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Predicting Potential Epidemics of Rice Leaf Blast Disease Using Climate
Scenarios from the Best Global Climate Model Selected for Individual
Agro-Climatic Zones in Korea

Seongkyu Lee and Kwang-Hyung Kim"”

*Climate Services and Research Dept., APEC Climate Center, Busan, Korea

ABSTRACT

Climate change will affect not only the crop productivity but also the pattern of rice disease epidemics in Korea.
Impact assessments for the climate change are conducted using various climate change scenarios from many global
climate models (GCM), such as a scenario from a best GCM or scenarios from multiple GCMs, or a combination
of both. Here, we evaluated the feasibility of using a climate change scenario from the best GCM for the impact
assessment on the potential epidemics of a rice leaf blast disease in Korea, in comparison to a multi-model ensemble
(MME) scenario from multiple GCMs. For this, this study involves analyses of disease simulation using an
epidemiological model, EPIRICE-LB, which was validated for Korean rice paddy fields. We then assessed likely
changes in disease epidemics using the best GCM selected for individual agro-climatic zones and MME scenarios
constructed by running 11 GCMs. As a result, the simulated incidence of leaf blast epidemics gradually decreased
over the future periods both from the best GCM and MME. The results from this study emphasized that the best
GCM selection approach resulted in comparable performance to the MME approach for the climate change impact
assessment on rice leaf blast epidemic in Korea.
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1. M 2 wE 1 F7HR o W] fdoll ot wsizt At &
AFE]31 Qlt} (Cho, 2009; Lee, 2014).

F 7| oSk Qlef S Mo 7]2o] ALHor 715Hste] whE A Weieo WA 9ol aukHew
st Aol Aol I et Hlwo] o7 ol thZst7] flsf = T2 Halsn FAA L Wels-=
Z7¥ekar itk (KMA, 2012; KMA, 2018). o]t 7| &&At Ao 715Hst JFErE At s o] oA gl
I dgstA Ao Sl sHRORIAE FAES A4 ok SRARE f-Ejuhet thEEo] A AES 71 elA Al
Hnk opuel foll AR A FEFS viAE Welle W oF Foke T 715 Ry (HadGEM2-AO)4 ARl e ARE
/&e] WS} o d=an Qlek A 71raste] whE S el ARESHAEE (KMA, 2012), 71 o= 3T Alue]e b=
5 AAEE Y] viske Qlsf HEFH W, WA 7b 34 Qs w7 IellA ke fhE 71k Au
5 L&A Weleol Uk 7L AE AulgtAlA Y] vk 2 2o, A A AHdolA T2 715 RE o Alue
ALE Wt 71202 gt FW Walso] Sk i Stel 95 shuste] AEHA] esr|ols 7]eHow HEA
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o ofzigo] Yal] ulEolsiet. ol Tl FSmao)
el B AR e Z) ) Aluelente o
& % 9l vje) Aol ok Behaae Hel Tl el
7] izl ghH oz X937, e s 2 7hsAol
A AR o g 2% Ao tigt AREE WA ok AR
& Kim and Cho (2016)= =t ¥ ®ali5ol thgt 7|93}
FFE7RE Bl 71 T e EE Adeert o
F\eme Afeloo] Bebly wel told dult Ho) B
ANE HAE 4= U=AE AXBHh oldgt 25 At
A BSHAe] WSl AgE 7)) Saut ozt
Ho| HAE 3Rt AAIst 71 A7t AMSE S-8-EoF 1
ol Adeell et 27o] Hedl, 1 F AR 7R
A =84/ 0] AL 50% oV e Ak o= U A
QI} (Kay et al., 2009; Lee, 2014; Wilby and Harris, 2006).

webs] 7| S AU o7t 7HAAL Qe EEEE F
det sl 9 ETIEEEE 8T A 7]
(Multi-Model Ensemble: MME)S Z-85}o] B34 A H.
ERE A7 vigo BT oNAHS Has) 5
Sfet <7} 2ol Fush SAET e (Kim e al.
2016; Kim and Cho, 2016; Murphy et al., 2004; Semenov
and Stratonovitch, 2010). °o]oj] G} 7|5 o] B3PS
thR7] SRt st jiREe] AlEEAL T, dlE =0,
g yofol AMgslel S8ERol Haiet A TS
AFSAY, ofj2RE ettt ESHAE Alethe 715 R
Fe AASL UmA] 7|31y AnE 285k B, B
7152t HE 7EA (weight facton) S A-8sh= Hhle
AE=37]= 3t} (Cai et al., 2009; Lee, 2013; Rossman et al.,
2017; Samadi et al., 2010). o]&3t HPHE©0] 7155t ol9+=
71 5Rs} AUl 08 Al Zl Rl Fat 27] 24
o] B T2 o] <la) 7 71 FRPON AkERs 715
o] AFE Aol thEA] Liehby] o]t (Semenov
and Stratonovitch, 2010).

QoA o) 71 FEge) BeuAe e
ek 7|53}t FFE7E I S ok E 7
7SR S 7S v Bk S AL
A4 (3-&2ok =) 715t FFE7E Slsf A
AIMS (APCC Integrated Modeling Solution) Z 2 13]-8- o]
golo] o] 715 Aufel ool digk AEZ s
APt thyo® AAekE 7$A=E ¥ =99 9%
52%Ql EPIRICE-LB2} $145t0] =} 547|154t E ¥ =
oA W RS Agdeld g, igo tEe
e 7N AT RY AR 7S ARESk] =

e E

—
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2.1 SY7|12 X & 7|13 ALtz

o A H ez E=ARGS ALt 30 FHd 71
F7F =] Qi 587N B ARIEATE YIRS A9 A
Aatalen, o5 A& Choi and Yun (1989)0] oJsff 7
o AE SR 197) SAV|FAdE FEste] BAsIcH
(Fig 1), 2 A0l AMg3 S2uiate] vl A 53171 5A])
= 0h33) 2k ey (1, Tacback Alpine), ez
At (I, Taeback Semi-Alpine), A~HEBAEZER|T] (III, Sobaeck
Mountainous), =HAWAZEX|T] IV, Noryeong Sobaek
Mountainous), FEWSAEEAN  (V, Yeongnam Inland
Mountainous), SEXUEX|t] (VI, Northern Central Inland),
ZEUEA| (VIL, Central Inland), ASA RS A|T] (VI
Western Sobaek Inland), =FHF5AUSA|t] (IX, Noryeong
Eastern & Western Inland), '3 WSA]t] (X, Honam Inland),
FEEAAN (XL, Yeongnam Basin), FEWEAH (XIL
Yeongnam Inland), SAJFHoER|c] (XIII, Western Central
Plain), 2}5dHox|t) (XIV, Southern Charyeong Plain),
AR (XV, South Western Coastal), ‘F5-3]or=|t]
(XVI, Southern Coastal), F3[HEFA|t) (XVII, North
Eastern Coastal), E3l|ol5-5-X|t] (XVIII, Central Eastern
Coastal), S3[PEHAl| (XIX, South Eastern Coastal). & <1
TFolA= 1971 sQ71SAH F 587 BRSS9
A8 = A (Db FEHUHSEAKHAID (VE
Aefelar ymz] sJ71SANE es A5 st
At

alef 7|88 Alue] e ApRe 7]t et R 2F
& o)A (Intergovernmental Panel on Climate Change: IPCC)
9] JJE5=7 2 (Representative Concentration Pathways:
RCP)E Hlgto 2 HZ|L7)21 3] (Global Climate Model, ©]
3} 7155 )0l oA AAE A o7 CMIPS (the phase five
of the Couple Model Intercomparison Project)S S|4 =3
E)9irk. vle) Aluele. 2hae] S 200-400kmo] 7]
ol FPEF B8 4= AT VL= ARt
Zash, 7|50l Al A (systematic bias)ol] thet H
o]|®A (bias correction)= I QR3}ch wEtA E ALoA=
APEC”|3A4lE| (APEC Climate Center: APCC)2] AIMSoj|A]
Agels 75Hs AvEle % wEaE Eekpb
(Simple Quantile Mapping: SQM)ol| 2J3]| AMA|ElE Aas
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[J X - Honam Inland

I xi- Yeongnam Basin

[1 Xl - Yeongnam Inland

[ Xl - Western Central Plain

[] XIV - Southern Charyeong Plain
[ XV - South Western Coastal

[ XVI - Southern Coastal

[ XVII - North Eastern Coastal

[ XVIIl - Central Eastern Coastal
[ XIX - South Eastern Coastal

Fig. 1. Agro-climatic zones and KMA ASOS locations within the agro-climatic zones in Korea.

ARE3IITE (Cho et al., 2018). 3 AlUE]e g2 117
71 S-m ol ABEE AR mlef 715k A2 Ao
A 58700 FE7 VEATt QIRIRE AR S 7 19gks =)
a1 of7]of] sHo A Wl FHEA] 52 Hidslo] A1 Tel= Al
SRE ARz<ld, EPIRICE-LB X% 7-5517] flef Zasgh 4l =
IERA 718, 7F0eE AT ATt B Al AURle A}
Fo)7| wiiRe] ARSI Eeh 7t TV dEAe] 30 Hd
7VIAEA R SQME 913 71 AR ARESIGITE i o]
A ARG 117) 71553} 7] 9 S} Alue] e Ahzol] tigh Z1A]
S U182 Table 15 Zarshd ot

2.2 H HiIE =¥

SENEH =71 Esks WAl (http:/nepms.rda.go kr/)
o Ul B HelEel gk ol o,z WA
FEE AFell Stk 1 3 E=Ewe A7k wAwo]
19%, TN 7HE80] 154%9]] 0|2 Q. v HalEH
=7} el HeAage] o ol ek WA ARvE B
5 A= A Hals 5 shdeltt (Kim, 2014; Lee,
2012). o]t v =] S04 7RI5lo] Kim et al. (2015)

2 Zjg ZAuR A (International Rice Research Institute:
IRR)®] Savary et al. (2012)0] <J8 7{j2ke) EPIRICE 2@ =9
slo] ) B = A SRS AT 4 s B}
(parameterization)@} A= HEF7} 59O TGS AH AU &
AJo]| ZE= EPIRICE-LB &< 7l25]1c}. EPIRICE-LBO] 7]
%= SEIR (Susceptible — Exposed — Infected - Removed) -2
A 2 el AR HAS e R fe] v W o
913 site 7ol HE AL, 7} site7} HYRtol = o]
o dofuhal YHARE Fof] X7t =AY AA7L = g™
o] IS 7+ TAME site 7H49] HIgR AWek= FRxo|ch
1y gk B Azt Aol idske 4 71k (3
WEA 71 A e 1 9 A B (5
A7, olFgAP] S)elck offel giE0] YU2EH SER HE
9] site 7Rt ARl wet GPg &R Hissi=d], ol ¥
e HEEE, S Regloll SEHole. myo] S2igk
ARYl| w2 A sitetd e site?] FAHIEQ] HRIHAE
2 Uepe, o= =EHe] e WY =R & 4
o} olHTh ApARE my 9 Haof thgh A Kim et al.
(2015) zfarshd o
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Table 1. Climate change scenarios from 11 global climate models (GCM) used in this study

Model Model Provider Latitude-Longitude Grid
BCC-CSM1.1 Beijing Climate Center 128 x 64
CanESM2 Canadian Centre for Climate Modelling and Analysis, Canada 128 x 64
GFDL-CM3 Geophysical Fluid Dynamics Laboratory, USA 144 x 90
GFDL-ESM2G Geophysical Fluid Dynamics Laboratory, USA 144 x 90
GFDL-ESM2M Geophysical Fluid Dynamics Laboratory, USA 144 x 90
HadGEM2-CC Met Office Hadley Centre, UK 192 x 145
HadGEM2-ES Met Office Hadley Centre, UK 192 x 145
INM-CM4 Institute for Numerical Mathematics, Russia 180 x 120
IPSL-CM5A-LR Institut Pierre Simon Laplace, France 96 x 96
Atmosphere and Ocean Research Institute, National Institute for
MIROC-ESM Environmental Studies, and Japan Agency for Marine-Earth Science and 128 x 64
Technology, Japan
Atmosphere and Ocean Research Institute, National Institute for
MIROC-ESM-CHEM Environmental Studies, and Japan Agency for Marine-Earth Science and 128 x 64
Technology, Japan

23 B =gY 7

231 SH7IEXY E AN IFRY MY

7} FA71 A HE SR 7t 7|5 o) 7] HE) A
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A Q@S B7Fsl] flsl Y 713He] A 71VREAR
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HjEFolu o] A7 HEE A 7)oy FHAXRARE 39
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E2Xo|ql7] gl FUE F5I o|FAI7IE AEste] mE
< ettt =] e A ArRe =l W EF
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F2 o gEghos AMEHIL o]oFA7IE Lee et al. (2012)0]
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& 27dof 25¥7ke] EE SHV|IZES gt 5 2298 i
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Fig. 2. Best GCM selection for individual agro-climatic zones. (A) Comparison of the
EPIRICE-LB results from observed climate data and climate scenarios from 11
global climate models (GCM) to select the best GCM for each agro-climatic zone.
Note that to compare the observed and individual GCM results, epidemics of rice

leaf blast for the historical
EPIRICE-LB. Blue dotted

lines

period (1976-2005) were simulated using the
in A indicate observed results

intended for

comparison with the results of historical period from 11 GCMs. (B) Number of
agro-climatic zones that selected each GCM as the best GCM.
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Table 2. Best GCMs selected for 17 agro-climatic zones in Korea

Agro-Climatic Zones Best GCM Agro-Climatic Zones Best GCM

II. Taebaek Semi-Alpine MIROC-ESM XII. Yeongnam Inland GFDL-ESM2M
II. Sobaek Mountainous HadGEM2-ES XIII. Western Central Plain BCC-CSM1.1
IV. Noryeong Soback Mountainous BCC-CSM1.1 XIV. Southern Charyeong Plain INM-CM4

VI. Northern Central Inland IPSL-CM5A-LR XV. South Western Coastal IPSL-CM5A-LR
VIIL. Central Inland GFDL-CM3 XVI. Southern Coastal IPSL-CMS5A-LR
VIII. Western Sobaek Inland INM-CM4 XVII. North Eastern Coastal GFDL-ESM2M
IX. Noryeong Eastern & GFDL-ESM2M XVIIIL Central Eastern Coastal GFDL-ESM2M
Western Inland

X. Honam Inland IPSL-CM5A-LR XIX. South Eastern Coastal MIROC-ESM
XI. Yeongnam Basin GFDL-CM3

IA717HS Ao & EPIRICE-LBE g3l =747t
=7ot 7]1S ROl Alue] e ARE vlugt Ay}, 7} 7] Sny
of whet Z12ar 7S A el et AE & 4= 9
At (Fig 2A). #7134 k= Aot 7P 237 Sk
5ol INM-CM4Z AZ47]-,—E°4_E RS N S AR
Ao (VIIE] 7<%-, HadGEM2-CCU} IPSL-CMS5A-LRT} 7o
A5 LAt 2717RS HARE 22 7|3 g v]s) Al
Aoz e Y5 Bl gl A9 7|TRg e v
EARCE ek 247 e R BPE*] ok 79t *WEHOIC

m-ﬁr

_4

=

iz FgR) Ak B o opitiel 7R
A AN BET 5 G T2 ThehS A8T 4 e,
o2 Sof ;

2006, ciat ol S
A7 B4 o nef Aol PoI4a 7158 A
Aso} & =art glek
heow AR ThE SIS YelA Fztel 715 mol
A3 Gl Aol whet F7kgte] wiEFo] taksiA Uk
AL B 4 Qlrk AUARHEAT (VDL FE5
SAT (o} 79 e 71Fmg7r 2] WiEEo] 3
o S Aelstn QiAo A ehd Wl s
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A (XV)9] A9 7| FREE F20gke] WEHo| Arhao
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ZogEny, 123 BE S EA el Al 2
FE2 HolA| ¢9t7] wiizoll EPIRICE-LBS| 2w &are]
ol a3 574 71504 (U1, A E Fo)ol
ot SQM A} 7R 9] Ho| R Adsol Rrfale et
% gk

AnHoE B AolM AGH SN BRI HEA
A = FA7ISA 1 VE Akl v A] 1774
3591715 A thel| T3] EPIRICE-LBS] A3k vlehoz 3
2Rl ATjel 1 Tk ATE B, = A1 A
o] kel & 7he] H27|FEFS MAste] Table 20] 1
EhRSITh 59715 A HE MR HA g B
A3, i 715 dgo] tf] FH7IRAHE the s aed
AR E B9l 24 o 4 Itk (Fig 2B). 7MY B 5407194
thojlx] AAE 715530 [PSL-CMSA-LR2} GFDL-ESM2M &
2 212t 474e) AT 30 AR BT, AT A
sl B3} oA olol nle} $at 5-g Rolk Ao B
715/, 7154 Fol EAISH | wizell, IRt R
FobAlo} Meolut FhibEe} o] Bat (1§ B4
2 FolA £ A% Mol 715mge Ak A
1491 ol T FHA7L 98 AO2 AZFEC (Cai o
al., 2009; Lee, 2013; Pierce et al., 2009; Samadi et al., 2010;
Walsh et al., 2008).
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3.2 sHII=X|i &

HERE T 2215 RP AukE vl 7]
A3l Q715 A 13} VE AlLI3E doiA] 177 5%7154)
djofl sl 2 (1976-2005), Lol (2011-2040), Huley
(2041-2070) 717+ Boke] =98 o HulbAZL-LS Saut
2k A= Aol BAIBIAT} (Fig 3). 7154 = 27
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Fig. 3. Maps of the potential epidemics of rice leaf blast for the historical period (1976 -
2005), near future period (2011 -2040), and distant future period (2041 -2070) based
on climate change scenarios from the best GCM selected for each agro-climatic zone
(A) and multi-model ensembles constructed from the 11 GCM results (B).

Fme] AUeles Agste] EPIRICELBE 753 2t
(Fig 3A)9h TS QMRS 2t (Fig 3B) Afolol o] B
B Aol 2 WAL 5 glodrh AIFAY = 13%
o] WuhaA g HolS HES w, HA|Hel F7H4 T
© AP BORE & 4= itk ol Ful SXHOE 3
H5t7] Slal 2 571 FAIT e A, 2oje, weje 7]
Zholl oie uIAES AxaeEe Teld Hlasteck
(Fig 4). $hA1 A= ] Aol mpbrb = el 547]
AR A\ FRE FRE P g o]
dhot wnlel At Aolo] FAZOZ Folulgt Aol7} Lek
AL et A g st shelo] ARleA| Lot 498 %
23 4 GIglch Anb o B 7oA EPIRICELBS %
8510l HA/| TRt ChERy S A0S Hn Bk
ik 5 o] fAR A Bl SRl
HETYAY (DS ALlsh BE 571 5A el
uee] we Wy RS} WA PASHe AR Ueht

o SRR (D] A5 B F1ge] uls) ulee
Bak 12% £9 Wy AFE FRIOW wujgels
60% H= W AI=rt AL o]+ <L Kim et al.
(2015)3} Kim and Cho (2016) 1-20}e} AR, 35 2
sl E W] H2 SEN9IR Yol Aol
weh B gH) ol =y WAe] F7ke o=
olZ=olct. SHAut el 7o) A|4H 0w Ate]
=9y WY HA LEWIE Yot o etk
ei] 51715 el A T 71kl i) ool B
27-68% Sy 2 S1PEs} Aashrk o) F wujghol
Bt 62-88% 71X W RSt FAA UL,
SR AR 1o HF A R ¥
o] o] glon] Wyl A ge] Z/FE4S fao] sk
Ao kel 9lek (Yeh et al., 2008). 5HI7h chie] o
WAL F7) 502 olRelAa QUi Sy 1] Aol Al 3
o HlEREY] 4 o] AR ofubAli oReth 17
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Fig. 4. Box plots of the potential epidemics of rice leaf blast for the historical period (1976 -
2005), near future period (2011 -2040), and distant future period (2041 -2070)
based on climate change scenarios from the best GCM selected for each
agro-climatic zone and multi-model ensembles (MME) constructed from the 11 GCM
results. Note that the epidemics calculated from the best GCM and MME were
compared for the near future and distant future periods in each agro-climatic zone.
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