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ABSTRACT

There are three steps to conduct an impact assessment on agricultural productivity
and vulnerability to climate change. First, the analysis of climate resources in the
region should be prioritized in order to understand the plant responses to extreme
weather events. Second, the response of crops to climate resources and climate
change should be reflected in the crop simulation model. Third, the impact crop
responses to future climate change should be evaluated by combining future climate
scenarios and crop models, which simulate response results such as genetic
parameters or soil parameters during extreme climate events. In this study, we
analyzed the changes in heading times and yield components for previous winter
barley growing seasons; calculated the duration and frequency of barley’'s growth
limit temperature during overwintering events within the observed period; and
calculated the historical and future periods of future climate scenarios for individual
GCMs (Global Climate Models). The resulting frequency and duration information
was coupled with a map presenting the areas that are able to safely cultivate barley.
Then, we evaluated the changes of heading time and yield potential of barley
simulated by multi-model ensemble approach of future climate scenarios. Changes
in flowering time and uncertainty of climate change were evaluated in major fruit
crop growing areas by simulating fruit crop flowering days through the prediction
model.

The research results showed that in Daegu, the daily minimum temperatures
had a higher impact than the daily maximum temperature on the heading time

during the first half period of barley’s growing season. High temperature during



overwintering had larger impacts on the development of growth than minimum
temperature. We anticipated that this would be the case because the daily maximum
temperature influenced a change in heading time during the early growing season
in Jinju and Naju. In the case of changes in yield, the daily minimum temperature
had a larger effect than the daily maximum temperature during the second half
of growing season in Daegu, Jinju, and Naju. On the other hand, in Suwon, the
daily maximum temperature affected changed on the winter barley yield during
the second half of the growing season. |ksan presented different results. In four
regions, with the exception of lksan, yield decreased when daily temperature
increased. In Iksan, yield increased when daily temperature increased during the
second half of growing season. Overall, the range of responses of the heading
time to the daily maximum and minimum temperature during the first half of the
growing season was changed in 4°C range. During the second half of the growing
season, there was a 2°C temperature range of response to change in yield during
the second half of the growing season. It is worthy to note that the cold exposure
duration decreased due to the effects of climate change in the areas that grow
the most barley.

Crop Environment Resource Synthesis-Barley (CERES—Barley) was simulated
under the observed climate, and the historical and future periods of GCM's future
climate scenarios. In the crop model's simulation results, the anthesis date has
been shortened under future climate scenarios of Representative Concentration
Pathway (RCP) 4.5 and RCP8.5 on CO, emissions, despite the condition of an
unchanged sowing date. Increasing effects of winter barley yield in the RCP8.5
scenario were more present than in the RCP4.5 scenario in the areas that grow
the most winter barley. However, in Jangheung and Haenam, there was a projected
decrease in winter barley yields in both the RCP4.5 and RCP8.5 scenarios.

The assessment results indicated that the chill-dormancy clock model produced



more reliable flowering day forecasts than the growth development model. Under
the RCP4.5 CO;, scenario, the results of the ratio of change on flowering time were
as follows: grape > peach > pear > apple, in that order. The grape’s ratio of change
on flowering time was expected to be the highest amongst the four fruit crops
whiel apple’s ratio of change was expected to be low. Under the RCP8.5 CO, scenario,
the results of the ratio of change on flowering time were as follows: apple > pear
> grape > peach, in that order. The apple’s ratio of change on flowering time increased
sharplywhile the peach’s ratio of change was expected to be low. This was the
opposite of RCP4.5's results. In conclusion, the apple is expected to have the greatest

change in flowering time between the four fruit crops, due to climate change impacts.
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Qlt} (National Institute of Fruit Tree Science, 2003), wgbA A|F-2Wtstz2 Q1H
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o} AH-gHolo] A5 438 =o|t} (US Department of Agriculture, Economic
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R R BRA0RE WL 13w, 940 18w, UL 287 2718 Aele 5
A O™ Xiong et al, (2008) %= GARSE A& HI15F$ ) Xiong et al. (2008)2 7|
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2.1.1 E2|o] =2 ZHHHX| 2 XHHHHA

= AtollA= 2 AuiEA o]
o] £E3F AJdof| Hel= A tiilshe St ARomi o] AT o girh 1
L} O] Apgo] o] Folof whet He|o] YAkt 4H7E 24 EolgHA He, U T
O] Wi AufHA = Al 7Hassl gheh 53], 1990y o] % et Aol A AuiH
ol F43] ATt (I 13} http://www. kosis. kr), 2 2] 2] jujH 22 1971
ol 365,155haollA 2007 24,374ha® A5l AYAFEFE 899 567E0] A
76,856 =20 = 1/10 #0E FolE%loH, 20120= AR He| ujA=rE A
A g2 E o] S AA7|Ee] B2 o]ol T (RDA, 2012; Kim et al,, 2012), 71
Hub 2T Hejo] goha] 7hx| et A A 5o At dHAIHA a7t STt
F= Wk ofy el ) W 48] F7tol| whE sk W Ao it T SR
= Hef Aibo] thA] S7FsHA = ATt E3E, AR EE o8t S T AR
A, 4 7157 AEe Y& 5 1 87 SEAL Qi Alvrr Reie Aed
FZE ofHY¥E (amenity) 9] 7|HFo 2 e} goleh= MEE 7|5 ol Helo
Aol Axrg WAL Qlof thA] Hejo] AujHA o] Frlskar ok, 19 2+ < 18
| Fete oF WSS YER AL Qloh AA= AR 9] 9 2011d7HA] A&5A o=
Haxstd Aua A e] 201210 501 160ha o) S7FskITE & 12 200583 2010
| SAANA AR AHE] =9 AuiEA] #Hstolot,
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10 &Met 7|S et

FHE 8% =Y

=21 20051} 2010H2] 22| XHHTHA SZ0f e 22| THHHHA XIS 2ot Q1 TjatEAs
City 2010 2005 ASOS
Si-Gun Rank Cultivation area Rank Cultivation area | Change Station
(ha) (ha) (ha) number
National - 25,086 - 40,365 15,279 -
Gimje 1 3,821 1 3,728 -93 ID243
Gunsan 2 2,985 5 2,444 -541 ID140
Buan 3 2,914 6 2,179 -335 ID243
lksan 4 1,575 16 763 -812 ID140
Yeonggwang 5 1,475 3 2,899 1,424 D165
Boseong 6 1,234 4 2,477 1,243 ID260
Miryang 7 1,048 8 1,748 700 ID288
Haenam 8 85 9 1,464 607 D261
Jangheung 9 813 2 2,974 2,161 D260
Jeju 10 742 19 660 -82 -

Jeongeup 11 690 14 817 127 ID254
Naju 12 620 7 1,763 1,143 ID156
Gangjin 13 601 12 1,046 445 D261
Dalseong 14 362 18 673 3N ID143
Hampyeong 15 336 M 1,073 737 ID156
Gochang 16 316 23 434 118 ID245
Shinan 17 290 14 876 586 ID165
Goseong 18 279 17 693 414 D192
Jeonju 19 268 31 260 -8 ID146
Gyeongju 20 226 32 256 30 1D281
Yeongam 21 223 10 1,142 919 ID165
Jinju 22 219 20 559 380 D192
Changeyeong 23 212 24 372 380 1D288
Yeongdeok 24 206 36 174 160 D277
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AEol| A= 11 AEo] oPHsH AuiE 4= o= e 52 S 24
o] EAgict, ZEQ FANMAINE RSk dHidls 714, BEY 9 A= &
ALS] BAA 27 So] BolshAN, A=A AAvre g2 Sttt 7w
o2% o] Hw AujstAS AAT S~ 9t (&, 2001; Shim et al., 2012). Shim
et al, (2004)> 7R 2]2] AulgtA AL FLEskgiE], o] EH 19 Bt7]2Z 0838
et o] SAAo] 1Y BWat7] —6°Co| T4 UX|5klaL, He} o] mARS fIgh
7R R o] QA AI A2 1Y Hat 7|20l A -4°Ce] T4 Fto)ar, Fx |
A2 -2 1Y Ht 7204 -8°CE] G224 Ftoletal skt 1989d FEXIS
oAl IR FPANFEE= 19 FA7]20] x4 Eazo| uhet R Aufz|
oS 3R RS, 19 HA7oA 22 -5, =7, —9°CQl TA A ZxR e
A e ghA) 2 —E’S}‘}’iq AE o] 9= 1Y 7|04 42 -4, -3, —2°C, Y]
FHE= 1A er RS, 19 FA7]20] -3°Cl TAAAE WFEe o A
HighA R RS (FE8H, 1989). v T (1999)> W] Aol A=
Wgtdo] 7t AEe7t 19 Bat7]2o] -5°C ofdelA 19 2A|7]&0] -10°C o4}
AN AA7A] & 4= Q7] wioll =] Afdafieh A2 A et H3HA 92 i FE
FIE) A9 e s & 4= okl shleh s8-8 (2000)- 19 Bat7]-23t 2 A 7]
oz Uﬂztﬂ (7—133] /V\]'EE] _1__,_531) o]—x{xHHH;(]Oﬂ o] ;(HHHzS‘]-;ﬂx]Oﬂ,Q /\-1%3].03
3, FEe W Aol wet s5g e R FaEste] FE A S A4St
%k Kim et al, (2013)%= 4l 7|93} Alue]e Aol g f-2uete] ALH e
A A=A 0]5-S 109 T (1981-1990, 1991-2000, 2001-2010)= EA8tgict, 1
32 3188 (2000)0] AAIRE K] FF5 PR 9 AR E VEom 14
Al 7R (B, A7) ZRE ARHE B (BRe, AR, WaRe) o
A7 FHEEeT (Kim et al,, 2013), o] H| A7k FEE 2] 3713
Fe= 30molt}, b AZFE S B AjufR| ool 23t 714 BT U
B3, AET 938 ol gxrAwEAE Yellth E3F Kim et al. (2013)S
olitsheta wiEFH Ao whE vief 713} Alube] e Fol A4 RCP8,5 7|REO2
He| 3% vl HAAM) 7 HREE ARSI (29 4).
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2.1.4 22|9| MEHeARE

1eHElS R YEARY YEBAY L PAARHTA Ao Pl &
2 A4A19] Wekyo] FR 3t} (Shim et al,, 2004), He] FEo] uet FALEL
2wyt ofjel, s1eo] SEdte] B Al F 9 Boll sEstel Satelt
75 (o, EE) o] uek A o Flolch (Shim et al,, 2004), webA] PALE
o Rl BEES] JPLEs} o FEo g FO MER WAt S8
@ 70|t} Ando (1986)2 $1HLE=7 Quka o 101 18] o o] w2 WAsH
L AT QPAA S, 10490] 587h aFlX 9, 10e] 53] ol HAsHE A9
° RAAE Bty on, 2k B el A 109, 5139 AL Fatol £
EEE AAstel 4B AAAT o] B§F 4 ek sherh (Ando,
1969), YEAE] et SLUAHAY Rl YE/I] L8 2] WS F8
Sk, 2HEe] QPR WEL MY F& wje] A 2w ofaf AufE7) tjRolct. ut

1981-1990 1991-2000

@ Mearby

B Contained
[ ]sido
Descrition
[ ] unsuitable
I aroinal for hulled
E' Marginal for naked
[ safe for naked
|j harginal for malting

- Safe for maling

a3 274 10 EIQlo] Zea| MEa| oiEa|of OFMHIX|S (KRS, Kim et al, 2012)



2hA] 7| Erse] w2 el WEa E5u AAMA L] WElE A
oall, Zareel 190] Br)eH HAY| e NEow wRAFH FEABGIA
TR RS ol g,

2.1.4.1 =L KHHHX|Ho| MEISHA|2E HSt

Hel 39 Aujx o] AARALE MBS AlLlshr] sl WA =2 Az <

of xZFtE 7|AEA 7B RE o] st He 20 AuiR| o] Al 2470
TN 717378 FE71 ST 2 AR F 671R0I 1Y (3 10). 971 #E7]
A= A2 31 E 32477 197620056 %&1}4 o Hu 2 A7, AT, UAp
=) AAEES] A&=d 71Xk 7%]*?0}71 eliA WA 2| &=

2ol gk Aol Fasiet, & °4?L°ﬂ*1b A&Ed 7k dHeY uE &
e A7) (2801 28 Aselo] RTALE 57} 39 ol A4 38 T
of. E3k A&Ed 7|7b0] TA7IZE et dup
7t ot wAlES 4 (ol o8] Ataict.

el

e e

)
#ﬁ
I\
el
N
)
lo
U
i
o
ﬂ
o
b=

n’/,
P (4 1

o714 n= TAS] 1204 28 BT 9°C ol3t 4% o]AF M &EF Beoln], N
& % 71710l o Sol, 19914 129014 o153 20001 29 WE7IXE F2k-9°C
of3} 491 ol A|%EUY 8147} THol3, % 7171%ko] 30\olebyl K= 23.30] @
Aoltt,
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2011-2020

@ MNearby
®  Contained
[ ]sitw
Descrition
| Unsvitable
I =rsinal for hulled
Marginal for naked
Safe for naked
Marginal for malting
- Safe for malting
a8l 4 RCP8.5 Ol2f 7=zt ALf2|@ 7[Hte] 10H Tl 22, A2 MrE2|of QRHRHIAS
(RIZEX: Kim et al., 2012)
2 2| WHa| WREe(o] Ozt Tiset 18 E Bt/ 2 Y 2V 2 (KimEX:
Shim et al., 2004)
Grou Average temperature Minimum temperature
P °c) cc)
Hulled barley -4 -10
Naked barley -3 -8
Malting barley 0 -4




3 =L 3971 ASEele] ORI 7tset 18 Y B l2at Y =MV |2 (Ai=ER,: Shim
et al. 2004)
Average Minimum
Type | Group Cultivar temperature | temperature
(°C) (°C)
Hulled | Olbori, Kangbori, Tapgolbori, Chalbori, 5 19
barley | Saeganbori, Seodunchalbori
Hulled )
Il Saeolbori -4 -10
barley
Naked
axe Chalssalbori, Saechalssalbori
barley
" Hulled | Keunalbori, Milyanggkebori, Saealbori, Miragbori, 5 8
barley | Alchanbori, Daebaegbori, Albori
Naked
ane Naehanssalbori
barley
Hulled ) . . .
vV Oweolbori, Daejinhori, Nagyeoungbori -2 -6
barley
Songhagbori, Olssalbori, Neulssalbori,
Naked | Kinssalbori, Hinssalbori, Hinchalssalbori,
barley | Mudeungssalbori, Chunchussalbori,
Kwanghawalssalbori, Kanghossalbori
Naked )
V Duwonchapssalbori 0 -4
barley
Malting | Sacheoné, Doosan8, Doosan?2?, Jinkwangbori,
barley | Jejubori, Jinyangbori, Samdobori, Namhyangbori

2.1.5 OHXIXHHX|CH] ZIRHR BB

TAE B PAA A o] & Aol AlibE A e A&EdR
=5 23sch 598 2o PaAulEA e 2k vAd Az Al
o}

Slolss Akt £ S KL, & el o FRES] B (7
g 5B 3800 PPALE ASEAUNEE AFste] Aue] 0 Aux 9]

A AAHEE PoR BESSATh AFAE ALte 9% 4] (3)2 offiet gt



o71H Z= sUE Hel AR A 2= HAE g, e AR A
SEAHEol:, AlE 501, 1991~200018 9] Ha| SPAAENRHA 2ol M A2
S qlo] bdsHAl Auie 4 gl Aoz tAE A 27 o]al, o] X o] ARt

ALr A&EEAR LT} 23, 3012Hd P, 46.60] Hr},

t

|

2.1.6 H2L=7|Zt
2.1.6.1 THA 7|7t (exposure duration for vernalization)

AL Aol SPAATIEE 15 F DEAHE AT = ABe] AREA]
&= nRth 53], uF F g A9 72 A wA=
aolt}, FFuiet updaA ol Fadk 7|xto] D}%El +1d #% (Group I and 1I)
Zo| A Group 10| 4542 714 i, F3HA #%F (Group III and Group IV) 59|
L Group IV7} 1002) oJ4}9] Aol Hasteh. uheha] A7 Hot 23 A
271k A7) el AR Al7]ol Hgo] Basitt (& 4).

H4 2ol £3589 oty S840l IE M=z
Type Vernaliztion property
Group | needs 45 days to develop 9 leaves
Group |l 70 days for 13 leaves
Group Il 100 days for 15 leaves
Group IV over 100 days




CTSA AR Y AR, o B, AAR W 3k 2o SOl e

Eok

AR Solth, Bk 249, A4, M, 44, 19594 () ol Tl Qakgy, 4
o, ARG, AUE, 25 9 4T Ao B ul AR 5o shebd @
B 52 makEo] gleh. Jeid ARl B} e st de 4REo
el EFolt AFAES QA oot 42F 0|88 4 Gldich & 5 47
) AFAl Aol A 2 Aol N AGE GEEolch Sy Algiet el &4
‘galo] HAEE O AYELE B F sdolA 59 ol 9% AWE (RS o83}

22
=

A 2SI MEEA AR B BA 0/8%

AT
09

H
(3,
4
I
I

=

Descriptions

Cropping system information (example: double or single cropping system)

Sowing day (day)

Plant population at seeding (kg/ha)

Row spacing, plot spacing (rows per plot]

Fertilizer information (example: N-P-K, kg/ha)

Anthesis day (day)

Phenological maturity (day)

Plant height

Number of tiller (at maturity)

Number of panicle or number of pod if crop is soybean (no.)

Number of spikelet [no.]

Mass of 1,000 (100) grains (g)

Grain yield (kg/ha)
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2.1.8 Mg7[7t S

7] Zofl He| F8 AR e #=5 SRR R E K A6z (3

(3

A

=

daae] mAl= Gl digh AAR

7&7

(e, Dol o

o & drollA B B57IRE

a7} W o] ST AL B ABKEAL

2t

o 7]

o
=

N
of

%

]_

K718} 4ol of

)

Q

B

o
or
)
NF
ol
i
,wvo

Bl

skt of

H| ol

= UAEAE

o°

K

=2
=T

7123 dH HA7]R0]

Jobct WA 4950 qlgich I FelA A

Al ol AR} 4o A 7Td o]

[e)

-
1

25}

=550

Q]
=

Hin
|

—

[e)
AR

o] A% A A|olol A 4ol Td ol 2

Period
1981~2012

Malting barley
Jinyangbori
Samdobori

O th& X|

y

-2

SR
Naked barley
Saessalbori

Olbori
Olbori
Olbori
Olbori
Olbori

52| Z9 MHfxicn 2Rt
Hulled barley

A=E 4-7H 0]

Daegu
Jinju
lksan
Naju

Suwon

H6
o
2
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ZHE R & DSSAT (Decision Support System for Agrotechnology Transfer)<-
u)=tol| A 7igrE]o] IBSNAT (International Benchmark Site Network for
Agrotechnology Transfer) Akio] ol3] A4z Wel Ms Zolch DSSATO
= F, &5 59 AR A 85 (o0il crop: canola, sunflower etc.), %4+
&= (root crop: peanut, potato etc.) 52 ASES HoT 4= Q= W7|A 2 LAY
of Qlrk. A AT ] S DAL S, B SR, B A4 5 59
WA st HERES FUACR Tejsk A0 AR S5 Yol

218351 Ao U= Aoz FHryl=Ech (Singh, 1985; Godwin et al., 1992).

o

2.2.2 CERES-Barley

B QTo|n Aguele] AR e AT HERPS CERES-Barley
(Crop Environment Resource Synthesis) @A DSSAT version 4,5 3|7]Z|o] &}
Elo] QIth (Jones et al., 2003; Hoogenboom et al,, 2010), 2016¢ DSSAT
version 4,60] WIREE AT op2] @A Foff & A-ollAl<= version 4.55 °|&

SFAtt. CERES-BarleyE o® Ao #-g517] A= 1 Aol LA Aulj=| L

S EEO) A N we B SAH BAS mFol Aok Gk, Z AEe)
vhS- ol AjAFol Z2Q EAJS W 7|9 4 (parameters 2-2 coefficients) =2 F &5}
T2} EEEE AR R 2 Holshl Aolth 2, ABe] 48 welst] Sl
L 7t B0 R e 2SR o] AAE|olof g,

2.2.2.1 MSTHA| (Growth stage)

CERES—Barleyo]| A+ o} o]|% 1 2] 9] AN ARSI A] (end of Juvenile),
G55317] (panicle initiation), GYAAA]7] (end of vegetation), ©J2AHIAAX]

7] (end of ear growth and anthesis)® FE*A2E 7] (phonological maturity)



= == = = = = =py= =b1T o u
20 | dMist 71ZHeY HEE S5 sYR0k 7|SHe YEEIL ol M U e
. 7 , /
Gs30 Gs31 Gs39 GS59 GS61 GS71 Gs87
Lo e st
Seedling Stem Ear Dough
Growth Elongation Emergence Development

First spikelet of ear
Gs10 adeatitiouol GS30 Eacat e Gs51 just visible above  GS83 Early dough

coleoptile (pseudostem erect) flag leaf ligule
Gs11 filisafinoxed GS31 Firstnode detectable =~ GS55 Halfjof ear emsrgod | R Softdough
(ligule visible) above flag leaf ligule
Ear completely
Second node Hard dough (thumbnail
GS13 3 leaves unfolded GS32 Helactate GS59 emerged above flag = GS87 impression held)
leaf ligule
GS15 5 leaves unfolded GS33 Third node detectable ~Flowering Ripening
9 or more leaves } Grain hard (difficult to
Gs19 Nnriied GS37 Flag leaf just visible GS6é1 Start of flowering Gs91 divide)
Tillering Gs39 hagleafblade al  \SEEE Flowering half-way = GS92 A —
GS20 Main shoot only Booting GS69 Flowering complete
Gs21 Main shootand 1 tiler =~ GS41 fiadleatoucaty LA
extending development
Gs23 Main shootand 3 Gs43 Flag leaf sheath just GS71 Grain watery ripe
tillers visibly swollen
GS25 Main shootand 5 GS45 Flag leaf sheath GS73 Early milk
tillers swollen
Main shootand 9 or
Gs29 GSs49 Firstawns visible GS75 Medium milk
more tillers
GSs77 Late milk
HEIO o L =
a8l 5 H2|o] MAHUSTA| 0 MREAI= Zadoks scale, Feekes@t Haun scale0f 2fsH Hol=

LR 7IEHE 0I20I¥US. 01 S0ilM Zadoks scaleO| 7t 0| 0[BT U

(KF=EX: http://yara.co.uk/crop-nutrition/crops/barley/key-facts/growth-and-development/)

= 57)0) 20 ASThE FHE] ok, 19 5 wele] Aukael ALl AEwo]
o) HgEbllE AT TE Hold), Wk 83} 4 Kool 2422 (anthesis) 7} Utk
3 7= CERES-BarleyolA] Talsh 2jo] Qx| Fold), 717}e] who] wesly) 2
28} thermal time (+3] GDD) PIYE G37H]e] A=A Ueh| ek (& 7).

"7 CERES-Barley0ilA Fold 22[9] HEE=ITA
Stage number of CERES-barley Growth stages

7 Sowing

8 Germination

9 Emergence
19 Maximum Primordia,

' End of Vegetation

3 End ear growth

4 Beginning grain fill

5 End grain fill = Maturity
6 Harvest




2222 {REEE

$ 8% CERES-Barley®] m&< TE317] 9a) Bast Ha] SaARo|}h PV
£ ek Gmrgonse) QAN ALE AL K A ) Y

= AL yehdich vwhd, P1ID AA| S-S 3 &4 (photoperiod 22 day
length) 8] F&F= e FLR Al7]olt Ps= A Ao nlg] E8]E vlojl= oﬂi}
(@) o2 Bahy Aol o

S0l A FROE YUF= 2% SHVIHILREA]
4000014 600 Aro] vl FUst ghS 2=t BPoA= FAF2 St
A A4HE (vield potential) o] HWAE 3709] w42 FHskL =t &57] o
Z%H(whole canopy)°l thet Zf F3krE Gloz, 3t 7o) P35} (spikelet S
panicle, kernel)7} 5F5of Y-S Aste] At FAR G2, 2EH AT} gl AH
o] Fjie 8L G332 et} npz|uto & PHINT: 312 E9F 99 23 &%
£ 252X (GDD) o2 YEhd Ao R gF 79 Q) (leaf tip)o] Y=t Ae|= Al
e g g Ao},

=Y

oA FF0] Fg Rl o3t Ao e heshA Adrgstd, mid o
| A S F ol g3 BAR FHRAE o gfo] vale] FTAFL 1E
Fo2 WEslo] ANE, of o 22t ) Bolge 2ot Ure Al g
T2 mAHn weh g olda T Ak Au AT 5] Tadt 9
&FS u| Xt} ESE B oA ZA A3 (potential kernel number)= HAE Z£
of o] sl AYEY, B8 E4 T A 4470 FRIRIY S,
A w ne sEds gue o8| AR, 2, wgels S4ide] A%t %
A Gt dEE F50) AR ofsf v mid o] AT (growth rate)= A
Abstal TS G35 RS (potential kernel growth rate, mg/kernel-day )2 At
S0 ek, ol ul, gs}e] AgEol ol B Bek ARk e Qsle] 4

o] M| =t} (Jones and Kiniry, 1986; Ritchie and Otter, 1985; Ritchie et



28 CERES-Barley?| Tts2 flolf Zett 22| £52 RAEE
Parameters Descriptions
1D Photoperiod sensitivity coefficient (% reduction/h near threshold):
Photoperiod response (% reduction in rate/10h drop in pp)
p1y Vernalization sensitivity coefficient (%/d of unfulfilled vernalization):
Days, optimum vernalizing temperature, required for vernalization
P Thermal time from the onset of linear fill to maturity (°C/day):
Grain filling (excluding lag) phase duration (°C/day)
o1 Kernel number per unit stem + spike weight at anthesis (#/g):
Kernel number per unit canopy weight at anthesis (#/g)
& Potential kernel growth rate [mg/kernel-day™):
Standard kernel size under optimum conditions (mg)
& Tiller death coefficient. Standard stem + spike weight when elongation ceases (g):
Standard, non-stressed mature tiller wt (incl grain) (g dwt]
PHINT Thermal time between the appearance of leaf tips (°C/day): Interval between
successive leaf tip appearances (°C/day)

2223 =z H2| S8L| ¥

DSSATOl= =AA o2 =3l FF5Eol disiMe a7t oju] waEof 9l
AL, ol A A= de] Al F5E0l disids AE7E A flens A

FAT AAH o2 fRRsE 2AdoF T

AR FAEFFTS SR, dREY, JEEY W ARy, & dAtol|A= 2012
ol 4l Aueo] EEmae] A7k (Kim et al,, 2012)2 AE319it} of ool
A EERAE BEUEAIA i AN Ui AN AR EoE
DSSAT #}j7]Z]¢] WA 22732l GenCalcE o]-&sto] F=AH AT, +=3H 213
A2 AQASAE A A1eE 1997d o) AR (BEE A 104 opPE e
Aol AFgS, mA 2o AHEIHA O 1997-20029 A Aol B
T sk, med BAS T e g 4w 5 ot WA AR

Phenology H8-& $743}o] P1, PID, P1VE A4S o}, AR} FLAAQ A
I ARE @il Q)= Grain filling 5 (G1, G2, G3 )& A3} (£ 9). ==
H B fango] o) oY mRS FEAL HolAniE ASApa} v|nd

>P>4

|

r_l
> orlox

N



9 CERES-Barely /&= flofi 2 S0iM 0128 22| 25 RUEE (K=& Kim et al, 2012)
Cultivar P1V P1D P5 G1 G2 G3 PHINT
Albori 17 15 468 27 34 1.3 75
Saesalbori 16 23 492 45 54 1.3 75
Samdobori 14 34 528 56 20 1.3 75

A3 e 647t AzAae] AUMES W Eds

mean square error)— 3

2
o
i
4
N
— 0
L
(0¢]
ne
ox
4

AR Aol w2 He] A Bl e ek 24 2 Fe7h lotal dsioiiEial
By vf Qlek, B ol A= Kim et al. (2012)0f]4] 543 S ARSI (F 9).

223 @3 7SS U5t UAKIE MM
2.2.3.1 £ IHHIX|Ee| 1A 2= J|SEXI=

kA (2.1.7)0 A3t viel Zo] ®Ha| 8 RS ATt FollA 7144 EE7)
A4 (ASOS, Automatic Synoptic Observation Station)”7} Z§HE A|#-& 24
N Al FolA 1270 R AL, o7]of] sE2XTH ATkl 2k 9 2] o F-S-A

[¢)
A= Al 127 Foll AL 67] Aol et (3 10). 671 7147 &

10 671 TIMEIEAC 4718 T R4 U Il
Weather station
Weather variables Period
Name Number
Jinju D192
Miryang D288 Daily maximum temperature,
Jeonju ID146 i ini
J dafly m|n|mum. te.rnperature, 1976-2011
Jeongeup D245 daily solar radiation,
Jangheung D240 daily total precipitation
Yeongdeok D277




*WEATHER DATA : JIMN.J

@ IMsl LAT  LONG ELEV TAY AMP REFHT WNDHT
JiMg 35164 128.040 29 134 13.1-99.0-99.0
@DATE SRAD TMAX TMIMN RAIN DEWP WIND PAR EVAP RHURM
73001 1.1 30-23 07

73002 ¥6 28 -51 0.0

73003 848 16 -67 0.0

73004 69 64 -64 0.0

73005 46 58 -25 0.0

73006 3.2 66 -34 6.0

73007 24 80 02 206

73008 65 7.8 12 00

73009 ¥8 85 -37 0.0

73010 86 6.8 -24 0.0

73011 9.9 51 -37 0.0

73012 9.0 65 -58 0.0

a2l 6 CERES-Barley®| 2421 7|AMI (WTH)

2232 Z=Q HiX|E| B QlEixtE

CERES—Barley -5 93t B FH (¢F 357 W)} w5 ﬁ B 271
g, dE =4 ESHE EYeayt A4k (NOy) 3 o Ue (NH) 3HF & oY
of gttt (2’ 73 17 8), I o|FA B EYAHEE BF oY = e
Aol dAdoltt, 28y & Aol Fditt B2 ARE S =Yiit)
A AL A Al gt 2] B (digital soil map) @t = H-5H2keted
oAl 53 FUESE (http://soil.rda.go.kr)E $HSITt, B EF=olA 6
7 AEE - 671 AlEe] thiE EA (soil texture) AR E FZE35 o (19

9), B3 Fs= 93t AFEH BEY AE, dF =¥, $YA%E% (hydraulic
conductivity), EFS] AZXZ%F (bulk density), B2 ¥ HE $=F (clay or silt
content) = FUEFEAA A45te] HFP5o] she B 3 £ ((SOL) &
2 AT (2" 7). F 112 AUEJEoA &35 7 tjF EAO| 2 ESH
(FES) AFAQl EoF AHolth



z 11 CERES-Barely2| EAYEE Hofolv| flol SEELE| EALHoIM T2t thE &4 &
ESHESE MEHR B8R
Soil variables name Description Unit
Soil Texture -
SLB Depth, base of layer cm
SALB Albedo -
SBDM Bulk density g-cm’
SSKS Sat. hydraulic conductivity cm-h’!
SLOC Organic carbon %
SLSI Silt (0.05 to 0.002mm) %

*30IL

SICLL 120 SILTY CLAY LOAM
@SITE COUNTRY LAT LONG SC3 FAMILY
MIRYANG  KOREA 3549 12874RS
@ 3COM SALB SLU1 SLDR SLRO SLNF SLPF SMHB SMPX SMKE
-89 0.01 2.0 0.65 70.0 1.00 1.00 34008 -99 -89
@ SLB SLMH SLLL SDUL SSAT SRGF 83KS SBDM SLOC SLCL SL3I SLCF SLMI SLHW SLHB SCEC
12 -99 15 23 381.00070.00 1.4 088 57 17.6 00 013 61 -99 105
120 -89 .07 33 381.00021.00 1.8 035 42 106 00 013 61 -99 105

*CUPD392300 NASTI

SALO 120 SANDY LOAM
@SITE COUNTRY LAT LONG SC3 FAMILY
JINJU - KOREA 3516 128.04 NAGDONG
@ sSCOM SALB SLU1 SLDR SLRO SLNF SLPF SMHB SMPX SMKE
-99 0.20 2.0 0.65 70.0 1.00 1.00 SA009 -99 -99
@ SLB SLMH SLLL SDUL SSAT SRGF S3KS SBDM SLOC SLCL SL3I SLCF SLMI SLHW SLHB SCEC
12 -99 .07 23 .381.000 650 1.6 051 57 17.6 0.0 013 61 -99 105
120 -89 .06 33 381.000 570 17 0.02 42 106 00 013 61 -99 105

*CUPD492310 NASTI

a2l 7 CERES-Barley®| /24 £9mtal [ SOL)

*INITIAL CONDITTONS
@C  PCR ICDAT [CRT ICWD ICRN [CRE ICWD ICRES ICREN ICREP ICRIP ICRID ICNAME
1 SBO3136 93 99 1 199 0 0 0 100 15-93
@ ICBL SH20 SNR4  GNO3
1 12 .18 3 10
120 .18 2.8 ]
13 19 268 4
1 AR P4 04 ?
a2l 8 CERES-Barley 7501l 22t afgdAuied (BAXIOIM EYO| =7 | et SE g2



@ Soil_barley_stn9_20151011 - ArcMap - Arclnfo Table =]
Fle Edit View Bookmarks Insert Selection Geoprocessing CUl| =, 5. Eh My [@ &F x
Deds ] - 12,000,000 |00 x
@ e ue 5 [ PERIMETER | KOREA_ | KORE
QM@ IR TR FID | Shape AREA | PERIMETER | KOREA_ | KOREAID | SOIL SOILT SOIL_| SOIL_N
| v [E562] Polygon 3619302 17560,0¢ 2855 2864 | Rs clayloam AYBURMYE
Drawing~ K- (. O-A- [LEE] -l || 352 | Palygon 343141300 378102 3955 3954 | Fm DIAF ST RIA
= D13 =[] _#157 [ Paiygon 11154100 323207 4160 4158 [ Ap OIAH A
|| 2255 | Palygon 38041960 72953, 2258 4257 | Ria ATYANYT |
= | stz Polygon 40203500 85813, 2515 4514 Ap EEET
4553 | Palygon 27495070 962 3 4561 [ 4p R
ag laYi'S‘ . ﬁl 6171 [ Polygan 8117852 14414, 6174 6173[ Ap R
B [ barley sikun stng | 6313 | Polygon 16875710 8834, 6316 6315 Ap EEE
6751 | Palygon 1236258000 azigeEz 6764 6783 AT sandyloam o |
e
5 W«oa 1> n |B[5] ©outof 6819 Selectsq)
oIk

v b i‘(ﬁg"
o,,

: ; @
. 4 %
i t
X i

[@a|2n <« — . |

222679.141 304450817 Meters

a3 9 HEEYE T KA 6X1HO| £HYE (S seEnetEe Sail Atlas)

2.2.3.3 7|t &=EX=

2 5= A A AET 71, BEYARE ool uEd, ukE o], uE, 5,
AR 22 BN S 2 AufgA]ol Hig HEEe] dFETt of
g, ukF glo), e, 75 Solvk (I 10). ALspA| 2w ApegA2 A :Ent ohy
2k 2hzo] A= 7S] w7t R A7) oE 5 AR olF RFE Aol vk
sP7le A E7Fsslth A 7 = VIl AR A viEe R
ukg, olY Al e S A ekt U B, AR A4S
A7) B a2 109 2592 WA o] vt (AR, 2EiA 2 <
oAl 67] Aol A9 HFUS 10 259U 2 3175to] CERES-Barley 759t 5 3kl
AAAA Zd (File X: \BAX)ol| st} 53130t



*PLANTING DETAILS

@P PDATE EDRTE PPOF PEOE PIME PLDS PLRS PIRD PLDP PLWI PRGE PENV PLPH SERL FI
1 03141 -9%9 2 22 3 R 15 0 4 -5 -8 -99 -95  -99 -
2 04145 -9%9 2 22 3 R 15 0 4 -5 -8 -99 -95  -99 -
3 05145 -9%9 2 22 3 R 15 0 4 -5 -8 -99 -95  -99 -
4 08145  -9%9 2 22 3 R 15 0 4 -5 -8 -99 -95  -99 -
5 07143 -9% 2 22 3 R 15 0 4 -5 -8 -99 -95  -99 -
& 08147  -99 2 22 3 R 15 0 4 -5 -8 -99 -95  -99 -

*FERTILIZERS (INORGANIC)

@F FDATE FMCD FACD FDEF FAMN FAMP FAMK FRMC FAMO FOCD FERNAME
1 03141 FE003 AFO0L 5 30 30 30 -9% -93  -9% -9%
04146 FE003 AFO0L 30 30 30 -9% -93  -9% -9%
05145 FE003 AF00L 30 30 30 -9% -93  -9% -9%
06145 FE003 AFO0L -89 -93
07143 FE003 AFO0L 30 30 30 -9% -93  -9% -9%
03148 FE003 AFO0L 30 30 30 -9% -93  -9% -9%
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=
w
=
w
=
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<]

1
re]

]

g 10 CERES-Barley?| 5= ?fet efgEnied (BAX)

2.2.4 0 =720 st 2 IS

00

He] AR RE Kim et al, (2012)9] 3H 424 glo] 2lstsiet (3 9). CERES—
Barley J2t2E AA5H7] Sl gt olF A =W 5ol thet g« o] uped
Aol Stk A 2 Aol A ke 29 9l - 2of| met yEie ZREE Y
TS ARk o A (2.2.1.13F 2.2,1.2)0l|4 A viet 2ol 67 A9 714
(WTH), £ (SOL) W A A=A (BAX)S AFdskeict (G 12). SHlE HHd
CERES—Barley ®&o| d&slo] 1A 7|AF =77k AE 2] o] ALeAtgw B=7|7F
o] YAt 7)7to] 19799 109 25URE 2010 129 31U71A] woJstelrt, AR
2]o] 4812 o]Faf|dl 19800 7] wiiZel HOojE Ail= 1980 R E & Ert

H 12 CERES-Barley &2 ®lol 2R3t zlastol Um (MedAmY, 7MY, EAe)
Experiment file name Weather file name (ASOS station name) Soil file name
CUAB.BAX MIRY7311.WTH (Miryang] AU.SOL

JEON8B611.WTH (Jeonju)
GSAN7311.WTH (Gunsan)
JINJ7311T.WTH [Jinju)
JEUP7311.WTH (Jeongeup)
BUAN7311.WTH (Buan)
YDEK7311.WTH (Yeongdeok]
HAEN7311.WTH (Haenam)
JHUG7311.WTH (Jangheung)




2.2.5 7|2Hs} ALI2|2 T2t

B o)M= A 3L (Chung et al., 2015)0|1A4] o]-&3t 7|5} Alug]Q At
Arol BUS AR olar. o] ARE IPCC A5 HMTA (Fifth
Assessment Report, AR5)O|A] ARESH 2A7FA EE=T74 =2 (Representative
Concentration Pathways, RCP)o]| W& Al A|U2] e AEZH4 CMIP5 (the phase
five of the Coupled Model Intercomparison Project)S =4 A|Fwerow, &
A IS I3 HolRA S A T 4 Sl E9AMEH (Quantile Mapping)
of oJs] AASE = @itt (Gudmundsson, 2012; Park et al., 2012). AMA|Skof] ARE-%
AR 71552 d (Global Climate Models, GCMs) 2] Uehe] A7l Z117]2, Z|A]
71L&, Bates, sk, QA 5 571 7IHSE B 296kl 9l 871 GCMs
o A Aot 7140 S 7 Aol AlFstal = 12.5km AR EE
(Regional Climate Models, RCMs) A1}& ARESHATE (3 13). 12.5km Z A} A=
2 74 of ATt AlLele. ARt 93 714 5 AlEe AAT gl-
sfoF A3t dlel HadGEM2—AO (coupled Atmosphere—Ocean model of Hadley
Centre Global Environmental Model version 2)° 7]%3%t HadGEM3—-RA
(Atmospheric Regional climate model of HedGEMS3)oll &3l AYALE A}z o|ch
(Lee et al., 2012), GCMs ¥ RCMs®] A= 7|7+ 74 7|7t (historic periods)2] 73
2 1976 AXE 2010 7FA]o]aL, vl 7|7} (future periods)-2 2011~2040¢ o]}, th
ot 12 5km RS 7SR A o] 2Fa 7|7 19799 EE 20107k ot}



13 =2 A0 ArESt 92 JHE MXIF7 12 (XF2EX: Chung et al, 2015)
Resoluti
Model Institute Country es? HHons
(pixels)
12.5km Korea Meteorological Administration Korea 184 x 164
CansESM2 CanadiAan Centre for Climate Modeling and Canada | 128 x 64
Analysis
GFDL-ESM2G Geophysical Fluid Dynamic Laboratory USA 144 x 90
GFDL-ESM2M Geophysical Fluid Dynamic Laboratory USA 144 x 90
HadGEM2-CC Met Office Hadle Centre UK 192 x 144
INM-CM4 Institute for Numerical Mathematics Russia 180 x 120
IPSL-CM5A-LR Institute Pierre Simon Laplace France 96 x 96
Atmosphere and Ocean Research Institute,
MIROC-ESM National Institute for Envir(')nmental StL.Jdies, Japan 198 % b4
and Japan Agency for Marine-Earth Science
and Technology
Atmosphere and Ocean Research Institute,
MIROC-ESM-CHEM National Institute for Envir(?nmental Stgdies, Japan 128 % b4
and Japan Agency for Marine-Earth Science
and Technology

2.25.1 7|1=2239o| 177 |7t0f CHet 2 =

7] B27\7r0] ek B FET FA PO 97 Aol thstel 87 GOMs
3} 17§ ROMs | 2A4717F $9ke] 74mtel 817 (9<9=8)F ZuJsiick. 97 715:
Bo] AGolFL HFOR 715 YRR AL BASIUT (F 14), Bl
LA A A2 (VA maceo) & RIS PR AR Bkl =k
1702 Aepsteieh, WY T 717k A U571zl et At vlwsty] Slstol
7 BE77ke] B 22 7|7k (19799 10Y 252UHE 201049 129 317} =
sl AAstgon] AuEdT BeE AR JRE B B2k et we
TE (2,24 I FUA Yesich, BOE AN 3] B0 e B2
TEI AR 1080915 EHEch EoF 3L WekA) sheths ZbgstlA]
Tkt

>



14 CERES-Barley /2 74Tt MiES ffet 02l 7[2Hst A2]@ MAUXIzo| 7MY 0I5
of 7|
Name Initial code for weather file name
Scenario Historical H
RCP4.5 R
RCP8.5 P
Model CanESM?2 C
GFDL-ESM2G G
GFDL-ESM2M M
HadGEM2-CC H
INM-CM4 |
IPSL-CMBA-LR L
MIROC-ESM 0
MIROC-ESM-CHEM E
12.5km K

2252 7|=2g9| 0l2ff 7|=Het AlU2|Q T tist 2 7S

nlef 71595t Aute] e el tigh 2y 59| 79, RCP4.52F RCP8.5 ALt
2] 9] oJAlsteta: ik W3t FRE mol J=aljof gt o] X = AAMA =t
o] ufshA A E 52 DSSAT 4.6 package®] CO2045 WDA u}lof 2]-835}0] It
& 4= Stk 2 Aolds AFEA A e AHof RCP4.59F RCPS.5
AluE] 2.9o] olitateta: F WIS JEste] Ry 55kl GCMseF RCMs 2
RCP4 .59} RCP8.5 AUta]e9] u|zl 7]7F 2011~2040W7}A] 67] X|<Hof thsto] 162
7h (9%9%2=162)9] 71 = ARE BAsIAT, 2F 5 71X 20119 109 25
UHE 20404 129 3197HA] ROJstlon g wolE Ail= 2012W 7 E E2E
e P Ew (o, oEd, A= A B57)te] gt By et FUsA o
getglon, B 270% #stA] gethes 7Pgstol A AU SOL Y-S JIHj= o] &
sk3ict.



226 2y &5 »H

CERES-Barley R3S 75 & 225 u, ol So] mge] gua A
ol A FEARE W3l (o, ET.O B #71=9] #3} (9, SoilOrg,

2} PlantGro . OUT) &
izF 60 o7 Ao diE HE7F HHH, sid i HEEO g == Ha (o,

249, A4, WA S0, Qd FRAE 5) w2 5000l of2e}, B2 my
T5 ol Yok thE YRR FHT 5 QA 2o sttt ogA B E
% Ao

&S|
2 ot 289 AR FolA =
3 ==

& A<>< (physiological maturity day), 5% (yield at
at maturity) 5= £ B4 SHH ASHAE dES BS ASARY

EEAg s

B8
=
=
=
<
j)
>
£}
o
B8
g
=

2.3 CHAM alexi=0| TSt oS
2.3.1 CHAM niexbE0o| IS FHE flst MEAEEY
2311 LA O

T 7|15 dAS5she o Re 58 e E SHHTRE £ 3Rl
7V de] o0)=4g| v &= 413 (Pyrus pirifolia Nakai)2] 3¢ 29 sl&H¥E 5°C
olFel o Bat7|&S ol-&3t It wA7] SAl0] AAE HE QU (Jang et
al., 2002). =854t (1990) A= L] WE4% (DVR; development
rate) 5 7|20l et TR St 7A o] 7] enkgA o r A gkskal n)e] A7
H ESTA (DVS; development stage) ol =2sHd 7iS}ol| o] Ert= 7ldolt}, o]
of 7He 71 &u-3-A1S8 AL v, Eof, 2 5 et Fa Iro dishe] At
sto] 7|2} dlSol o]-&-3f ket ARAIRE A2 Kwon et al, (2012)3} Yun et al,
(201D ZFarstd Hreh, 3 156= 58 dof e deEH=r g 7|Hke] 72134
3 71 gEGAS] Aitoll Hagt K4 (parameters) O]t}



2.3.1.2 SHAAEZH

F A (2.3.LDNA AgRt Aut o] A e s 53t weEreof gt
HEg-ol AAgkel =Esha siste] o] Eth= JHeh] S 5 7]2e JE
= A8 Alo2A A7 Ao mE e FHAdEie Holr] #Eo] S
7ol n|Al= FE= v = Qlth 2dig s =oEolA 7ol 2A A=
HaEIL FgA o] XYdste] ASd St s st BES 5 e FHY
B2 Holsh=d| A2 54 7Hxe] Aol fMFal £ w=o] Fd%= A7l AR
Hoy, e 720 5, 9% 5o e e TEE PA| A dFET
L ew, = 2Em(C ojshet WA Belo] glon] Alze] vy WA o
Txlo] It} (Faust, 1989; Kwon et al,, 2006; 2 &, 2004), E3F 2 5 (2004)=
Tieo] FUS A WAR TR 2 Ao sj9et A A 817 F HEA
PR 1Sl AT SIS Sl MoK 3K A AR B 4
Aol Gk, kol B o] AH ASEE WARE EE ATFE, AT

olgfil B F HWH AlZ1o A= A8 %E (chilling requirement) 7} 35
ol WAFHo| bR ¥l o]% 2Egt o gHof kEE ojof Wolrt Yo
Ak Al A A A= WAFHC] B ol $ eet e Fe ol o ot
Ao FHo| A&EE= Aer ST Ee P, AR AL skl
Kwon et al, (2005)-2 3% =% Campbell Earlyﬁl— Kyoho?] WA GHENLE 9|3t
AL QP EE A3sk vl 91 o1 Kim et al, (2012)7} Kwon et al, (2012)-& z+z+
vl &£ 4131 (Pyrus pirifolia Nakai)?} 7|9 &% o] = (Hayward)ol ths}o]
WAFHERTE 913t A2 a2 @t ofye} 7SS 917t L2 at=E Y2l vt
QT E3SH Jung et al, (2005)-2 1955 K-E 2004 A7HA] 3t A 7|44 Q] AY
=AE #SAE (o, YE k) 2RE FHAA R AT Y ek y o
A=S A5 v dek o] Eof thgh ARAIRE AT Kim et al, (2009), Kim
J. H, (2012)¥} Kim S, O. (2012)& #ashd Ho}, & 162 9 I2] 75t 4
S= 9ol e FHAIARR ] mapo|t)

i

e
4 rr

O




15 R TH0| BT | 0SS SiH HLE URADHO| 7|2 HISADL T BIZA0| 2o
2ot 2o (RAzEx: neEsyeduetd 1990)
Fruit crop Cultivar Growth development ratio Growth development stage
Apple Fuji {m}x 100
Pear Niitaka {m}x 100 i
DVS=Y,DVR,
i=1
Grape Campbell-early {m}x 100
Peach Kwatta {7z}>< 100
107.94—-0.9
t: base temperature (t = 5C)
i: day
16 TR WOl VAP | 0SS ol JHEE STEAARHO| 24
Parameters
Fruit crop Cultivar References
7, ) a,
Apple Fuji 6.1 -100.5 275.1 Jung et al. (2004)
Pear Nikitta 8.0 -155.0 577.0 Kim, Soo-ok (2009)
Grape Campbell-early 5.7 -108.0 234.5 Kwon, Eun-young (2006)
Peach Kwatta 5.4 -86.4 2313 Kim, Jin-hee (2010)

T.: base temperature
C..: Chill requirement: chill-unit
H : Heat requirement: heat-unit



2.3.2 F2 10| Sl oS
2321 ZQ 1l XHHHX|SEC] JHEIY BEEXIZO} 7IMKIE

AFzhEol "t A2ls 3 AR o] S| et 7 = s
7]%%01] e F8 o] diste] 55 55 2 A4S Alde] 3L ok =
T ekl A e Theo] F (o, B, H9 ) R bl BT dEee =
ARBRAL it & AollM e SHERd et AldERe A ~HdE 8 I
o] B et 19900014 2010E7H4] 2533 et AS5E Hsl 7
3o g, IS el A2 QA 7148 35‘7]%7_%&-94 7]
SARE s, #Ad Ve as d HA Y qu17]20]1:} 1ol 4 1
H 132 & Aol ek oS d+tol A6
AollA =3 71 ARS 71 RS AE *h} Hjj, E=] 7H§P°‘°l w4
d AldEAo] dAshE Altel7|ke sith Haote] Aee Y SHEAd A wet

A Al Hgot etdnt =HEN7] fiZel A= F8 Egof AuiA| e

=

e
_|>L
_\}_1,
pr
{1
lo
_l
fo
=
i
Iy
il
!l

re

2322 717 ] ofF 2 7|2 2 nio| niq TSI ZI0] Chigh Tt of
=y 45

T

a
H
od

of Aetele GolahA AN 4 Gt AIE AASALh A ATLAR)A ol
= mgo] o E4e] ojek 1ol FARAA, olF Nelde] BF A gl
whizel ulef 7] 5ol et th BE ABRAS el 53] Aol o)F Aol A
o w3 FZol WasHth vt £ Aold AFE T8 A 2 B
7170 Bk ASHAS ARSI 2t AF el H SHE TS BRI} v w5 RMSE

(root mean square error)= AAtsto] 9] d&AS HSsII T



2.3.3 7|=H3l0f| Chst £ 12| TiSIY HSt
2.3.3.1 0|2 7|=HS0| E £ 12| I HIkSE

ulel 7| Fsto] ek Fa Aae] ABHY 5 SRk ve 75t Ak e
A AR A He] AFo] AL 71FWE ALkl e AyH et FAT Aot
o] Zpzo] h3t ZpAIFE e 24 (2013)F} Chung et al, (2015)5 FashH F
o} vlef Z1F st Avele we] mef Bk % 717he 2011ARE 2040617}
2] 747k vlefel] st S B RS TEIAATE. oAF Y 564 N HEA
off TshH 0 24| njeh ASFAL ST ES, BAS} vlwste] ] 7]F
Wak ALkel e e vle) 717k $9k 74 Bre] Ajstale] duht ol RA S
v BeHEAS B Sis) ATiAel etk 4 ()2 ANk,

o

Rangerapslﬁ or rep8.5

Ra’ngeh istorical

(4 2)

Relative change (%) =

AZIA Range, s o rpss= 871 7 GCMs®t 17] RCMs®] RCP4.5 -2
RCP8.59] u|gf7]7F B2te] 7|3Mal Alue] e Agatgoe| Qg 2tz d&5 75
oA 7HE =2 ANEtdollA 7 ke St d-S W H RS YERATE Rangey,igropin
871 71 GCMs&} 17 7HE RCMs®| 1A 7|7t 5:912] 7|53t Aube] @ HgAtzof

ol d=d et 7P =2 AstdollA 7S whE ek S W ffolot,



36 | HMst 7|SHEHY HEE 285 SYR0r| 7|FWEE FHEIL el M U e

I NI FR AWK S TRRST I 12 o TR K 5 IRR0SI
SR B | 4T XIS URIFHE Al SR B | 4 K29 URISH= AlR

a3 13 Le 3R XS & RS
oSt hetA7| 8 Rtzet YR [sk= Al



3.1 7|2l W2 E5A7(2t +ETE240| HS}

3.1.1 3 BEUSTIRZE S SFAV(2E AT EA0| Hat

H 14004 TI7 162 7t A goA dEe] 55 2dEee A7ty A%
HF ot & FHa|ed dE A7) vl UhE % (kg/ha) S7417]9 4
UHAE Hepd Zlolnt, AS7I7t Ak Sete] AR Harr]eap A FHA7|2 Het
°f =

L I
2 A7 B 52 7 gg: it}

[*]

1
ot
i)
i)
-
o

S
O
i
)
P
N
N
ne
e

NI
k]
N
rfo

A7 A #ar7]29 o-?“‘__‘ 0.5 (R2 0.21), 4¥ Z“VM%QJ 8= 0.6 (R™
0.36) 2.2 573 b 5ot 9 2fA7]Ee] & | 2R £F 9= F
© AR UERY (19 16). 5717 3ol 8 2ar7] o] SA17]0l vA=
VT Ar=e dE HA7|2HEG 2 9k, eifollMe A A7 2o % Hsl
o = vAe dew l/PE}"H‘% e =¥, 42 A7 ¥l 8°CoA
°C WiefolA 7 Hslo] mA]= ¥ l= 1000~2000kg/hal 2 LE
7|2-0] =5 He} (18.5°C~21.0°C, 500kg/ha)ol| MAl= A7|Ht 2 Z o2 e}

—
[}

O
Q
f
\)



3.1.1.2 F XIS0lM T BE 7S] T B4Ar|et $2F

AoMe AEE 5 SEe ol AR FF AfEE e} WEH &
T YRS F7H oz A5 27 1704 27 25%= A5 A YoflA ol
3 EF5 A7 %j'i‘i‘_ Setel A i Yl FATIERst] e
(kg/ha) T} EA1719] AJHEAE HERH Zloln QEEH 85 AT 48
#a17]2-9] 9= 0.8 (R* 0.65), A #7129 4-¢+= 0.5 (R*: 0.28), 7]
7+ Snbofl= o #a17]20] 0.6 (R’ 0.35), ¥ F*{7]20] 0.4 (R*: 0.13)% T}

I‘

T 2ol A Ueh Auter Zol ¥ F|317]20] JgFo] & Moﬂ o Qe ux|
L Aoz yehgth (28 173 3 18), &R e|o 48 4 A7t 4E
#3171 2-9] -9+= 0.5 (R*: 0.25), &8 A 7|22 H-9+= 0.7 (R*: 0.56) 22 ¥
124 124
122 L ] 122 [ ]
120 120
118 118
F 116 z 116
w18 14
wn L J L] " L J o L J
2 112 . g 112 ]
£ 10 o < 110 .
T 10 . . 108 ° . .
106 . ' 106 .
104 104
5 6 7 8 9 10 -3.5 -3 -25 -2 -15 -1 -05 0
Maximum temperature Minimum temperature
a2 14 Cht KIS0l g2 [7h TEE SOt AE 210 & 2[K7 |2 Hafel L2 SpA7(|9f et
124 124
122 ] 122 [ ]
120 120
118 118
= 116 = 116
W o114 o4
é‘ 112 . “ £ 12 o ‘
% 1w e < 10 .
108 e o 108 *e T e
106 L] 106 L]
104 104
1B.5 15 19.5 20 205 21 215 B B.S 9 .5 1 10.5
Maximum temperature Minimum temperature

Jz 15 CH=* XS0l =7 [2h 28 SoF U 20 & ZM7 |2 Halet FUER| S4A7 (9] A2



“ 185 19 19.5 20 205 1 215 B
Maximum temperature

2! 16 Ot XS0l MS7[2H 28 S0 U 20
72 k5
e (29 19). AEEE o) 2441719 7
(R*: 0.54), €9 HA7|29 A=
Ank Fot A i) 2ol &5A7]00 9
£717k Fito]
L Aoz Uyt (29 21), AREe]e) S
0.10), 0.6 (R% 0.31) 2.2 &R z|9} Zo] A
F&= 9 vA=
<7} 0.7
R£717F At
FEF= U=, As7IRt

nelo] g
A7) Wabt sl S AL A
3E% BE S5A710] G olAE A

81 i Fares A= 0.7

= 0.6 (R 0.371)& ZHe|e} o] 577t
IS F= Ao2 YRt (29 20). A
A E o] EAl7]o] dH Fa17]2 (R%: 0.38)0] t] g7k vl
o] 7%, A7 242 0.3 (R™:

Zoto] oy A7|erTt Y Hur|Lo] Wiyl &

L L

B 9 10 11

Minimum temperature

9l 2|7p|2 wlel Ba| 4250| AR

=

Rtoll= & A7 7|29 Wep) 57 Welo|| 9 F+= A=

N

’

BE717E ko] A HA7|Lo] Sepol
Ao Uehdtt (19 22). WERE|e] 2541719 49, 4
(R% 0.54), 0.2 (R* 0.04)2 QoA o235} th2 &= Zx0| Hoo} 7o)

A7) Heto]

Suto| = e AE Bt (1Y 237 17 24), WE

o] Ao 0.5 (R 0.25), 0.7 (R% 0.56)2 A ABL7|7F Tuko] <y

Ao g Yehdt} (18 25). AFE x| o||A]
AL AS7|7F A-SHEe] Al R yv|eo

237 &0] AWE7IZF kel St o At



40 | MMIEH 7| HEHY HEE 85t SYR0L| J7|SHE HSHIL WOl M L i
125 125
120 [ 120 [
= 115 = 115
- -
z =z
£ 110 £ 110
£ * E
< <
105 & % 105 ,__'
100 ¢ 100 *
& 7 B 9 10 11 -7 -& 5 -4 3 2
Maximum temperature Minimum temperature
a8l 17 T X0 Mg7[7h FEh SOF E 21 3 272 Hetet SH2| S4A7(9f o
125 125
120 L] 120 .
-
E 115 a 115
W it
2 i e, @
£ 110 . *e 2 g o
= L] ‘o, s
[= . [=4
< ° e <
e, 0@ e T [
105 . . .. 105 L]
L]
100 ° 100
18 185 1% 185 20 205 21 215 4 5 6 7 B 9
Maximum temperature Minimum temperature
a8l 18 T X0 dg77h 28 SOF E 211 & 272 Hetet SH2| S4A7(9f o
6000 6000
_ 5500 M = 5500
[i] =
< 5000 L ¢ = 5000
B “ * e i . R
= 4500 T 4500 LI
= ) Sy .
= 4000 ® £ 4000 '.-..
I ¢ z .0,
E“ 3500 jﬂn 3500
= =
2 3000 £ 3000
g 5 ¢
& 2500 S 2500
2000 2000
18 185 19 19.5 20 205 21 215 3 4 5 & 7 B 9
Maximum temperature Minimum temperature
Ho = = = =
a8l 19 T X[H0IM M=77h S8t SoF U 20 8 K72 Hslet SH2| »20 At



124
122
120
118
116
114
112
110
108
106
104

Anthesis day

a8l 20

124
122
120
118
116
114
112

Anthesis day

110
108
106

18

a8l 21

7000
6000
5000
4000

3000

Potential grainyield (kg/ha)

2000

a8l 22

18

7 8 9

Maximum temperature

10

Mgt

(R

= Kol =712t

185 19 195 20 205 21 215

Maximum temperature

T X90lM =72 =2 S0t &E

185 1% 185 20 205 21 215

Maximum temperature

ZEE KIS0l MS7[7 B4 S0 2

1o
==

124

122

120

118 .
116 -
114

112 T

110 T .
108
106
104

Anthesis day

Minimum temperature

Hatet M2 S+A1719

124
122

120

118 0
116

114 N .
112 L@
110 N
108

106

104

Anthesis day

Minimum temperature

=1}
=

ZIM7 =2 Heloh AfAE2| S4A7(9)

ESinl

7000
6000
5000 . *

4000

3000

Potentialgrainyield (kg/ha)
[ ]

2000
2 4 & 8
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