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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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Mountainous), Z$E5USX]d] (VI, Northern Central Inland),
ZEPYEAT (VL Central Inland), £ A5HSAc) (VIIL
Western Sobaek Inland), =F5AUHSAt] (IX, Noryeong
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Yeongnam Inland), SA]5-golx|t] (XIII, Western Central
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Fig. 1. Agro-climatic zones and KMA ASOS locations within the agro-climatic zones in Korea.
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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 < 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 H =gYH 7|=H35 JSHIt
231 s7I2XH & X |22y MF
7} FA7IAI 2 Ak 2 7| e o] 7|5 HE} A
Uale & 14717 (1976-2005) E2t2] 714 PX}E_E Sl=:bade
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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 period (1976-2005) were simulated using the
EPIRICE-LB. Blue dotted lines 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
III. 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 XVLI. Southern Coastal IPSL-CMS5A-LR

VIII. Western Sobaek Inland INM-CM4 XVII. North Eastern Coastal GFDL-ESM2M

IX. Noryeong Eastern & Western Inland GFDL-ESM2M XVIIIL Central Eastern Coastal GFDL-ESM2M

X. Honam Inland IPSL-CM5A-LR XIX. South Eastern Coastal MIROC-ESM

XI. Yeongnam Basin GFDL-CM3

A7 4o 2 EPIRICE-LBE -8l #&5713At EE5 Holx| ¢9t7] ulizoll EPIRICE-LBS] RHle] oare]
=2 7|1FRF ) AU AuE vlust 4y}, 7F 7|2y ol T83 B4 715 (1, A e sl
o et Z1ejar Y71 A ehol] wt vt AE & 4= 9l thgt SQM ZFAllst 71Rie] Ho|RA Aso] Wrkile e
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3k o7} girhel BEAA AR HE 9 ApE myo] vle)
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U eE ®F SgstAY 7P Asol ¥ 73R
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HHA o2 ZHA] L JEA, FAfsfiet
o (XV)9 A5 7152 7t SHke] HEFo] Adide
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A, QR 7| FEHo] e | FAE o =
A g wel 2 o 2 9l (Fig 28). 7P B 57194
oA AR 7|55 &2 [PSL-CM5A-LRE} GFDL-ESM2M.©.
2 712} 47019 A|hollA] =& Ad/dE Hdr) 71952 Eg2 T
uhel 2} o ool e 95 S Holl 4
713, 715 S0l EAISH ] wizoll, eteE 23Rt
BobAo} x|ofoli} FHHES) o] BRI AHH B4 7t
7 oA 2 o= Hole 7IFRgS AFshs A2 &
22l o]fok TR A7t 9l AOR AYZHEILt (Cai et
al., 2009; Lee, 2013; Pierce et al., 2009; Samadi et al., 2010;
Walsh et al., 2008).
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ey opEal 227 sago] Anks i Bl
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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).

(Fig 3A)9F THEm P4k 2t (Fig 3B) Afolo] oo wiz
30 Aol WAT 5 Yo FA/NFAN B2 1-3%
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(Fig 4). 941 A= o] 2ol wpzirb 2 hiie] 7]
FAYNN HA PR Ry P AR 20
Sho wule) 2t Aolo] FAZOR Flulgt Hol7} et
AL WA wst shelo] AREEA ot 498
A3 4 gigich AT O B ATojx EPRICELBE &
$3t0] A2/ FR AL FRY P A0S vl G
23 5 ol SARE A RS SISk
WETYAY (DF Aslekn RE U7 FAGAA
ulefe] mehy uhg SR} WA Ak S0 ekt
o, ez (9] S 3 7171e] ) 2ol

Wt 12% wy uh SIEEst SO Hnleel
60% Ax= 9y Q¥ =r} At o= F<L Kim et al.
(2015)7} Kim and Cho (2016) A2k} ARG, G5 2
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whe} gl 3] Kool A uhale] 7K Ao
O Z =, SHARE Hnjolliz 7o) Ao Asiel
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o1x] 5715 A ol 17 717kl uls Zujee] Bit
27-68% =4 Y SIREsL stk ol wuleelis
Wik 62-88% 744 W R G Ak
=] kA g} wo] 2% BT gt 5
o Ato] glon] WAl go] S71ESE Saro] ZAshe
A0 A SIck (Yeh et al., 2008). SHAIE chefme] o
WAL Z71 M08 o]Fol 3 Qliz S Bl Aol A o
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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.
o e golol 9 S olal Z1FmEo] slojsls BaHAo] P Folw Bel

| 57] uhiel 442101

uPg oAl WAL < S o] B AL 4= 9l
AR Yeh et al. (2008) w8 sl ofet A
AR 27% U AR XS steb
of ATE A PAFES BHAN HHeHA = 2
Jell Z1elle SRiSAt (0, A (X, 54
P (XIS B]5e AR 57 AR A
A Al ofstel ma wle] S]] whie] A4 %
Wol 4 o] FolA 31 Gl thti eE WA Hae s A
o Wz e A8 et Uk BE wolg) Akl

BETYAY (IS AStshn BE Aelr] 342 WA
Gz gk wegol WAE A0 =it

B ATE Bl Seltel v =l vl By RES
NS, Aol FFL AL WE A4S FAto]
A3 Ffet Fol o] S5 Hujeiol & Aol

24

4 X L lo

d

oy

d

i

s
J

Journal of Climate Change Research 2018, Vol. 9, No. 2

EPIRICE-LB RE2RE] F7lE = B4 3 alasfjof
B} 94 g QJeigkon A W B Be AT
Aot A o|YAI77F AAfjol] 71HEeE 7o) wiio
Q% 2apa4o] HaAE Aol EPIRICE-LBE] 2elet
aejEe] CO9| FaFe As esiA| Eshr| wfiZel Tfsf
A= B3AAE Za)3cl. AA] FACE  (free-air CO»
enrichment)S -85 JEAJF oA SRR} 200umol mol™
=& CO, AHjollA =g Eago] 2uf o] S7Fskal=d
(Kobayashi et al., 2006), ©]2gt &312]<0] EPIRICE-LB2}
22 Bolle 2ol 280 Hojof Y 4l 4~ Q= At

2 9g 4 92 ol
B AoA Z15uet §agst Al Zlsmge] Zlofet
a WAoR TS tERY Gy



=4 sE7I=X &

o] urel o] A7\ FRY chEEY o ;% 21 @
Az Aae] Hol7} wol] gherh ang A A8
S _734147] 23 AAo| ] Y& Aelo] = ZAHo|ch 1:} 7]

9 7hol 2k BeEpdAe] HRe AMgAtlA st
o w Yol a B4Hel ATE w&of s B9 o}
wg QP HPES Aeishs Zlo] Wastch oA AFE
A, B BHE o L 6}711 Hhol "ol A=

2 AtolAs = el WA e Eol iRt 715wt
FEFB7E sl ARA S4lY] 71t JFEFIHE Sl6h
E AIMS ZEIHSE o]83I3lt o5 23 AIMS9
SQM “dAIgt 7S Esl Seluket 587 7S AR
S AgAIEE B oA o] o]foizl 7|5 S} ALt
ﬂixﬁP‘ﬂm~i7Li§ﬂ“ﬂWﬂx“‘FAHﬂ“E
P& AHsIIth thao g vy P 7R 2247
FuE 44 7He vwel] 9is), AR ERRel A
5 Alelos) 1) 7l5mge] oeny Auees Jugt
©& EPIRICE-LB W32 753]0] 7|3msjo]| nf2 u)#)] v
Eel wp QRES 7 5/l EE el v
st

= A s vige s 715Rst JFEUEE Sl 71
oA vijaLshs @ 715 O] 7S AU 25 AN
5H= 749 (Kim et al., 2015)2} 71831 Tl 7|35 o] ALt
e ARE BF ARGSte] 7|SEofA 7]Q1gE B2
AR ALsk= A< (Kim and Cho, 2016), 123 thAkA]
Oﬂj_q— /\]-_9_‘3]._‘:_ lr_gﬂ‘d'ﬂg] .EJ\H_Q_ 7}-7(]— s H]—Oﬂ‘s}._‘:_ 3‘&4247]
Fugo] 7)Est Al 98 AR 7ol et 2
¢l Hlwrt 755l Edek B3 2 AE S 4 57
SAI M= vpARE S oF 50 o]l 2070 74| =
wo] iy i) A7) W vis el olsiglon, o)S
upero. A WAl Z1ue SEAel WAl A 4
WIS AR AgolHe] oA e 4 o
Aow ke, et FF Wajgol diet Co, B B
% 9 olabalel B A RelSe] Al 5
2ol yiojo] Hrkyl wr WAMQ Ankg Alelr] =
gol = oI,

Lﬁi

i

B Of2) b S A QIBE OIS 141

Al AL

2 QI APEC 7]341E X|¢o] ofsl) SealElglguc.

REFERENCES

APEC Climate Center. 2006. Assessment of the climate
forecasts produced by individual models and MME
methods, APCC Technical Report, 1(1).

Cai X, Wang D, Laurent R. 2009. Impact of climate change
on crop yield: a case study of rainfed corn in central
Illinois,  Journal
Climatology, 48(9), p1868-1881.

Cho EY. 2009. The effects of climate change on

agricultural production, MS dissertation, Sookmyung

of Applied Meteorology and

Women’s University, Seoul, Korea, (in Korean with
English abstract).

Cho J, Cho W, Jung I. 2018. rSQM: Statistical Downscaling
Toolkit for Climate Change Scenario using Non
Parametric Quantile Mapping, Available from:
https://cran.r-project.org/web/packages/rSQM/ index.html.

Choi DH. Yun SH. 1989. Agroclimatic zone and characters
of the area subject to climatic disaster in Korea, Korean
Journal of Crop Science, 34, p13-33.

Kay AL, Davies HN, Bell VA, Jones RG. 2009. Comparison
of uncertainty sources for climate change impacts: flood
frequency in England, Climatic Change, 92, p41 - 63.

Kim KH. 2014. Development of a seasonal rice disease and
pest forecast and spray decision support model, APCC
Research Report, 2014-11, (in Korean with English
abstract).

Kim KH, Cho J, Lee YH, Lee WS. 2015. Predicting
potential epidemics of rice leaf blast and sheath blight
in South Korea under the RCP 4.5 and RCP 8.5 climate
change scenarios using a rice disease epidemiology
model, EPIRICE, Agricultural and forest meteorology,
203, p191-207.

Kim KH, Cho J. 2016. Predicting potential epidemics of
rice diseases in Korea using multi-model ensembles for
assessment of climate change impacts with uncertainty
information, Climatic change, 134(1-2), p327-339.

Kim KH, Jeong YM, Cho YS, Chung U. 2016. Preliminary

http://www.ekscc.re.kr



142 ol -

Result of Uncertainty on Variation of Flowering Date of
Kiwifruit: Case Study of Kiwifruit Growing Area of
Jeonlanam-do, Korean Journal of Agricultural and Forest
Meteorology, 18(1), p42-54.

Korea Meteorological Administration (KMA), (2012), Climate
Change Outlook Report for the Korean Peninsula, 151p,
(in Korean with English abstract).

KMA. 2018. 2017 Extreme Climate Report, 218p, (in Korean
with English abstract).

Kobayashi T, Ishiguro K, Nakajima T, Kim HY, Okada M,
Kobayashi K. 2006. Effects of elevated atmospheric CO,
concentration on the infection of rice blast and sheath
blight, Phytopathology, 96, p425 -431.

Lee CK, Kim J, Shon J, Yang WH, Yoon YH, Choi KIJ,
Kim KS. 2012. Impacts of Climate Change on Rice
Production and Adaptation Method in Korea as
Evaluated by Simulation Study, Korean Journal of
Agricultural and Forest Meteorology, 14(4), p207-221.

Lee EJ. 2013. Future changes and the selection of best
models for East Asian summer monsoon using CMIP5
models, APCC Research Report, 2013-06, (in Korean
with English abstract).

Lee JH. 2014. Evaluation of impact on the essential problem
according to the new scenario of climate change, RDA
Research Report, 2014.

Lee JK. 2014. Scenario selection and uncertainty quantification
for climate change impact assessments in water resource,
Available from:
http://www.ndsl.kr/ndsl/search/detail/article/articleSearch
ResultDetail.do?cn=DIK00013439455.

Lee YH. 2012. One-stop processes of monitoring, forecast
and diagnosis of pests and diseases, Agrochemical News
Magazine, May, p22-25.

Murphy JM, Sexton DM, Barnett DN, Jones GS, Webb MJ,
Collins M, Stainforth DA. 2004. Quantification of

Journal of Climate Change Research 2018, Vol. 9, No. 2

a1
wE

modelling uncertainties in a large ensemble of climate
change simulations, Nature 430, p768 - 772.

Pierce DW, Barnett TP, Santer BD, Gleckler PJ. 2009.
Selecting global climate models for regional climate
change studies, Proceedings of the National Academy of
Sciences, 106(21), p8441-8446.

Rossman NR, Zlotnik VA, Rowe CM. 2017. Using cumulative
potential recharge for selection of GCM projections to
force regional groundwater models: A Nebraska Sand Hills
example, Journal of Hydrology,
https://doi.org/10.1016/j.jhydrol. 2017.09.019.

Samadi SZ, Sagareswar G, Tajiki M. 2010. Comparison of
general circulation models: methodology for selecting the
best GCM in Kermanshah Synoptic Station, Iran,
International Journal of Global Warming, 2(4), p347-365.

Savary S, Nelson A, Willocquet L, Pangga I, Aunario J.
2012. Modeling and mapping potential epidemics of rice
diseases globally, Crop Protection, 34, p6 - 17.

Semenov MA, Stratonovitch P. 2010. Use of multi-model
ensembles from global climate models for assessment of
climate change impacts, Climate research, 41, pl-12.

Walsh JE, Chapman WL, Romanovsky V, Christensen JH,
Stendel M. 2008. Global climate model performance
over Alaska and Greenland, Journal of Climate, 21(23),
p6156-6174.

Wilby RL, Harris 1. 2006. A framework for assessing
uncertainties in climate change impacts: Low-flow
scenarios for the River Thames, UK, Water Resource
Research, 42(2).

Yeh WH, Park HH, Nam YJ, Kim SA, Lee JH, Shim HS,
Kim YK, Lee YH, Lee YH. 2008. Establishment of
economic threshold by evaluation of yield component
and yield damages caused by Rice Leaf Blast
(Magnaporthe grisea), Research in Plant Disease, 14(1),
p21-25.



	국내 농업기후지대 별 최적기후모형 선정을 통한 미래 벼 도열병 발생 위험도 예측
	ABSTRACT
	1. 서론
	2. 실험방법
	3. 결과 및 고찰
	4. 결론
	REFERENCES


