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ABSTRACT

An early warning system for crop diseases and pests is valuable when
the system provides timely forecasts that farmers and/or extensions can
utilize to inform their crop management decisions. In Korea, small radio
frequency-controlled, unmanned helicopters are used by farmers to replace
the conventional labor-intensive and inefficient spraying system. Using
helicopters is more labor- and time-efficient, and more farmers nowadays
use the helicopter pesticide spraying as their primary control option. The early
warning system can be utilized for the collaborative pest and disease control
using the unmanned helicopters. The system can provide seasonal disease
and pest risk information that can inform decisions on optimal spraying time,
which diseases or pests to focus on, amounts of agrochemicals 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 Early Warning & Spray System (DEWSSystem) using
the APCC multi-model ensemble (MME) seasonal forecast. To create an
operational DEWSSystem specifically tailored for the collaborative disease
and pest control utilizing the unmanned helicopter spray system, we first
conducted a survey to get a glance of decision making processes of the
collaborative control—the selection of agrochemicals, planning processes
of collaborative control, problems encountered arising from spraying with
helicopters, and others. Based on the survey results we set our research
direction and decided to focus on two problemsin thefirstyear: 1) development
of daily disease and pest forecasting models and 2) development of spatial
and temporal downscaling methods of APCC MME seasonal forecast. In
this study, we developed the EPIRICE Daily Risk Model by extracting and
modifying core infection risk functions from EPIRICE which, in 2013, was
parameterized and validated based on ground truthed disease incidence
data surveyed by Rural Development Administration (RDA). The daily risk
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score generated by EPIRICE Daily Risk Model was successfully translated
into a realistic, quantitative disease value through a series of statistical
analyses, and subsequently validated using another ground truthed disease
data recorded from 1974 to 2000 in Icheon. To utilize this daily risk model,
we developed a temporal downscaling method using a stochastic weather
generator (WG). This WG-based temporal downscaling method was
applied to downscale monthly weather data (from the APCC MME seasonal
forecast) to daily weather data, which can be utilized by daily disease
and pest forecasting models. An appropriate WG was selected through
comparing EPIRICE model results with original observed weather data
and WG-generated synthetic weather data as well as comparing statistics
of the original weather data with the synthetic ones. GEM was selected as
an appropriate WG for further development of the temporal downscaling
method over ClimGen. For the WG-based temporal downscaling, GEM
was first used to synthesize more than 1,000 reference weather data bank
based on historic 30-year weather data for each specific location. Second,
the best-fit weather data was selected from the reference weather data bank
based on the Mahalanobis Distance between the given monthly forecasts
and the reference data. Bias-correction of the selected best-fit weather data
against the given monthly forecasts was also applied to improve the WG
downscaling skill. Further improvement was accomplished by introducing
an additional ensemble technique of choosing 125 best-fit weather data
and using them for the EPIRICE model run. This process reduces the
extreme effects resulting from abnormal daily variability introduced during
WG synthesis. In addition, we considered the fundamental limitation of
the APCC MME seasonal forecast of consisting only of temperature and
precipitation data. Thus, we developed a simple way of estimating relative
humidity to be used for the developed WG downscaling system. It was done
by utilizing the Mahalanobis Distance and ensemble methods to select an
additional variable from more than 30 years of historical weather dataset



based on temperature and precipitation as predictors. These methods will be
combined to improve the WG downscaling system, which will contribute to
the seasonal rice disease and pest outlook using the APCC MME seasonal

forecasts.

In conclusion, the EPIRICE Daily Risk Model developed in this study
is a role model for other disease forecast models. It is the first model to
be used for seasonal disease outlook that uses the APCC MME seasonal
forecasts. Additionally, through the EPIRICE Daily Risk Model, many spatial
and temporal downscaling methods will be evaluated for APCC MME
seasonal forecast since it is developed to be able to use the downscaled
seasonal forecasts. The WG temporal downscaling method showed
relatively reasonable performance for the EPIRICE model when used with
all the techniques developed in this study. From the WG applicability test to
the evaluation of available downscaling skills, a complete set of evaluation
platformis required for additional evaluation for other daily agricultural models.
Through this study, a daily agricultural model and a temporal downscaling
method required for the use of APCC seasonal forecast are developed as
an effort to utilize climate information in agricultural area. Nevertheless, in
order to connect the climate information such as seasonal forecasts with
the agricultural information that is useful for various decision makings of
agricultural stakeholders, bi-directional approaches from both climate and
agricultural sciences are needed.
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Table 1. X|ot 1187} (2000-20101) ZL{ B & SHHHX0)| st =AED (B SXIA

normal
years

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 |average

Leaf blast | 84,591 | 58,810 | 20,108 | 54,042 | 53,998 | 41,963 | 81,765 | 45,255 | 33,046 | 31,234 | 10,757 | 46,869 |(14.5)| 46,870

PZ?;::G 9,465 | 4,261 | 4,006 | 48,278 | 14,199 | 14,238 | 12,848 | 20,693 | 10,323 | 14,156 | 5,584 | 14,373 | (4.5) | 14,374
i}lli:alz? 291,655|276,298 249,761 |243,514|273,246|227,126 | 224,743 182,155 172,700 123,950| 152,881 | 219,820 |(63.8)| 219,782
Bz;:it;hrital 1,890 | 918 | 2,109 | 10,053 | 21,646 | 27,479 | 29,485 | 10,175 | 19,605 | 11,607 | 11,490 | 13,314 | (4.1)| 13,314
gBrz(;tfrrizi 16,609 | 6,612 | 10,973 | 10,990 | 19,270 | 9,875 | 9,313 | 4,329 | 8,119 | 651 |29,256 | 11,454 |(3.6) | 11,454

Stripe | 5,124 | 2,804 | 1,654 | 1,885 | 1,401 | 480 | 14,137 | 1,509 | 6,006 | 21,541 | 525 5,187 |(1.6) | 5,556

Black-

streaked 37 4 20 00 37
dwarf

Rice
dwarf virus ©9)
Brown -3, 634 | 4,106 511 1,405 | (0.4) | 1,704
leaf spot

ete 4695 | 8494 | 5424 | 4208 | 21507 | 19505 | 10234 | 19184 | 17392 | 13305 = 12,403 | (3.8) 12,404

total  |404,210|357,089|298,315|374,589392,685|343,589|378,139/286,978 268,553 |220,531|223,798 | 322,588 |(100) | 322,589




Table 2. x|zt 1112 (2000-2010) =L B Halioll 2|8t & Zeg FEZA0 (B4 STE, 22 %)

year
2000 | 2001 | 2002 | 2003 2004 | 2005 [ 2006 | 2007 | 2008 | 2009 | 2010 | average | %

diseases

Leaf blast 0.04 | 0.02 | 0.02 | 021 | 0.03 | 0.04 | 0.03 | 0.04 | 0.00 | 0.04 | 0.02 | 0.04 | (7.7)

Panicle blast | (0.02) | (0.01) | (0.01) | (0.20) | (0.02) | (0.03) | (0.02) | (0.04) | (0.03) | (0.03) | (0.02) | (0.04)

Sheath blight | 043 | 036 | 0.40 | 041 | 0.44 | 040 | 041 | 030 | 0.30 | 023 | 032 | 0.36 |(69.2)

Bacterial blight | 0.01 | 0.01 | 0.01 | 0.01 | 0.03 | 0.05 | 0.04 | 0.02 | 0.03 | 0.02 | 0.04 | 0.02 | (3.8)

Bacterial grainrot| 0.03 | 0.02 | 0.03 | 0.03 | 0.02 | 0.02 | 0.02 | 0.01 | 0.01 | 0.00 | 0.10 | 0.03 | (5.8)

Stripe 0.01 | 0.01 | 0.01 | 0.01 | 0.01 0.03 | 0.01 | 0.04 | 0.00 | 0.01 | (1.9)
etc 0.02 | 0.01 | 0.02 | 0.01 0.04 | 0.01 | 0.02 | (3.8)
total 0.51 | 0.44 | 048 | 0.69 | 0.54 | 052 | 0.50 | 0.40 | 037 | 0.49 | 048 | 0.52 | (100)
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2003 | 2004 | 2005 | 2006 | 2007

average

(Yo)

Rice 115100 | 11376 | 14073 | 8318 | 4526 | 6407 | 2274 3332 | 7672 | 2571 | 10315 | 7.82320) | 9372
stemborer 1st

Rice
by 10313 816310809 6557 | 5215 | 3036 | 729 | 2007 150 | LI79 | 8493 | SIs9(13) | 5931
Armyworm | 55819 | 1274 | 2266 | 570 | 216 | 393 | 344 | 381 14,551 8424022) | 7,658
Rice leaf

136484 34760 | 27716 298,112 63835 | 183,098 103,668 168299 85176 36162 36741  106732074) 114718
White-backed| 3 5, | g 524 | 42039 12072111 97,644 | 153,941 124,147| 87.407 | 68,550 | 53217 | 44,042 | 88474(22.7) | 97818
planthopper
B“;l‘:gp’;am 16589 | 2457 | 582 | 33321 | 5181 | 69,551 | 54,189 | 26,564 | 16,429 | 2,668 | 32,141 | 23,607(6.1) | 26391
Small brown s 203 8603 | 22,768 | 15,042 | 35771 | 13,737 | 17,009 | 26,645 | 18490 | 78720 | 8291 | 26415(6.8) | 224984
plant hopper

Rice green |} 1he 25080 | 22768 | 15,042 | 35771 | 13737 | 17029 | 26645 | 3269 | 2106 | 5585 | 153703.9) | 19085
leathopper

RL":e&Zaf 1098 | 457 | 1910 | 2,159 | 3360 | 1,518 | 1,109 | 9,596 | 10,073 | 439 | 691 | 2946(0.8) | 3,177
Rln"sniiaf 4175 | 4471 | 9258 | 4900 | 13,683 | 3,842 | 2816 | 7.686 | 8,521 | 3812 | 3,150 | 6,029(15) | 6,575
Rice St::n 185716 | 1373 | 687 | 1,132 | 2906 | 1,685 | 1213 | 2435 | 2918 | 1,021 | 1478 | 1841547) |205168
Rice water

o 10295 123811104386 89433 120204 89288 | 84003 | 110,519 70,726 43821 34174 80,060(20.6) 955514

total | 467,782 331,348 | 260,162 | 681,797 | 388,312| 540,233 | 408,550 471,616 |291,074| 240267 185,101 | 389,454 | (100) | 429,291
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A 9% Folle 4A % Rl /b teloms WAYeRE BET F 9
L PelE iSRS S WA QAN aEe BER g m AUy
Ao W] 71evh Bl WAPIRE AYsIE 44 gk web Holw

R

W AR e SREe WEHE Af £4S Hass] A P
2 B ATUAS M Gtk 3 AEd AAE ARshe £RE, W 19
) _

S AAS YRS BRIk She WalE RIS WAV FYeks =77k ofd

AR EAEES nolFo R o Swe] weh WAL WAl e g
A A AlE F JES EeE e $UU. He B Avedt e
AAE 55321 EPIRICE Daily Risk 83 APCCAA Aake A 57|54}
22 Agstel A AN B0 AH WENPET HESHe e 3 WA BHow
A}t

Ao olddARA 201349 AFE T FH %ﬂ]”lﬂcﬂ?ﬁ\_fﬂ Savary
(2012)°l 9Jsf 7ie EPIRICE R3S =

AFHEY TS A5 7 AE Ij*r@r(Darameterlzatlo )2k A= B
w537F 50 e AA =l Sl S A3} Hlom, sx1o] Pshke o=
o] AA| WZARIEE o] 838t 1 Aeol AFEUTE o) ATtelld FAE A
EPIRICER. o] A& E=9= o] ML= defl HHo] w7l Ape= o Al&st o
ofd 4 Sl AR W AT FA)S MR 34 (disease progress curve) 1

o] A WAl AUDPC(area under disease progress curve) gt £l o)=317
ol itz Aoltk whaba] Al Aol sk ZdAtE o] B HAEE AR
e ek AaHo® 2013 A HEAE VFHSA VR e E o83
] W =Gy JYFHvEE e vl Aol st 71sws g A
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st7] A8l 23e] d<esh(simplicity) 9F AR} (generality) & F7ohs WaFoz
HU7] woll AAZR Wale] AP EE et AdstA vge & stk o
g ALASARE 8aliM A ol A ES F o ddHor Aish] Sfsl
7% EPIRICE E39] 4w e] (core infection process)E F=340] A2 dH

AR E 152321 EPIRICE Daily Risk 23 7ldaaith

H BaFel] ek 271 ARAAEE TEN] s E Fo BEEel de oSn
o] shmslolof stk 9 ATHEO] TRl Wa ojEmFoe] AR SFess

9
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10 olFol Aot ek Sl itk Tk olel et tisiewA 1A A
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FHT e ALASIRE A3 Y gl e ol BET S JE WAE
B A ek e A7 S ok v Wekee By T JauHeE 4
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o

=

Wallgo] 2HES 7.%?3*1713 %El?ﬂ, Aoﬂ~ ?J 15— 23
3= o) = Aol

4.1.2 ABA=A R EAZ A3

# A5 E3l /e EPIRICE Daily Risk R#o] AH8-8

7VARE @ APCC AdSA =AM e d= 7t f17] Wl
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3 = =
3 O%%E%‘Oﬂ/‘iﬂ S kel dA] PHEARE AlFEIL s AP
AAEE HA o o]Fojxok Fit) 2014 % APCC 74 5 shaEH
A el 23l JekA]e] ASOS 71 aEA AFERE APCC APdelSdRe] tigt
4 A FREITE (A, 2014). webA] 2 AgelM= AAS AR ]
3 3 AAEE Ak sjAsla A AR, S d@A S8 7)1y 98 e
= 7t AH9 dAREE FEste] dEAER A
3} sk BAIE 7ol digh A5 FHoE Al

SAZ AISE 71 48] 7SR BrtE = Al SR A e 7]
5 Atolol] B A ola AR FAAAE Akl EEsh= 7otk weba EAIA
BHABATE el o] Foix]7] Q1A Esh thA]e] Thed B VSRS
A7) e U] A7 FAET} FHE] g Eojo) fﬂﬂ}. SAA AR 7]
MO 2= weather classifications &-83h= 3} E%%"’F W Alo]e] 3]
WAE &8ss W, 18]1 weather generators &-8-5}¢] ’““ﬂﬁr she WH 5ol
Atk o] FolA| weather generatorgs &8st st 7PHE o] sstote] 7|5
st FEFF7E ALASEE 2 ATl EUSHA AREEHIL Q7] wiiEel, ¥ dAgtellM®
w4 Ve =Yste] Frlsiivh

b4

rJ

4.2 Weather generators &83% 4134 A3}

SRkl ARt o FgE= o 7 A 17‘* A T e ERA
EH

A7] (stochastic weather generator, WGQ) £ ©]-&3t 44|37 |HS Aeste] 1 87}

e A7tk ATkt WG &8%t *17&51 Ask 7IHE sl SlsiM=
WGell thgh olsfie} F7p7t WA Adasolof dtt. wbA ths FelMe & Aol
AR WGE T o2 WGl tigt "QHP@ dejet 7F 71 aad s P A
daElE, ARAAS tiE WG 28 55 SHOE doli S itk



4.2.1 Weather generator?] ¥

Weather generator (WGQ) = 7] #=5H JA71AIEE vg o2 slo] B4 o=
= o

© MR S el o8l 7 eAEe 5 AR 7R 28 Akl At

5% Ashe sAEdoln o] o AEE Y Ane USARS FAKOR AR

TEE 7HAAL Hh SN WGE Felld ST Eo V1 8%k e A1 =

Theetne FE AAdd VJXPEE o] gt AL E.—*éil ARl A =" A
=

7P 271 WG ol el WGEN sExle] FARdy S B2o0w 7ieyg)
t}(Richardson and Wright, 1984). 1 ©]% WGEN<S vlgo g 34 B2 WG7F 71
kel Qt). CLIGEN WEPP (Water Erosion Prediction Project) =3 Wol &%
o 7iE WGRIH], o] 9A] WGENS 7[§to = 7= A 735=2] 7% (intensity)
o} A|EAIZ (duration) & A eh= 71e0] 71 Edel vl FrHom FEth 1
9= USCLIMATE, CLIMAK, GEM, ClimGen, LARS-WG¥} & w2 79
WG7F 7idkefo] o] ofolA] Eguo] gty 5 WG A57HA] B2 Fokelld 717
58] A5 Hek A7) 71 AAE Als B, #9471 AU 0] F
AlsHa Ml Foll 4850 itk olgst WG 2k, &%, 84, AdE] 9] tof
Aguo], FAAA, e E e JF Fe T2F EaE o]8Ho] 21 3l
o gk H 7P olerrt HaL Sl VIS Wt ROAY T 7I5RIske] &= Ert
sh=d] ArE7Pash ok 2491 Bf it

AT+= o] 718 a FolA 7P Aol H A FHoE By Y
o] oA gtom, Akl A A W (Precipitation occurrence process)
¥ 7o) okS AAE= 3 (Precipitation amount process) O & A vFrolzith
o3 zQl 35,\4751 WH O 2 Richardson(1981)©] AIFe WGEN E&ollX= 73 Ay
HAS 29F(two—state) 12} w3 A9l (Markov Chain) E&o% 7P43kal Utk

= ¢ Ao AT -1 AEE] Begelut dERthe e aha, dojgt

H HalE 27 I ZEAA MES 95 AR ISHE |2 sl oS L WAl 23 she 31



& (transition probability) & ¥5 AH5ZHE AAlste] vle] 4 24 55 A
stAl ®ok &= o WGR! LARS—-WGE +73 ¢4 (semi—empirical) HH& AHES
03] AL ATt WS dell A k] AddAG =3t THeely 3
o} 22 Fegs A= dAPF Q= Zlew deA Uth(Semenov and
Brooks, 1999). =72 = AWsh= Hd2 A Anzie FE3 A48 g5 U
T 3N E Ao i FEohs WAolth R ol 2ol gE URd
= vl B 2 % BY g8l S3HEYE 59| Itk (Richardson, 1981;
Hutchinson, 1987; Wilks, 1999). #<* Furrer and Katz(2007) %] d7ulg&x=
A= B (exponential family distribution) 8} ##EE EAZ Ak 4 9= At
st A8 2ol ost GAAAYY] RS AR IE sisith A @] Aol AR
of 03 1%k Qlerw o|FdREE, Arae Aol e s 2te RS 4
Ao wH, 7|0 dushE BEs A8 daglegs IR o8 & 3
th o] Rl weE vhE Ve AaE, S Ha/HATE, dx 3
% 5o relel ALt Ad 7} T1dead] s vigeRE AW A g
SABAE 7 7oA ARl B uliitel cross—correlation?} auto—correlations

7)
TSP Fde] k.

O ol B AT AE GEM3H ClimGenolehs WGel thaild £t A4
SPl Slotu g dik

4.2.1.1 GEM

GEM (Generation of weather Elements for Multiple applications)< H]
=2 ARS—NRCS (the Agricultural Research Service—the Natural Resources
Conservation Service) Hell 284 7ldEl WGolth GEM 7|Eef 7= H
USCLIMATE (Hanson %, 1994) 3 WGEN (Richardson and Wright, 1984) 2] 7]&

AR F2E Ao ® JREARE, 7]E B Eol HlEl ofg] 7] HellA Aeert &
dol ® Bolth AA7A] drdlol=d GEM s, Ha/HA7L, YA, ol&
ALE, 35 & AACE Higts 7K dE7PAEE 98T F S

32 AT



GEML 74 A 855 WGENY Zo] 294 1} vl A)Ql Fgo 7 7S
sich A 7o) tigh B AEWEAL AlgtE Fgle] F5-(finite Fourier

series) 2] =2 (polar form)ell oJaf AYETy. Hr|=23 o 71384e] vEais
g (multi—variate process)= AH3s}7] $a41:= Richardson(1981) 2] WS 1t)
T 7Y ARG AR 0w 5719] V1 e s ﬂ”ﬂ AEFTEY 7] HAE A
ok 7 207l wiiel o] BE V1o AsE AWsty] fleiA ARgehs GEMS
B EgAE 6 x 6, A9t B W|EgE]AE /\]'%3]'71 , °] 6 x 6 WESAE

B AWAANE, WL, olEALE, F5, T A%HE 29 F) S A

e
.—E
JlN

l st nE 7hsdt A l TAE o] itk wlxEr G4 29 ko] Hur]L9] 2b
ol FTHE HdA "R A, F52 thE o 74w Ado] FHo 9lA

27wl @dstlel ofefwol vk shAIRE Folxl UApe] FE53 Hav|2e) Ad
He] zto] Afololl fFe]gk WA} Utk ATAANE R o R G B vERAE &
okl AM 71w B & Aol AZE AAlE Sfurt Qe Zle® el
thoofukebd, dnkdow et FH52 FF 7188 AF & A3 w-o] Hol gt
delx Q7] wiwelvh At vRPHAE u9E VVdeAsl] Fdat WAl
(coefficients of variation) ¢] AdH-g2 Agkd Felo o

ot A2be] 71 Bk I8k alld dAke A el weF 2xF o
A%o] Hr dARF gk ALARFE] 10%SF 90% AtololA

o] et

rlr
N

AN GEMO] ofdds] 7L 3= dAEe] SR o' 5o D=3715l
ik AgAge] "ojx|a, 2) dERT 22 ARMERR A skt Adsol X3
S, 3) A AT B W2 A9 A (Y i 22 o dF= 2T
Fotal, )33 S e XRte AEolth SN ol iRl WGTE

7HA AL Qs dAloIH, A WGollM = A5k ofe 7] A E= "olM7] SIek A

H HalE 27 IJEAAY MBS 95t AN IS MR |8 Hal oS W WA 23 e 33



4.2.1.2 ClimGen

ClimGena WGENS vl & 7jubel of2 ool WGS Hlsdh whHe ARgs)
o 7V E e b TR GEM thi-2o] 7154 )l Helld 2 vt
Qa2 A} wlFo| 1o T we AR o7tk ok ClimGeno] U WG
= 58] GEM3I 2P} His 2 7H] 7]l diaid A S

ofr

ClimGen> IAVSARE B3t ks g2 Absslshz 710l F7H3Ath o]
© MEA F7HEE #5AA0] AW FA7IE SElor & o] {83t 7]solth A
5713 E ClimGeno| Q1218 = Qli= o ® WHEke] 7719 sbA ClimGenellA
AFso R Qla Bdks xdskA "k ek thE WGSF 2] ClimGenells= 4 7
TS A8zt Weibull distributions A3t} Selker @} Haith (1990) 2 Weibull
distribution®] TH: WGelA ARgsh= the EEtazel ujs) dee] /M= SS el
vE Sl a2 & ClimGenoll A o8] 714848 AdW-s/ds A4t sl A&t
1 A3 (spline—fitting approach)©] A&H 30t} ol the WGelH Al&eh= g
of §FEY £+ o U Aees Hole Zoz deA Qlvk o] gelx ClimGenell=
Bristow?} Campbell (1984) ol o]l /e UAF ghs 9 u] 7|24 7|Hks
= WHE AREshE 7)so] FUHERITE ol Y dAabe] dist A=t FSeAY F
Zroll A57} gl w5Aou x|l f-8-sA| A T Sl

o
il

GEM¥} v Z ClimGenollA % FAFSE dHA50] =413} ClimGen?] oS

AlAPE o[ AFES B, e O wsAdoly I3t A E AldlE Bols)
A Fal= Ao 7 vehdth(Safeeq®t Fares, 2007). st 2 o4 E= ClimGen©]
A A EE skl Adso] HolR= AosE e IR 3kt (McKague

2003). Z3Ho% B3l ClimGen? EA|Ql WGENe| Blejr = 5ako|) 71L&
Adsk=d o] & o > Aoz LA ltt(McKague &, 2003). A4 #
el WG7F A9A R e e HRlth= Zlojth 53] Azt MsAot o
Hs/do] 2 7520E AldE BoehA] Jeshs Ao® delA Stk webd WGE
ARsIAY AREsE]ol ok A8 AR 94 ASo] J T AREORT AR
ojo} g+ Zlojrt.

nE rlo o ofn



4.2.2 Weather generator &3t A|ZFEAMAE} 719 9) 7

Climate Information Agricultural Information
Seasonal Forecast
Dynamic
models jemmmmes @ Statistical Downscaling -------- ~., @Crop Modeling

VI
o o :E
Global scale | — § Local scale E _E i E: Croo Growth
! Low resolution | -3 | High resolution | © § Daily | : P
g 2 T b > g— @ —Weather | Disease/Pest
@ =| 'emP. Frep | G 3| Variables: Models
[o] = O
o o

IR [ vemp. prep

Figure 4. 7|32 2 225t SYSLYEO ME 2, JSHEE SUSSHER HZHA|F|
= O Uzol AZZHE MMEHD)IZ Si W2 ATV AT JESHEE 5
ADHO| ALRE 4 Qe =2 AZZH SHAZO AMMIISHER HBS 5 T 7|
SHEZ QAZOR AIRE 4 = MBME TE YIS DI 22 SHZH(Q)
S [Este DES ESHEH [APCC HITETA(XMT 2014)0] TIES UE SIS

AtE8H
APCC MME AZAFER7} SE7133 02 AlgE7] wlite] tFe] s5s
o Ao &S YalMs dHVIgEe R AAEE HojoF sttt WGE €7 IAIRES
Au7AAtE R A 8 = Q= 7P dubAel WBH Fof shufoltt. WGE &3
RS WS T2 277 AREEO] Stk 7 ARl uhHe FojRl 1E EE7Y)
Aae o R WGE B J8aks 298k Aotk WGE A8 daglss o]
etar Sl Aol ket 71k eae] Het, WAL FERE o]FoA] Q= B

q

=

& 23R Z9ld] o3 Sk AL Aske BAE 542 wele FIR



il

22 AT 5 otk B QR 2 PHe AR ol J15ust )
A (Wilks, 1992; Katz, 1996; Mearns &, 1997; Semenov and Barrow, 1997) 2}
AASA R tigh AR ISP A5 (Wilks, 1989, 2002; Zhang 5, 2004) ©]
A AREE 1A ghek ok B S AR o] FAEoF & Ao] Sl WG 917
BRG] FE BAANE vfEeR spr] wlwel dsks 54 Baolv #A $AA 5
A= Kol TS AEshA 71 felide dde] W o VAR E A

Sojol Aal= EAAE 8L 4 ks Zolth

T WA WGE g3t AP dAsl Wi sHdE Q7 1PIREE 27 iUt
W2 3hE AR Ak 7olth 7P hdst WhHE 3TV AR AA Bt
I 322 AE7PSEE] Afo) (anomaly) & AR A AW wallTe A #
A= Exéﬁﬁvz* ‘ﬂ“ﬂ 1‘:} Frege] 79 324 W9 Aol Folxl AdEelA

2] %@7]’6&4 2ol PEEO—E PA7VIAEE BAF BAste] AR of)7F EAsh
(Hansen and Indeje, 2004; Kittel &, 2004). ol&fst W& 325 7] Adi4
WY TFs/dold Aol thet v2] 2271y (priori assumption) & B2 H] 7] of
ol o] WhHe| mls HRtskA] okar —.ijﬁo] Wioltk Hansend} Ines (2005)-
v)e sl Akl glE B dards AR R wigksle] CERES—Maize B

Esb7] flsl 9 WS AR, ATEde] mE WG 283 A
Azt B 5 WGE B d9iks 24shs Ao A7VAE AAE 14 9E7]
&gkell SHAl AlER koL BAF BAgshs ol U 12 e Kol Zlo® YEkith

AeAow v WallTol et AdASERS] A, T1Elar o] F S5k A=) A
SAEASE el e APCC sAE ] AP =EZ218d " (seasonal  crop
outlook) 2] Attet & Wold Z} HaliFe] A4 A= JEE W Wals 2778 KEA
AELE FE Algshs Ae HRE Stk AESARS] sUREF A AAA 28-S
A AAE vIEl FulelM o274 Adst WA o> AER- JHEEofolt) o]t
AMEL AEE F8l AldoSelehs 71 Q= ARUE s RE Wk o Qs A
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L 2997] 3594 A T 94 3% B 299 F3E %A 34T
1) 53 =9 247 =EE SshEE 24e= -
2) 5H =R FEeudiats] ¥2E 25 2E -
3) TR 1Tt EEEd OE e laT BleR H9M AR ()
4) 715 )
2. B94E7] 35 9T F 8, 331 95 RGN
&zl )4
2) A7 2F A A b = EA )
A am EA boood R EA )

3. QAR EER HFAIPIE ARE o, FOPRNE A3t FFSHAGUT?
IV 2) gtde ()

4. HAFEER YA E AYTE o, #He ASTARWAIERE L0t BFHYT?
nai( ) 2) epde ()

5. ReE7] AEE F Ide I TEd A Asna FEehl Fol Ay
=) 2) gtH2 ()

# APECOIZHEPATE ASNLEFEE $F TP SHALIE FHSET GaLic

6. APEC7|ZMEI0lN UL AL S o83 27 7988 Aojo] T 7F5H0 &
£ B3-S U2 22T4W T OFY £ YW, 0] PBF oA AESHAIRASUA?
1) A sl 23Ae 2R Hee ZET 4 At ()
2) wA7RE 0] B2 HeREd G 599 T £OIT,
WEbedo] Y welae] ¥ 599 ¥ W 4 U% ()

3) BBt Y= 2e] AT Bash gtk 0

7. APEC7|Z AR A LI =3P GNES o2 AF FEATHR TA[] IFE
AL AT EEEE ADEE oFEA A0 EAMEIASE FAEHE ASTE 2T
o] QLeHYT? (2= F, HFA7IE 1T BRE TREREE 08)
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5.2 EPIRICE Daily Risk 23 7I%

2013 APCC A7AIE Eafl = ¥ el WA uE st 231 9 AA) 2}
A9 e] HAFAARE v o R HAY HFo] 1 EPIRICE R3S £ ATt &8
&}ty EPIRICER ¥ o d1E|5s vigoz Jd T ns Akt 4= Q=
A2 23S /sh= Alo] FE-Ao)glt}. EPIRICES] 7]¥-+-%+= SEIR(Susceptible
- Exposed - Infected — Removed) 7-F=ZA Z} Wall ¥ &%l HAS vigow
zF el are] AP WAl B9l site iEo] geolH L, 7 Site7} g qtol] 1=EE o]
Aol dojupar AR Foll A57F HAY ARV He dEe s
site 7IFE dshs Fxolth o]dsl sited] ES AA ¥ A=A WA F el
Ad WA HlES Antste] B A5A7] AR afd Wo] ks s
ol =go] fvk SR A Qe o] wi AR Weyte] =E2H%s W B 2
WhsAe Ueldle #ks @71 fdiMe ol tE Aol 2otk uhebA
EPIRICE Daily Risk 2@< 7IEsl7] $fsfl 7]<& EPIRICE R39] 7]t with7h ==
SEIRTA 2.4:8} site®] 7Ids 3] A8k, a3t 2ol mide] 713t v
HaAgshs Q4B 9d Ad4o] H= RI, & 2945 (rate of infection) & $-414]

o7 FE3Th

I

RI = RIC?=R.Opt x RAXxRTxRW xIxCa

where, R : the basic infection rate corrected for removals,
R_pt: a reference value of the basic infection rate corrected for removals
R A: plant age modifier
R_T: temperature modifier
R W: leaf wetness modifier
I: number of infectious sites
Ca: disease aggregation function
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S
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perature modifier,

R W: leaf wetness modifier,
plant cultivar susceptibility modifier

plant age modifier,

R CS:
2]

C
RCT: tem
C
R A:
C
C
X

R : the basic infection rate corrected for removals

where,
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Seg ARERs wEY 24da AUE BES BARALE B 9o 2l uje
oI5t (epidemiology) J 55 W7 AMMalA TREglH, A4 Welel weh ol
TN AUEES AeaES 243 T Pra AeEs 488 70 |
oA AHEAGATLE AL AeE T0E T g2 YuA 8 Aies 3
oAUl GGG S-S AR o). 718 AR e, ABA EE

AL/ 5L 7] EPIRICES] 7124Q1 EelA =1A] Hlojupx] oAl #438isiaL, zt
Zre] ol ek ARt A v 678, ATrule Dol 11 @70 HeRiSith

EPIRICE Daily Risk R3] ErAo= 20130 A7 #AlelA] EPIRICE 232
gl gl el AR w1 ARG WalAR Folr] 2004 3
2004 T A9 ARE ARSI A WHellAREE ARSEE ol VIS
EPIRICE E&e] HFadelr] B Mzl 2] Wajo] xd=do] 7 fAt
A 1ERS7] Wizelth (3144, 2013). 71 Bl 7P Akl AdRE 270
o) WalzAEE 243 AEA 7l EPIRICE Daily Risk 23e] B4rgel &4

AT B Admdnol W XML HFA O R F(bell) FUS Eol—t—tﬂ F2 olof
7

rh

i

AUtk Q=R o} S AAHA he ol 257 WA ZotETh o] of
A edwou) %E%%EE Aukels A97F A7k # ATelA= EPIRICE Daily
Risk Z8& RFRAet7] 918 AR2A 2 HzAAE Alole] Anrt B ol
WA Y Am IPEACE QA AR eEel ekt $HoR 1Fska
ERAS 9% ARE AHSIT H3 PNEASE o) Tl Wi Eo] Fol5]

EPIRICE Daily Risk 589 E5FHAS 915k 2pAIsH Wi v} 2ok 1) %
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Al F71E, S aEE o] AT WRPHAS B} o Sod NS Allsto]
AT 717 U Eolt WYFAA S (periodically increased disease severity) 2 UERH
t} afEH Aol BAVIIYRE &8st EPIRICE Daily Risk 28S 7%3 &
Daily Risk Score ZA3= 9=t} 4)Daily Risk ScoreE ¢ ®HubHz80] FAMH 7|7
g skl ZF 713F Ul Daily Risk Scored 257 @Akl & flolli 4L 7+ 7|7t
ol WRbAAEe] A A4S st 5) 27 Ao HalERARlE el
A AR 0.92 o) (67] AlES AHEEE % 99% AEFEeld Fefvlet A4
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S 7% o)A EPIRICE Daily Risk 239 253} TR thA] Eol7p 23]
.

F= ARG 5 A B4 v s

;

™

=

0 32 i
|

t
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Aol EAEHA] 48k7] Wil o]t As e B wEAlolA] AlAFth wERute

2 EE 2ARAEY ZAurt el A 23] o) 0 o] Wb AE FhS HolA
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EPIRICE Daily Risk 232 ALASERE 28381 thes Al =g 919
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EPIRICE Daily Risk Model Output

Development of Daily Risk Score

2 Translation Algorithm
o 18
G | - Set a daily risk score threshold value
O g4
V] - Count frequency or total area over
X 2 certain threshold value
e - Compare them with a ground-truth
> field disease incidence data
‘s
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6
s LIl | |I|
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ol |l I 1y il 1.
6 11 16 21 26 31 36 41
Time (days after transplantlng)
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SxAARel BA9 FANE oR ke B4 Saesld. Uk B4 o
J=ay

712 5825 o AVIHY %

=
2 PRAL et GRS A9 APEL] BEgE Brge A9 A
PIRE FQH] A ASSIG Ve B4 909 74 7] sl 15

Aol Axg 7A ASOS 71 H=41ID271) 9 ¥4 1976—2005¢ <] 304
BES7VARE vl oz S5tk 4 30 #5714A182] 59 25945 E 8¢9 1297}
A8 7VkE WS 4 7Pk eadE AR Hagks A F, JAEE 95%%
FH3gke] 105% Atele] #hs dEHSE AAste] nizks A4S st

5.4 Weather generator 83t AZFEAMAS) 71He] 7ier 2 H7}

WG AZHPEAIEE 71WE 53 APCC ARSI RS] s9RE 845 B7sl]
98] EPIRICE-LB(2%=%%) ¢t EPIRICE-SB(JHFH ) 280 ARSIt
(Kim, 2013). WG+ USCLIMATEY} WGENE &S 7|§ko 2 USDACA 7iikel GEM
(Generation of weather Eliments for Multiple applications) ¥} %IA] WGEN=S- 7|4k
O = 3fo] Washington State University©ll4 72 ClimGen®] AR TH(Stéckle
et al.,, 1999; Hanson and Johnson, 1998). GEM¥} ClimGeng A3t o]+ +
#2%d7] 5 EPIRICE &9 71318 atel A/ AAVE, A5, s (elEd

%) ARE PAT 5 U] wRoll,

WGe] dREARl Ass F7el] 8l @AY e] dix W Auix|els sl
i Aol f1AIekaL A= ASOS #5A13e A8ty WGe| Erstel H4 304
ool A=y AR FAesk] wiEel 19762005 717ke] 34 dErdARE 7}
23l s ASOS APE ARl AHoz AFEs AQdt deke] 5971 ASOS
71dEEAY ARE olgEIdY (1Y 7, ¥ 5). 597 ASOS A3 Fell 3Md(119),
o}xH(232), AF(146), F5(156) &} HF(288) A tgh A 19762005 <t
9] 30d 9 BEVPIAEE AHEEY] GEM¥ ClimGend B2 AR89 249
B ez 7F A AARtRe 59 30d VIR r1IREE 9
o olgdA AdE 30 7RSS A 30 ASTVIAIES] 71, A5 4

Sol g 9T RS ARGl i RS WA Al dat Bale A
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T 745 (mm/month) & 30 B} AR gk K-S (Kolmogorov—Smirnov)

testE AAlsto] A5gk A%k Alelell EAIAC R {2k o7t UE=A1E P—value

Z vlgog Bl dnkA o AMShs t—testt T AW 7 Hyg vud o,
[e]

A=
F—testi= AR Bl g w] 2rol=t), K-S test #5542 Avtezetal 7Hgs

7 WGel 213 sHdto] BEgte] ATe mEEAS sk Wow B B
g @7el B 4 ol BAVIolT whebd 1R P-valuert 0.05 MT} 2L

-

785 dE 71Vl A1 AR SR FoeHl (95% AlElgEelM) Afolr
= vkl o= Y WG7F IS5t Aldz sk Xt s @

T BAS S8l A Aol HAVe, ea s

o] Yggte] 30d Hde 1HER veho] d5ay e A= nlaselth 1
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Within Province A0SO IDs nzr(;ts]er
. Ganawon 90, 100, 101, 105, 114, ;
- 2 211, 212

Gyeonggi, 108, 112, 119, 201, 202,

Seoul, 6

203

Incheon

Chungcheongbuk 127, 131, 135, 221, 226 5

Chungcheongnam, | 19 133 939 935 936,

Daejeon, 6

‘ 238
Sejong
Gyeonssanabuk 130, 136, 138, 143, 271,
yeongsangbux. 272,273,277, 278, 279, 11
Daegu
281

Gyeongsangnam, 152, 159, 162, 192, 284,

Busan, 10
285, 288, 289, 294, 295

Ulsan

Jeollabuk éig, 146, 243, 244, 245, 6

Jeollanam, 156, 165, 168, 170, 256, 8

Kwangju 260, 261, 262

Figure 7. 2 720 ALESH LS| 597 7|AE ASOSS| HHA| - = Exx

Lt ghs MO E WG 3713AET #5713k E drid
UEAE ZARKILE A9 Al EPIRICES) 22 Wal|ndg> dd
7VIAEE e R AREE] wiitel 7V Re] gt # Adgle] JHWEA
of o WZsAl wkgStAl ik webA 2 ATtellA= EPIRICE =3l tist WG “dA
IR APAES HASsl] As 2vA o ATV 7 WGERE $439
7VAEE dYE o ® EPIRICES 753 § 2H7te] Akl AUDPCE Hlwste] &
k= W7 FEIth AREE AR t—test®} F—test, 183l K-S test
AT} e 2 #5713 =] S$t EPIRICE 28 Avgka) 34
7P3AkRC ©Jgt EPIRICE B Aybgh Alelol sAIA R 723k Afol7} A&

P—valueE IO #4313t

oL

e



Table 5. 2 A0 ALESH XS 5970 7| M4& ASOSQ| Qx| HE,

A?]()) - Station name |Longitude| Latitude Ele(\::;ion Af]()) - Station name |Longitude| Latitude Ele(ﬁ:;ion
90 Sokcho 128.565 38.251 22.9 203 Icheon 127.484 37.264 90.0
100 Daegwallyeong | 128.718 37.677 772.4 211 Inje 128.167 38.060 198.7
101 Chuncheon 127.736 37.903 76.8 212 Hongcheon 127.880 37.684 146.2
105 Gangneung 128.891 37.751 26.1 221 Jecheon 128.194 37.159 263.1
108 Seoul 126.966 37.571 85.5 226 Boeun 127.734 36.488 173.0
112 Incheon 126.625 37.478 69.0 232 Cheonan 127.121 36.780 213
114 Wonju 127.947 | 37.338 150.7 235 Boryeong 126.557 | 36.327 17.9
119 Suwon 126.988 | 37.270 34.5 236 Buyeo 126.921 | 36.272 11.0
127 Chungju 127.953 | 36.970 113.7 238 Geumsan 127.482 | 36.106 170.6
129 Seosan 126.496 | 36.774 252 243 Buan 126.717 | 35.730 3.6
130 Uljin 129.413 36.992 47.0 244 Imsil 127.286 35.612 248.0
131 Cheongju 127.443 36.636 56.4 245 Jeongeup 126.866 35.563 39.5
133 Daejeon 127.374 36.369 62.6 247 Namwon 127.333 35.405 93.5
135 | Chupungnyeong | 127.994 36.220 240.9 256 Suncheon 127.239 35.075 74.4
136 Andong 128.707 36.573 140.7 260 Jangheung 126.920 34.689 445
138 Pohang 129.380 36.033 1.3 261 Haenam 126.569 34.554 4.6
140 Gunsan 126.763 36.002 26.9 262 Goheung 127.276 34.618 533
143 Daegu 128.619 35.885 573 271 Bongwhoa 128.914 36.944 3209
146 Jeonju 127.155 35.821 61.0 272 Yeongju 128.517 36.872 210.5
152 Ulsan 129.320 35.560 34.6 273 Mungyeong 128.149 36.627 170.8
156 Gwangju 126.892 35.173 74.5 277 Yeongdeok 129.409 36.533 41.2
159 Busan 129.032 35.105 69.2 278 Uiseong 128.689 36.356 82.6
162 Tongyeong 128.436 34.845 30.8 279 Gumi 128.321 36.131 47.4
165 Mokpo 126.381 34.817 37.4 281 Yeongcheon 128.951 35.977 93.3
168 Yoesu 127.741 34.739 73.3 284 Geochang 127.911 35.671 221.4
170 Wando 126.702 34.396 27.7 285 Hapcheon 128.170 35.565 33.0
192 Jinju 128.040 35.164 27.1 288 Miryang 128.744 35.492 10.7
201 Ganghwa 128.565 38.251 22.9 289 Sancheong 127.879 35.413 138.7
202 Yangpyeong 127.494 37.489 47.4 294 Geoje 128.605 34.888 44.5

295 Namhae 127.926 | 34.817 432
H oS X7 AEAAY MRS 95t AR ISHE |9 Hall oS L WH =3 e 51
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Table 6. 2t X% HHZAIKIRE HIEtO2 13 159| S 2t AHEl AUDPCZA(obs.audpc) Tt
Z|1 HEMHAMEZHobs. peak).
city year obs.audpc ‘ obs.peak
Yeosu 2002 10.98 0.55
Uiseong_2003 87.73 6.1
Namyangju 2004 15.75 0.7
Bonghwa 2004 38.63 1.75
Youngju_2004 28.1 1.05
Youngju 2005 38.4 1.55
Namyangju 2006 27.13 1.8
Danyang_2008 46.25 2
Tongyoung 2002 56.45 3.6
Youngyang 2003 18.43 1.15
Jangsu 2006 14.78 1.55
Youngam 2006 64.25 4
Kimcheon 2008 21.05 1.75

EPIRICE Daily Risk X3

T, 9% A O 9] AFA EFEEATA, oldAZD el st ARE vt
o7 AW JUTAFE AR 19 16 20049% B3H ) e I 7]
&, A s i @A B39 o|YAl] W FF JRE EPIRICE Daily
Risk E&el dgste] T-3AAA e i IdeAgolth o|g5U A (days after
transplanting) & 71502 d¥ PE@S AkEIdE b et old$ 15%]77}
A= Aol AEkA] 7] wiiEe] 232 ZsAlH (onset) & ©]YF 156UE K

£ AL o] A7lell= A ¥ Egte] 0o® FAETE o] REE 7zt 7]’%31-'\_9}
A, a8l FEEERE vEo R wide] FEASTE 9y o] AP B
o Ay e WallzAkatsst A% 0w nlaste] 52 A Hols day

%o



N
N

S golgd, AR duglEs ogd R3AnE vigos AA galzArdy (A
AZge] HaldHn) & =5 F e Zlolth I¥ 169 2ol dA7IReske] 4
AEAFE tpko® 0558 0874 0.19%9% Z7k8H= 313k (thresholds) &
sioty. 29 o] ZF sHAIgh HE T HEEoA =], 4 HFEE 27K E A
st 5, AT AT RS 0.55E 0.87F4 Het & Z7ke] dHAgkS: 7
o2 AAEAG7E "M Wl (frequencyover) Hi= dIgke Holdd B 99
TX)2=2 &3t Zh(areaover) S AR @Y 7S B30 AIE ymals SR
skl o] 3 73 2ol sl
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Table 7. Z} X|H&H HEZAIKIZE HIEICZ 2] 162] HHHE [

& k2t JEeR o
AHEX|4=29| Bl=4x(threshold0.x)2t SRS EHe 22 $I§EXI¢% et 2lareaover0.x).

L [y

frequency | frequency | frequency | frequency | areaover | areaover | areaover | areaover

over(.5 over(.6 over(.7 over(.8 0.5 0.6 0.7 0.8
Yeosu_2002 26 17 0 0 2.83 0.62 0 0
Uiseong_2003 25 25 23 21 11.14 8.64 6.27 4
Namyangju_ 2004 21 14 0 0 2.6 0.72 0 0
Bonghwa_2004 19 17 15 9 4.99 322 1.59 0.26
Youngju 2004 17 13 0 0 2.07 0.58 0 0
Youngju_2005 21 14 0 0 2.39 0.68 0 0
Namyangju_2006 25 15 0 0 29 0.79 0 0
Danyang 2008 19 17 9 4 3.68 1.86 0.63 0.08
Tongyoung_2002 30 24 18 9 6.53 3.72 1.63 0.24
Youngyang_2003 36 30 0 0 4.79 1.31 0 0
Jangsu_2006 37 24 0 0 4.48 1.33 0 0
Youngam_2006 30 28 23 9 7.29 4.41 1.95 0.22
Kimcheon 2008 19 14 10 6 4.07 2.4 1.15 0.26
2o% F 137] d=ds ZAFEFE AUDPC (obs.audpe) 9F i wWwbAAS

(obs.peak) 2 LERA 3% 69 6]1}/\}74 oA 2ZF ARl = 137 N I 2)F

A0 ZF sAIFkS " HIESE(frequencyover(.x) i 7S oA mE ©
AEATE Gt ghlareaover0.x)& YERH & 79 23 A¥glola 58 JRE
A=z migAA g A st Ay £ 83 Ak TP w8 e
BHW Z9> #H ¥ybAA & (obs.peak) ¥ $HAIZL 0.6 d& B APEATE &
gk gk(areaover0.6)©1%1aL, 95% AlE|FFollA fe]dh 0.9492] AAATE Bt 1
9leli=  obs.peak®@} areaover(0.5°] FFtelAi= 0.9352 A#AISFTE  obs.peak}
areaover0.7% frequencyover0.82] ZgrollM+= z12; 0.9173 0.9142] A7} A
AP QI AE 7F 1370 dhell /F ¥ 2F 238 ATt vlsssl] uiieell A
o7 o xgo] 7P AFTAE HEY F= xRt 7H 52 AdwlaE 1Al
obs.peak?} areaover0.62] 3= AdEsto] s =32

A2F R square a2 FoFETE (29 17). 4 AL v = 0.6467x + 0.6128

(@)}

rlr




(y: obs.peak; x: areaover0.6) ©]%131l, R square= 0.9¢] ©]=Zit}

Table 8. Hal|ZAIKIZ 2| CHEZHobs.audpc EE= obs.peak)d}t EPIRICE Daily Risk 289o| S=X|4+E
HIEto =2 st AnlZKfrequencyoverO.x EE= areaover0.x) AMO|Q] At

Disease |frequency |frequency |frequency |frequency| areaover | areaover | areaover | areaover

data over0.5 | over0.6 | over().7 | over(.8 0.5 0.6 0.7 0.8
obs.audpc -0.046 0.394 0.861 0.874 0.826 0.881 0.855 0.727
obs.peak 0.158 0.524 0.864 0914 0.935 0.949 0917 0.809

8 _

y = 0.6467x + 0.6128
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6.1.2.2 Daily Risk 2] &' F8 =78 FHZARFES] SE3E7 7

ok 13709 WalZARIEE vlg e & EPIRICE Daily Risk 239 $JdEATE
Mt St AdAe Teiivh P w2 e Bl Hu EehaAE
(obs.peak) & sHAIZE 0.6 He U JIA=XFE B5F a3k Zh(areaover0.6) 2] %
T AL A EA 0 AREERIE AR S e e HalFARIEE olE
alo] alfd dAIAE HSlH ARE MRS 3N S saek
A EGsh= oA IM 25 FEFS R 1974dFE 2000974 27dRE vl
¥ gnk

HIT- ggolld Q=i WREe] JirE AKRE AARolth v ZARZIER 7)E
ek

N2 vheos Wbl AA=AS 73 F, o WuEAs Auel vl

!

W4 Ad=A ofgfiZ el AUDPCEE(obs.audpe) 3 7Fd =9k wdke] 7)4=

(obs.peak) & T8t Hooll ARSI (3£ 9).

fl

ShAl A A3 w72 EPIRICE Daily Risk 23 A3l 474717ke] o
H AIEATE o= dAgkS 0.55H 0.87H] Astar A7) dAlgks dolrke
AT ¥IES(frequencyover) T SHAIGE o Hi= Y EAFE BF &9
Fk(areaover) & Atete]l Be] Ays tEsh= g FEIICHEE 10). EPIRICE
Daily Risk 23e] 9 A=A T WHallzAm Aol %%Jﬂli As3k7] LIk
A7% olAAEAY Skm "ojAH 9l oA ASOS 71dEEAD203) e #A
1974-2000 49 #Z7)dAEE ARESke] EPIRICE Daily Risk 2388 7E31%1
t}, o] ARSE EF = 2Fola o] HelxAAE] HAE 59 25
AS = ARSI

[.



Table 9. S=XISEX Z7|= O|XMAIEZEIOA 1974F2E] 2000E7IK| RAME TS = HU|S IAKIZE
£ HiEez 12l 159] giHS mat AlAHEl AUDPCE) (obs.audpe)2t =11 HEH4Z} (obs.peak).

city_year ‘ obs.audpc ‘ obs.peak

Icheon 1974 22119 127.8
Icheon 1975 7781.5 360.3
Icheon 1976 2959.4 132.8
Icheon 1977 644 48.6
Icheon 1978 1351.7 119.4
Icheon 1979 4502 182

Icheon 1980 2667 150.8
Icheon 1981 2581.1 130.3
Icheon_ 1982 2144.1 85.8
Icheon_1983 3485.8 184.1
Icheon 1984 4954.4 257.4
Icheon 1985 29229 124.9
Icheon 1986 2944 164.7
Icheon 1987 25274 117.2
Icheon 1988 983.7 49.5
Icheon 1989 2531.5 128.2
Icheon 1990 2855.4 167.2
Icheon 1991 1763.6 76.5
Icheon 1992 294.6 24.3
Icheon 1993 4425 211.2
Icheon 1994 137.3 7.6

Icheon 1995 125.4 9.6

Icheon_1996 2670.5 139.3
Icheon 1997 826.8 45.1

Icheon 1998 1917.3 168.1
Icheon 1999 376.6 23

Icheon_ 2000 10.4 0.6

Bl HEE 71 ARAAY MBS I3 XIS HET |8 el oS U U 23 % 73



A FAE s A £ 11 JERSIR ShA ENbAAE ARelN TP =
< AEAGE UERY Ha WHRPAZA S (obs.peak) ZF SHAIRE 0.601 SHEE et
#h(areaover0.6) & Z35tell tist 15 Ay} 0.7 A= =2 AAFS YehISlth
71 9] AUDPCS} $HAIRE 0.5F | RIETe 29 5ol oK 4 %2 4¥AlsE vet

ST WuEEgo] obd WUl thet ZAbiReERs 2S 7k ekl Ex
o 5 &

2o Hoick Aupgow, B ATHAE Bal oA
A8 TS s Mzaaia N 2go) o8] ES (BAHOE §
ofsh TS HelFn ee SIStk

Table 10. 1974E2E 200097IX| ZA7|= O|X ASOS 7|AEA(ID203) MHAH7|MXIRE HIESZE
EPIRICE Daily Risk 23E F5ot0 LHLE=X|LE ot O 169| S w2t AlA
2} BHZH0.5~0.8) 7IEOR B YIBEXISO| ElEA(threshold0.x)2t 2t BHAIRLS He

X2 25 &6t ZHareaover0.x),

frequency | frequency | frequency | frequency | areaover | areaover | areaover | areaover

city_year | “,ve05 | overd.6 | over).7 | over0. 0.5 0.6 0.7 0.8
Icheon 1974 32 29 28 27 11.6 8.6 5.8 3.1
Icheon 1975 38 31 27 24 12.4 9 6.1 3.5
Icheon 1976 29 23 22 19 9.6 7.1 4.8 2.7
Icheon 1977 12 10 10 9 3.6 2.6 1.6 0.6
Icheon 1978 35 29 28 21 11.1 7.9 5.1 2.6
Icheon 1979 53 48 47 38 18.8 13.9 9.1 4.8
Icheon 1980 36 33 32 32 154 11.9 8.7 5.5
Icheon 1981 40 38 33 23 13.6 9.6 6 3.4
Icheon 1982 18 17 17 15 6.9 5.2 3.5 1.9
Icheon 1983 37 34 33 29 14.2 10.7 7.4 44
Icheon 1984 36 34 33 27 13.6 10 6.6 3.6




frequency | frequency | frequency | frequency | areaover | areaover | areaover | areaover

city_year | “,ver0s’ | over).6 | over).7 | over0.8 0.5 0.6 0.7 0.8
Icheon 1985 23 23 22 22 10 7.7 5.5 33
Icheon 1986 24 21 21 20 9.5 7.3 52 3.1
Icheon 1987 20 20 20 19 8.5 6.5 4.5 25
Icheon 1988 17 17 17 17 7.2 5.5 3.8 2.1
Icheon 1989 19 18 17 13 7.2 5.3 35 1.9
Icheon 1990 29 27 26 22 10.7 8 5.3 2.9
Icheon 1991 25 24 23 18 9.3 6.9 4.6 2.5
Icheon 1992 22 22 20 16 8.9 6.7 4.6 2.8
Icheon 1993 42 39 38 38 18 13.9 10.1 6.3
Icheon 1994 12 11 8 5 33 2.1 1.3 0.6
Icheon 1995 18 16 15 11 6.3 4.5 2.9 1.6
Icheon 1996 21 21 21 19 9.1 7 4.9 3
Icheon 1997 15 11 11 11 5.2 3.8 2.7 1.6
Icheon 1998 18 18 18 17 8.1 6.3 4.5 2.8
Icheon 1999 15 15 14 11 5.7 42 2.8 1.5
Icheon 2000 16 16 16 14 6.6 5 34 2

Table 11. S=XISXN O|MAIEZE HE|EAKIRL| CHEZHobs.audpc EE= obs. peak)z} EPIRICE Daily
Risk Eacigl QIEEX|4E HIEeZ St Al Hfrequencyover0.x EE= areaover0.x) AH0[2]

Disease |frequency |frequency | frequency |frequency | areaover | areaover | areaover | areaover

data over0.5 | over0.6 | over0.7 | over0.8 0.5 (1K) 0.7 0.8
obs.audpc 0.72 0.69 0.678 0.7 0.706 0.702 0.691 0.663
obs.peak 0.703 0.672 0.665 0.691 0.696 0.698 0.687 0.666




6.1.2.3 EPIRICE Daily Risk 232 wizl= 747

EPIRICE Daily Risk E&o] Fojzl 7
Ast7] flall 71ddE kel dist vzt 4S8 Faskelth 12+ 538119 ASOS

ATS20D27D) 9 B4 309 (1976—2005) Foto] AT INARS vlgo R =
S st A9E JeRdth g B ARE uiRe R Byl uifts A4S flst
Z} 71 eae] HflE Atk

Table 12. 23kX|H ASOS 7|&2t=ZA(1D288)2| 174 30E7t (1976—2005H) =7 |MXZ| CHEt
E;ﬂ':ikl 7:1;&

[y |

weather data

mean mean relative cumulative
(1\/[2;2:0- ?:agrslz) temperature (°C) humidity (%) precipitation (mm)
minimum value 19.89 64.53 218.50
maximum value 24.30 84.32 917.50
mean value 22.10 74.57 556.84
standard deviation 1.16 5.39 162.69
9 182 Wi A9 AE HolFa gl yH& EPIRICE Daily Risk &

G2l Aagks areaover0.6%t0 2 LERd Zlolal, xF& o] FH ol ¥ 80Y
= 7IRF &R Bt V1, 74 A, Bt AdsEE o o® vERdth 20044
B Ht Ve, FA e, 283 Hat AU E 2 Al 3Alste] A
W3k Fdgke] RERel el dizk Sk (median) ©] = 2ls gRlsiqivh
JHe] aHEZE B8l Ad 309k AxEAdS YERE 7]”‘?:]%%% e el A
EPIRICE Daily Risk F&o] %ﬂ}b‘r W7E A HESER=XE golskgitt 7 wizdksk
il 6%k7 HA areaover0.6%k] *fol7} 3
O]’Z} O]%i‘:d ’bLEHﬁEM‘jr. °F 19~25°C Afe]e] 7| W HA 2.35 8 Hi 3.97F
A] areaover(0.63te] Wsh= A7E Btk AUlFEe 4$ oF 60~80%2] H#k =
HlelX= areaover0.6%ke] 3] S7keltb7l 80%7F dol7FaA S7H5%7t A4 &
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6.2 Weather generatorgs &-83 AZASARE AIZHAAAIS 719 A 2 H7}

6.2.1 Weather generator 33 H7}
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o]Z 93] WA EPIRICE %3] #glst AH/INAEE Tk WGE Ao 3
o} & AFelq FH7EE GEM¥ ClimGens B+ WGEN=S 7]§FC =2 spA|gk Z2+7

7] che
228 g5} pEE Weol7] wiel 2 WGE 53l g4 Qusast B Aol
FARe) APl B89 5 DAE B Bavk Aok 59 e e o

=
m8o] 7} Ler Wil ohjek kel WsH %—3—8}5& o] 3714 FVge

WG
B oA GEM# ClimGene EPIRICE E&of thst Ad4S H71sl7) )&l
5971 ASOS 7PdaE4 AR Foll =l 72 & Q) R=
(119), oF:H(232), AF(146), B5(156) 2 WF(288) AHS dldez Frtes 43
shdct 78 27de] A 1976~2005 F3ke] 30 BT PdAtEe WGE A/ 30
Q7RIS &8st 715 Akm ARAllel oist v|w7F W EPIRICE R3°] Ay}
e vlaste] of' WG7F 1 A5 A3keAE sk

6.21.1 AZ7)GES) WG 55715329 vl B}

570 ASOS 71d38=4 A9 1976~20052] 30 oY A=V AREE AME3S)
o] GEM¥} ClimGen®] AW R45 AAstal, 7 B4E v oz Al2s 30 4

=
IVARE FYSATE 55 GEME] 2% R Z2I3e Bal A AR 84
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13 7k ASOS A9 438+t =
i=]

=
45 Aafoleh, 7 A LA

e hdor d57VIARe VAR S vl

el 30d Fud 2EUAE AR §, K-S test SA7INMS o183t d53t
gt Bt Akl tidt A1 B4E FREISITE K-S test= #58kE Gl
bl ZPYEE W WGell oall 473 gkl a=ite] A wEeAE At
T el ol Bud Ak sl BAE s APl wiel,

A = A=A AR Hd Bkl 95% AlEaEelA

-
QO
=2
(0]
@
N
0
e}
JI)II
ﬁ
oA
rIJEE

47 303(1976—2005)01| CHEH TR 22 E7QF GEMZ} ClimGeno|
ol *ngE_l 304 BT |MRIERE TH7IAREE AIO|Q] K-S test EAEA Z1}t (Jan~Jun).
P—value7} 0.05 0|5t = D=7 |AMRIRQ} SH7|AKIRO| AT EA0| 95% AlZ|LZ0f

M Felojgt xfol7t ASE LIEMH. & 7SRRIt HE7|[UAIZE MeistK| Refs e

stations weather data
mean 21.37 26.05 42.96 76.61 88.29 142.47
0bs std 17.16 25.28 27.34 57.7 56 103.35
mean 22.23 20.77 45.17 68.65 100.19 151.25
GEM std 15.89 12.99 32.61 39.15 48.36 80.18
1199 P-value (ks-test) | 0.808 0.388 0.958 0.958 0.393 0.808
mean 20.11 29.76 37.54 71.57 92.01 132.62
ClimGen std 15.32 20.89 22.33 47.54 62.86 88.93
P-value (ks-test)| 0.952 0.393 0.594 0.952 0.799 0.808
mean 32.31 40 54.36 85.64 85.39 181.34
obs std 23.94 30.16 24.22 54.02 39.75 106.79
mean 28.49 34.52 72.36 75.95 91.95 141.37
GEM std 15.31 23.07 34.05 45.48 42.75 80.42
Ib1a6 P-value (ks-test) | 0.799 0.799 0.003 0.594 0.586 0.239
mean 33.29 39.72 45.36 76.74 80.78 160.19
ClimGen std 12.02 27.86 19.44 53.15 45.72 114.38
P-value (ks-test) | 0.041 0.999 0.586 0.808 0.586 0.393




weather data

mean 37.64 45.76 61.32 92.1 87.51 195.8
0bs std 25.74 28.78 28.33 60.04 46.44 116.49
mean 332 40.65 73.62 83.84 89.62 174.49
GEM std 17.56 26.82 30.46 47.14 46.95 87.78
D136 P-value (ks-test) 0.799 0.388 0.071 0.808 0.958 0.808
mean 33.89 47.06 59.47 91.81 66.51 181.09
ClimGen std 14.62 30.05 31.83 51.26 31.2 94.43
P-value (ks-test) 0.952 1 0.799 0.952 0.071 0.999
mean 22.59 28.55 44.28 73.95 81.04 152.88
0bs std 18.39 24.63 26.88 50.23 45.73 99.74
mean 2791 20.2 45.04 68.52 90.13 142.22
GEM std 16.68 14.07 23.7 36.06 58.91 67
1b232 P-value (ks-test) 0.071 0.236 0.586 0.958 0.999 0.808
mean 20.27 29.7 48.76 82.66 96.57 137.34
ClimGen std 10.75 19.21 39.56 4591 56.4 88.29
P-value (ks-test) 0.799 0.586 0.799 0.594 0.393 0.808
mean 21.09 32.68 55.38 98.42 98.84 207.9
0bs std 18.86 27.22 28.71 48.48 48.84 122.53
mean 13.89 24.1 61.57 94.93 108.01 174.94
D288 GEM std 13.52 25 37.6 46.9 583 78.38
P-value (ks-test) 0.071 0.134 0.808 0.999 0.958 0.594
mean 16.78 30.13 62.4 106.23 97.32 168.26
ClimGen std 11.47 19.63 37.19 74.5 65.62 87.26
P-value (ks-test) 0.586 0.799 0.808 0.808 0.594 0.388




Table 13. 7| (Jul~Dec).

stations | weather data Jul Aug Sep Oct | Nov | Dec
mean 306.51 298.74 139.82 53.75 4828 23.94
s std 116.87 182 130.6 55.28 31.9 15.34
mean 265.12 321.54 144.27 67.56 43.17 29.06
GEM std 11591 121.71 81.2 50.45 24.07 16.67
D19 P-value (ks-test) 0.239 0.393 0.594 0.594 0.999 0.239
mean 301.73 280.72 132.67 57.87 43.72 22.03
ClimGen std 103.32 176.31 8533 41.8 22.81 14.05
P-value (ks-test) 0.999 0.594 0.808 0.388 0.594 0.808
mean 276.36 278.16 127.23 55.44 54.15 32.32
o std 137.65 126.69 95.72 39.1 359 17.25
mean 258.59 262.52 144.4 65.95 58.08 36.14
GEM std 90.56 87.36 62.23 40.39 35.07 20.85
pis P-value (ks-test) 0.594 0.594 0.035 0.586 0.239 0.594
mean 281.73 280.05 135.05 54.19 45.68 29.33
ClinGen std 123.67 158.61 94.53 3138 30.61 15.69
P-value (ks-test) 0393 0.808 0.808 0.594 0.808 0.388
mean 273.5 304.34 141.54 48.08 52.51 33.07
s std 149.42 150.31 91.72 35.88 31.93 19.58
mean 235.13 263.58 156.93 62.97 44.1 385
GEM std 103.69 82.94 81.13 34.21 22.38 21.11
D136 P-value (ks-test) 0.586 0.239 0.239 0.134 0.799 0.388
mean 303.85 343.09 115.43 44.04 56.48 30.75
ClinGen std 160 143.48 71.85 23.89 37.39 19.29
P-value (ks-test) 0.958 0.594 0.239 0.808 0.808 0.808
mean 25575 309.88 147.32 54.96 51.9 28.89
o std 109.01 213.47 112.92 52.5 3541 15.63
mean 265.3 235.21 137.19 80.97 4333 33.68
GEM std 111.7 100.39 61.99 54.52 29.03 17.69
D232
P-value (ks-test) 0.594 0.594 0.135 0.135 0.388 0.808
mean 280.75 297.31 128.64 57.14 4731 29.15
ClinGen std 106.59 195.74 107.34 42.02 22.37 14.55
P-value (ks-test) 0.808 0.808 0.594 0.388 0.808 0.808
mean 239.05 257.66 1372 42.16 4275 17.11
s std 125.33 146.44 100.22 40.37 42.06 16.39
mean 223.46 254.38 159.73 61.01 46.09 17.18
GEM std 8327 109.56 103.46 37.98 28.29 15.37
0288 P-value (ks-test) 0.594 0.808 0.236 0.035 0.236 0.799
mean 250.38 224.16 119.47 40.46 41.72 15.9
ClimGen std 159.76 93.28 71.35 33.69 354 19.81
P-value (ks-test) 0.808 0.586 0.586 0.799 0.998 0.586
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Table 14.

GEM1} ClimGen0fl 2l BtEE 7|&ztat B#E7|dets Y= EPRICE-LB 2¥S 7S5t
0 AUDPCE Y11 0|E HIEIOE t—test, F-test, K-S test E7i| EAls Al EJEA Zu}0l
P-valueE HIEICZ 0.05HCH W P-value= Zt WG EHA7|AXIZ0| QISt @80l Anizt

HA
HET L= et 2Yo| ZAutgtut 95% LlE|eFE 01|)\‘| SAXez FoIgt xH07t L= AS
oofgl & VIR0 Qg 2ol Zug0| HEIIYXIR0 et 2y ZAugts HHSHK

RS LIEH,

EPIRICE-LB ‘ D119 ‘ D146 ‘ D156 ‘ D232 ‘ D288

mean 70.14 61.60 74.25 95.11 63.43
Observed

stdev 43.78 32.26 41.25 45.56 30.30

mean 65.44 52.41 49.80 85.53 70.01

stdev 19.33 18.37 20.73 23.82 23.77

GEM 1 b ialue (t-test) = 0.593 0.182 0.006 0313 0.354
generated

P-value (F-test) = 0.000 0.003 0.000 0.001 0.197

P-value (K-S test)  0.135 0.393 0.007 0.239 0.239

mean 108.42 82.56 99.12 118.95 109.41

stdev 28.75 17.17 18.12 19.91 19.29

ClimGen | p_ojue (t-test) | 0.000 0.003 0.004 0.012 0.000
generated

P-value (F-test) | 0.027 0.001 0.000 0.000 0.018

P-value (K-S test)  0.000 0.003 0.002 0.016 0.000

b HolS X7 ZEAAY HM2S 95t ARy IS KT |8 Hall o5 W YAl 23 4 89



Table 15. EPIRICE-SB 22 AIZS 22 XM|Qlsty H 142 S,

EPIRICE-SB D119 ‘ D146 ‘ D156 ‘ D232 ‘
mean 2496.94 | 2306.64 | 238110 | 259840 | 2451.58
Observed

std 386.42 388.17 420.37 324.40 291.67
mean 265650 | 257222 | 257785 | 271253 | 2625.60

std 174.73 161.26 244.73 151.73 172.74

gegeErl;fe 4 Pvalue (ttest) | 0.056 0.001 0.032 0.088 0.007
P-value (F-test) = 0.000 0.000 0.005 0.000 0.006

Pvalue (K-S test) | 0.035 0.000 0.007 0.239 0.007
mean 272790 | 2586.12 | 262200 = 272552 | 2661.49

std 83.49 105.00 131.51 93.56 113.54

gceltifeﬂffe‘é P-value (t-test) = 0.004 0.001 0.005 0.047 0.001
P-value (F-test) | 0.000 0.000 0.000 0.000 0.000

Pvalue (K-S test) | 0.003 0.000 0.016 0.393 0.000

3 149} % 15% 7217} EPIRICE-LBS} EPIRICE-SB 32| Agte] gt 304
B FEEAE dehdth 1571 dARE dEpe® ¢ EPIRICE 5| dabgh
(Observed) S 73+, GEM¥ ClimGenell 23t A7 1AEES ez 3k
EPIRICE ®&°] ZA14E(GEM generated®} ClimGen generated)& T-8Fo] 7}2b okx
T8 Observed®} t—test, F—test, K—=S test 45 F3Y3slo] 71 AYE P-value®
UERATE S 71VdAtEE tPde® EAs WY 7= P—valueZ} 0.05 ost
ol g ARG NN HSTIAES ATVIAEIT 95% AEFelA frelst A
ol7F vi= oz diaE 4 9tk t—test?] A F Ao HAES wiEoR,
F—test] 7% + A#%e] ZFA0AED & P OE, K-S test®] A9+ Boakdt &
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TA xeE & otk Ao WG 37 VdARE ] ©fdt EPIRICE %9 A¥gk
= 574 ¥9le] AUDPCE SHo® sl =eifhs S Es Holal 9l whd, #=7]
ARl &%k EPIRICE 289 Aaghs b2 #x gHje] AUDPC X555 Holu
Atk 7P 2 ol #AEVVAEIE 7T Qe e W99 13 HEEE 24 WG
F71VEAETE et xabr]) e Zolth =, ti-Ee] WGZF 7HAAL Sl A
A F sl Al B5elA Bsks ST TS Hehs AR Q1% Akl
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2t dARS AR (overdispersion) ©]2kal sH=H] < o]E =0]7] 93 @
TEo] W FFAX L Ut} (Kim &, 2012). IH|% E+38la EPIRICE-LBS] 4§
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OJYAIZIHE] o]YF 100Y -&<te] 7VdAEREE FEsto] A6t v & 16,
17, 182 Z¥7} GEM#} ClimGenell 2J§t $/d717d#5 (GEM generated®} ClimGen
generated) &} W=7174AE (Observed) &) Y3+ 7], U AdSE, dEHA 2
ol 7] AR 7} 7)1deie] 54 Hel el Sshe Rkl thek 30 d Bk &
THAE dEpdnk Teln aST1dREs Ao @7 EAES] Himsre] st
t—test, F—test ¥4& F4% A7E P-value® RolFEr) oA EPIRICE 28 4
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HE AR O Z4YE 17 witel 48 7122 O v digk $-95 H7t
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AHHA] Foh= ZoE BIAR At Adigrel A5 GEMe] ClimGenR.th
Z2 9 U2 A7E WSt} o= 94 EPIRICE-LB 282 83t WG 234
H7} A3 A|AsH= Aol

Table 16. GEMI} ClimGen2| &MM7|MXIZ(GEM generated, ClimGen generated)?}t ZHS7|AMXIRE
(Observed)?| L&A 7|20 EF77t0| Zglkl= Yle0| Cfst 303 "ot BEHEXL
t—test, F—test SAEA Zu}l O|UAI7|RE O|Y=F 100 S| LW 7|=20| 18~24C2|

ol

Hel Lol Zetzl= SlE UET 7|20 oist Bl=4> (within—temp. hit frequency)Z2 LIEHH,

within-temp. hit frequency

ID119 ID14 ID156 1ID232 ID2
(18 < mean temp. < 24) 6 5 3 88

Observed mean 46.77 37.80 39.70 49.47 44.20
stdev 12.84 10.82 10.68 13.18 9.91

mean 41.20 27.53 29.00 45.57 42.13

GEM stdev 6.92 6.74 5.88 5.65 7.51
generated P-value (t-test) 0.042 0.000 0.000 0.144 0.367
P-value (F-test) 0.001 0.013 0.002 0.001 0.141

mean 43.33 35.57 38.03 41.73 39.37

ClimGen stdev 7.87 6.67 6.18 6.93 8.11
generated P-value (t-test) 0.218 0.340 0.463 0.007 0.043
P-value (F-test) 0.010 0.011 0.004 0.000 0.285

b oS X7 QEAAY MRS 95t ARy S KT |6 el 05 W R 23 4 95



Table 17, GEMZ} ClimGen2| &7 |AXIZ(GEM generated, ClimGen generated)?} Z=7 [AXIZ(Observed)
of UmT MrHEEr SHTZI0| BEES HIEL0] T3t 305 WA HEHRL, t-test, F-test S
AEA Aot O|UAZIRE 0|AUF 100 Ste| YEH MIHEET} 80% 04 He| Lol Z&=l=

o H

SIAE UmT AMHISE0| CHSH HIEZ4s (within—rhum, hit frequency)2 LIENH,

within-rhum. hit frequency D119 D146 D156 D232 D288

(80 < mean rhum.)

Observed mean 33.00 24.83 33.33 31.90 27.73
stdev 12.86 7.53 11.87 20.24 15.35

mean 29.13 22.07 33.80 26.57 26.03

GEM stdev 6.45 5.63 5.05 6.10 4.96
generated P-value (t-test) 0.148 0.113 0.844 0.176 0.567
P-value (F-test) 0.000 0.121 0.003 0.000 0.000

mean 33.93 31.00 26.57 25.63 24.77

ClimGen stdev 5.21 432 6.68 4.44 5.97
generated P-value (t-test) 0.715 0.000 0.009 0.107 0.330
P-value (F-test) 0.000 0.004 0.000 0.000 0.000

Table 18. GEMZ} ClimGen2| €M7 |AMXIZ(GEM generated, ClimGen generated)2} 2=7|AXIE
(Observed)2| U@ ZpZ0| ST Zgcl= Bl==0 cist 304 Hdut EFEEXL
t-test, F-test SAI2A Zik OIYAZISE] OIYF 100 Soto| UL L4HO| 1~50mm
2l toll Zel=l= ReE LEA Z52of| et Bl=4 (within—prep. hit frequency)2 LIEF,

within-prep. hit frequency |00 | 1n14e | D156 | D232 | D288

(1 < mean prep. < 50)

Observed mean 17.10 18.07 18.37 16.60 17.10
stdev 4.80 5.10 5.56 4.39 4.62

mean 17.13 20.30 19.87 17.80 17.73

GEM stdev 3.78 4.05 4.38 3.85 3.83
generated P-value (t-test) 0.976 0.066 0.250 0.265 0.566
P-value (F-test) 0.996 0.222 0.205 0.487 0.320

mean 21.13 18.90 20.43 18.23 18.87

ClimGen stdev 4.80 3.46 4.23 4.70 5.01
generated P-value (t-test) 0.002 0.462 0.111 0.169 0.161
P-value (F-test) 0.201 0.041 0.149 0.721 0.666
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bank) & Whsol Ttk dHHA 7RSS 54 AR 7155 el dellA

T AT B 7159 B 75 Bokyd AR A A4 & qlvh
At 7|23 ] AdASHRIE FolAE olF urge® 7P AR gk Ho
|12 7)Aol weehe| A AR 247 o5tk
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ko ARGl AAIs e A, v Rl S %= EPIRICE R3¢l g 4
T 2 WG Aol ARSRE 19 249] B7F @25 webs ARSIt s
A7 M= w5 kel st 22 o) AdE ddid® Hlwsfof &b] wiee]

= RS

T

L‘i

Agre] AA ARAAE vl AR AuA TS E8 Hrksloivk 13 27
o] olgH %E Bwl Z} EPIRICE 284, 7z} x84 HZ7 A sE AM3S v &
Q] 717+ #A=7\ AR EE AFES u EPIRICE 239 Ayzks nlwst A4 2

& = 9 3tk EPIRICE-SBY 3¢ AWkoR %o dWAsE B

32
R

EPIRICE-LBO] 7Z-¢- JHt= 92 A3ATE Blet), ol 24 B89 71deis
Aelehs darElFe] wigdel 7IQlshs AoR wudch AyFoz HA7PIAEE
Agshs WG ARPAEAISE 7S BE Aol #5713kse 71dAkEe o)%t
EPIRICE =E&¢] A3zt Alolell 95% A=g<relld +ejnldt JaaAE Kol Ao

2 YERLT



Temporal Monthly

- Averaged
Dovyns-?\;mg Historical
using WG Weather Data

(Version 1)

Mahalanabis
h .

Historical Weather Weather Reference Weather
Data (ASOS, 30yr) Generator Data Bank (>1,000)
Models ID119 D146 ID156 D232 1D288
EPIRICE-LB 0.731 0.727 0.759 0.791 0.512
EPIRICE-SB 0.887 0.912 0.865 0.881 0.866
™) 2 E[X7 &Rtz MEET|

Figure 27. WG & A|ZH AMM|IE7|BH(version 1)Q] x| SE=(2
= Sofl MMlst 2 7 |aRtEet ST [ARt=0| et
AMot0] g2 2ol BYYE J|aEHSA X|EE Al H2(0kHH),

[ — — o

[IOI‘

S ARASARE 7P 7HHA A ehs @71V AEE BESE F8ll AEEsiA
Tk oAHs] AEASAHRE} PR Aol AR @Ap7E EAfgtE kA 2 A
ToME 7 AR ARl eakgls 7RI Wdste] wde AdE AREshs
WHHE ofglie}l o] AEsgith A WaliA], BESE Sal A9 7R E viE
ARESHA] 2L Folxl A S Reke] AfolE BAsF= @Ak (bias correction)
= FHoE Agsta, oA s HEHoE Y VIS HA7VAE(a
bias—corrected best—fit weather data)= “Jsto] Tl EPIRICER & YH# o=
ARESISITE Aopp o ® Foixl AFSA Rl Iyt gho] AekshAl dAlshks # 47
BAEE ARSI vk BY dagks B8 37HEdE B OE 289 o
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AF7F FEE 2SS B = AR EPIRICE-LBolE a4
o= AE B 4 3%tk ol EPIRICE-LB7} EPIRICE—SBe]
of disll Adlde® o vizkelr] uliel A7) A9 Aoz A7t

5 L

Temporal Monthly
Downscaling Averaged
. Historical
using WG Weather Data
(Version 2) [

Best-fit Weather Data Weather Data distance

bias correction

rected A Best-fit Synthetic Mahalanobis

Historical Weather Weather Reference Weather
Data (ASOS, 30yr) Generator Data Bank (>1,000)
Stations EPIRICE-LB EPIRICE-SB

before BC after BC before BC after BC

ID119 0.731 0.746 0.887 0.919

ID146 0.727 0.740 0.912 0.910

ID156 0.759 0.810 0.865 0.842

1D232 0.791 0.786 0.881 0.934

1D288 0.512 0.652 0.866 0.850
Figure 28. WG Z& A|ZFH AAM|Et7 [H(version 2)Q] M| SEX(H)Qt @Xtw™E 2L X[XT|MX

HMEHTIHE Soll UMzt 2 7[Rzt AETIYRI=0 et EPRICE 28 Zuigt

100 a721M

uo Hu

A B2 Zuel RYE, JIHEEA XFHE dEtle 2(0RHH).



6.2.3 Weather generator A|ZFEAAIZZ Y A5 7i4
6.2.3.1 Weather generator A 7FE-3ASF 7R o) QF3FHE 7)H] 2] =9

3 92 HA7IRIEE ARESke] EPIRICE &
R BEPEE e R R RREE !
A

EHL} A7 WEds *Hﬂg} HA7VIARS Tl o= A Btk Sle=

= &
rO*'
$
i
E
2
30
iy
ol
o N
(i, ol

o BEI }5:;9} WG HZ714A8 S AMgsl EPIRICE R8-S 1538l 4 4y
7t Alole] AEAIGE AALS At D288 714 #E=4 A4 o4 EPIRICE-LB &<
Aggs o 7H %2 AT 0.6525 AUt whEbA] 2 AFelME TP w
BAFE EES ARl tist #AS Fasielvh 9 299] 91| I#iE= 1D288
7173540 JAZVIAE S WG d% HA71VdRt 55 7FA AL EPIRICE-LBE &
; AL Anpghs vlwste] Yepd Tlo|th SR BAIE Yt 5 3 WA
Q1 1978 A9+= 7 Aol A2 dAgk Ag-ok 7 wAel Al Al 198613
= F Aol Aol7t A @ A5 Holwt) dlld Alolxe] disk ¥l
7] 3l AREE A5V AT VEAIE A BEo] g 71Tkl Higt
71*&%&—% WA Zlo] ofgd 3otk
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200 .
Observation

150 /\ ——-WG generated

100 1

0 T T T T T T T T T T T T T T T
1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Analyses 1978 1986 1998

w/ weather variables obs sim obs sim obs sim
audpc 52.77 52.18 50.37 145.35 35.83 94.32
avg.temp (25 May~12 Aug) 25.10 24.84 2313 23.05 23.19 22.93

18<daily temp<24 30 29 47 46 35 43

avg.prcp (25 May~12 Aug) 9.08 9.60 7.76 8.62 7.84 721

1<daily prcp<50 21 19 21 32 28 25
avg.rhum (25 May~12 Aug) 75.65 77.03 73.79 76.64 71.54 74.06

80< daily rhum 12 13 23 23 11 20

Figure 29. EPIRICE 23| 7|12 7|8t ID288 ASOS 7|4HSZA9| UBH 7|2, U
2 s BE7|IMXE 2 o JiZe ST |MXIE(Observed)2t 14
7 |AXIE(WG generated)Q| EPIRICE 23 Zniztof CHet HIES H|wWE LIEHHH

_I

o HA
Of2iH H= oy A=E 2t 7|dRart £ gl W ZedEl=s Bl=rE LIEtE.

of|A Bz wiel o] EPIRICE-LB 282 A7kl AUDPColA o]zt A2 1
2] ok 197819 A% dd71ZH25 May—12 Aug) w<te] AB 712 (C), LB+t
7 (mm/day), LB AHEE(%) oAM= BS571 4R (obs) &F 37371 (sim)
Atelel] Attt zo] & Kol#] ¢kghrt. BEgh audpeolld 2v) o] xlelE BH 19861
7} 199819] Aol GA B57VAMESL F3713AEE Alelel] ieell HA Arket A}
o5 HolA| ¢SS & = Stk AW EPIRICE-LB E&elA HE5d3el AUDPC

[e]
d o 2o AAEEd dTF= VA wiiel sid Rt Ede A RiETE 2
WS ZF 71 el EAeiith A3 2 audpedl M Ael7F AL U] e9kd
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1978d9] A B 2aelxe] Mgk ) Ao A efstss = o Stk S
1k audpeell A Ztke AjolE BYIE 1986'd9] - 723 Adigelds bokE 4
oI7b SAAAIRE Aol 578kl E?‘%ﬂaia 9 WESTE ASTIARAM =
213, P7PIAR M= 32312 LoMIEE S71et Zle A]lskolth fiatetal 1998
A9 B A NE7E @381 AS7VIARRAN o ¥ wStEels =staL, 7
2 Al B7VIARS] NI ¥ A W] wheell $9718AREE AL
S& We] AUDPCRre] 1 327 v 2102 4=l 91 & 2
W, WG A1 7Tl HAVIIASE st ARggel E7etal HA71dAs
7b A Bk V1R AREY] o] dEuE welM Al #5713

2

Fold /Vygnel BAT Yt A9 AR AR VAR B V18, 35
iR DREFYA AR BERS S RS Bae @RS Aas
7] $13) P (ensemble) 71H:& E915t0] Ak PR el WG Al
2 PIARERelA Foldl /PR M AR AN VIAR Rk A
77V e WE DR B 2ol okt f418 £ARECREh 2 At &
& AU ofel Y ARVARE BF Pohl F RE AA/IARE Y 5
SEPe] YO Aol AHE AR AFUE BPe) sk A
& W) 290w, ol A Qe NE BE ARe Frdel HE At
Q7] Gl o] PR FHlele gk

N

o

ID288 w/ EPIRICE-LB 0.652 0.670 0.678 0.742 0.740
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Temporal Monthly
Downscaling Averaged
ina WG Historical
using Weather Data
(Version 3)
125 Bias-corrected 125 Best-fit Synthetic Mahalanobis
Best-fit Weather Data Weather Data distance
Historical Weather Weather Reference Weather
Data (ASOS, 30yr) Generator Data Bank (>1,000)
Figure 31. 125712] M7 |MXIEE 0|85tz Lat= 7[H0| HEE WG & AlZHA

AMIEE7 |[E(version 3)2] FA| SEE,
6.2.3.2 Y¥E 78 X& Weather generator A 7158 7)H9] & o 27}

o 170 HAZPIAESE obd 1257119 HATVPIAIRE AREsle] e s o,
A7V RS BE7)V ARl ISt EPIRICE 538 ZA3gh Akl AaAFE 0]
AE 7EAgTE WG ARPAVEAIEE 71l PE 7RSS A8 A7k 7
A5 7L Sl A sl st wHEFe] SRl vhgo] A EmA] Kt
AR A= 45 7 Atk ddEn) o= APCCO MME A5 =7 7iE
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3L AZHETHAPEC Climate Center, 2006).
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ol ofe] WEo] EYEY] A, WGl &) A =
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A WGE A 23 292 HEs ¥4 ClimGeno] GEMe] H
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b 7195 & = s Zolet Adsielt). webd a3t 2ol GEM# ClimGen=
EAR1 57 ASOS 71354 NS tdo=Z e 7S A8 4o 1719 F
A7VIAERE AR RS A8 PE 7RIS A8ste] 125712 HAVIAEE AR

bl
< we] EPIRICE 28 Aygks vieo s vlw F7ke] Bk
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G =& A MAME |- cist EPIRICE

EPIRICE-LB EPIRICE-SB

125
ensemble

125
ensemble

125
ensemble

125

1 bestfit ensemble

1 bestfit 1 bestfit 1 bestfit

ID119 0.746 0.842 0.650 0.723 0.919 0.925 0.886 0.886

ID146 0.740 0.819 0.641 0.734 0.910 0.876 0.875 0.893

ID156 0.810 0.912 0.902 0.878 0.842 0.890 0.890 0.882

ID232 0.786 0.889 0.663 0.713 0.934 0.902 0.753 0.811

ID288 0.652 0.742 0.225 0.396 0.850 0.844 0.805 0.835
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EPIRICE-LB result w/ 1 best-fit «=. EPIRICE-SB result w/ 1 best-fit

ob;aud pc obs audpc

200

sim. audpc

EPIRICE-LB result w/ 125 ensemble ..« EPIRICE-SB result w/ 125 ensemble

R? = 0.75

obs. audpc obs audpc

Figure 32.

17He] 2&7 |8 IRE Ar%%% O| EPIRICE Zu{IH)2t 125702 2|X7|MXIE Yd=2
MBS Q| EPIRICE Z KOPEHJ&)E Hlmst Jei=, 9H JZ2 1719 EX7 M= o
3t EPIRICE-LB2} EPIRICE-SB 238 ZLZIQ! AUDPCE LIEFH J2fmel st XIS 5974
ASOS 7|A=EAQ| K|t 30'—.j(1976—2005'—4) TSI SAER 22 712 WG M |EE
MRl MPE X7 |MAIEE QUEHZICE EPIRICE BZEHE TSI ¢S £ 1770742
AUDPC pairsE Z5F J2fz Aol LIEE. ol JBe SUsH BE7|MXI=EA WGE &
o eHME E|X7IMXI=0 et HlwE LIEHHXIZE 17HS] Z[&T7|MXtE7F OH 1257 =[&7|
AXtE UAEO| oFt Zuts HIECRZ H|wsh An ZH Ha Ato]o] MEEZE LIEHHE
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125 125 125 125
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< © 7 R0 6 5 o
) o o O, a%0 G o
Coefficients: = o o® % 00y & RIS
Estimate Std. Error t value Br(>|t]) k7 8% e © %, 0 o © ® o
(Intercept)  64.92450  0.49925 130.044 < 2e-16 *** & o® opf o o N

o
©
precipictation 0.58891 0.10043 5.963 5.94e-09 **w ° . ° 9
temperature 0.25225 0.04224 5.971 5.69e-09 *##% o <0 ©
J— T o0
Signif. codes: 0 ‘&#*#*r 0.001 %%’ 0.01 “#" 0.05 *." 0.1 * " 1 080 o e&)

Residual standard error: €.021 on 357 degrees of freedom
Multiple R-sguared: 0.3865, Adjusted R-sguared: 0.363
F-statistic: 103.3 on 2 and 357 DF, p-value: < 2.2e-16 o

&
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W

125 Best-fit Synthetic
Weather Data

Mahalanobis
distance

Historical Weather Weather Reference Weather
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ID119 0.594 0.310 0.858 0.819
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: istorical Weather g

Downscaling Averaged

us-n WG Data (ASOS, 30yl‘) Historical

g Weather Data
(Version 5) =
-
Mahalanobis distance +
relative humidity ensemble P
125 Bias-corrected 125 Best-fit Synthetic Mahalanobis
Best-fit Weather Data Weather Data distance
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EPIRICE-LB EPIRICE-SB
Stations /w _temp, prcp. /w _temp, prcp, (BFS)rhum /w _temp, prcp /w _temp, prcp, (BFS)rhum
1 bestfit |125 ensemble| 1 bestfit [125 ensemble| 1 bestfit 125 ensemble 1 bestfit 125 ensemble

ID119 0.594 0.546 0.671 0.698 0.858 0.871 0.867 0911
ID146 0.756 0.699 0.723 0.704 0.875 0.855 0.890 0.869
ID156 0.772 0.781 0.764 0.789 0.878 0.873 0.869 0.877
1D232 0.299 0.484 0412 0.641 0.670 0.676 0.782 0.846
1D288 0.147 0.300 0.406 0.546 0.815 0.831 0.799 0.821
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