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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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ABSTRACT

The Fourth Assessment Report (AR4) of the Intergovernmental Panel on Climate Change (IPCC)
projects that a rise in the global mean temperature due to anthropogenic greenhouse gas (GHG)
emissions will have a large effect on crop yields. Crop yields change mainly due to the influence

of agroclimatic factors, such as temperature, precipitation and insolation, and technological factors,
such as agrichemicals, fertilizer use, cultivar improvement, and irrigation water supply. Crop
yields have continued to increase with sustainable investment in and development of crop cultivation
technologies since human beings began cultivating agricultural crops. However, some regions
are projected to experience a large decrease in crop yields in the future due to climate change.
Therefore, an understanding of the regions that are vulnerable to climate change through
quantitative assessments of the projected changes in crop yields is necessary.

The impacts of climate change on crop yields have been assessed by impact simulations,
in which climate projections, obtained from simulations using General Circulation Models (GCMs),
are input into crop models, which estimate crop yields, using predominantly information about
climatic and soil conditions. Unfortunately, the GCM climate projections developed by research
institutes around the world vary in their results, due to differences in the semi-empirical
parameters and the process formulations used for each model; therefore, there are uncertainties
in the outputs of the impact assessment models. Quantifying the uncertainty of the estimates
of changes in crop yields due to differences in the climate projections is of great importance
to aid in the understanding of which regions are most vulnerable to future climate change and
in using this understanding as supporting information to investigate effective measures against
climate change.

Impact assessment studies on the changes in crop yields under climate change have been
carried out at the regional or global levels based on the characteristics of the models used
and the purposes of each study. Except for some comprehensive studies, only a small number
of GCM climate predictions and socioeconomic scenarios were used in these impact assessment
studies due to the large data size of the climate projections and the extended computation time.

The impact of climate change on crop yields is closely related to global food security. Because
the agricultural producing countries in the Asia-Pacific region are vulnerable even under the
current climate system and extreme events, crop yield change is projected to have serious impacts
under future climate change. A quantitative assessment is necessary to determine which climatic
elements influence yield changes and to ascertain the amount of uncertainty associated with
using multiple climate projections for a study region. Given this background, the purpose of
this study is to quantitatively assess the change in rice yields using a global scale crop model,
considering the uncertainty of climate change projections using data from the Coupled Model
Intercomparison Project (CMIP5) GCM climate projections under 4 RCP scenarios (RCP 2.6, RCP
4.5, RCP 6.0 and RCP 8.5) for 3 time periods (2020s, 2050s and 2080s] for agricultural countries
in the Asia-Pacific region.

The M-GAEZ model was modified for better assessment of climate change impacts from the
GAEZ model, which is an model for estimating potential crop yields at a global scale that was
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developed by the Food and Agriculture Organization (FAQ) and the International Institute for
Applied Systems Analysis (IIASA). The potential crop yields are calculated based on conditions,
such as the climate, soil, and input level. Specific climate conditions, such as the daily mean
temperature [°C], daily precipitation [mm/day], daily mean irradiation [W/m?], and daily mean
windspeed [m/s], are used as input information. The M-GAEZ model can estimate the potential
yields for 8 varieties of rice. Some varieties of rice differ in their growth periods, depending
on the cultivated area. Four varieties (growing periods of 105, 120, 135 and 150 days) for Japonica
and four varieties (105, 120, 135 and 150 days) for Indica were treated distinctively. We then
calculated the potential rice yields based on the rice variety at each site with the 1990s (1991-2000)
as the reference years and determining the most productive variety and its planting day. To
conduct the impact assessment, the M-GAEZ model requires daily climate scenarios at a spatial
resolution of 1°x1° latitude/longitude for each climate condition as input data. We created each
mesh of a daily climate scenario using the GCM climate projections. The crop yield calculation
flow consists of 4 modules: the climate module, the crop growth module, the soil constraint
module, and the CO; fertilization module. The crop growth and soil constraint modules were
based on formulating the existing M-GAEZ model. For the CO; fertilization effect, multipliers
intended specifically for each plant type were used to consider the fertilization effect. The results
obtained from this study are summarized below.

After calculating each mesh of rice yield from multiple climate projections based on the
simulation periods, we calculated the country-specific yield average using data on the area of
rice cultivated areas and country-boundary data to find the rate of rice yield change by country.
Changes in rice yields were predicted for major 20 countries located in the Asia-Pacific region.
As a result, after we considered adaptation measures, in Russia and North Korea, which are
located at relatively high-latitudes for the region, rice yields are predicted to increase in the
2020s, 2050s and 2080s, under all RCP scenarios, both in the current rice cultivated area and
relative to the 1990s, under all emissions scenarios, due to temperature rise. It was predicted
that rice yields will increase more as we approach the end of the 21st century, the RCP 8.5
scenario, in particular. When we did not consider adaptation measures, it was predicted that
rice yields decreased in most countries, except for the districts in high latitude areas, by many
GCMs. After having predicted rice yield changes for each GCM according to RCP scenarios, there
was still a large of uncertainty in the predicted results, due to the choice of GCM climate projections.
When we did not consider adaptation measures, the uncertainty ranges were 13.5% (-5.7% to
-19.2%) in the 2020s, 18.0% (-4.2% to -22.2%) in the 2050s, and 37% (-7.1% to -44.1%) in the
2080s under the RCP 8.5 scenario. As mentioned above, because the prediction results for rice
yield change vary greatly depending on the choice of the GCM, uncertainty of prediction must
be considered when examining climate change adaptation policy in many countries. In addition,
14% (-10.8% to -24.9%) of the uncertainty range was predicted, due to the choice of an RCP
scenario in the 2080s, when we did not consider adaptation measures.
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Figure 1 Radiative forcing and atmospheric CO, concentration change for historical period and future
scenarios in CMIPS
Table 1 RCPs scenario summary
. Total CO;, equivalent IAM ?
Scenario . . Reference
concentration (Institute)

Peak at ~490 ppm and

RCP2.6 o IMAGE (PBL) Van Vuuren et al. (2007)
decreasing in 2100

RCP4.5 ~650 ppm in 2100 GCAM (PNNLJ Wise et al. (2009)
RCP&.0 ~850 ppm in 2100 AIM (NIES) Fujino et al. (2006)
RCP8.5 ~1370 ppm in 2100 MESSAGE (IIASA) Riahi et al. (2007)

? Integrated Assessment Model

2.1.2 CMIPS 7|2 H3} AlLIE|2

IPCCO] A 52} H7IEIAE SJ8f 234 njg) 7|3/}t Alue] o= AlA|7| A1
3](World Climate Research Programme, WCRP)2] & 2007 A4} 2011 o] 24

2= 5TA Asted A H|nl T2 A E(Coupled Model Intercomparison Project
Phase 5, CMIPS)S o H459ch. OMIPS ARl & AlA| 237 715 A 150]

oo 50747} e 719 EE o8-8l 17| F Ho|d @t RCP AlUe] e 7Hke
2 3 ol 7)1 SHet A9 AdS A k] Aok FAIHel sl HESI.

CMIP59] 7]=H3} Al2]2= Earth System Grid(http://earthsystemgrid.org
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Jhome, ) 22} BALAI2Tlo] o) BRI o ol AL e 5 W 54
7} 22 753G opl Tt MR TS G 23 Brh Aol 7|eft opAln
AUk, 2 Aol A= CMIP5 9] 7] 918t AJufe] 2of thsl| Earth System Grid =58 =y
6 Qe Mo SUHOR RS T FHET 9l APEC 7| FAlE ] 7| FHo)d
Au|A A AEHT dE ZHBH A LA 9] Global Meteorological Data ServerS E3f|
CMIP59] 327 7]¥ 2 (General Circulation Model, GCM)o]| 2J3t 204]]7] 7] RLOJA]
& 9 20A7] 71591 A9 A15LE hemes) ol itk CMIPSe] 2t GOMoAE X
9] Ensemble run® & 7|3 10| AES AAPA|TF 2 QLo A= Ensemble rlilpl?]
Az theR s ol it Ao] ol OMIPSS] GOM RSt E4] tsiA:
Table 20f g2]sf] Uebuict, CMIP5] 285 47] RCP AlUh2] 2 Fofl 4] RCP 4,5%} 8.5
Alue] 2= 327 GOM ELiof| 21-8-5]o] 7]t Aluhe] @7} A=l RCP 2.6 Al
2] 2= 257 GCMef| 218513 RCP 6.0 Aluhe]2+= 18711 GCMO|Rt 2185 o] 7] 33}
AlUe] 27} 23 = Qle}. CMIP59] 7|53} Aue] @4= GCMO]| wh} Table 29F 2Fo] 57t
welsol 4 oAl AdE] e # o] ol 327 GCM FolA=
CMCC—CM(cccm) H@lo] F7HES)50] 480X2400.2 714 +=9F11 FGOALS—g2(fgg?)

o] F7hEslo] 19876002 71y Hoke,

Table 2 Characteristics of the GCMs in the CMIP5 data

Model Code ” RCZ:CGZZHO o5 Institute Country Spa[ianl. I;zsi)it]ion
ACCESS1-0 acl0 Xl o | X| o CAWCR Australia 192 XX 145
ACCESS1-3 acl3 Xl o | X|®o CAWCR Australia 192 XX 145
BCC-CSM1-1-M b11m OO N OO BCC China 320 X< 160
BNU-ESM bnel ©| o | X|o BNU China 128 XX 64
CanESM2 ce?1 ® | | X| 6 CCCMA Canada 128 X b4
CCSM4 csméb ©le | X|o NCAR USA 288 X 192
CESM1-BGC clbg X|loe | X|® NCAR USA 288 X< 192
CESM1-CAMS5 clca ®@ || 6|06 NCAR USA 288 < 192
CMCC-CM ccecm X|loe | X|® CMCC Italy 480 X< 240
CNRM-CM5 cch1 ® | © | X | © | CNRM/CERFACS France 256 X< 128
CSIRO-Mk3-6-0 cm36 (O NONNONNO] CSIRO/QCCCE Australia 92 X 96
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Model Code ” RCZ;CT;”O 85 Institute Country Spe;:i)a:. Iizst)altt]ion
FGOALS-g2 fgg2 || X|o LASG/IAP China 128 XX 60
FGOALS-s2 fgs2 ©®| |66 LASG/IAP China 128 X< 108
FIO-ESM fiel ® |66 FIO China 128 XX b4
GFDL-CM3 qc31 |66 GFDL USA 144 X 90
GFDL-ESM2G ge2g || 6|06 GFDL USA 144 X 90
GFDL-ESM2M ge2m || 6|06 GFDL USA 144 X 90
GISS-E2-R ge2r || 6|06 GISS USA 144 X 90
HadGEM2-AO hg2a @606 NMR/KMA Korea/UK 192 X 145
HadGEM2-CC hg2c Xl o | X|® MOHC UK 192 X 145
HadGEM2-ES hg2e |66 MOHC UK 192 X 145
INM-CM4 in40 X|lo|X|o® INM Russia 180 > 120
IPSL-CM5A-LR ic5l |66 IPSL France 96 X 96
IPSL-CM5A-MR ic5m ® |66 IPSL France 144 X< 142
IPSL-CM5B-LR icbl X|loe | X|®e IPSL France 96 X 96
MIROC5 m501 ||| 06 MIROC Japan 256 > 128
MIROC-ESM mes1 || 6|06 MIROC Japan 128 X 64
MIROC-ESM-CHEM mesc || 6|06 MIROC Japan 128 X 64
MPI-ESM-LR mpel ©® o | X|oe MPI-M Germany 192 X 96
MPI-ESM-MR mpem @ o | X|oe MPI-M Germany 192 X 96
MRI-CGCM3 mc31 ©| |66 MR Japan 320 X< 160
NorESM1-M nelm ©@| | |06 NCC Norway 144 X 96

2.1.3 7|2 00| ZHgHiH

FUEoplA 2HE ek Hate] gt 7|5 HS} I FETE A AAIsH ] SlsliA=
drtx o & Ayt 7|2 Cl, vt 7| [Cl, Y4Bt A7 Cl, I+ I
(mm/day], U YAHW/m’), D F&{m/s] 5 71598 Aart ey, 2
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FERE 71393 AlueE] 2= GEMO|l w21 37t Jefsol thEr] mhime] aEA2l
2 AlEdold s flsf 7Iskeha APt /e of&sll 2 71513t Alue] 2.9
Esse A= 10, AR 102 SUAIA A 2H33ch E-E 32 7 GCMo||
3t A7) E RmoJAY Aukel CRU #=7]% A (New et al,, 1999; Mitchell and
Jones, 2005)E 7}A|1L 1961-1990¢1 2] AR+ AH47|2 HI}E Figure 29} o] YE}
Wl 23} coMe] met Aol qXu 2 GoMe) 175 wo) Aute] AFHel Bias7h
EAhE A IR o714 UEhths Biase GOMY wlef 7]5R3E Aluhe] o] =
O] Q7] whitol] T H AR} 22 71588 Aol 71 S AU e AtRE
28517 fleliAl= BEEA] ARE Ao BiasE AlASHs #go] Fasitt & Atoae
CRU 7|53 k9] 19611990 ] o3t 30 Hato] HB+t 7|5 gt 2F GCMY
1961-19900]l Tzt 30\ H+to] HFt 715 gk Atolo] A= o]l 7|18t Alue] 2
of Tt Bias ©A 2FYS AAIFTE Figure 32 Bias H4& $I$t CRU 7|55 =2
Hlo] Akl 717H(1961-1990d)of] thgh 30\ Ht9] 8 Hat 7]=(E) I} AFriH s
=)0 BES e gk
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Figure 2 Global annual mean surface air temperature change
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Figure 3 Average temperature and precipitation in August (1961-90 average)
T;.,m = (Ty.,m - T61,90,m)+ ORU* T61,90.,7n (1)
(Vy.,m V61 90, m)+ CRU V61 ~90,m
, forVym—Vﬁlgom
Vo =YV, 1/ Vit oo ) X CRU_V, @
y m 61_90,m 61_90,m
for Vi < Vi1 90,m
CMIP52] 327l GCMo|| &fsff ROoJH 7t 7] 3R] theh 7] $-H3} Aluhe] 2.9 Bias

B A () @] 3 o] FoiFrk. o4, 7= BT 712l ey v 11
ole] 7|54 YA 4% mm/day], YBF DHW/m'), LB F4m/s] F 5
U ke, 71.29) 9 dlol2etel 71719) CRU UBa Tzt GoM £ U7
] AE 7)ush kel 2ol k) 31 712 olele] 7] Fado] dhajA GoM
Feigro] o] 2]l 7)7b0] Wt GOM £k oAR 7Sl 7] s} Autel 2] 7}
AR ST Wk ekl ASoli Bias BT gro] 29 glol HA Al 5] 91
SA1S SA Bias HAT 7|FHSE AL 98 AT T & Z2re] 7 F
ol 7158} Atel ek |z eRich, 47} y2t mS AlEeold 71191 yeardt
monthS LFERH “61 90, 7S 1961W L] 19906714 9] 304 Hato] st mB2) 7%
HAZS JePdtt, CRU_ Ty, o, & CRU_ Vg, 4., = CRU #Z7|3% 2479 1961
8 199097H419] 309 Batol that mAL 7| F Bighe vhebiict, Eat A% oty
ol meo Al 2} 7)5a 0] et A HelelS YelelR o]§3h] ] Bias
2AS 2 YBF 715 dlolE Spline BAPE ol3) BT Hlo|E R WakAA
chAl AR,
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2.2.1 M-GAEZ 2% iR

dE AHFAH A4 (National Institute for Environmental Studies, NIES)of A=
A AT E s A 7|7 (Food and Agriculture Organization of the UN, FAO)%} =48

AEIE AL (International Institute for Applied Systems Analysis, IIASA)©]
3% 7l|2Fst GAEZ(Global Agro—Ecological Zones) &S 7| &H3} g3kg 7| o -2
o Atol] Adetes AAIEES AH AR AE 48 dlS A M-GAEZS i
itk (Masutomi et al,, 2009), M—GAEZ, REl& 7|3 dg|o]ge}t BEFEA], IWIAR,
Yl 5o 24 7|28 A=) A ol8AeE 4 3}—’ Uo7k FAOO| A Zd A+
BAAE ez A7I7tol] A% 2ARE Sl 2Rt thefet A2 weterE o84
AE0) A e ARSRITh of7)A] dgeilolsh A, ke, BEYRIEE, 7=
2 S 2 Ae e 92 vAle a0 FAARI A %S Tt 7%
o2 Ay 712{Cl], U < mm/day], YH BAHW/m’], LHF F<%m/s]
o] Relo] Qe HHEA o] §H), 7]% 0]Ql9] ¥ FH == Table 30 UehdH 245
tlofel7} o] gt o] thekRt Wl Qe I EY] aEAQl B8-S flsl M-GAEZ
g9 25 =3k AXRS X]2] 4 B A AE](Geographic Information System, GIS) Al
A olgolAitt

M-GAEZ R 9, S F, 4 59 thef3h 2hao] gt 8t Alto] 7%‘8}
= AAEU & Ao ] B 2 ARAY EF5 SEAY
T AR thEe] ofAolEiE YA e T o= AL e SEAIT 3 ’;‘01]
Ofaf) AAFE] AL Qlo] o] FFofl thaAlRt Tt GEAI EFFolle= Fdororet e
E Ao R A=A Q)= Indica T F-EUEtel =1, Y&, vj=S SO AulE
%+ Japonica F°] Ut M-GAEZ T Eofx= A%7]71o] whet Indica & T3l
ThA] 47)9] 22105, 120, 135, 15042] AA7171), Japonica Zof thaf 47§2] E%(105,
120, 135, 150¥€9] AA7IXH o= FL3sl 2=k ISt

\:1
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Table 3 Input data for GAEZ model

Items Data Names
Soil data Digital Soil Map of the World (FAO, 1995; FAO, 2002)
Elevation data GTOPO30 (USGS, 1998)
Cultivated area rate Major Crop Dataset (Leff et al., 2004)
Irrigated area rate Global Map of Irrigation Areas (Siebert et al.,, 2005)
Country boundary Gridded Population of the World (CIESIN, 2005)
Fertilization use World Development Indicators (World Bank, 2006)

M-GAEZ Hdo o3t 2hE 2k ALK Figure 49} 22 5502 o|Fojflt},
A 2 ANS 37 715 BE, 2 BE, BEAISF BE, olhleietA(COy) AlM]
A} 2go] ) BES T3 ofFolh fA] 715 Kgofis CMIP52] 7] 518} AJnt

2l 2k&8}t CRU 7|55 A=E o]86 Bias HAE 7|5H3} Aluz| o7} A4 =4l
FAO—-56 Penman—Monteith WS 2 HE A5 3k5f 40 S35 olebyele] 24
S (mm/day) o] AXFETHFAO, 1998). AHa/47 Baollile 715 REolA 2H3d
715 Alye] ot A wiRtHERE AR 2ol AR 7Rsdt 718 e S5k A9
it 2hm Aol 7hs et Aol disiAl= =l SfRt AleFe] gl AEiolA 715
219 I3 A Rk AREEHAE 7 Ra s 55 Aot A A1l
m 2|2 e Aol Ajul FARE Ao wE AE 52k Alkto] o] R0 x]7] oh=
Ch AT TRt EGe® FHE 0 Qlof 2HE s Aedet Eoe] e W A=
5ol &7 ]‘—3 E B A A 7hs ot Aido] W B Bk mhiol
Am B A5 AAE Eol7] siMe Bl ofRt AlokS aLesfjopdt gtk
thxﬂot EollAs A BEollA AhEE A e bl =l ofRt Aok
arefstr] ffsf AlA =9 HlolEE ol 83ttt o] =4 HlolEoll= AlAl 2+ Aof tigt
B, FH, 22rof gt AHEo} AE Frel whet EARE ALERh 106 7HA] BT
Qlofl gt FE7} gk o] Qlek
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Inputdata

Model parameter

N
GCM climate projections | Climate scenarios, PET, PAR |

CRU observedclimate data
(Temperature, Precipitation,
Insolation, Wind speed)

Crop growth parameter

Cropyield in consideration
of climate conditions

Soil type data
Elevationdata
Harvested arearate
Irrigated area rate

Fertilizerinput

Cropyield in consideration
of sail conditions

CO, fertilization effect
parameter

CO,concentrationin the
atmosphere

Crop yield in consideration
of CO, fertilization effect

Figure 4 Flow of calculating crop vyield

o]AkSlERA(C0,) AlH|A T HEO|AE= RCP AU 29 tf7] 3 O, B2 W3l

£ AHIATE JLefgith COop AR|adEt ti7] 5 CO, =7t SO Qls) A= 9

Bl felohA A8l Aol BlRE = AT Zo] 220 Asolu vks S

A7l G3kE oJnjgltt, CO, AlR|ATH= A& EfQlo] ule} th2n Biel 2h2 C3 A&

2= Table 49F -2 BIE 2= 02 AT QItH(Tubiello et al, 2007), = A

o Al= RCP Alupe] 2.of| whE CO, AJH|ET}E] ZJo]7} 2HE f=sleo]| u]2|= ko] sl
713t
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Table 4 CO; fertilization effect parameter

RCP 2.6 RCP 4.5 RCP 6.0 RCP 8.5
[;E:pcr]\:] Parameter [spi:] Parameter [:F?n:] Parameter [;)c:;] Parameter
1961-1990 3383 1.000 3383 1.000 338.3 1.000 338.3 1.000
1990s 361.0 1.006 361.0 1.006 361.0 1.006 361.0 1.006
2020s 4121 1.020 4111 1.020 409.4 1.019 415.8 1.021
2050s 4427 1.029 486.5 1.057 4717 1.052 540.5 1.092
2080s 431.6 1.025 531.1 1.086 594.3 1.118 758.2 1.165

ol A2 ALt BFOE Mg SRS 5= M-GAEZ Hdof gk He2
Masutomi et al, (2009)°] 23] CRU I=7]% g5 0]-83F 1980E )] ofAJo} X9
gt & ek oS 2ol FAOS 3= FARAEE L F9l Figure 58 22 A5
AE Al 2 AlEYo|d At ek M-S o= A Adshe Aow 29l
gith Shin et al, (2011)2 Masutomi et al, (2009)Q} -2 BP0 & A A|A| L4 4=3}
ol el 1971-2000A7Fe] Hdl Al=e|o]dS A M-GAEZ HElo] 4=k A/
= A5k

d

3500
_ 3400 /' \
0] / "
£ 3300 ! N\ xS /_.H“
[+ :/ I . ¥ =
T 3200 y L
Q {
> T
3100 — —+—FAO
\‘ —=— M-GAEZ

0 L L . L L L L
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
Figure 5 Validation of the M-GAEZ model (Masutomi et al. 2009)
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109 Hat SRS 7IRoR2 ke mlEiel 20209 H(2021-2030%), 2050y
(2051-20604) 12]a1 H m]2fel 2080ATH(2081-2090) o] thet 10 Hat ks
vl ARERITE M-GAEZ Rdlof| Y& 7|53} Alue] 2= F 327 GOMO|| 47}A]
RCP AU2| 25 283l 2HJ=| AAINE 217+9] GCMof| B= RCP AJU2] 27} -85 A
oftct, o] AFelA= RCP 2.6 7|4Ho=2 2% 257 7|53} Aluke] 2.9 RCP
4.5 718k] 327, RCP 6.0 7|¥ke] 187 Z12]3 RCP 8.5 7|4kl 327} 7|wis} A]urag

7t olglo] %

1077)19] 7]
QU3 wle) 7157} W Lts) ol uet H2of ool
SA A A S E o mESEgh A oA A EAL Qs FFol Al
M-GAEZ RHojAf= 7|3 Hsto] gt -5 4&“

2)40] A4 B FFS vfs] Aleks] je) Selre

RS} Aluf2| o7 2 el Abgo] o 8E T Al
FIAE ol

A]
334 THORE 2 AR o] gt

A e wefsh o
745 1990 o] 2] A Yl FF5 AdE el l JEE njef A o Al
AT AE TR
Table 5 Simulation settings of this study

ltems Settings
Model M-GAEZ model

Area studied

Asia-Pacific region

Crop studied

Rice (4 varieties: indica, 4 varieties: japonica)

1990s(1991-2000), 2020s(2021-2030),

Period
erods 2050s(2051-2060), 2080s(2081-2090)
GCM CMIP5 GCMs(32 GCMs)
, RCP2.6(25 GCMs), RCP4.5(32 GCMs),
Scenarios

RCP6.0(18 GCMs), RCP8.5(32 GCMs)

Climate observations

CRU time-series datasets

Climate conditions

Surface air temperature (°C), Precipitation (mm/day),
Surface downwelling shortwave radiation (W/m3),
Wind speed (m/s)

Adaptation measures

Planting dates, Varieties

Major producing
countries

China, India, Indonesia, Bangladesh, Viet Nam, Thailand, Myanmar, Philippines,

Cambodia, Japan, USA, South Korea, Pakistan, Nepal, Sri Lanka, Laos, Malaysia, Peru,

North Korea, Russia

ZHHH I
Ao apder},
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ojefol F=, At 1P|l vls FoA F2 AL glom of FF2 A AAelA
Artels o] o 10% Hioll HA] o=t

3 oAz obajol- A ole] 8 A AT} 20745 AR CMIPSS] 47}
ROP Albe] 25 7Ivko.2 24l % 1077) 7)) Alute] o8 o] 83 19004n)S 712
0.2 3 2020, 20505 1212 2080Wshe] 22 -5 sk ATk Akl il
Aelaict. WA bR Z)5slel diek 2 olopel Alela 22| B AlEle] 28 Ty
of ©ifgt mel7} 4SSl wstel ukt kg mlAEA] da) AR

M China M India
M Indonesia H Bangladesh
M Viet Nam M Thailand
@ Myanmar M Philippines
M Pakistan M Cambodia
M Japan M USA
M South Korea M Nepal
u Sri Lanka M Laos
M Malaysia i Peru
u North Korea u Russia
ul Others

Figure 6 Ratio of rice production in the Asia-Pacific region countries

Source: FAOSTAT data 2011. http://faostat.fao.org/site/567/default.aspx#ancor

3.1.1.1 M3 12 At

A7 eudste] Ao B A ee] Fazleo] W Ak gl AgelA 3
B9)E Ao T L AfA(elgedol 7 Webd FO= o
A 2 A} ol Tl Gl tie] Mool 71Fo] et Wakgel o
WSS Fat & 4 Y= AFE EFO) Bol AHE Glovt o R /)T
GO WA 7150l A EF| AT RS FHOR uin A2 2|
T F102 ogE] th2o] olo] uhE M RS ASA OB S L
© o3 4 gl @A) | otk
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TG Aol et vlel 4 Sl wste] o3 AEkE At Figure T 4]
48 B WS AS 7F ROP AL SlolA] R 4 A) 20720 et
GOME 4 Ssleke] wiske Ueha ik 207) T Folae 71 19 Ao
91213k Qi 2lAlofellx] GOMel W Xjoliz QAR MAH R 4 fgtepo] g 2
S7bshe A0 Urehdth, FAOO) 32 %7 Ahazo] whewl 20109 A A 4 A4l
ZollA] Aok} AXIBRE ML OF 0,15 % 207 F0 A AAFE ZoAE Akl
7H vk A0 UehgAu 48k Wske TS Fa) o 4 olo] AT 2uksie)
Bo] @A) ealobe] 4 Al xjofo] 4 Alktel Aakat BAOR ulFlo] g Tl sujol
Bio] 4 48lero] A3 S7hsks Ao AT gtk 53] 20804 RCP 8.5
Akl 2. slellAl GoMel whet 2 o] AjolS el QA9 BE GoMelA 4
ko] Z715He A0 d|ZET olrk. HRel Hatol 4w BE RCP Al 51
HE GOMOIA oll50] Zol(BEAA)E QAN AT Lxisie} o] 4 43ao] 27
27k ACR oS oI, A AlA A ARIeEe] oF 50 9% AASHL Gl S5t QLo
A BE RCP AL, SlellA] 20204 Thell WLE GMO] % S8k ol Aarh £20
N B BIAE A2 UL 200082 T8 H90l 71 A
2 d|Zuh GoMo] WOl 57} 71 27 Uehdeh, eluete] Aol die
ROP Aol ool 20804e] 2465 eaisgol Al ZIoke A0 Ueksie)
E3]| RCP 8.5 AJUte] % oA 2080Wto]] HadGEM2-AO(hg2a) ZElS S auta} &
2-8leo] oF 34 3% Z7)5H= A O & o|&5l1 91 MIROC—ESM(mesl) R 22 oF 12 5%
Zashe Ao dlZsha gk zrioht B, lmyAlolel 2 U Ffopiob
Aol 1= 2080KITholl RCP 8.5 AlLel 2. sell 4] & S:Bfao] 223 Ao o Zel
GCM©| TH2 RCP Alke]0o] HsA g 2o ekt ol 4gtjae mefsitet
% TS 7] ASS o) S3He GOMOIAE SBlao] Zhatiths 21 Lpehiich
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Figure 7
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TS nhIshA] 9 the e @A) Witk & 4 9lck. o Moot e 4
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RISHS Sholgttrd vl & eiefo] ofgA| & A7l dish 4% AaE A

A ) B o] YA719F FFl el A LS mlEoll AT o V)%
wslo] Ot 43 AL Tefst SR A0 Sk o/l 1990 el A S-stapol
7P 9 oYU} F5-2 Adal 20201 dTHet 2050, 2080\ TS| Sle ALK
o) 85150k Figure 8& A7) A% e TelsiA) gloke A9l ohal 2t ROP ALt
@ st F=a A A7 207 =] ek GOME A ko] ks LA Qi
eilolot BatelAs AguHe melsh b Agat 7124 Jaros A
st Ao K]edo] 4 Ai4lo] Bk Akt B0 o] 4kgo] Z7lee Ao el
ot 2 AR Bt Aol oF 3.7C(2.6C-4.8C) 45T Z10& o=l 9=
RCP 8.5 Aluhe] 2.9] 2080 At ol A= & AJAte]] At 7|2 Ko} 11 o Fo & 7] 20] A
S AR oSEE GOMo| osf & glfo] s Zlor ASH7|® Tt o] -
2AJofoll A= CNRM—CM5(cc51) HHof| A 4k =85Fo] 90.7% S7Foh= 202 55 %)
O} MIROC-ESM—CHEM(mesc) REo| A 71.4% FAsH= A0 2 o|=5] a1 Qo] At
g 22 o] EAskE Ze 1T = USIEh T Qo= BE RCP Alu]o]
A H0] GOMO| AF 4:8fe 748 o ek Ao Liehtch, SelLiete] 49 o
o] ROP AJube] 9oflA] 4 43feo] 27K A0 ofSE GOMI} 4l A02 o5
= GCMo] HZ=3HA| B2 E]0]Q) o) RCP 8.5 AlU#]2.9] 2080 ofl+= FIO-ESM(fiel)
Hdlof X 2t 9,1% F715kaL GFDL-CM3(ge31) ZEof|A] 70,7% 4dh= & A= 4
Jsiepo] Gashe A0 LRI olr). AgThae Tefsh 9k 49 2AVE 714
A7t 2 BUOlo} A1efo2 chsel FyolAlot Aol 4 Selel A st
L g0 ekt glck S5 grtlolet i MIEReIAE BE RCP Akl oo
chie] GOMo) A i 1128 o8l on ROP 8.5 AlLfelo.8] 2080d ol
Zrsrlolol A 327) GOM FolA 87 GCMolA] & 4-keo] 90% ol AT Ao
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Figure 8 Rate of rice yield change in the Asia-Pacific region countries

(unconsidered adaptation measures)
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Figure 9 Rate of rice yield change in the main rice production countries
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Figure 10 Rice yield change on RCP 2.6 scenario (adaptation on: yy, off: nn)
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Figure 11 Rice yield change of GCM average in 2080s on RCP 2.6 scenario
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Figure 12 Global change of temperature and precipitation on RCP 2.6 scenario
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Figure 13 Rice yield change on RCP 4.5 scenario (adaptation on: yy, off: nn)
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Figure 14 Rice yield change of GCM average in 2080s on RCP 4.5 scenario
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Figure 15 Global change of temperature and precipitation on RCP 4.5 scenario
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Figure 16 Rice yield change on RCP 6.0 scenario (adaptation on: yy, off: nn)
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Figure 17 Rice yield change of GCM average in 2080s on RCP 6.0 scenario
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Figure 18 Global change of temperature and precipitation on RCP 6.0 scenario
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Figure 19 Rice yield change on RCP 8.5 scenario (adaptation on: yy, off: nn)
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Figure 20 Rice yield change of GCM average in 2080s on RCP 8.5 scenario
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Figure 21 Global change of temperature and precipitation on RCP 8.5 scenario
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Figure 22 Average rice yield change and uncertainty range considered adaptation measures under the each
RCP scenario (adaptation on)
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Figure 23 Average rice yield change and uncertainty range unconsidered adaptation measures under the
each RCP scenario (adaptation off)
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Figure 24 Rate of rice yield change on RCP scenarios
Table 7 Uncertainty range of rice yield by RCPs
Uncertainty Range
2020s 2050s 2080s
min/max (range) min/max (range) min/max (range)
Considered Adap. 0.4/0.9 (0.5) 3.3/8.1 (4.8) 3.2/10.6 (7.4)
Unconsidered Adap. -13.4/-12.2 (1.2) -13.2/-11.1 (2.1) -24.9/-10.7 (14.2)
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Figure 26 Distribution map of potential rice yield in 1990s (HadGEM2-AQ)
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Figure 27 Shift of available rice production by climate change

Table 8 Expansion area of available rice production
RCP scenario 2020s 2050s 2080s
RCP2.6 4168F krm? 4328F k2 4778 km?
RCP4.5 4208F km? 7128t km? 7478k km?
RCPé.0 46281 km? 5008f km? 9298 km?
RCP8.5 4478 km?2 883%F km? 14128t km?
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Figure 28 Shift of unavailable rice production by climate change
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Table 9 Reduction area of available rice production
RCP scenario 2020s 2050s 2080s
RCP2.6 1828+ km? 2108t km? 1528 km?
RCP4.5 1268t km?2 1228t km? 2002t km?
RCP6.0 1818 km? 1358t km? 1458 km?
RCP8.5 1092 km?2 1428t km? 1862 km?
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