countries in Asia.

In conclusion, the SDPOs generated by downscaled APCC MME SCFs and selected

agricultural models were shown to have a limited applicability due to the relatively



low predictability and short lead time. However, a complete SDPO generation system
starting from SCF to tempo-spatial downscaling and subsequent agricultural model
application was developed in the study. This system could be adopted for other
geographical areas where the SCF predictability is high enough to be utilized to
generate an applicable SDPO. The statistical models developed in this study showed
a promising predictability for rice brown planthopper infestation over South Korea,
although the dynamical relationships between the infestation and climatic
phenomena selected need to be further elucidated. In fact, these statistical models
should be more applicable to the least developed countries near the equator, where
the SCF predictability is relatively higher and the disease/pest infestation is mostly
affected by climatic factors other than human interventions such as excessive
agrochemical spray, sophisticated crop management and infrastructure, and
frequent updates with resistant cultivars. Nevertheless, multi-disciplinary and
multi-directional approaches from both climate and agricultural sciences should
be tried in order to connect the SCF with the applicable agricultural information,
which will certainly reduce the uncertainties of SDPOs. Finally, it should be noted
that successful production of information, irrespective of its potential usefulness
for the decision-makings of agricultural stakeholders, doesn't guarantee its
successful application without direct and consistent interaction with relevant key

stakeholders.

Keyboards. Seasonal Climate Forecast (SCF), Multi—Model Ensemble (MME),
Seasonal Disease and Pest Outlook (SDPO), Tempo—Spatial Downscaling, Moving

Window, Climate Index
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7t FAsH 51 = F=A°]th (Thornton et al., 2014), 7]3-H3s}o] it 5
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L Hofo] oiis] 245t AATolet shejak A lslE olat ko] 33 A
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71| Solu % 109 52 501 £-9] 7|50l 252 5L 7] wZell A57t
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EE A o] dAlo|t}t (Doblas—Reyes et al., 2013; Goddard et al,, 2001), AA|=
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RS Yoz Aol it ksl Bk sl (A5 9, 1095 o
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7] 3} GaFgrle] AEHor Fguw gk (BeA), 2014; 0]FE, 2014), 1
ol E5kaL FYokoll A AFEY 7] HFol tiet ASHEIF 7-&5HA 282
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AdASAEAA Tt d&A4o] w2 7|28 aE
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0] 8 5 Qe WokE S Aot} A= AT S H
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FAEE, T15et $A=olu PR -S O R AT SASAHRE &8
wopel A o] Ak Aol 71471 A sloll oJgt Tef Hd2 1%t o8-
o] 23| =2]%|o] Y} (Hmmer et al,, 1996; Jones et al., 2000; Phillips et
al,, 2001), E HC 2= FHEOF ST aASAA AE7Fe} HHE HJEE A
£H o8 Aot FHIIOEZN AM7|FASHRE & 5= = AT =HoF ¢
ofo|’lS Ztohfel= 7|47 RO 4] B ER Al&E L Qlot (Barrett, 1998;
Meinke and Hochman, 2000).
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APCCOl A A AlA| 177 7| o 25 371 Lol Al 67147 o] MRS Zhe
dEARE v A ol xA| st cE R oMAE(Multi—Model Ensemble,
MME)7|®H& o]-85}o] 2,5° AALO| A|F7| A SH S Akt Sl MME«= 7
g 7|$mgo] ZI Ql= AlE LA (systematic error)E YAE 7S E5Fo] A4
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wske] MME 7|9k o $2t7 0] oSA400] B =& Aoz A4 Utk (Jeong et al.,
2012; Wang et al,, 2009). APCC MME A& 7|3 &HHE ARE3E S-gHof o
= A AIE RS ARt U kel tiRt SS9 e
H, I 9] thE g-8&otol Aol 28 do] AR estA 7=l lek (Cho, 2014;
Kim, 2014; Sohn et al., 2013a and 2013b).
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Up to 3m lead time
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mpo-spatial
ownscaling

Te

bacterial [lain rot

Climate Indices

Up to 12m lag time

= ENSO, AO, ...

- Agricultural Decision-Makings
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controls based on the predicted disease/pest risks
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AT 7L TR RS Kim(2019)9] 8-S 1) se 7700l ZeHE o Wit 4
1009 FlH B HQIAIE AL 1983135 E 20051071 % 237he) AAG AukE
BE F AAH HES 7] 98] POFS B theow A4 Al £ 2
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2.2.5 EPIRICE 2} o2+ REZM2ETHS 0[Est dMielEl AZ7 |ISHISEES
oisd &t

ANl
ARg-8Fo] AR ofv‘H%ﬂ %’4’535 AEY 2dY JEE vigo R o
AHolty, APCC AE7| -S4 2ol 2845 H7Isk7| Sl i
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SEYoRes g SAREAToA JiEE EPIRICE R3o] AREE R
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o227 245 28 YHgt(model input)S WO Aul7|XF Ao sfEst= U
7V L/ A A7, AHEE, A 1 9 A Bes(EFEARA, oY
A7 S)olet, olHgt gh=ol dY =W SEIR ®&9 site 7l47F Algtol| w2t A
L2 HIlsh=d], ol BP9 el AHEE, & Reghol & ol =23y
O] ZEG2 ATl wE HA| sited WE siteQ] FAH]Eo] WHbHA &} 7H2 7Y
Jo g FHo| Hln HEF o7 HAHMILA ofgjtH& el AUDPC (Area Under Disease
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EPIRICE &2 ofg] 7}4] |
olil A 7RG AMESH] di l £ AEHol gk AIxF ©ele] 771
Argstr] sl e thEe diEm gyt £t el At EAgtch thA
3] EPIRICES §3) = o4 ofd o] WAy} u|7|4ke] A3gde AHeaA
W= A A9 B7Fssit), SHATE AH o R s dEr) W A7 S5
HE AlS7E AGAIsE st A B0l Haiil A 71 EE dEieR OPO:l O:lEi
o] A A e JRE ABAsl7] $JaliAl= EPIRICES} 2+ 3
ek oA Dot ojg A Aol 2 7SS HEE YHA| AL b)y
ESH AAS AlEF o8] Sl EE 7|E W dESndS Al%% 5 %’i‘iiﬁk
whebs] EPIRICE: RPHAQ1 | whllol gt 91d= ARE gAaket 4= qlar, A=
= JEAHE v o R O ol HFSESN7] tEel (Kim et al,, 2015) & A+t
NN HxEZE e ARAYS AAshedl Attt AZHEd 2 dAelAs
EPIRICE 2g& ol ISt A7 $SH 1] oS/l o B J=arat

QYTHuREYe) ARAY] 3t ol S4S Bk 1 BEIEE B

rulo
oE
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N
4o
ol
=
k3
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==
MN

& (generic model)

GAIBHE APCC A7 SASAEE vig oz el
AMe) BEAE B SIE ThS AR ]S AsTE Yo ASTHE 3
FEYS &85t o' (Small Brown Planthopper, SBPH)+= W& utE
HFo] 2 (Rice stripe virus, RSV)Q| mj7j&Eo 2 -gjyetos= 2 41‘%10 oFx
FHZ =5olu FRto|A dEgih ofEdto] &gt Hafl= A% S5l ot A=
L A1) A9 o] ol S5 oiehE ol <l g sleit o
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Holt}, mebd] A @ Rl 27 2RUQURZE o) gio] 2 Ao ofE
T AT ol st FEE olsfisty] s Hs ofEt AT AP+ #e Y
24, Te3 UE T wge] B WS o] 2 (Hyun et al., 1977;
Bae et al,, 1995; Park et al., 2011), & doixl= HF B+ /A9 2SS

A

=
=gRe] B8 /FsAS Bt AT AOR BHEe] B A7 9l
A5kt (758, 2012; Park et al., 2011),

Temperature-dependent development model for small brown planthopper

Temperature (T) Accumulated Degree Days (DD)

Tu> Tuax > Tuin > To DD = [(Tyax+Twin)/2] - Ty "To=11.01
- T, = 10.7
«Ty= 32.7
To> Tuax > To>Tun > Te DD = [(TwactT/2]- Ty - DDy st
=109.7
Tuax > Tu> Tuin > Ty DD = [(Ty+Twin)/2]- T, * DDoth-aduit
Te > Thax DD =0 = 358.4

37 O Fei=EEy duaiEn) 2
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2.3.1 AIBZHS AMAME 7[& JHL 2 Tt

2.3.1.1 AMSHE HMEt 7|18 HEE

APCC A7 FoSHEE 722 sUEF NN 80k 714 dEgkel Bls)

] W2 AERHA SPSEE 7HAIAL Q7] wiEel AR oA HiE ARk A
o] AR T st M e 71T g e Lessl] A gt F H &2
MBS 2= 7|5 EE Aatsle Aol 7P Al 123 d & 9l
ARk, @A TVerEl2e sURoIA Yok e VIFAEE de Alo] W
£ A Well o] FofA7]= odE Aoz Az, 23 Ao s 7R
7IFAHEE FsURoRIA vi= o AZA]
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W 7% Skt vk AbHstelet, B Aol A sk 74 ES Ads
A 7FRYO] U /SRS A0 o2, B
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o

Climate Information Agricultural Information

= Seasonal Climate Forecast = Seasonal Disease/Pest Qutlook

Dynamic
models

—_— mmmmmemeeees Statistical Downscaling ---------------- _Crop Modeling,

| Spatial Downscaling || Temporal Downscaling Rice

Disease
Pest
Forecasting
Models

- Simple Bizs-Comection($8C) -y~ WG Best-Fit Sampling (BFS) -+ | ;
Temp, Prep—m Temp, Prep é—bDaily Weather Variables -;—IF

Spatial
Temporal
downscaling temperature, precipitation,
relative hurmidity

temperature, precipitation

downscaling
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H d=E vl oS5t Y8l AMgshe & 9] TR vhdsith
I F B A Halls digrg o] I 7]WHprocess—based) P} 7 ¥ (empirical)
o] AgtE FEi= Aol HQlaL, UK IRt FA(statistical) o] EAL]
T gt} SHANE FH gt FA R E o] A FEQl hybrid o] Al=H H9%

t} (Wainwright and Mulligan, 2013), ¥uld o g 3} 7|dl ®3 o] HQ A3}

714 AERR O] A7HA] AT =2 Holal (hourly or daily variables) &4
3o /\] HA A= AR 0 2 L2 2} (daily or monthly variables)S Tf
3 ol= Walgo] AlEAlel W der|AY AddS A
Alshs 714ke] of5= m% *]Zl Woll dojuh= HAAETT2] d4ol7] wfZe] o]
7N daelEer sjAsty] ffsiAe nAEdS 2 ] A8l A Al
7F LA 71 A= =2) AR AV D Q3] wjEY Ao|tHCunniffe et

, 2014; Kim, 2001; van Maanen and Xu, 2003). o}X|qt o]zist HYUAYelsH4]
712Fo] Y& Badste] dp7|HhA Rl sjA o=k gHAI7) Sl o, e AR AR ©
o] 71Vgaart EASHA AU AdCST 42 d @9 71 eaE AMgSlofF &
o FAA HES AT ol glek sHAINE FAIAQ f-o/de SHEsh] flsiAl=
71750 B Az, 2 B Suslolo} At ol BARGe] S B
i21] T2 overfitting)o] UoIpA] =% Fjsjof sk, Wehe HAL
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SR 717t BalE AEE P Ao| Ae] Brhsska 2 4 qrekE
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5= APCC Al87| 5ol EA420] A1742 AL Ylmonthly) TR w7 white]
QukEel I 4B WohE o5mEgo] A7sk A7Hhourly) Ei A(daily)
AR AR s Y G4 T AEAS SISHaT] B AR A7E WaE
sk, webA] B Aol BAA 71HS BEste] o] HahEel BASIPES o
% Qe BARFE AUs g maEol] o5 WalE A o2 A Bt

s WAt gk

SAEGEL A A7 A=E vigo R A FAA Aol &
g Aojgh= 7MY Stoll whEofAl= Egolt), 7P vk
22X, Holis YRS FHATE 740 22 2
o] I HEAS £ /Ndgtc} (Coakley et al., 1985; Trivedi et al., 1999). EHHHE
AREShE A= O] Aol wAI7E AAY HEs] FoEA| b Bfole W }4
AL 5=t HR| 3] HHF (fuzzy regression)2 ©]-835}7] = g}, 5“%9]
S22 wiEoR WAL oj3el A9 wed), of u) UNHHeR AT B
o] AF=U(FraEE)S dYHSRE A s 54 ASAIZIE ASshe

21 o G710 2ARRE RO R TAY Baeg AAsks Wolth &
O SR ES 1-2520 7[R EE vite s dFo 71 3AGE ALtk o8 =
AHLZ AL LS| = ?‘TPE]- (Agrawal et al,, 2004; Dhar et al., 2007). S5 HS0
EHZ3F t}ehAlS A8sls R de = W] Ao ok ARt AE ¢
< dHolAE VAR (FAACR) HEojAls Yot (Bahuguna et al.,
1992; Trivedi et al,, 1999), o] SAXEEHE EZYHS o8] 71K 22 HlE o2
7HE 249 digAdS Bole 282 Botlle, & 7P A3eH(fitting) S WS =
o= AgRity shAwk oA glofEovt &Sk FAA e AoiA g
(overfitting) wAIH= 4 AUA HEZ 2F 7HA] Fofsfiof gt

oﬁL’—{

BILFE SeehE vlSste] obAlot A 57
5, e 5 0 Ao FaglehA BEska glom, el ¢

& PASAE F=olu B, A& SAA = EEshAl FEhal S ', S Hot
oA A7t 7175 Bl vlEiske WY F8% 554 siselth olE el 2

o A=
A, ol A% G170 4SS Qo Exel WY A0 Mol Red
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e of45) AT 387157 205 95 ol e o
Ste el o) )5l of /RS B olEaR A= Aol Hrh (Kisimotod
Sogawa, 1995; Sogawa, 1997). ZWol A= A 7|ete] Exte} o]=A] H

eto] #AE Yl B AFEIAE ZokE = v (F7]+, 1998). oA B
7F Syt HlFshs Al719F o2 d=of wheh thas 2pol7) oy 64 ol
B 7ol AA vl#iste] £ o)A 3—4AHHE FafshHA Hofl BiE FA Ff
AA| = 1975W0] H=Aoz tfihlshglar, 1983} 1985 e HR-Aof thidh
Ak vE Qlek, =3 19979} 1998 T12]al FEofl= 2005Wof| HHA ol A o
AL, Tl 22 sfjoll didAysto] 2 ulsiE ATkl Hirstal Ut (Hu
et al,, 2014).

oleFt H7z] ol 54 dlie2l WA ol &2 HIHB R Aol A= A Foll JloiA LAY
Al71eh A, RIA Sk RS dElo] Qi) whebA] nlEdut v H =S ulefsh=
o] m-f- FRSHATE BB R Aol A= "2 =7ksel A =71E0lB g o
of sl 2 ¥l gl7] wiwoll oleft HHE wRsk 4T 4= = ofxdo] defvt
A7goltt (&=, 2012). Z1ZF 7H=fAQl AS AEZI7E] 240l &fshd A2 ol59
7Fs7do] £550] Ryl Jle R ofof tigt A7t s 7Rt e 3l ol F
ofxof & Zot}, 2T A ol Walse Bret BaF & FiEE A5tk ti7]
A 2% (BLAYER) 5= &3 o154 B+79 01574;% uefsial 27]of &
U= Al2dl ko] 2ts] o] FoIR|AL Utk (Fr, 1999). die] ] - obAlo} A]

B 9 el AHe SAVARIFAY Ricehoppers ARIE
(http://ricehoppers.net) oA ¥& 4= Qlal, Aofl= WBFe} S5 vl A&
o] X4 (planthopper migration prediction, http://linux143 knaes,affrc.go.jp)

o] 2.9 ol 3k

12 4 od

71%3

rﬂL

At o 54 WTRO) AAT Fejeh BaE BA 2
W, 9 7 Fu|Re olRES B 4 gtk 1% R WA o)
HioFe] B4%71S APAZ A, Y AT AR b
e
=

Al A7E 19104, 1921-23W, 19464, 1967-68, 1975-77¢ 4 QO]Uﬂ ol&=

i

wE Sy SEHarie dAgths Aotk (WRskel WS, 1977). AECA
L sy S5 479 11,299 F714% vighe g vE2e} sl E o) 1‘41?* £
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714 ol Fo] 7hsd Aolet sttt F WA o2 UikoA] HrFe] izt A
A% A dAFS AZAIZ A AT} (Morishita, 1992). &, 1890
o4l 1989 A71A] 10001dXE d2ofl A HEF7F gt 2ol F 1337} %=
dl, 1 % 113 defert AT ol e Aolet ol& Fdf g Aollis A
o] TAE 7|FHFo] R HHA7] 5 o= Ao v R Aol A= A

AL qlokar F=4skar Qlok, FFo® QleyAlore] HEAE tiih g ot
hULE 4ol dte] QIHEA], ENSO A|4=9f 22 7] 9-Q1xte} WE o] 27| o]F
Zroll @A (teleconnection) & &-8-3 5747 =7}t 7Hsdha AAIRE -

T dFgE vf Ik (Stigter, 2012; Xiaoqing et al,, 2007).

SHAIRE Uil A= ol e/ e AR 715“5‘4”94 LA G/l Hish A
TR A7E A Qe ole =l 71 AAIZE 2R 7159 A48l e 2
7] fZ o2 Az, 1 9 o] B R AR FEieh 71 e s AdAR]
S T8 9723 AW EY, Parkd} Hyun(1983)2 2= 3 F=UR o5 &
THE AL 25°C7F 1w H A x70|aL 30°Col|lAl s o] HatalA] Hahgict
3 HSHITh ERE o e ER vl £ A7 At v 4T el &

i B AAAL v71 23 0] WEStel A4 4

et
]
o
=)
r ?0
1
BN
)
ol
o,
OFH

2 Z2AE 3 9tk (FAA, 1982; Park and Hyun, 1983). 3FA|qk
2 AT Qs B AR 7o) o]sd BRe vAle TS FAHLR
A

o)
2R AT A9 g Aol 3 et ShEekE Ba AAS HelRA] RYH
2

oA EFY WS JAH o E A aQl Wt ofuet AuiE, TwF &
[e) fe) g

9] 59 AFA| Aol Ro] ufe}

n
—
©
o
S
)
£
B

T
I,

= 3t Imidacloprid®} fipronild} 2+ A28 AF
AEE7] o] du o]F= Ty HFeof FAgh ko7t HITHHu et
al., 2014; Matsumura et al,, 2009), J7}2]Q] AFZA|E AL&Sto| ufe} vEHIL9]
MA7E J43] Eolo] AAAQ] Haf =3 Sol5%e2 & o v B3 A
d #5 EYCR IR WY vlg vt E HE dlofrh 19709 W2

o B AP FFol FAAAFAARRY o &Jsf ofAJo} of2] =7tof AlEH]
o ol WAI7F olHHE BB e YT =Y 5 AUTKSidhu and
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Khush, 1978). wabA] 1970 £3HES 7|02 ujd Lo A e Z3FAdE
F9] ZRjojFof met |3tE A "t o] Qo viEAR|et AAEE Fo] HA
Fo] WA kS A= AeE YA St (HAE, 1998).

A
o
5

o554 MR} ol AV|7H] MMARRE HH T HSIT A oje] A A%
0% Yojuhiz AFAE MK W 714154 Bt ofUet o] B4R Aol gl A

o A=Y7It Fete 71584, R]aL ofFol wejske Hi7]9] B & KF ALY

’

LY =
sHok @t (Xiaoging et al., 2007). O[5AR Aol ol 19| 1F2E 3T A

oMo 7ol S4 Aol Y= vA7] mizelal, o) A Fo A digEAdef
AEHE W o= BEAI G EEehs 27] =7t ot iAo 7sAd ol oA
7] gizolet, oj2fet 4 AMdES B2 A7t F¢ of2 A oA A52 L
2 dojubz E R0 AT} vlelel 2 ek a2 A7IRE a1t o7 A}
Aukd 715@4e) ke z do] Thssithe 7HdE AlE o Aok ERF 54 A
71 574 AQ9] 7|F2d2 4 AR AAIAHlag-time) & 7HAl=, A[2A 22
ol A oA dofup= 75T Aol A= & rk AAR I3 e

|
7137157} A tge] ofE A oofA] dojub= tiqti o] 7|t AAFE] BA|
of Q& 7Hs/doll sl W2 A-E0] 73 HO*E} (A3 &, 2008; AA 7} v}3]
Zl, 2010; Kim et al,, 2007). o]&gt A
BE Aol A= =AUt WL FofAlof X959 7|52 % ENSOSL 2 Tt
£ A9 o tiiti 7] 5@ gt ddo] Ho] S WS 7FsAol At (Stigter,
2012; Xiaoging et al., 2007), 3FA|qt o 72| vlE7} X|2fshe o2 A]7]% o
2 Jes] Wa x| gh7] wiioel AIX| 1} Aupx|Ho] Hgelgt Aol 7]$5HA]

o) AZgio] B ATE ST ofeke ATl Webd B AT HE B4
4 7)8g gato] WER veet eyl B B4 Aode] /| FELS A A
S o AN vk = BLRO| WAL o5& Bk FEH retrospective)
e st

Moving Window Regression (MWR) 7|®H-& Kang et al (2009)¢] 2] A|A|=
0|3 APCC MME A= E 0|83t sHlte 7h 9l 25 o] ANSIE QJ3) o8] AA1A}
of ol AREEAL JfAE EAA o=HHo|th (Kang et al,, 2014; Min et al.,
2011). MWR 7182 715089 647 22 o] o345 WrES saedel 53
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o] &322 Wrolct, CIRS 7] $-&-ok2] 7]
< A5 B FeHar AEES & 7|SQIAK climate index)9t 5 FHHS
(predictand) Atolof] e 4= U= A|A|AHlag—time) & L5t 2 AHHA
£ 7L Q= VISR S s R ANEShs 7ol %t o7 AtAkEe] ¢
3 =S EJTE ThOFRE FotAlof A Q] 723t Aot WA 7] UAE ©]

£31 t}oFst B4 A7) 428 o] £4t} (Choi and Moon, 2013; Kim and Kim,

N
2
It
i)
E
T
1l

R
—?—4
=
rlr

¢

k)

2007; Schepen et al,, 2012; Peng et al., 2014; Kim et al., 2007).

£ AL TS| L nlHE o 54 BEFY ol H7IZre] AN
2 7p3 AmApolt, FotAlot Ao B FHIE A oo] BH A%H O Ao
AP oI537] 915 MWRF CIR 718 o] §3 A2 2247 242 4459
ok MWRZ} CIRS A7) 55309 AZA T AAARL, T3 715042] A
e ER vl

AAZE 5= sty Wiz A7, gt Aol 2A Lo
3

AN Awshed Aasicta st o5 WrRe dekx o] dpae A
wWal7] Qe Tk Ate] 74714 Bt e} o 5 AR Ao gl X2le]
AR717E 53] 73R, L) o) o] Polsh T)7]9] BF 5 mE Tefsol
St B ATl olelgt /| Felalel /| F RG] MASS o2elaE vEe] 2]
UARE ERlelomel o) HEAow Futew sl duo] Adse A
shefi 20] Amolth, 0|2 913 Wt A|elolx] o] BT 24 11 59

2 e A9 5 Qe BESE A Halleo R ARSI, § MWR

3} CIRE B BAH AZEFL AUsiart
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skt 9], 2014), ST AT} AFEHA DB 2
713k 4 ololo] FlaSE 2T 4 Qs Wio] FMolL, E 24E An
o AIFE7} Y5 vob s EAREO] E8o] Brlsstria weksie] & o

M= o ol4F ALSaHA] ko) kA B Aol A MWRT CIR 7S 284

3.2.1 LBIX|S oS FARKIR ME 2 7k2

2T Ao M= Ly AHE o= A| A8l (National Crop Pest Management
System, NCPMS)E &l 8 s2H=9 Walls HHE Hestal v (5EX8H
AAO|E = http://ncpms.rda.go. kr/npms/). 71 = Wal=o] tigt A 7]A el o
AE7E Ql=dl, Wi ERbA S AA| AR ol iRt WalE od A=t 2 Al
Ak Ofslf AJAF] Aol o] Hrt, wid AR o] FojX= o FE-E A
TA7IEAE Y] gelgo] A E T oz zoA 2470 WelgS e R
A 5= s, Fallsol =2 TAYsh= A = =2
=S s el Wells 2Aele 2 Bells E2 A, s, 1)
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3.2.2 MWR SAHIH Holls = JHL

Moving Window Regression (MWR) W2 Kang 5(2009)¢] &Jalo] AHAH o]
F APCC MME A28 o83t BHEE 724 9 29l AASE 91 ofz] @Al
ofsff ARE=AL AN B Q= $AIA 71Moltt (Kang et al., 2014; Min et al.,
2011). Z|< Cho(2014)0f| Jsf gHt= A H 8] 7|23} Zpof et dS4de =Y &+
M= AIEE 7o = 27E ]l FiAdo] o] RojFlen, B AollM = i 7S A

3 B4 o3 WAHES o35y 0T B4 mEes Beed,

MWR 2 3 40] A|AJE APCCOA E{31aL Q= &A= 107] BE 3
Ao =H(predictor) 2 o8Ity A WS difez & 25° X 20°
(th=F 2,500km X 2,000km) o] AMEAF 0] A2 #ESHE AALR o] FSHA R

eSOl Histe] S (predictand) 9 WA WalS TR =] A
AE ARt AR, & Aolde AEE AR F= £40° W] AREAF A
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M4 APCC MME &0 7iE 2 XIZ B

Variable Description
PREC Precipitation
M Temperature at 2m
1850 Temperature at 850 hPa
U200 Zonal wind at 200 hPa
V200 Meridional wind at 200 hPa
uss0 Zonal wind at 850 hPa
V850 Meridional wind at 850 hPa
7500 Geopotential height at 500 hPa
SLP Sea level pressure
SST Sea surface temperature
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3.23 CIR EAM Hallz 2 7H=

CIRE 7|5Role] 712 A7E Es) Aelsu AUsel & /1FelHclimate
index) @} F4H = (predictand) @l W= vHYHZA Afo|of| ZAITF 4= Q= A A|7F
(lag—time)= 2123 LASHHAS S-E3h= 7IRolth. THH,e =2 AHHA
2 Holk 314 & ARE 7N R AXLE 7|IRIAE EA R o EZH AL
231 =} E Lo A= Climate Prediction Center (CPC)oA YH= A5}

A e 7IFRIAL B DAL R dHo|EEE 7R AAE FHLR 1671 715-AA
£ A95H3aL, NCEP Reanalysis At25 ARg-8to] 971 7] 9914 &3] & 59
AAE & 25709 7|1+ dAE SERsR ARSIAT A WElls DA A
AR 02 JFe nAE 715 AA ] it AR HE7E glvk= 7Y stell, SEA
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25 Climate Index Regression 220 AFZE 2570 7|2 QIXt
Index Description (reference)
AAO Antarctic Oscillation
AMO Atlantic Multidecadal Oscillation
AO Antarctic Oscillation
ATLTRI Atlantic Tripole SST EOF (1st EOF of SST 10N-70N, 0-80W)
EOFPAC Tropical Pacific SST EOF (1st EOF of SST 20N-20S, 120E-60W)
EPO East Pacific/North Pacific Oscillation
ESL Equatorial Eastern Pacific SLP
MEI Multivariate ENSO Index
NAO North Atlantic Oscillation
NINA12 Extreme Eastern Tropical Pacific SST
NINO3 Eastern Tropical Pacific SST
NINA34 East Central Tropical Pacific SST
NINA4 Central Tropical Pacific SST
NOI Northern Oscillation Index
NP North Pacific pattern
ONI Oceanic Nino Index
PACWARM Pacific Warmpool (1st EOF of SST(60e-170E, 15S-15N) SST EOF)
PNA Pacific North American Index
QBO Quasi-Biennial Oscillation
SOl Southern Oscillation Index
TNA Tropical Northern Atlantic Index
TNI Indices of ELl Nino evolution
TSA Tropical Southern Atlantic Index
WHWP Western Hemisphere warm pool
WPO West Pacific Oscillation

CIR AW 7 A= 083 2}, E6 A4 Y82 Cho(2014)2) B T1A

D BEAY WoE AR A MWR FARII FAsH vl Hoks 24
fex]
-

A AR 2L 2 S 1983 E 2014 A7HA] A=Ee 4



of 2 AgsiT, ol9h tEo] 7| FHsl) et 7] FRIel 54 o
Z\F@Akate] dgtido] Alzko] Aol et 23 aeatel, elw v
We] WA ESL AR SRS Aol e qlzbe] AjQlel ols] ZA] gt A1
& neelo] 19929 RE 2014071 WET BAWA ARE FLueE ALl
wapEe Awslo,

2) 71%4 F%1 £ ATAE NOAA Lsllolx|ofA] AZEE 407} 71 5eIAHE
ZolM i AN 167 71Fele] g AAEE ARHAE (NCEP
Reaanalysis 1) 42236 NOLE o]-§3to] APCCOIA 27 ALK 97 7| 521442
wato] & 257 1 FAAE B SAREG Aol ALg3teTt. olLA A 71514
52 olgsto] thiHel dEe] FHUS(P5E HAUR) 2] HTEAS 5

A 7P w2 ARHde Hole B57IRE 715-AAF B AAA R Hlag-time) & Zolu

T

3) 987 2Y Ag, Best SYALCIFAD) 4% 2 BhEEARY 74: ¢
oA AR A el SAEAS FLu R predictand) 2 3t F5H
7159148 S (predicton) 2 5ol M AAHlag—time)< 19]4] 1274U7HK]
AStA Sl AS A8t MWR WhEE SUs) mAAA T BUEA S
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Agston, g /89S dEshet Yol BEEA e Agstt. of
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3.3.1 MWR EAIZS0]| o5t HEHSAHI-EFITt

MWR £74| 292 19831058 201413714 0] et o A sm T s A
2 F2W2(predictand) 2 WSHAT} AFRE 7| FRFE 1070]L 2t 7] Fm o

A et *MPH% 107) o242 BAEA ] SRS (predictor) 2 o 83kt A

& olate L SEasEd dolo Bl dRAe BT YRR
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Month 1 month lead 2 month lead 3 month lead
JAN PNU - PREC
NASA - PREC
FEB PNU - U200 CWB - SLP PNU - U200
MAR CWB - 7500
MSC_CANCM4 - V200
APR NASA - PREC
MAY JMA - SST
JUN NCEP - V200
JUL POAMA - T2M
MSC_CANCM3 - U200
AUG NASA - PREC iy
POAMA - 7500
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31, 2013419 79 BY9] 2 gke] A4 WA 1/2 olshz TpamelsLt, of
23t FARGo| 7t AL & 71K SYW4L obd 27 olge) BPUSE A}
$3) FA LGS ol§stel IR 25 a1, FARY Aol tls) 157t
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stolit/dol "iAshal o] AF7E = FHAY LR vl Hot. AAR =
2] 2712) Ao A 4-5Eo] A WA B AulA]7]of] HEHA doke vES
7h o] Hof vE7} FAlekE AoR A Utk MWR FAEF A o] Al
Aol e 23 Q= 7= =atoly vikeof] A4 Wel= AaollA
°F 0.4 TCC Hko| dfISAS Kol A2 et H|E A2 SR, o] A
719] Bl o] SR Aol 3l A9 Ve o] Qo 2aH o T A

olo] wu FAo] G uA S Az 2 4 e

o|% 5 SoHE 6Y 2] HIEE BRL; Ho, v|Qkfo| A AR viE
e FECRE E2oE wet o5t Het, of o AEH MWR FARE-S

1} ol=Yr]olE AAR = FAEHSF A 99| SST (sea suface temperature) ¥
48 B9 oF 0,56 T0C2] o548 Holt Ao Uete), FopAlol £ée]
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o] ] &] SSTeF A¥t/gdo] lof o] HlF o 7hA] F3= v]E 7FsAdol U=
UERdL}, AA| = FobAlo} i) AR g efe] SSTeRY] At 71E9
7|3 8F Ao A ThRo{A] YTt (Wu et al,, 2009; Chang et al,, 1999). E+
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E7|RE Bl ghtolut Yo g H|F s E=t, o] Al7]e] AEE MWR &A%
Lo ol y|A]olet S0 Azl kx|l V200 (Meridional wind at 200hPa) ¥
TEH °F 0.59 TCCO o5& Helrh, E3t 7d AH7| oS4 HE 5 MWR 54
HEPom MeE Hyes o A9 2 MR of 0.45 TCCO| oS54 Holil
o). 62} 7o) AEE ole FolLt shkEe} ATE ALt olal Aelow
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F

3 FHol the o] 7)Fo] PHL uA 7o) A4k Bito] EAfela
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8¢ |52 SR ISR H FAEE ] et HEe 2 AFEIAY 6.2 BE 2

£ AolA= MWR FARES Fall Aeid 9 7|53y wEe] g4 =2
ol A= AGelA 9] A Aol o] Fof olst= 7SR M| A 7]
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© 71520 9l Ate ofrt QoA AeE o FARYE FAZ QI A
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AtollM= FAA 71 E-gsto] "R vleF dudo] w2 54 A9 7]
TS A AT F ol Bl o R HARY AT olsS 7|t Ql I
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332 CIR S7D0l ofst WS
CIR SARGL Foiitme] shof @ th7] 3kt oo o] G2 v 4
F MHES 2SI BAL W

7157ke] g olgstel 2% ZakEel W

1:}, H qq;:rmﬂﬁb CIR l'%7:115 S 9Jall 1983WHE] 20147kA| 9] FokA| S A
B A A R E EEH(predictand) 2 ARESHITE Climate Prediction Center
(CPO)oIA dE R AlFslal = 4099719] 7]991A & AARREe 2 Ho|EE= 7]
BOIAE ZA0 R 167) 7] 3AAE Mesl9)al, NCEP Reanalysis ARS AR5}
97 71 AE FE3te] T 25709] 719A e SHHeR ARSIt K 7154
2ol o] AAAZES 1-1270L97HA] HASHAA Fetx| e vt WH A 2hE e}
7P AT w2 719IARE AdEste] oS 285kl

198340 A 2014\ 7}A] 32W7F Yot wid L S H A 7= vfglo g s
Hl CIR TAIEF Q] o544 TCC = 0.39 (0.05 F-ololA SAXLRE Fo)E
Uelich S8R AAE FQ 7]30A= ESL (Equatorial Eastern Pacific
SLP) 24| A AAIZE2 97l dol et 17 339 9% 2= i SARLF A 9
2 v WYL BEE AT ATe] A4S vl AT ek, 2
o FAE B Hebbn A, e AES dage] Az melsha Eehe
Aoz vt

e A2 7154 ] a4 Bk of et APEFolu woF AN 5 71e
E_

ok

ol f25o] 27 GFL ulX)7] wlRo] o} ket FARA o] o] FojHof Tk, E
17} ko] w712 2okl A el B gl ol
ESHe 7150149t B A9 ZlFagte] Amke] Alztol Aol utet eFs)A A

U AR = EAto] 75l Rt (Collins et al,, 2005, 2010), waba], BEL2] WhAY
BE7F M= AGAS] Ao 2 QXS] Aol olsff =LA WEE AlFE aLEste,



84 | B HSHSATTY MMS QIS ARYIE HME W SAX HaiBoETIE Y

E 7] 51Rpe] gRFeo] Agtol| whel WRtth= 71 stoll, & ATkl A= Imidacloprid
= 2 ARESE] AR 199210 7|02 o d HloJElE A AL 19925
Bl 271K 9] HlolElE ARgste] thA] &’ CIR $A1R 3PS Alestlth
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»or
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1% 339] o}#fj& e 1992 E 2014d71A] 237 WakR]| <] vE L Ay
HA AwE Hgo® e CIR Eﬁliﬁﬂﬂ AWE HojEr} TCCE 0.57 (0.05
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2= 2.2 February

Best predictor (u200:Positive.csv) for \Var=BPH Month=FEB Model=PNU LeadTime=1 months
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Best predictor (prec:Positive.csv) for Var=BFH Month=FEB Model=NASA LeadTime=3 months
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Best predictor (u200:Negative.csv) for Var=BPH Month=FEB Model/=PNU LeadTime=3 months
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H=E 2.3 March

Best predictor (ts:Negative.csv) for Var=BPH Month=MAR Model=CWE LeadTime=2 months
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2= 2.4 August

Best predictor (prec:Negative.csv) for Var=BPH Month=AUG Model/=NASA LeadTime=2 months
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Best predictor (u200:Positive.csv) for \Var=BPH Month=AUG Model=MSC_CANCM23 LeadTime=3 months
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