i
'_I"'E.T’_kl 2015—13

VVV" ‘
. v. > vvvv Vv Vvvvvv A A
o & B P Vv > » VVV' 'S ’Pbbbbbb 4
LT vy » P > VVVV'V"'P’V Fb Dbb PUR
,<<qvvvvvvvvvvvbbbbbbuugA....
441111 VVV'v'v'v'»'»’»’b )bLAAAAA.‘
v v vvvvvv W\ “AAAAAA
<< v " b‘ «
Lt RN .
441111‘v <4 €« 1<
411‘< .AAAAAA «
44 < ] 4 < v
vy 49« .
R A4 v ) L .
? o' AAAAAAAA .
A“‘4444
‘4“44444
44«4u...
v ‘ v
44<<<<4‘<
—x “‘ 1<<
— 4‘<<(<<
rm <<1 1<<
; “‘ y "
m v“‘
| QD .'"VVVVvv.
——Oha anJ "'1v
— (d)) v"'Vv
OT o= v"'Vv
(@) > »
- — vv >
— = vv > »
o______._A 3 O "
—_— vv 'VV
= W .VVVvvv .
no .' [ S
o k7 V' S s
- @ »' 'V I
Rl § Jeocoes
e .Pbb N
- = Fm nkU »”’PVP»».
.Ah >, .b»b»»» N
© =]} A“b>>>>> R
= c =2 44 T
= |_|° %O .AAAL);»»» .
K S =2 .AAAA AA;»...
=E % Qo %AAAAAAALL>>>.
__A_ﬁ el ;AAAAAM..;..
—l—l S & « ' « a4t
— -— m @4 < < € @ @
m m (@) ] <« 4 <
I m - ¥ P <
- IR «
™ _A=__ Q. £ e
|rOI - & —
0T i 5 7
a S ﬁm
<

APEC CC
CLIMATE CENT
ER







Xk el —
27| S U 26t
A

AHHo=s e £ = RRREY
O =0 = ;x 494 <« ¥
— —_ ‘ " )
Devel NSO AL
velopme Xy
ong 1 Y (r:lt of Seasonal Forecast Utilization System for "'"': "
-lerm v vy
rop Yield Outiook CAARE
vvvvv
rgs|
5 V'v'
v"'
.v",
LA
> b >
> > »
;b»
e b
»h
Celadd R
by
. LA Al i“A“
) “‘AAA Vgrdl 'S
“A‘AA‘AA A“A“
& N Y e A‘AA‘
A A, A‘ & AA A
‘AAA “‘A‘ A“ AA
T YTV AAdTut ]
: A,‘Aibbp‘). ““‘ A‘A
R NYYY Y4 Ad4eq 0]
>. Aadaaan )l
NN L4 & d 4 4
S P P o ‘< ‘<““
Y A4 LA 7'7"“‘""’14“4 PR
.,,’,,.v',vv vvvvvv‘v‘wq" 444
i . P % 'v"' d4q 44 « «
I A A AL Pl
" 'V'v"'1‘<< ce
,v' y' v v ¥ '1 < g "Wy
s B "v 'V v V " <4 4 .
> 5, ¥ "'V"' A < 4

AFETN 201513

APEC CLIMATE CENTER






-
1

FAEE 22 o of

°

oA

/\g/\

7] & 247 HiE

=

L

Fisto] u}

22 ol A AlA 5

A

2t
E4

T}
2t

5T T o e 5
T W H 3T o TR mo o
c . pde  BAL &g
T W ome 9o "X ol
T oSN T T XN mod
! T I o=
g o oF X o T 5
Xog Mar w T X o
M&mﬂﬂ o = w_mw;
DL R I N R
i % o B Q kb _

iﬂﬂztﬂ_io Pﬂ_..u_xﬁM
o g T g oo e
NE DT =y 2R oo T W AR
__olax_,ﬁ W R {n

B B MT <! mJ KR B o W
of F R IR SR
Safwl rTEk L@
Moo fr AT O S Y
o %O of Ar o o ol o
B3 9 N T %mm?%%ﬂ
D TREN
o T oop W T 02 il
LI - <R x <
T i o =) - o T
[ I =5 DS ' = —
4 X" o R = | Ay
N w_e ol u%e - % ek w A We <
o W M g AT o= N D of
W o T R W W
T By Fog N T g
I O e N R VO A
N NGS S R 1 =k TR !

S 9ke Ao JEy,

1.

kel
=

2hhof| 7]o]

7 1
2
="

|

J o

S
Ty

g

o
i

1

]

=

(¢

=

=

AA]



=28 A YE 2e 70| Dr. Takahashi Kiyoshi, A&tfeti 713
W4, {514 KOPIA M| WAIE A% o] Hel v = 7hAke] TS 7
e

20164 1Y
APEC 7|SMIE]

A
2% WS



ABSTRACT

In recent years, climate change phenomena caused by global warming have been
emerging in various forms. Due to the impacts of climate change, abnormal weather
phenomena, such as droughts, floods, typhoons, and heavy snow, are becoming
stronger. The frequent occurrence of these abnormal weather phenomena will act
as a major threat. For example, it could cause a decrease in major food crop
productivity and quality in agricultural crop producing areas. Reduction of crop
production caused by abnormal weather in major crop producing areas is acting
as a stressor on the increase of international grain prices. Other factors in the
increasing grain price include increase of food consumption; high transportation
costs; usage for bioenergy; and intervention of speculative funds into grain markets.
The sudden change in grain price tends to cause a food crisis and can sometimes
ruin governments of grain importing countries that heavily rely on grain imports.
In order to ensure a stable and adequate grain supply from major export countries
in a precarious international grain market, the domestic feed and food industries
in Korea are demanding reliable and frequent information on the trends in the
international grain market from the government and research institutes. The Korea
Rural Economic Institute (KREI) has built an international grain observation system
and publishes a monthly observation report on the international grain trend to
help ensure stable grain supplies to livestock farmers and the food industry. However,
the reports do not consider meteorological phenomena such as droughts, floods,
and cold weather between yield prediction time and crop harvest time, that directly

affect the crop yield.



The APEC Climate Center (APCC) produces and offers multi-model ensemble
(MME) seasonal forecasts by collecting long-term climate prediction data produced
by 16 research institutions in 10 APEC member countries. However, the application
of this long-term climate prediction data in the agriculture and water resources
sectors is still very low. In order to improve the reliability of the prediction results,
APCC performs verification of the forecast data every month. 3-month and 6-month
lead time forecast data provided by APCC are generated in 2.5°x2.5° spatial units
and monthly time units. In order to take advantage of the long-term grain yield
forecast, it is necessary to develop the temporal and spatial refinement (downscaling)
technique. Different climate models produce different predictions due to the
systematic error of each model in the long-term climate prediction data. In order
to reduce the difference in predictions, we developed the Simple Bias Correction
(SBC) method for the long-term climate prediction data. We applied SBC to the
Hindcast (1983-2006) and Forecast (2013-2015) prediction periods.

Daily weather data is necessary in order to simulate crop yields in to the crop
model. Since APCC currently offers long-term climate prediction data in a monthly
mean data format, a temporal downscaling process is needed to offer data in a
daily mean data format. First, we selected the top 5 years from NCEP/NCAR observed
monthly temperature data (1951-2014) that are the closest to the forecast monthly
temperature data. Next, we selected top year from NCEP/NCAR observed monthly
precipitation data (top 5 years) that is the closest to the forecast monthly precipitation
data. Forecast daily data were resampled from the selected year’'s daily data. We
performed Temporal Correlation Coefficient (TCC) and Root Mean Square Error
(RMSE) analysis to estimate correlation and accuracy of the observed and predicted
values of the climate prediction model. As a result, predictability for the temperature
was higher in Mexico, a region in a low-latitude area, than in the United States
and China. The Modified Global Agro-ecological Zones (M-GAEZ] model is an



estimation model for potential global crop yields. The potential crop yields are
calculated based on conditions, such as the climate, soil, and input levels. The
M-GAEZ model can estimate the potential yield for 19 varieties of maize. Some
varieties of maize differ in growth periods depending on the cultivated area. Daily
climate data is used in the M-GAEZ model at a spatial resolution of 1°x1°
latitude/longitude. In order to evaluate the reliability of the maize yield prediction,
we predicted the yield according to the country, using Hindcast climate prediction
data (1991-2000) from six climate prediction models (MSC_CANCM3, MSC_CANCM4,
NASA, NCEP, PSNU, POAMA) as inputs to the M-GAEZ model. In the United States
and China, the TCC values of the climate prediction models were distributed mainly
around 0.4; in Mexico, the TCC values were distributed between 0.4-0.8; and in
Brazil, the TCC values were distributed between 0.0-0.6. Maize yield predictability
in Mexico was the best in four countries. We also carried out the maize yield prediction

using the forecast climate prediction data (2013-2015), according to country.
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1971 58] 20109 714] 247 309 gRte] S Bak: $A Aws 249 At
0= ;S BT 107]) S Aol A AARSHAL Q1= S Aol A Al
Al & S AR 80 %5 APAISkAL UTHILE 2.1). 53] vl=i} =59 S
Aol 22t 40.9 %} 17.9 %= YER 7 Uetoll A A4t = S AR A
AIAl S AR At o] AAIskL Q= Aoz YEldth st $=2
FE ofo] Hepd o] &4 Aol AA| S AAEES] 5.6 25 AHAISHL Q1o
™ WASLO|A] 2,9 %, T 2.4 %, OF2HEL 2.2 %, Q1= 1.9 %, FolZE|7l ¥
Sk= 1.7 %, olEeot 1.4 %, QIE=HAoF 1.3 % mo & Sopap Ailefo] B Jlo=
UeR T 9let,

Others, 20
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3. G AR U

A AT A2 A7) A 2 A feiMe WA 2End Y dY 715t
B2 o|FE= 7] 715oS A=el g wEd 715 FE ko] st 2
FoAE A7| A& S8heF Aol APEC 7| S AIE|(APEC Climate Center, APCC)
£ &3l ATEL 3l 671E ARAS7Ie B7] 715eS ARE 28 BY] A
= e A% 7IHe ikl s AR 7ol itk A AE 2T A5
of diet A=A F7ietalak ot 19 3.12 -2 T SEEE UERAL
o F7) 715eE ARE i@ A9 ARE olgs] fsiMe pAHL
2 7] 7155 A=zl Higk Bias EAI} 72/ AR AgA|SE W] At of

of
o
-

AZ T Y ZoF 553 A7) 7155 A= Aato] A olokritt,

Bias Correction & Downscaling Modeling

ﬁ» Symple Bias Correcti o
ympie Bias Correction CI’Op Model

APCC Seasonal @ |:> @
"

Yield Forecast
a2l 3.1 | A= 42

. — DT e =

Temporal Downscaling "‘f{f‘“ W
i, Rl

P




3.1 7|2xi= Bias 2 H M2t 71 7HL
3.1.1 NCEP/NCAR XH2A X}2 Bias 2%

A4 (Reanalysis) o gt 7 A|A| 0]-8 7Fadt B WSARZFE BA7]4dol o
o) BASHE TS Wep AR ARE ANV BAS S5 AT 212, Ea
Sof chopat F|Auel ek ARE s okl AMAOR o] gElw gt A
A AR E= NCEP/NCARS| A4 A4zt ECMWEFE] 24 2k=7t it & A+
o A= n)=t FHEAH S| HAE (National Centers for Environmental Prediction,
NCEP)2} =+ tl|7] 9 +AlE] (National Center for Atmospheric Research, NCAR)
o A] AE3}= NCEP/NCAR Reanalysis 19] 1951E5E] 20148 7F2 ] 6414712] &
P QEA ARE B2 7SR EA] o]-§5ta1A} $tH(Kalnay et al,, 1996), A&
q Az A4 245 S BEARe} vms) A7/ BAH 0 Aol gt
AR ALGE ARG} AREIY g oI TAE Hol(Bias)
7h 24514 Heh 3 3.1 NCEP/NCAR AEA AFgoA Algsts 7|SHS-E &
oM A7] A& gt Al AREE "e”é:nL—J «43’—7134 A7), Bt &

-

01

T, AR 13]51 TE52 UERdTE 7% Y (Climate Research Unit,
CRU)OIA A& == #H=7]9Ee] CRU TS3.21 X}E‘-_h A AA <F 4,0007] o]AH] 7]

& BEAF ol A Xﬂiﬁ}% o] A7 Tl B2 o|ate] AEERE AXE U AR
7uko 2 19019 E 2014W7FA] A |7 A x| o] tjet 4FTF & Hur]e, ¥
B A HA7)L, dEd A5 Y99 QA L2 o 59| 75| s
0.5°%0.5°9] ¥t A A7E Al#3ch. & 3.2= CRU TS3.21 A=oA A
It 71FHeE FolA A7) 71595 =9k NCEP/NCAR A4 #pzo] Hol
HA| AFE YEFo] Hur|eut A7), BHEr)e 11 kS UEbdL)



AT Kz Yy | 17
= 3.1 Z=2250f 08 NCEP/NCAR Reanalysis 19| Mi& Ha

= EPS Erel
air.2m Daily mean temperature at 2 m K
trax.2m Daily maximum temperature at 2 m K
tmin.Zm Daily minimum temperature at 2 m K

prate Precipitation rate kg/m?/s
dswrf Downward solar radiation flux W/m?

wnd U-wind at 10 m, V-wind at 10 m m/s

Source: http://Aww.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.surfaceflux.html

E32 715015 23 20| 012 CRU TS3219] Rig w4
54 EHa T
tx Monthly average daily maximum temperature °C
tmn Monthly average daily minimum temperature °C
tmp Daily mean temperature °C
pre Precipitation mm

Source: http://www.cru.uea.ac.uk/data

NCEP Reanalysis

CRU TS3.21

Jz! 3.2 NCEP/NCAR M2 At=et CRU TS3.21 &= Af=o| Xt

Temperature (°C)

—+—-CRUTS3.21 -+-NCEP Reanalysis

W A/

Precipitation (mm/day)

1982 1984 1986 1988 1990 1992 1934 1996 1998 2000 2002 2004 2006

a2 33 0= Y2|e0| & SEEXIGN=41, S=40, E=-89, W=-90)01M2] 7& Hxt 7|2} Z4

Ciet NCEP ME2Ad Xf22} CRU TS3.21 &= Xt=o| Xt

0 +

—+—CRUTS3.21 -+-NCEP Reanalysis

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

20



NCEP/NCAR ZJ5-4 2t&2} CRU TS3.21 A& £ 2FE7He] 20| & HAls)7] 25|
-4 NCEP/NCAR Y A& 55 YHF o2 HES3 1L NCEP/NCAR A&
A A=e} CRU TS3.21 A4 19839 79 YBt 7|2 2SS o|83] 18 3,29}
Zol A AT SAA o] et T Aprgke] ko] Ao|F HEER Uepith 0.2%
5 AR 71 Ho] BEwe] Lhehdt At Zo] X|ofo] utebi F A=k A
o]7H 10 °C o]4F Lepiks Fo] ZAISH=E X Mo HAs) & At 7] exjolzt
2o FE B Abo] Gl AT} ME Ao Ei AR o]

o ehpgeh

wEsh 3

NCEP Reanalysis Data CRU TS3.21 Observational Data

(1951-2014)

(1971-2010)

[ Tmax, Tmin, Prec J

Tmax, Tmin, Prec
Daily (2.5°%X2.5°)

Monthly (0.5°X0.5°)

CDO -
(Regridding)
[ Monthly
Climatology
(1971-2010)
1.0°X1.0°

Monthly
Climatology
(1971-2010)
1.0°X1.0°

Bias correction

NCEP Daily
(1951-2014)
1.0°X1.0°

DIFF/mday

a8 3.4 NCEP/NCAR MEA XIZ0f Lt Bias B& SE&

1% 3.3 n|=to] FQ 404 AAX| Y] o] F FE
T3t 1983 HE] 2006 @712 Q] T AR 7Y Ht 7]
W Blolc}, 7]t Zepel] thE 24¥i%be] Bitgk
ARzl oF 2.2 °02] Ahol7} UGLOR] 4] 79 oF 1.9 mm/day®] Hol7t £
sk Ao Uehdth 2 ATolAE BE7|uke] CRU T83.21 A2E & o U5
of 7ML & Z0 & NCEP/NCAR A&EA o =}

i

r

o

o

T
oy
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Nt

o

O

o)

=5Fo] CRU TS3.21 & A HnE 7|&
2o o] 13 3.49} Zro] the Ho| X A (Simple Bias Correction, SBC) HIHH-S- o]
23519t} SBC WL I=A R 9] HH 7|27k (Climatology) ol Ho| B A35}1#} 3}



= A=Y Hat 7] Hol BAstaAl sh= ghe] AHAnomaly)E EsiFA (7]
&) HlE&S BT T =N (HdstA BAsh= W o|th, NCEP/NCAR A4
2150 79 195195 H 201497 64uzbe] o Hivle, 4 HAE e
Ao ZhggFo] tiet Ho) BALS 28] 41 CDO(Climate Data Operator)dl= &

A Y AZE O] o]-§3l] NCEP/NCAR A &4 A=} CRU TS3.21 A
O] FPAEE 1,0°%1,0°9] FeAtER EUAZIch 181 NCEP/NCAR A
4 4 ARE 9% ARE B oS 197197 20109704 9] 40d7H
NCEP/NCAR 54 9 #4£.9] Climatology(CLIM yepp) @ CRU TS3.21 9 2}29]
Climatology(CLIM qp1)E 3l & A& Climatology ZFe] X}o|Q1 DIFF - vepre
= 73k}, o] ®AE NCEP/NCAR AJEA A R2(BCyepp pury)= NCEP/NCAR
A A A7 DIFFcpy— yopps S €9 P(mday) & Ue = U224
oAk,

DIFFopy— nopp = CLIM opy— CLIM yopp (3.1)

B GNCEP,Dm:ly = NCEP Daily + DIFF oy - NOEP/ mday (3.2)

3.1.2 &7]| 7|%0|= XI= Bias 2™

3121 671 MolE7 |2t 75015 KIZ g

-

APCCE= &R 107 3=t 167] 7|Ho 2 HE AT Q= 7] 7|50|= HH
£ i AlF wol ASHE ] B3-S E0)7] fI8 APCColA JE teRy
OFAFE(Multi—Model Ensemble, MME) 7| 0.2 oA HE 11:-3}5l0] 37]1H 2 6

d Ao 5717te] 71950 & A5E APEC I=olA] Alsstal let. APCCoA]
= A5 R tigt A=AS FEAI7I7] S8l wiE S Eol et A5 Al
1l Qo Aduith Hett<=3 @l(Coupled General Circulation Model, CGCM)
AREE AHESIe] ENSO/IOD |38 Eake 6714 B8 b AR ol A A
AFSIL Sl ATolAE 2Ee) A8yo] 71Ed ERE 4 UES 12 3 5o
Mot 7 671d ARZ IS 2k 67) 71FelS 1 (MSC_CANCM(cand),

=
i
So

MSC CANCM4(can4), NASA(nasa), NCEP(ncep), PNU(pnul), POAMA(poma))-&



ol g3ty o mFH oPAHE(Ensemble) NG5S FUA7]7] 8 2F mP o GAE
o

¢} [e]
oA 571 ES AdEsATh

cand can3
@ Y s,
X @
s ~C W,
\‘\% < Ensembles 0/143
AQ 70
nasa ncep
pis =
4%’ < = . N m  {NCER)
APCC .
g ¢
),
4&y
¢|_\_:E@r>
o[l
psnu
a2 35 APCCUIM 2= Ql= 67 MUIST |7 JHH2 S 2 AME JH

APCCOA AlF5= 7|95 2E 9| 7| o= da a7, s+
%=, 2m&} 850hPao|A19] 7|-& 850hPai} 200hPaolAlo] HA o JE vlezt
500hPacfA ] A 9jarteof gt HH 7} Z3HEoglom o|FoA FUYLHY =ofoll
A AR o8 ThsR MR e I8t Aridprec) T A4 2mofA o] A 71
(t2m) AE7}F Qdet, APCCOA = AL Sl= A7) 7150l & 4H o 3 37t st
e 715E BYERE AR 2] giZeo] APCColN = AleEe AHr o] $Y4<
el s 719ellS B ASAtR el 2.5°%2.5°9 % It e ARE
Agkstlel 670 AdYelS717ke) 79SS B #F 3,33 o] AR thE
Hindcast o|Z7]7}1} Forecast of|Z7]7+ ZH7] wjRo| 7]5o|= mgo] AHaFz el
&4 H|IE 95 SYU3} Hindcast o)Z7]7H] 1983WKE] 2006E 712 2471
9] IA 7|7t Al &AL 7 e} FYUSE Forecast 9|&7]7HQ1 2013 RE 2015 9L71A] 9]
ASARE ©]-&SI3UT. Forecast d|SAR= 7| Ho 2Ry AlgA] Xt A}



27} EAeliet] ¥ 3.4 7|55 wo] st djEARe) et oS Y3
olet, PSNU w3o] ¢ 20134 592] opAME Wl 570 o =A-ge} 20154 39e)
QA A ] 2R R} FehEe] 9l ASR UEhton NASA R3e] 7
& 20144 5e] A S wule] dEH R} HetEo] i Ao® e,

¥ 33 6 tflol=7 [2te] 71RoIE2eE EY
o3 712 (27) Hindcast 7[z¢ | Forecast
712t
MSC_CANCM3 Meteorological Service of Canada (Canada) 1981-2010 2012-214
MSC_CANCM4 Meteorological Service of Canada (Canada) 1981-2010 2012-2414

National Aeronautics and Space Administration

NASA
(USA]

1982-2012 2012-2414

Climate Prediction Center/ National Center for _
NCEP 1983-2009 2008-91X
Environmental Prediction (USA) d

PSNU Pusan National University (Korea) 1980-2012 2010- 344

POAMA Center for Australian Weather and Climat§ 19832006 2008-317H
Research / Bureau of meteorology (Australia)

34 Forecast 857 171{2013-2015 920l CHS! 6742 MBS 2t 7 |S0IIS 2S0| Xi= F2t of2
o
=] 2% 3=

2013 2014 2015
MSC_CANCM3 can3 All All All
MSC_CANCM4 cank All All All
NASA nasa All All All
NCEP ncep All May All

PSNU psnu May(e05)" All March
POAMA poma All All All

* Y= gtle0b)e] At=7t += E



3.1.2.2 7| 71Z0= XI=0]| CHgt Bias 27X

APCCOlA AFETL Qs A7) 713015 Hrolis 7 7]150l|S o] AlF 2l
A HPEES 23 7h dj20] 2olrl ZASH} 18 3.6 670 Ao =7]71o] 67
71502 w3y 0 2 RE Hindcast 7]7H1983-2006)0] AH ofl&H A 27 A4
Aol et 715ol S gl 78 Fat 729 Wed 1Y Wt el wWed v
Wiz Qleh, BEE 712 oS A 2W nasa B3] 2419 BHat 79 712 oS g
2 22,0 °C2 671l Y FolA 7P =7 HE o] psnu BH 9| B¢ 17.8 °C2
7P @A dj&ska Qi) o] T BT 7] o Z9] Rjol= oF 4 9 °CE 2F 9
A WsA Hoh "R A Yehus 2e & 5 Ak AeEe] AeE AnEn
nasa 2389 249 B 7Y 7r4Ek o= {

= 72 3,23 mm/day = 7V A ZEQ)
T poam HHJA] 2.01 mm/day® 7P 24| djZ2Eo] = mE7re] Zhegk o &9

Zpo]7} ©F 1,22 mm/day 2 R 2| AZF W4 Eot A depslth o9 o] 1%
S LGt A5 Apel7 2 Ao] HAHUAL 7} 7| FollS P Y| A2t ot
ZolE &ol7] s 71 7155 A=l s SBC o] #-8= Ak
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—0—can3 —A-can4 --nasa -@-ncep -X-psnu —+—poam

23 4
22.0°C
]
22 = . =
WH\D/‘_' S
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4.2°C

Temperature (°C)
= N
¥ o
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[=+]
L

=
~N

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

3.5 -

o
o
L

—0—can3 —-A-can4 -Fnasa -@-ncep -X¥-pshu —+—poam

3:23
mm/day

1.22
WMWW mim/day

Precipitation (mm/day)
N
w

20 W "F/—_'\'_"\'\ A
S <Y o
mm/day

1.5 T T T T T T T T T T T |
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

6/ HHE7 21| 720liE 2O =RE ni47[71{1983-2006'H)0f Z2X oi5E 2EE

712, b) 78 Et

242 050 xfo

| 6M Lead Forecast Data |

| CRU TS3.21 Observational Data |

|

Tmp, Prec ‘ Tmp, Prec
Monthly (2.5°X2.5°%) Monthly (0.5°X0.5°) J
CDO
(Regridding)
1
Hindcast Data
Climatology (1983-20006) Climatology
(1983-2006) Forecast Data (1971-2010)
1.0°X1.0° (2013-2015) 1.0°X1.0°
1.0°X1.0°
Bias correction
Anomaly J,

27| 7|120|= XtZ(Hindcast data, Forecast data)oll CHet Bias B SE&



Hindcast 7|71} Forecast 7]7toll A4 oA|SH 67§ AP &7t 71 %45 A}
5O Gt 7|23 G ko] digh Hol BAS flal 19 3,73 o] WA
CDOE o]&3f 7]%4& A=t CRU TS3.21 AR 9| ¥ =E 1.0°X1.0°% &
AAIZT, 1]l 1983dRE 2006 A7FA| 24HZFE] 7|%of|S A& 2] Climatology
(CLIM yivpeast)®r 197T1ERE] 201097FA]  40EZFe] CRU TS3.21 A=<
Climatology(CLIM o)) S -t} Th2 02 CLIM yinvpoasrSt Hindcast 7]17+2] 7]
TS AR(GOMyvpoasr) S ZH0]Q] Hindeast 7]17Fe] 7]Fof| & At&2] Anomaly
(ANOyinpeasr) S oML CLIMynpeasr®t Forecast 7|79 7|39 A&
(GCMpogpcasr)®  AFOIQl  Forecast 7I7te]  7]Fof|&  A&S]  Anomaly

(ANOFORECAST)% ;l-ﬁﬂl:]-
ANOH]NDCAST = CL[MH[NDCAST_ GCMH]NDCAST (3 3)
ANOFORECAST = CL[MFORECAST_ GCMFORECAST (34>

rﬁo] E@% Hindcast 7]{}94 7]—{?-01]%* X]‘E(B CH]ND cA ST)’E CLIM, CRUOﬂ AN OH[NDCA ST

2 Hgewy FoiA
BCHINDCAST: CL[MCRU+ ANOH]NDCAST (35)

Ho| BA% Forecast 71| 715915 A= BCrorpcasr) = CLIM ppyl ANOrporpeast
s o= e

BCroppcast = CLIM opy+ ANOrpogpcast (3.6)



3.1.3 ZBZVAIZHX AMISt

o

APCCoflA Alg=aL 3= 670

A =7|71e] 7]5 oS A=72L NCEP/NCAR
LA AR 2,5°%2.5°9) £ B3

M E= 2Hd = o] 9lom CRU TS3.21 Ak=
£ 0.57%0.5°9] F H w2 =R AlFEL o, 22 AL HERgf ¢
_‘|
o

SR A FARE B2 TS Aok WAL QAT TP E FEFE T

ol

a SUEA Ao} uasly] elAe Mo 1.0°01,0°9] F1t JHEE 2 7]
AR Wasie), 2 AolA 6742 AelE7I7ke] 71505 X2} NCEP/NCAR
LA A5 18]21 CRU TS3.21 = AF=of 3l CDOE o]8-3f 1.0°%X1,0°9] 4=~
27 SR BAsigr, A SERRe AXtsleY] Qo] Ak el tigt 7154

R W g7 o] ARE AL A2 Abe] SEL 98 aii A upaz A
2=tk

7] 7152 oZsk=r] glo] B 1/2/e] sk 4 B 7] 2o gt 3

A 2 ojulE 2] kARt ARW YA ke A B oMl e
o w9lo] 7134 =7L Basieh, APCColA AEEE 6749 Aol S7|7ke] 7|5
2 Ane 9 Aroly| frd FEugel Jd Aue sy JaHs 4 Faol
671 AAAZ7IE 71 Fol S ARE o AR SIS A7 ARSI B
ofch, 2 4817 ool 2HEo] 4:Blee dE5l] e 19 38049k 2
o] 22 AT e A Bele] 7S Arr} Basit dEshax) s
ANHE 71ZE0 R o ZAF o] A9l A ©9] 7|$ 22 NCEP/NCAR A|&A Am2i
B g 4 QAT 67HY ARSI 71FelE Az L el Hof 9lo] o g
olo] A7k AHAsE Tgol Wasith, 13 o) 7|SARs} gl oAl ER
6719 o] 32) Afmo| thafA 1971-201012) 4017k A 7)1 B3k o] g3,



26 | Wy ZBMM HMYS st AMOIS B BE NAY 75

Tempentat (0

0 Sowing Harvest 365 day
a3 38 S SE7RIE 4ol | flol 2= 7 A=t 671 RIS 7 [0S K= 2l V1=
TS Zolet U SO 7IS0IS X2 A BAE

| Forecast | NCEP Monthly data | Forecast
Monthly data (1951-2014) Daily data

Select approximate vear S
- A
|:> Tmp top 5 Pre top 1

7 ¥2
7
y
7 y2
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! i 7 Tming ;,
! i
1
1
4 2
y2

-

/ 3 Precg,,
I------.------I ---------- R
| v, SR T
1
1 | T
i desd.,’ 5

= B 71 7120l= R=0f cief AP MMl HE S8

o

|3} W2 19 3.900A19k o] WA AdANS} skaLAt sk of| @l y, of
| A m o o & 4o Bt 7] FH(Tmp,, )3 SBC ¥l NCEP/NCAR A4 & Ap=
o] A 64(1951-2014%) 53ke] & Bt 7] ghol LARE @l Top 5(7mp,, 1,

mpm,y?, Tmpm,yS’ Tmpm,y4, Tmpmy5)—‘§‘ ﬁ%‘ :_]_—q-. q-—%-g-i /\O]‘}\ﬂﬂ- va]-:ﬂ;(]‘ 6‘]—}1{_
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Ll JIN‘

Y| B A5 HPre,, )% Top 59 NFShs el @ HF 4455 ghol 7
AR ) Top 1(Pre,, )& A48 SIgsls sle] 9 Ahao] Zgislo] g RE
o o RS A S BhE olE o] A ARE A

ON
:
&

rE
i

3.1.4 27| 7|20 X2 OIS T}

SBC el ofs) ol BAE 64U AFelZ717E /| FolE Aol EHS 3
7¥sl7] $18ll 1983AHE 2006A7HA] 241870 7|4 S AtE 2} NCEP/NCAR A&
4 5g vmsic), o34 B ok dSRe BaxRe) AAe) 19
= u| g Ea AZHR) Wolel cheret BAMES ol Ao Wlshe
o] Slek. ¥ Aol 7] FolE Ajse] te HakHel AL oS Sle) B.C
NCEP AEA Z7E vl o 2 3t AlAYE AAA|4(Temporal Correlation Coefficient,
o]3} TCC) A} H AlgL 2%XHRoot Mean Square Error, ©|3} RMSE) &4
AN, TOCE A(3.70lMSE 2ol 71 FlE A7k B.C, NCEP A4RA] A7)
Anomaly?] AlF9] S o]&F1 RMSEE 2](3.8)04e} o] 7]%o& 1o}
B.C. NCEP A4 xj229] Aol tgt Alge] g olsith, Tk glo] 10] 717he
52 o 2A0] £ AL 2luloln] RUSEL: o] 4242 oj20] HeET] 58 A
S eujgi},

(3.7

A7|A n=249, y; = 7|5& AR, ;= B.C. NCEP 24 A7, z,y= 249 3
ol
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3.2.1 M-GAEZ Xi2 4512 GlE ¥

M-GAEZ 42 8% o mRe xeAs a2 A8 mgow A AT
A& s 7]+ (Food and Agriculture Organization of the UN, FAO)2} =A|-3-8A|
AEIR AL (International Institute for Applied Systems Analysis, ITASA)O]
A 7HEFE] GAEZ(Global Agro—Ecological Zones) H &2 7JAgE Ao & # XL 4F
BoA ZHE M-S A EYo]|Ao] 7=l (Masutomi et al., 2009). M—GAEZ 23
= gk o] 22l AT A AlAl ZF A HollA Z‘ﬂLE] A=) AP E
£ U R A2 okt A4 A= gebEls ol &8 ke AbEsh 2o
= AR, 35 59 71—"‘?7@3—9} EFER B
O] EAHE eja Wl WAE, 7P g ol 3l

goll dF=m
7H%0ﬂ a4 3E 3,59} Zo] 3 TWA|(Low level, Intermediate level, High level) &
HEFch M-GAEZ 232 S5 9 & 5 ofofgh 2Hao] tigt s8take Abgst
o] o] o] SHe W 44 Tehleid dToRA meh AT o 4ok
Aol FPsHEs AAE ool



w
re
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Pl
il

pl]

Soil moisture
storage capacity

Soil type

Elevation

Irrigated area

Fertilizer use

Input & Parameter

Climate data
Crop parameter

Climate module

Available cultivation period

Thermal requirement

Potential Evapotranspiration

Crop growth module

Net biomess production

Crop yield under agro-climatic
constraints

Constraint module

Crop yield under soil and water

constraints

0x
13

a2l 3.10 M-GAEZ 2&9| &iH Xz A =i 0|5 SE% (Shin, 2014)
¥ 35 TR 244 M 71 U H (Masutomi et al., 2009)
Country Region Input level

Argentina Southern America Low level
Brazil Southern America Intermediate level
China Eastern Asia Intermediate level
France Europe High level
India Southern Asia Low level
Indonesia South-eastern Asia Intermediate level
Italy Europe High level
Mexico Northern America Intermediate level
South Africa Southern Africa Low level
USA Northern America High level

2 o] tigh ALk 1™ 3,103} Zo] = ohefet e A=e} 2o
w2 mheteel A= @t ERF AL 24 7] 2E(Climate module),
ZHE AR HE(Crop growth module), A|2FH & (Constraint module) & U o] 213Y

ot



30 | Wl ZBWM HYS st AMOIS B BE AAY 75

g 25

s

= AHl 7Fs 717kl AntEt A= Al 7]%
Days, GDD)& &8l Alte =l S 5922 10 °CE 7oz AXtE
o) 3 8.6 2= Z=uY 7HAo] TE 7l§ (L1-L9)E Yehfi glom z-Eo] A
FEAN wieh A% F] o)1 AR A La2 AR 7] ol 430l
A= LbE EEC 372 S F5E 25 S50 e glod 3
F9 % @7 HRAL W A7) e FEAR] Ak sgke

AojElcy, mak EEol weh HAk Lw7h A gk olakel Aol dajaiet 28 e
Fol WlE 4= vkl A, o E Sof &d FF9] AEAA7IIHL) 0] 185Y
73 A AARR =71 1900 °C oAl 2] (Optimal condition)of|A Ls =, &%7} 10 °C
oAl 15 °C Ato]Ql Fo] 0.667*L(135Y)=90Y Xt} A1l L6 &, =7} 10 °CEL} &
& ol girh 2704 29] S5 Aato] ol ol Atk 2 4 gk HHo =
AL WESHA| ol ete 1o k= 2 AS TEESSH= A9 (Sub—optimal condition)
of dhsli= 22 80 %oll Fsh= o= ALME, 2= F5HE HA 5

Z

T mEOAE 712, B, WY B4 59 71T 48E B3 2 A4 %
] 2
_‘

]
(R A= U(Growing Degree
2r

o]

’

r3 1ot HU LG

¢

]o

-
ol LEAAS WEAYIA B A AR At 2R stk ool 43k

=
o] 007 Akerh
H 36 2k D20 7o e Y E4E 71S (Fischer et al, 2002)
7|2{(°C) <-5 -5-0 0-5 5-10 | 10-15 | 15-20 | 20-25 | 25-30 & > 30
TIH| AE7 12k L9 L8 L7 L6 L5 L4 L3 L2 L1
OE>72 L9a L8a L7a Léa L5a L4a L3a L2a Lla
H2>HE L9 L8b L7b Léb L5b L4b L3b L2b L1b




H 3.7 S400] S 2= ME SEQ7 (Fischer et al., 2002)
Crop/Growth Cycle Sub-optimal Conditions Optimal Conditions
Lowland Maize Climates: Tr Climates: Tr
(Maize ) L4a+L4b < 0.167*L L4 =0
L = 90/105/120/135 TSgc » 2200 TSgc > 2500
Highland Maize Climates: Tr Climates: Tr
(Maize T) L1=0 L1=0
L2=0 2=0
L = 105/180/300 L5 < 0.500%L L5 < 0.333*L
L6 =0 16=0
3a+L3b < 0.333*L 3a+L3b < 0.333*L
TSgc > 2200 TSgc > 2500
Maize (sub-tropics) Climates: STr(SR+WR), Te Climates: STr(SR+WR), Te
(Maize 1I) L5a+L5b < 0.200*L 5 =< 0.200*L
L6=0 L6=0
L = 105/120/135/150/165/180 | TSgc > 1900 TSqc > 2400
Maize (temperate] Climates: STr{SR+WR), Te Climates: STr(SR+WR), Te
(Maize V) L5 < 0.667*L L5 < 0.667*L
L6 =0 L6 =0
L = 105/120/135/150/165/180 TSqc > 1700 TSqc > 1900

Climates: Te=Temperate(2LH), STR=Sub-tropics(OtZtH), WR=Winter Rainfall(7422d=), SR=Summer
Rainfall((HE4=), Tr= Tr0p|cs[°='EH]
TSge: 2EA7IE BIESh= JI7H0) Cheh 7|29] &t

E3F FAO—56 Penman—Monteith ¥ 0 2 HE]

merel A ZHFALEH(mm/day)S

0.408A (R, — @)

ET, =

cheat ol Al%

900
T ar3

Uy (es - ea)

7N, ET,= 71547

(Net radiation, MJm™ *day~ o]
MJm™*day” "), T FEIL 2mof|A2] & ‘0L7l%(°C)
AA| =571k Pa), u,+= FIL 2mof|A| 2]

L7 (kPa C™Y), v= AL

A +y(1+0.34u,)

P (mm day™ ')
Y,

_1>4

A4 safer 240 Fadt e

=35It (Allen et al,, 1998).

(3.9)

oA 9] &= B SEALE
1%(Soil heat flux density,
oo ZIST | (kPa), €,

FTEm s, A X3S
A Ale(kPa C~1)E UERACE X
ohgh Arg> 418-3](2014) 0|4 Ho}h ZpAJSHAl thRaL gloms b

=719t =419 7]
A A ol 7 gl
uhet,



R A s 1705 A s e A 5907154
Ofkg Tejek 2 A ekgol AL, AEol AASHs TPHoIA % o]
o] LS 9ol ek TPHol el F uolenj AT} eha 55T ot
slol oz £21e] 4z olslnl 4 vol ouls A AL E oz o
2} 78 Aoz Vel QJth(Fischer et al., 2002).

o714 B, 2 WAHT 2 & vl 91l YAIF(kg/ha) S LERRT B, @S]
WA AE F vlol o2 Aitke/ha) S RS AR EYAY TFS B &4
i Hpol @2 AYiHke/ha) S LhebL,

) AT S AR FES] AT Aol 2R go] AES A
T2 M QLS we] 4 ol oA AAEES b, 0.2 Ueho] o] w & ulo]
by, O ERHTE 01714 22 AR 441Kt Fere] Wit 4 vt
ol om s SR 0.5, 0.2 Ll 4 glon] 24Bo] Ao o]4lgo]
s AL AH SIEAR ] 171 BRI N Agho] et 25 2= ]
QU2 AAIRE B2 ofelet 2 A0 ehd 4 GItHA1$3, 2014),

lo
=
[>
2z
ils

-

B, =(0.36b L)/(1/N+0.25¢,) (3.11)

gm
L=—0.03218LA*+0.359LAT (3.12)

4714 L2 FHAAFLAD 7} 5L W b, of T A= l LA W] b, o] H], ¢;=
35 B|EA5E Uehdch, g87)7to] whE LAl 28 25 8 Ho) LAI(E 3.8 &
2)ol sl 371k AA GEda=e] vl= AkEEn

AFHoR F4RANS 1Y

ok

A 2HE 3= V= ofgjrla} 7

(e} p = =

S
o
N
i}
i)

Y, = H X B, (3.13)

A7|\M H= e w2 AleE UEW™ Input levelo] Wt F5ER 1 3,89
o] AlgHdt.



¥ 3.8 HiO|20OiA Alptoll Heot S ZEE Wetdler (Fischer et al., 2002)
[i] ;gii High Inputs In:e:”r:r;zctj;at Low Inputs | 7|2(°C)0f| = 2 B &= (Pm) oI=A
Max. Max. Max.
x| HI LA HI LA HI LA 5110 |15|20| 25|30 | 35|40 |45
90 ||0.40| 3.0 |[030] 23 ||020 15 | 0O | O | 5 |45 |65 |65 |65 45| 5
Lowland 105 | 0.40| 35 || 030| 28 |[020| 20 || 0 | O | 5 |45 | 65 |65 |65 45| 5
120 | 0.45| 40 ||035] 33 |[025] 25| 0 | O | 5 |45 |65 65|65 45 5
135 | 0.45| 45 ||035] 33 |[025] 25 || 0 | O | 5 |45 | 65| 65|65 45 5
105 | 0.35| 35 || 0.25] 25 |[015] 15| 0 | O |40 |5 50 5 |40 5 |0
Highland | 180 ||0.35| 4.0 |027| 3.0 (020 20 | O ' 5 |40 |50 |5 |50 |40 |5 | O
300 |035] 40 |027| 30 |020| 20 || 0 | 5 |40 50 |50 50 |40 5|0
105 | 0.40| 3.0 ||030] 23 |{020| 15| 0 | 5 |40 |5 50 50 |40 5|0
120 | 0.40| 35 ||030| 25 {020 20 || O | 5 |40 |50 50 50 |40 5 |0
Sub 135 | 0.45| 4.0 ||033] 3.0 {020 20 || 0 | 5 |40 |50 50 50 |40 5|0
tropics 150 | 0.45| 45 ||033] 35 {020 25| 0 | 5 |40 |50 50 50 |40 5 |0
165 | 0.45| 5.0 ||035] 38 |[025] 25 || 0 | b |40 |50 50 50 |40 5|0
180 | 0.45| 55 ||035] 43 |[025] 30 || 0 | 5 |40 |50 50 50 |40 5|0
105 | 0.60| 6.0 ||050| 45 |[040| 30 | 0 | 5 |40 |50 50 50 |40 5|0
120 | 0.60| 6.0 ||050| 45 |[040| 30 | 0 | 5 |40 |50 50 50 |40 5|0
Termperate 135 | 0.60| 6.0 ||050| 45 |[040| 30 | 0 | 5 |40 |50 50 50|40 5|0
150 | 0.65| 65 ||055| 5.0 |[045] 35| 0 | 5 |40 |50 50 50 |40 5|0
165 | 0.65| 65 ||055| 5.0 |[045] 35| 0 | b |40 |50 50 50 40 5|0
180 | 0.65| 7.0 ||0.55| 5.0 |[045] 40 || 0 | 5 |40 |50 50 50|40 5|0
Aot 2=
Al HEoie A BEolA AFEE HA A kel 8 A|9fe] it

il 2E Aol 27 BEY e

o] Bopstro] ofst Ao]

oF

o] Tmejgir},

AA AE AL Rt

AR QA A=

A oF

A A digt &=

a2 7hsshd *B*&*é o] ¥ EY 5



- =
AA o diet e S TET, = okefAly 2t
d0
TET, = Y K, ET, d0 = dl+d2+d3+ d4 (3.14)

=1

ZRE0) AFe I A Ae-x7] A (initial stage: df), FBUYYA DA (vegetative stage:
d9), AR DA (reproductive stage: d9), A< WA|(maturation stage: dd= Ly
H L A dAE 71 9 eEA el 19 311, & 3,99 Pt

I 1
1 1
ch i i
: K :
1 1
: mid 1.1 :
104 :
1 1
I I
1 1
1 1
: Neb
: lend 0.6
0.5 - : ch
' ini 0.4
dil dz d3 d4 Crop cycle
(15) (30) (35) (20)

Langth of crop stage (%)

ful
opt

a2 311 24 SEHAE 87kt MeE



E 39 FQ AAZ0| CHSH +2MIF Ti2HHIES (Fischer et al., 2002)

T AEICH| 210 _— —
xiz Keb | Keb | Keb @Z +71|7I1ﬂ||§1 | +|5:|10T|EI 2Ag J—z-goﬁlFE

ini mid end 0 L e || o il il

Maize 0.4 1.1 0.6 15 | 30 | 35 | 20 | 1.0-1.7 0.55 2

Ricelwetland) 1.1 1.2 1.0 10 | 30 | 30 | 30 | 0.5-1.0 0.20 1

Wheat(winter] 0.4 1.1 0.4 10 | 30 | 35 | 25 | 1.0-15 0.55 1
Soybean 0.4 1.1 0.5 15 | 20 | 45 | 20 | 0.6-1.3 0.50 0.5-1.0

A 2= A DAl digh AAl e SEARRS ofi A o] yEhRi,

TET, = Z ko BT, d0 = d1+ d2+ d3 + d4 (3.15)

j=1

S8 Aol it 24 S ofefel 2ol Yo,

ol TEL (3.16)
fo= 0 TET, :
4 TET,
= — Y1 = k
=T+ 77 .10

b

SI71A ke K= 22 43} 7t

=5 292 dA=EU

Asz ARl wet & 3107 Zo] A 9

M-GAEZ B4t 1% 8,129 W) WAE ARE o] g3 S5 AAHA o]
A A7} o) Rol A S S8 A2 G WA G O sty Wy
o s 712, A5, AR 5O NFHRE OB A FUNFS I
sto] 4 GAME SEAkS meldtel A SHFS YT

Ao 8 Aoko] Mel B S v, & ol Zo] Vet

Y, = min (fy,f,) X ¥, (3.18)

p



E 3.10 ZQ =0 thet HH elzh 24 A4 (Fischer et al., 2002)
x= SRR ZA A5
kyY Ky ke ke ke
Maize 0.40 0.90 1.50 0.50 1.25
Ricelwetland) 1.00 2.00 2.50 1.00 2.00
Wheat(winter) 0.20 0.60 0.75 0.50 1.05
Soybean 0.20 0.80 1.00 0.80 0.85

Source: Siebert et al. 2005

0 20 40 60 80 100 (%)

g 312 M M ZEXoll cfet 20 HEE 2EE

FaAlkol e HA 2hE 2T A 2k Vel WS By A
o e Bl 2E Aato] o]Folxl= Aoz Uehal glo] A H= HA
Aa e A AsiAe HEA] Bkl didt
M-GAEZ 2o A= AA tiXE EUE(FAO/UNESCO, 1995) 25 E] Hoj%|
T TRt Bl tidt EE v e R Alofs Rty & Aol o]&-H
EgEe A AA Bl A4 G|, £ SOl et ARt w1 ARk Tt
EA R 7ot F 268 EFTAADHR FEE0l e ojZlE A
106 Fo BEFFAALH=Z AlEstete] 2Rkl v B2 BEAE ol8shu
Hefol=t 2ol T8 wetER EgTAES Y] EREe THEA de 532
2 BRI AA BT s A AAl S 18FFE £kl o Aad

=4 ;q]ol:.g_ =

1= L .



o = —1 O L-O

2 AtoM= 671 AAS7I13Ee] A7) 7190E AlwE 283 A AlA
G B AT RS AL, S SEF oSl 32,1004 78 2
= o M-GARZ 0] o] §EIAT, HEmal e /|5 A2l 6
N 71505 2P o @9 715 A2= SBC WeHo | 7 Al APA et
71He £l 22 AALRE ZAE QT 3477 o] A}= 2] Hindcast AFE+= 6
N AHFAS713HE 2= 715015 Atz 2 A APCCOIA Al5-= AL = 67 715
of|& & (MSC CANCM(can3), MSC CANCM4(can4), NASA(nasa), NCEP(ncep),
PNU(pnul), POAMA(poma)) 2] A&7} o|-8 753l 1983 A F-E 2006d 71X 2] 24
W oIz el B0 Aot ZAR,

ﬁ‘;

a3
<A
1o
e
il
H
ol
-

=

7|1%0& ARE ol8T AV S g AW S8 %7%}71011 A
M-GAEZ Rg 9| & 58y 34 4o Al
2013 712] 2] 23 7]71oll el A AlA S5 AAHES] 80 % ©1% % A A S k=
8 S A 10750 it gk 34 Aol FAOSTAT &8 ME%Hﬂ
o]0 7z} 7PH S S8 T4 AR eke] Bl E S Z%%E 094 A=dE 4
3, AErye) Y= 7|$ AE= NCEP/NCAR A4 o A== 3.1,104
F=7]4ke] CRU TS3.21 ARE 7|20 & Ho| HAo| AANE A&7} AHLE )
T3t M-GAEZ X 9] 7|1} 7hpsf W3] g S ool ot v =E
BA8L7] 98] 19719 5E 2010U 7R 2] 40W7Fe] NCEP/NCAR AlEA < 2189
7] %%} (Climatology)< ©]-&on 7|20 thsliA= 0.5 °C (tHo= 7|$gtH et
-2 °C°ﬂ*1 +4 °C7HA (137 Aluhe] ) g W3 AlZAL Zheagoll tisiA«= 25 % 1t

O 7 7157kt 50 %olA] +150 %7FA| (67 AlUd] L) {2 BHSE AlAH F 787)
7]? = AU 5 AR

i)
oX,
filo
o,
N
N
ol
o
N
1o
ol
—_
©
Ne)
=
(s
-111
il

»

671d AFoA5717Ee] 7|55 AR E o] &3 7] S5 w2 A 54
<= B7FE7] 918l Hindcast 7]7bell EgHE= 1991 FE 200087k4] 109 771
el F8 S AT S e ISl FAOSTAT 514 HlolH

Hlo]20] Z} =71 Sepae by A Akrete] WlalE F3f TCC 4] 9! RMSER

e ANt ZERFe 92 1A o= Hindcast 7]7Hol| ti3t 671Y A=



717k0] 71%-0l& Ame TERE 1297MA Y] AmTt o8 EH e 2} 7SS

9] oFAME W E0] H4E Single Model Ensembles(SME) A&7} o] 5%t =

HERgel QY 4nz A SR o B9 TS ARE 19 1956 64 31
© o] Y NOEP/NCAR A4 A7k B8 Hel 78 19528 129 31

AT 6718 AFNE7|7he 2= 7t 71505 mEo] o w9 7] Fol S Art
HgElo] 1d 7|7kl Tjst o @9 /1% e xms} FAEL Ao

Forecast 7]7H2013d-2015)°] o3t 67§ A3 =7]
S 81 oS Aol net thEd) AuE 4 Qs

oML o2 AAS 39, 59, 7Y, 99 A9 ABuA A /17 42S AR
th. APCCAA AIFEIE 67) 715015 BHL chofdt P w)
RS YASEI QANHIY 3.5 %) PSNU &
o ] YA vl Aokt G B A ] ARl e

Sof) MPAISHE AAL] AH eldise] Hehg Zolv] $i8) 2 7| FelS myuR 57)

WA WHE AESIGTE M-GABZ BRE A AT o)A AE SIS AR
ol dshr] o] N uR HBO) BV} Het BPS FER] PHAL 365
o] 7| FARRI} ARSI, S o % Algo] 39el A% 19E 2871
9] 2}E= NCEP/NCAR AE4 A 277} o] 8531 3YRE 87K = 671 418
571219 A 7| FolE ARt o §E] 71505 ARI} EATA S 9URE 12
Y7 7 40919718 -20104) Foke] A W9] 71Fgke] o §EHTE 844 4
S o2 A|7o] T8el 9ol 195 e 697k NCEP/NCAR 484 o A&7t
ol-§=al TERE 1297 670d A5 A V1 5elS ARTE o]
A APCCO| A7) 7|55 A& H|oEH|o] Aol Hindcast 7]5-ofl& A=} 2[4
9] NCEP/NCAR A &EA A7 7F JR2E Fof o ud Forecast 7| 9= A&l
37d 9 67l A5 7139] oS A&7 GHlOlE AL Qv & AtollA A
B S of WEY Y] 7| FelS A2 A NS FE ALGNE T B
2ARe} 7|5l AR} Yol EH W AFFOE o AR ol 1y Y L o
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3.1 S 2R S0l 4
2= =
Crop model M-GAEZ model

Crop studied

Maizel4 varieties: Lowland, 3 varieties: Highland, é varieties: Subtropical, 6
varieties: Temperate)

Simulation periods

1983-2006(Hindcast period), 2013-2015(Forecast period)

Climate models

MSC_CANCM3, MSC_CANCM4, NASA, NCEP, PNU, POAMA

Climate
observations

CRU TS3.21 datasets, NCEP/NCAR eanalysis datasets

Climate conditions

Daily mean temperature ( ° C), Daily maximum temperature ( ° CJ, Daily
minimum temperature ( ° C), Precipitation (mmy/day), Solar radiation (W/m?),
Wind speed (m/s)

Major producing
countries

USA, China, Brazil, Mexico, Argentina, India, France, Indonesia, South Africa,
Italy




4. AFLHE
4.1 7|$XE 24

4.1.1 NCEP/NCAR x{2M Xlz 2

rfe

HFollA o] &% NCEP/NCAR A4 A& 195197E 2015W 8H7HA] 9]
NE7te] dEt AEA ArE 67fY AR S717re] 7ol S Aol gt
A Y &Y HEY 75 dS ARE Aikskedl Slo] BE AREA 0]
. NCEP/NCAR A4 Ap=7t A A7 7529 715 S AR 2 A o]-§5aL
1} I5 ARE 7Nk g o A2} A Fet 7ol ofs AdE AL 9l
oL Ak A xEFetaL Qe Ao] ARdoltt, ® ohE A AT R 7%
AmEA A AA OF 4,0007 o] 714 BEAF 9 W5 ARE 7Nte g 2
I Sl CRU TS3.21 A=7F et o] Ame €8« ARz AlFEil Utk
NCEP/NCAR A&-4] AF= &t CRU TS3.21 #57IRE Ak7 S04 o' Zlo] ¥ Y
o] gt == AAlsHEE e+ Am7F dEshs A A9 RS 715 BE A
& oA 7P A= o Qe AmE & 4 AlTh NCEP/NCAR A4 Aot
CRU TS3.21 At&E& H|wstr] fJsf ¢4 4 ©¢]e] NCEP/NCAR A4 A=E ¢
T2 FHFTh 19 4,12 1983 7ol i3k a) NCEP/NCAR A4 At=2} b)
CRU TS3.21 At 2] 7] & HE % 12|31 ¢) F+ =1k 2fol& YehfaL Qict a)<}
b)9] 7] & BEEE S¢to g & uff & Zol7f Gl AX™ =ARAT AR F A=
7re] Zfol= o) & B8l & = %ol E ALE UET 53] 2 4Aho] 25k
TAY FA ol 77k A=A Il AR FoflA & 7] Aol S Ho]
I Uk, g@m] QrE A Aoy Fotobalote] sigetof 4h 5 Ao A FE
A Algo] gro] §3£381al 9lo] NCEP/NCAR A4 Z}=7} CRU TS3.21 AR HT}
HE A Hols AoE UshT
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4 HFUE

A L4 Aul7p Eks] o] Fof XAl gl A HE oz A A TS 7|54}
=22 ZEE Q= NCEP/NCAR A4 Aol A7) 715 & Ahgof digh A=z
1 A Qfel o 4 YA vla, F5, AR, Bebd Yol A dixjd o
2 Agakego] g A os ARt WAl = UellAs ZEE oojjojo] x3ty
o] 9lo ul=t A 29] L4 WA Al YE|weo] FO] FEE XA (N=41, S=40,
E=-89, W=—90)& A3l F=F WHellA= S 54 F BAFY] 40 % oS
AL Qe FEOHDAGY] A A BE A Q(N=45, S=44, E=129,
W=125)2 AAsldet, 1)l WA 3o] Rofula 3= BE 2]9d(N=18, S=17, E=—93

4)1}
Aelakgl oo

o]

).

’

Hopgo] j1ojolA F g 2 9(N=18, S=17, E=-93, W=-94)2 7}7]
1% 4.20] F2MN AR O R YAYRE eI



42 | B DBMA FUS 9F AMUIE Yu B AAY 15

a NCEP/NCAR Reanalysis 1 Data

e T

10 5 o0 5 10 15 20 25 30 35 (C)
Temperature (1983_07)

b) CRU TS3.21 Data

-10 -5 0 5 10 15 20 25 30 35 (°C)
Temperature (1983_07)

d Temperature difference between NCEP and CRU

== e T o =

Temperature (1983_07)

a8 41 NCEP/NCAR HEAd X122t CRU TS3.21 At=2] 1983E 7€ 7|2 21 E4 ¥ F X=7He

X[ o]
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a] Ol=, Zel:0l =
N=41, S=40, E=-89, W=-90

Rate of maize harvested area (USA)
Source: Monfreda et al. 2008

0 20 40 60 80 100 (%)

==, 284

N=45, 5=44, E=126, W=125

b)

Rate of maize harvested area (China)
Source: Monfreda et al. 2008

0 20 40 60 80 100 (%)

c)

WA, XIOHIA =
N=18, S=17, E=-93, W=-94

Source: Monfreda et al. 2008

0 20 40 60 80 100 (%)

d)

SEA, DOI0tA F

N=-17, S=-18, E=-52, W=-53

Rate of maize harvested area (Brazil)
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USA OForecast(30 ensembles) @MME @ NCEP_OBS China OForecast(30 ensembles) ®MME ~ ® NCEP_OBS
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China OForecast(30 ensembles) ®MME ~® NCEP_OBS
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S A AZEIR|E A|uk x|&A o7 sEEAre] Uelton T2 9l 2003
Wo] S3fakol] u3) 200410 G4 S2tao] oF 10 % AT 200510l oF
18 % 743t Z1 02 FAOSTAT AR RAE 20T 5= QI3l,

Moderately dry (-0.8 to -1.29) _ Extremely dry (1.6 to -1.99) Exceptionally dry (below -2.0)

SPI(Standardized Precipitation Index)
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China
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SPI(Standardized Precipitation Index)
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2
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1971-2013 Average Yield Trend
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u|=t Wisconsin—Madison TH&F2] Center for Sustainability and the Global
Environment(SAGE)olAl= A A 54 B AF o287 E 39 197] 78 A&
et 5 YRS DARs Tk 715 B AEel CRU CL2,09)] 304 B 715
e ol &8l A= nd Y 712, e, ST Abel o] WARFE X AlA
20 2] et HEAS Fsio] BB BF AU BE FRY AR YA
Skt 19 4,44+ S]] High a) A A whE AR BEES b) BE FRY
2w Uehya glon xo] 3o 2y} Fro] thi e g BREeglt 9= &
of Y 0] Lpap M2 91UHE AJRtE 0] 1320 FRE= o= UEHAL 5
2 TR ol 982e] T AafHle] 16220e] THEe] UL Aoz Uehgrh

Maize Planting end date (day of year)

0 50 100 150 200 250 300 350

O3 4.44 SAGEOIIM Z=Eet H M| =44 TEY FE &) TS AR, b) TS =Y (Sacks et al, 2010)
Source: https://nelson.wisc.edu/sage/data-and-models/crop-calendar-dataset/index.php
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Maize Planting start date (day of year)
.
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Wi Jlom g o] e FRAeAs S vk Alddo] 88U (34 29
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A= feivet GRS S vk ARt RAROA 49 e, SRAY

ANA 49 Feolti (A <], 2013).

=41 0=, £, AT, 22120 2o 244 MAIX|So| 244 TS ARIT} Z220f| Cfst
SAGE XI=2} M-GAEZQ| =Xz}t H|w
) SAGE M-GAEZ
=27t (RIX])
Al=ted £z Al=ted £z
USA  [N=41, S=40, E=-89, W=-90) 112 148 100 125
China (N=45, S=44, E=126, W=125) 98 162 148 174
Mexico (N=18, S=17, E=-93, W=-94) 118 180 104 149
Brazil (N=-18, S=-19, E=-49, W=-50) 291 365 32 69

SAGE®|| A AlFstal Q= S A=A A (Crop calendar) A Ee} M-GAEZ 2}
ERollA 2743 2000dtH(2001-20109) Bt A AlA] L4 Fd F2EE
Ak nl=, S, AR, Hepd o] 8 S AR Aol gt S 0k
AR o FRUS 3 4,13 o] Bl on Z4=0] S ukgo] FAR RS}
T HuE AAP vls SAE QRIS dejico] = e A 298] &5 AT
Ao F AHoA] &4 gAto] o]Fo|R|aL glom B3] ERAAS F4HoR
S Aabol A yYehuaL Qe o] 1o HFPARl S w2 T e
?X@Oﬂ/ﬂ 49 1 Aol ARrE L F BERA Ao A] 49 109 ol A= &424=
IE FRYS F FEAA 59 31U A 22l F FEFAIYoA 6 5 A<
o «l S5 1:50] ih= A0 E YENITHLE 4,46 a)). M—GAEZ ZHe i3
A= e FAE delieo] F FHAG(N=41, S=40, E=—89, W=-90)9] 2000
o 2% 44 ok ARYS 100442 1092 S48 uhg T2Y-S 125U(5
4 5= FAskaL vk, BFolA FHE S uhF ARYS dEico] =Y
oA ZAME & oY FHELE fARHA YEbton ukE TR YUY A9 nEg o
4 gho]l APAQ) o TRY K} oF ghd A w2 Ao g A=) shA|v
E?ﬂoﬂfﬂ FAE S 0 ARG TRYS dEjeo] FolA 9 A &4
o1 ] bell EFHE| L glo] mF o) o3t L4 ukEY v%’%l A= & o]
?011]1 e AoR waEnh F=9 ERA QoA & 552 49 Faoll Al
Zhelo] 59 Aol tiRE v Ao YEhal glom ekl oF 4709 FQl
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89 Foi 109 F471 olRolAt AT Vet F3o] g el
% o e 29 FENH 955 kFo] AatEo] 4 FoA] o] Ux 1Y =&
3 4:3ho] o 2ojA 89U Wolm thFE So] Tps Ao UehdthaY 4.46
b)), AERPAME S FF 48 AH(N=45, S=44, E=126, W=125)2] 2000
A B S T AL 148U(GY 282 FANATL HE FRUL 174
A(6Y 232 FYstry. AERYA] FAH 5% 3F 7|7He USDACA
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Coffee, eucalyptus, and sugarcane are planted and harvested throughout the year
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