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ABSTRACT

Increases in air and water temperature are expected to occur globally due to climate
change, and weather conditions such as heat and cold waves are increasing.
Therefore, studies have been actively conducted to improve the results of agricultural
and fisheries productivity and to model and predict biological distributions using short
and long—-term weather forecast data. However, it is not easy to carry out such
research because of a lack of understanding of the characteristics and types of
original or tailored climatic data and difficulties in data collection and processing
according to its intended use. In this study, we collected literature that used climate
prediction data for agricultural and ecological research and analyzed the usage,
characteristics, and trends of climate data needed for each sector to create guidelines
for the climate forecast data accumulated by and available from the APEC Climate
Center. From the agricultural sector, 306 scientific studies were qualitatively analyzed
for their use of climate and crop models and data processing methods used to predict
crop vields. From the ecological sector, 1,160 documents were qualitatively analyzed
for patterns regarding the use of marine ecology, aquaculture, and forest use data.
To broaden the availability of climate data, it may be necessary to select specific
climate datasets that have the best prediction power for specific regions, a low

uncertainty, and are highly correlated with the survival of living organisms.
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(Klemm and McPherson 2017).
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2.1 &Y 7|9E 1

Al 2811 £ A4 M7Ql Google Scholarg o]-8sto] 7]9-8-8& Hof A+
=1S &390t BdEolo| A= Google Scholar 3H& 23 AM Lo "climate
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3. RESEARCH RESULTS
3.1 71Xtz MMEt 71

7153 Hs}E Y7 A A S AsiAe AU ES 7HEe R A
1 9l(Global Climate Model, GCM)o] AB4let -2 MpS(HIE, 712, S5k, YA
T AU o] o8l Wsk= tRt 714 M) AERCE 7 Fopd JFREEER
g, geird, SR 53 et Aikgks &8shke Zlo] Zhsolth sHAIRE HiE
(emission) AlUE|EE GCMOA] A4k B2 7|94 AAmE52 7|9Hsto] tigt 4
BE AFsht Al dPdE(temporal resolution)(FE)H 37 s =(spatial
resolution)(100km~350km)7} Wi~ 7|4} o]F A|Ho|uf BEGZ 2-g3fjof k= A
BAAE B 5, AR 22 3-8k A4 0 R A835h|olle AlSAH s
EYA|0] wE 23] Al=&r} HojR|= ol 2ol ot wEhA GCMP| Alsshe thdst
7IFHHES T A Woke AT sl w7 flsiAeE olE AAlst
(downscaling)sh= @AI7} B a5t gAIs} 712 IA Gek4 AdAsket A4 3Alst
2 Y= a7t el 2 AASE 7ol digt A2 Appendix & alshd =,

19 29} o] 71FAmE AdAIgtete] ZF G AMgShe Y] THAollA= A
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2 JHof i3t 7153} AR KHindicator)E E-&sHAY HA7E o=

Y QEFEA = IR ot A ITFEE tE dERtRS] 3714
TE7F GCMO] 1A} FARE 49, AFFR| ) o] AP A Q1 dFo] A EA
SHA] = A199] B, = GCMO| 7HAAL Sl 715818t Ao s It ARES
o sh= AFole GCM 7I13AEE Itz Z8sfoF & Far} Sl

3to] AT = B |

A9 8 127k Basi,

(2) Decision Point I

= WA 24274 DA(Decision Point NI A2HE 1) A4S A7A,
Jgmelo] WA SR /| FARS| A TR WA SR /1 FHs, JAl] Ba

g Aatolu 7|& IF 5= HIRCR Hdst AAISE 7S AEstA "ok

O AR A7FAF PES] FA FE(F 20km vEHY 7 FAEES Be

2 SR BhRRl A9, SR BAE 4ASH 71ME He et gk

O AREAY] A1LFAI7F OF 20~50kme] 37t HE 8= of= H¢ ¥
Ao A¥Y7|E 2 (Regional Climate Model, RCM)Z o|-&35t g35H4 AMA|
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H A= e AS ARRANY 71ed, WA A= 9 7RERE AlZio] AlE
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7 e
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O AREAS] QA7 7|5 7H A = A 7F 378 AAaAgS A dfiof
ol= A BAA AASE 7S 4S5t AdEsloF sk=d|, BCCAY BCSD2F &
< E9H4 U = W 7 A RN RS s 7RV E ARRS
ojo} 3K Schneider?t Brown, 2013; Wilks, 2012).

3.1.2 SYZ0F SMlet 718 21 TAL

%w QoliL ujo} o] thofst 7| FAkE: APt 7)ol EASHARE AKg L] Z| sl
W7t AFA] et AP A 71 Aekslo] ALgT WAzt ek 2 A

3} 71 4] wet Aga Hopek WA Folelok sk ARARI o] ZAISHAL o]
AA|Z 27 BASL APl o] 49 Folxl AizE Wl Astel 7|44, Ak
2 Jepoz Is) of el Zlo] AMolc). Wb 71 Z15Hst GaEst AolA B
Ho} g AbEo] of| AHEH /WS 2 MBS YEAF RAte] o] Higos
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1910-2010 2016-2018

27% . /_2.7%

= Change factor
= Weather generator
= RCM use

Etc

sample number: 221 sample number: 101

72 3. 2T B8 7|SHE FTTIIM ABE AHEH 7o) W (20104 OF — 2016-2018)

32 3% 20F 72X EE

A 71% S EE Zas Aiste IoIM B 9 Jsks WAl A7 S 22
Y& B AP MAdsAY A& Al Ao AV 71 ARl ARt 2 S 3
F55 Addsiet ol $8% JH=z olgdH. Y e ‘{}Xé?—ﬂ‘ﬂ A ks
el 7123 e A2 AR TRt 5k, ek, B =59 &4
g2 71 71l didt A V1% Oﬂ"ﬁi— 23 7] J e 5 At
2500 3ol B dAE Je8F 240l $8% AEE AT Hetl # 32 449
Va7 ol FedEol FEE € o A=Al Hisf AHstial 3t dE S0 1F
% o|g AT Aol FF= VA VTR E VIR, ATE B9 JH, EY2E
2|3 Aol QAL WA A7] 2R dFE viRle 7R E A5E E¥TE

Bl 183 A=Y AS WHE dEeR Qs A HoiE HAY 4+ ) 5Ol
AcHFrisvold and Murugesan 2012). ©|¢} o] F5&5S A ok=t] o] 7|4
F7F S8% AHE AlSstaL 7] "ol olE 7Vl gt A5 B84
il & 4= 9tk Schneider and Wiener(2009)= &% AJ4ERIe}F =21 HER &
o g o HE 2AE &5 Al 7|15 dISEE a7 AR thE2] 97 E
BEFk 1) 471 A 85 9% Jd 194 A5 A= 4L 2) sd84 B A
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Ageta ek, B4 A% AFE 1789 8 FoH AT 549 Qo] BEE ko
139019111 71 22291 2018¥1 0] WEH o] 8HOE eht A AAHOR A
7% oEAR B A7) tia Bl F/1HL Gl Aom BAsol
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(i)

Hansen and Indeje(2004)+= &H&oF AdH2E 7Hdst=tl 3ol Ad AR

o 7% &A=} 7108 Roletn A How /Fugst ABuY o] EAsH:
o] 941 Fojof st} F43ch Eat

ol

A 8l AREA RS LA Hiet A S
1522 &5 BitEe AE 719 dE5AES A2 P(CERES-maize)ol| 2-85H7
of] Stochastic weather generatorg °|83) € ARE ¥ AAE a2 HIkk=
WS ANESIAL D7 71F dISHSE R She AR AERES /s Al
gt L S dSshe 7S AT 19 4= E7IEE AR SA4
AERYS o8 AE 7 S0 A8HE 7% dSAEe] s UEAL /o™
A FARIE A%, SEE4 25f B ol8et ¥ AAIE A&, IsiE A 7]
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Observed climate predictors

Y
Categorize
h A
Statistical Downscaled |
climate model dynamic model
Crop model
i (observed
weather)
Analog years Stochastic
generator
h 4 A A 4 A A J
. Crop model Statistical
(hindcast weather) yield model

A 4 k 4

Predicted crop yields

Source: (Hansen and Indeje 2004)

I8 4. M2 22 0500 0185 222 4 71Kl Mt 1k

Challinor et al.(2005)% ZH 71dst ZH=E2E GLAM(General Large-Area
Model for annual crops)?ll DEMETER(Development of a European Multimodel
Ensemble system for seasonal to inTER-annual prediction) seasonal hindcast
ensemblese Y 7[gAmR o83 QU ARAY FF sl Higt A 7|7t
(1987-1998) &9 EF44E W7I. DEMETER  ensemblese  77M
GCMs(CNRM, CRFC, LODY, SCNR, SCWN, SMPI, UKMO)°l Z+ GCM =2 97}
ensemble members7} &85 F 637 ensemble membersZ F/d=0] o Z+
GCM< REA40 AEA ARE 7|RICE bias EAo] AA|=Qt. Cantelaube and
Terres(2005)= DEMETER Z2AE9| t}Z51g JAFE A 7|% SARE 0|83
FHAY U S S5 FEUET<(Probability Density Function, PDF) & Ej

2 43l volg} ol &0] o0 e HRS AFHY. 715 o EARE Eojx] £
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S A% 2 S o839l ¥ Bdd=s SAXLE Mg g tZ Richardson
WGEN 23-& 7|HFC & Sl= weather generatorg ©J|-83l A& A|AE =2 AEH]
StH(Feddersen and Andersen 2005; Richardson 1981). o124 Alg% = ths 2y
PHE A5 date 9 B Hu 4AFA e &F dEE skt Slo] Wkl

H7H= AL St

Capa-Morocho et al.(2016) & $8F 9% 7= 7HAsh] fls A 719
ASAtzel e BYS Adste WS Skl A 715 dSAtRE o &9 7
A AiEAmE R Eoffol= W92 below normal, near normal, above normal®] 7<= 9
= & 7|Ro R 3A 715-& AMEsto] A 7]1$E ollE0k= FResampler](Forecast
probability resampler, Ines 2013)2} A5 &5 I#| 4437191 predictWTD7} o]-&5
A}, Canal et al.(2017)2 ZA AZSLE] ol IS M= 54713 WL 9
&t7] sl A 717 dlEAtzEol sl AAIE= AP A2 A Al
ol8H AE 7|% d&A}EE ENSEMBLES Z2 A EoA] AFEE 57§ GCMs(ECMWF,
INVG, Meteo-France, Met Office, MPI)2] seasonal hindcast 672 A= 2 Z} GCM
2 97 ensemble membersE Zt3l 91O bias EFS ¢dll SAFRAN &4 A7 E
0]-&3t quantile mapping ®Ho] A% ict lizumi et al.(2018)2 APCCOA A&
H1 = AE 715 dlEARE JRA25(apanese 25-year Reanalysis) 7|82 2 2H
g ARGl A85 A AT A, S, E, Fol i 8% &4 hindcast 717t
(1984-2010)° =3l A=t Aol 28" GCMs2 APCC, MSC-CANCMS,
NCEP, NASA, PNU &go=z ZFz+ 107, 107H, 2078, 117H, 5709] ensemble
members® HHHH 3714, 671 AJSAIEE AL Atk 229 A= gEE olg
S 5 A 30 B 712 A ASARS 4 AR AP A= AR
285 FeeF HE-S o &ot. Martins et al.(2018)2 Babd vk X|dfjof gt
T 309 A S5 LT S-S A% Al7] AESHL FEHol 2 FEE AlS]
I3l 71738 H 12099 oIS A7 2= Eta RCM A 713 dSA=E 3
A o]-85HH AquaCrop 2 H3Z 7|WHOR sl= A 2& 38 o& AL S

AIstaL 11 oS 42 AU

Ogutu et al.2018) AE 71%- AlSHE2] o Ao] £87F d|& Ao g



| 713ME Tailoring 7159 28 8o

o theh BlAES] Sfof obmelrt B AGe] S5 Aue] that Sk

A=Al

&S AAIFTt 7|4+ WEDEI(WATCH Forcing Data ERA-Interim)E 7|§t0.2
q
o

bias 27go] o]Fo|x ECMWF System-4°] 77§ A% o|&7]7te] AE 71% od&Aim
7} o] &EUT §-83t EHE dIS WS Bl fo) AE B, Ad WEA, B
Q4}, RPSS(Rank Probability Skill Score) £4] ®W#o] o]85jct. I3 5% WFDEI
714 ARe T PAE AE 7% dE&AREE WOFOST A2 g A o3t
Z17Y0] 4= S8 olE e HROR AE 7§ dISHEY 5842 ASce

Il‘

ol sl e ot EQF FAO R A HIAME B3l =7HER /0= s

B2 So BANRE HEoR B2 AR YN 48 AlEdold Zxte] Bt
A5EA o] AT AL % SRR N S8l ol Aol e SEEA

g

]
ol A3l disl et

WEFDEI ECMWF SYSTEM-4
Baseline Climate Seasonal Limate
(1981-2010) Reforecasts (1981-2010)
15-ensemble members

7-month forecasts

FEWSNET Crop calendar WOFOST Crop Simulation Model
sowing and harvest [¢------ > 9-maize crop varieties
dates Validation Optimised sowing dates (fixed)
v v
o WFDEI | SYSTEM-4 ENSEMBLE
FAO + NATIONAL | Deterministic Maize Yields Probabilistic | p1ai7e Vield Reforecasts
REPORTED YIELDS [¢------- > imulated baseli L 1981-2010
(observed) Validation (simulated baseline | vjidation -
Country level 1981-2010) 1. Grid level |  15-ensemble members
METRICS: METRICS:
Mean -RPSS
Normalized -ROCSS
anomalies 2. National level
ROC & ROCA

Source: (Ogutu et al. 2018)
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= =2 0

START

(Select a simulation mode)

Hindcast or

Historical

Type a planting date
i

Select a target weather station
with long-term observations

¥

Input for DSSAT
Cultivar type

e—

forecast

A JAAA Y =79l SIMAGRI(Simulador de Agricultura)
| et ek ol W
G54 P49 71F ASHEE 76 AR Y] ol 85| fsl €4 7% 9
= L9l FResampler13} predictWTD
ASARE &89 A=

S Aok} SIMAGRI

I

2 714 AR 4 =

Set 1) Crop growing period
2) Target months for SCF

!

Select a disaggregation method
(predictWTD or FResampler1)

I

Provide a SCF

Fetilizer application
Irrigation method

!

)
) Soil tpye
)
)

Write current scenario set-up into a text
file

Add an additional
"what-if" scenario?

Select a working directory |

I

(BN, NN, AN)

Display output
1) Yield distribution
2) Gross margein distrubution

T

| Run DSSAT for all scenarios

T

Create DSSAT experimental files

Provide expected crop price and cost

Source: (Han et al. 2018)
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g7k AERge] /1 dAEs BeET gl 20 Uehtth 55 stochastic
disaggregation W8S £3] 4 99 SRS A 9 AARE AL A
71 wolth, weEe] A 715 mye] At o] WY oE ol gE|E SHAR &
Ago] oigt A= L Heo] st BAZL sk Qo] oj&o] Bataio] et
712 B9 5ot AR 415 F]elok 3 Aoz WrkHrh of2do] et ML
0] BOFE AwFL A= 9o} FAFA WET 471E EHL B L S

Qo] UA) 4 |20 o] §=l7] Brke IAY|) et S )52 Asher

A3 ek, SR ARk That A 7|F SR BE WEE H S5
e F#AE Holu glon vk FEPel g FRY ¥ g
Big-data @ Al 71 52 Bg3HE A7t Bobg UEsty 2yA 4851 o] ¥
AR 7% EAzel B8 7Rsd B3 g Aow wehE

3.3 YHi 20F 72Xt EE

71534S Ao 49 gt ARFEE ZFA717] A8 ‘seasonal, ‘decadal,
‘climate change’ & 3]"’]% Aol 3o ZIAZ|=E SHH 719 A=0] A4 9]
5 239 sH=7F 9 km SRR 7] dhHzol| B Eooll B&F 08 AE8517| fIsiA
= W= A AAISKdownscaling) #40] & g5ttt wpebA B9 Yol ‘downscaling’ &
0|7} SO17FeE SFIT. AE 2ok - ‘ecosystem’ £ ozl Al A4t o]
39 solue Ao ©lE £8E5 SSAIIO TP A Zer BriEe
‘aquaculture’ E3F £312] Y-8o] 2= LS 5FUTHBell et al. 2011). EZF Y= Fof
oA FQ A+ R F E3E 9= QI ‘species distribution modelling’, 2J2&
T TAsA A7 EdsiE A0 R 7= invasion = A0 #@'/\]ﬂii

ol ESE ‘climate changeW ‘seasonal’ 52 ©@ol& Al Y& 4% 5 719
F3lo] AAEoj(d: climate change, ecosystem, downscaling &%+2] 7349 F 1.8%F

7 A, AER 25 BAS Hofl, 71% 71¥E F AR B9 %ﬂ%(dimate change,
decadal, seasonal)S A= ZIFA7|EE 51T} ESF S8 7] o]Ato] o] A&
59 dloJ8E Google ScholarZ5-¥ web scraping B o2 74 <o} sl=t], =
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7N ool £ AR THH = AS 200 oS 2RCOE QIAE o] 71 FMo]
E7Fst EAI7E 2SIt wEbA 2 Ao b= A N7 e 2AES Al
oSt T UnR|E AGE 2353 EHﬂi 2). 147)9] 719 2o =HH F 1482719
=710 AAE o] web scraping 712 °l-&3 w3 FEE teEE SHT AH ZoF
9] 79 seasonal forecastE ©]&3tH ‘%_]'7] ARt ZA7]AQ0 BE of&(climate
change)oll AFH A7 e EATHE 2). &% &8 § 352 AYsta, A=t
Z% AL E o] 89 AT 5 Tt 5402 word cloud, word frequency, 9%
T2 BASIAHIE 7 ~ 9). 719E AN Alo] Aol "o o7t

Y
ES

T2 HAHE ‘climate’ ©@olE A|Qstal, ‘impact, ‘adaptation’, ‘vulnerability’,
‘assessment’ 52| 7| S0 o5t FF Bt S WAE FHHE Q] TolEo] A YEt
Wt ¥ 54 s, 2EY 7 5ol UEUA] 9= EAIF 0]

RO = HAo] 7ha?t M2 W& 28 A AR 02 RE =79] HErHo]
HE 7M1, Ao 2iE dRrEQl Toles 4ol A5 ALttt & &2 IS
Z83fof g ZloF Helrh £ 49| 79 2008~20104 °}F F50H= A Bk
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.Jl
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climate
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climate -

seasonal -

crop-

weather-

prediction -

adaptation -

yield -

forecasts -

Word

water-

information -

forecasting -

agriculture -

africa-

impacts -

afric-

o-

o
=)

adaptation

impacts

3 7. AESERE (9 =Y, ort: ME)

climate -

impacts -

adaptation-

species -

effects-

vulnerability -

impact-

potential -

Word

marine-

assessment-

global
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o
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e #oke] Ag, B2 dFE0] &F, vlw, 1Y 170 e 72 BEAYEE
dVgez ofFojFtt. &5 ti2(Great Barrier Reef)?] 3¢ AlAONA 78 2 A1
Z A2 g & ol B i A== AARE FEsith 13y giFRe
sfFdEC] Al 24 50| A9 Qle W2 AEolal, Ho| 27| B 4] Fo] ¥l
255 £7Fs3M shke @A 2&=(thermal optima) Z#12] 7|¥8730] A3l Q7] W&
o] £ 5ol ol ti+=2 A mHtiHughes et al. 2017). &+ E3F 4] 7]
2o, 71595 A=E o83 4t ¢ AT HEE BE, ¢ d&5S 5 UH
oS o T A7t EEHE] o]FoA| 1L ot SF9] ¢ Seasonal forecast
model(Predictive Ocean Atmosphere Model for Australia; POAMA) Xt&2% o|-&
St 27| ZAX(early warning) A|AERE 2501 Qltt. o]& o|-839) Coral Hotspot¥}
Degree Heating Weeks(DHW)Q] & 7}A| bleaching ©ll& index”} @8] ALtk
(Spillman et al. 2013; Hughes et al. 2017). Coral Hotspot= &4 A Fo|4Q] 2%
AEHAS] FEE SHol= WHoz ¥4 Pt of4H(Sea surface temperature;
SST) 2k} vlws| £ 2% o4 SST A&#kZ Ueta, DHW= +1 °C o439
2 AEYATE dufy 08 AEEE=AE YErdt) o] 71§ A #E2 Iy 5o 2
o Atex iR HARRE ofs DR ATEAC] S0l B EItHHughes et al.
2017). Atee AAAIZ R g 9 ofd] A|of de] &5, 7] sle] 7 A
A I e U Folnh JA&HAlor ZA 9 coral triangle A9 & ofyzh, F=
L URE wEt EA5ks o2 4ke FE el SEOACIAE B A7 A
11 3k Coral & AL & 52 B35k= BE2 W= seasonal forecastings
HIF O & 3t early warning ¥ decadal forecasting?t 7|83} AU F 0|83t
718 RE oIS A7} o] FoiAof it

H7H(cusk), A°l(salmon), &F5(Gray Snapper) & HFHAY 72 F8 AT
S o R 3 Ak Es] o]FolFtHIsaak et al. 2012; Hare et al. 2012a,b).
o5 =9 B TAQ A3 vithe] vie 2k 715 2 o3 79| General Circulation
Models¥ Al 7§2] SRES scenario®] Byt oll& 255 HIEO 2 2060% o]%9] RIE
A&k JRol ARE ]I

AT B2 M2F Ao EXdke Uit e Jde W= A4A ol

rlo

£
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(range shift), @iSKtropicalisation) 5= &3t A+%E AATHCheung et al.
2012; Jones and Cheung 2014). & 7FA] RCP AU 2(RCP2.6%+ RCP8.5)9]
Geophysical Fluid Dynamics Laboratory’s Earth System Model A}%E& 0.5 x 0.5
T 7R AN EE ARE vigro 2 SAl(bathymetry), SIGHE(SST), SIAE
(seabed temperature), ¥x(salinity), ®oKice), SfHOZHE Q] A2 5= o|-&3
AquaMaps, Maxent, Dynamic Bioclimate Envelope Model & o8 & &% 24

el PR P o8 3l

U9] 3% ols4ol AL, o] 4, e =59 A4eEe Algshe S8
S s17] whizoll AA1X12] 7] SRste] o3 At Y= Hal A7 &ie] o] Fo]
At} T3 Z7PHEE 593 11-9-F(indigenous species)] ¢ MEAIFCOZE &g
7Fssh7] dheel ohed A 7EA7E AM AF AdFE ASE Ak vk ZEFL9
LA AFof| AAlst= AeF(bryophytes), §8< Al&E(vascular plants), 84 5&
S o2 BES "= 2100490 715H3lo] o5} ofd B E o]EX|o] Higt A7t
Y= A AHFerreira et al. 2016). ©] AolA= RCP8.5 AU RE Higfo=R
Regional Climate Model(Clima Insular a Escala Local; CIELO)ZX¥ &%, 4
ZF A 5%, LARHsolar radiation) 59 7% A=EZHE Bioclim, MaxEnt,
Support Vector Machine 9] 147} EEx sy ¥ o] JES o] &) I17-E
o] FEZ dISSHth MEGA|AF H|o] 2|99 39 o= HRI7} 71 7]5Hsto]
oFA| mjefstr] 918l 270 x 270 m T7FA] Ak PRISM k= X Bias-Correction
Spatial Disaggregation algorithm< ©]-83 800 x 800 m7HA] AAske CMIP5 A&
EHE AL FA 2k, oF H1L 2k, A% AT 52 A=E o185t 21009
o U BEZ o&s19itt 20509~21001 FH| s A 4
FT= Tetsl] sl Aot} olgzlote] AR At AlE TS "oz o A
=& Y= JHGarner et al. 2015; Prisco et al. 2013).

=)
)
L
%
lo
<k

>
o

o] Qo= ARS|A 07 o]} B @)@iE(invasive foreign species)?] T BEE ol
S}1A}, cheat grass, buffel grass, £57172], 7iv] 59 A41A] 2dls F3F ofg SRES,
RCP} 9Z"A|(remote sensing), F5%, 2%, 1= 59 A7E o83t A7t AT

(Ihlow et al. 2016; Martin et al. 2012; Bertelsmeier et al. 2013; Rivera et al. 2011).
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UN9| A&7Fs/8%S AR JRolA A, AR, Aele B2 Fis AR
(zero hunger, life below water, life on land, clean water and sanitation). Zth#
A QT A A B8 11T W APEC w7F=olA 7|88} o8- AIESt 2
Aot} 71% 2R10 & Q8] op7|H= 75 A9 sid= fl3ll o8] 9] s5H4]
o] RS, 715 Akm ] B34, B8, AR AR &A1, ol = o= <l
3 ARgo] At oltt. & AE B3l 71FA=TE 7|E AFtolA] HopdE duit ofd

A AEEEAE ARSI

CHES AAIS} 7TRke AdEishal &-8otol| Qlo] dEisfol & ARFES 719RISt 98
7t A EY GAE SAHCE AW HEYTE T3 AASE 7Rl Tt olsiE v e
2 AR A-rAlol] Hgt A 7S AT 4= lrke e Stofl AAAIsE 71
< IA A (statistical) FAIE}F 7|H7 G5t (dynamical) AR 7O 2 o]
Zy A5} 71HoA dE] AR EE HFES AME EQ) AUl o g Zkzko] JLEA]

o= Wgste] 471 vE Al 7S A85H Hedl, dAF R g2 S-8E0KE
A, #A) 715Hst JFP7E Aol oS Blid BRT] Sk AR 71Me
A8l et J-= Etotal F 3ot AR d &8 715 et JFHUE A
oA At 71e] 88 EJ=rE HAF HHAL a2 RIS & IolA &

IOH

2
r&“

Hlo] ojstel Aol 7% BAX AAst /MY B AGoE AT TAA
e 91 5 7] olgel 1SS E8eHA 8sk WH(el: BCSD, BCCA )

olg3AL AME PHES Agol WA F/IkT Utk EF AT RCMS 8T
52 HEE Z7Kg0] ek ROM 713488 B85k A9 Z7slet. 22 o
530] 39 RCM 71 948S 5712 Ho] 1gstol ALgsta oir. Aunaos ooy
3 S-gololA] 7158t JEHIIS S W oleiat Tkt St 7l dhat 2ot
7112 St ofe] W 71 vlIBIE o) ATEAR] 1Y Aud Aowq T
Felsk EPE0] L Bast ek o] o) NS B9 ol Beruge

it AFotal 2askehke ko] "asitt

SUEOF Gl Hiet A A Ystke W FolA sddSel A R

Mo

ol
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85 8712 Yok 2 Fol AL FF 71 Aol that clZHRY Zolck. B
ozt telo] gA7} of
s]0] 7157} oA W Ae7lel Ttk o2 Arot AT A TR A2 A

= 530 B7F BAA A FHEF Yot =AA AFIE A sfEo] 2 ==l 2

=
Zlolg} of QHA] etk SRR A2 71F-71% S 71e sEeAe AY dls
Ztol A™ AF Tof| mE o] EolA ' EEol it ojmet 24< W=
o] Bla=7F WS Ho. 5 g ZokllM AR 715 IS EY) 2= $84
< 1A 4 A=A Qe diSARe] S Fls SARE sgdTel diek Bkl
F2E= olfol7|= sitt. 7|FR o] Zh= A9 AER o] k= Aol HiRt #40]
O|FO|AAL M= tE B4 gE ddske Fehaielal Al Wo] /e
A 715 dSAt=ze] vt sdwor B8 72 Al Y5 3ol 7R i 2 Ao]
o & 75 B3l sAEorlA 2854 e AE 7% cISgE die ST 2=
FEF &S fI 2 At U= ASAE] gt A ZIeEo] AvlE I 7Rk
AERge dE AAL 7IBARE 801l Qlof vt AAlsh 71 28-S S0 B
3 UHARE BB SAVIEE AR E2 A 7% ASEEe] 47 Ve HeE
F2 olgdl A T BSARES 7RO R 8RS &3t e S IS4
= E 71% A=

ol7] HeiFe LE AAE A=l thet AlF4de] gh ool T Zlo|
Atz 0|89 HEde T BALFO tet Big-data H Al 7l& 282 &9
AEge FE Yook & Zoltt

AE ZoF dolME WorldClimolA gAlekd Tt 71 5/sh AU e AeE
A5kl el g2 7501 o] A=E o83y 54 A4l B A3E ol
SHTE tiF22] Bl & 77 Bl AHERY 2~4719] 7|5} AluE e Am
£ AA Y] A7 ARE ST s AE 7S] ¢ F=2 sea surface
temperature®hZ AL, 574 AH A9 A9 A, EY 8 AR, Al
S O oI ARE ARSShe IS BT & 2ARE AYs 715 JHEE FE9
stAou g2 £39] AF ARE 71T R, 53] AdAsH Wie S43] 2MdsHA] ok
o FF 71F0S AR ARGl 310l ARSE 715CS AR, AAlsk W, ofF 7
o= 2y 23tof diet E2HA B7F 50l $43] oFolAoF & Aow H]lry ES

0

=

T
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71502 AR B8-S S ol ADE/AE AR EotE 1BH )T AR

=
27} It} Climate velocity 5 1% 8= 53 2HT Ado] 50| 3%

A g Al
7HE 713 ARE AT EA 7|F Holof WISt A HS welsjol & Ao Hlth
Degree heating week, coral hotspot 5 °F¥/¥F4] AB&E2] A=t YA Aol A

= AFEE seasonal forecasting A= 5= 73l 7|15Hso] W4E Ao 7 dAtE=

FQ A2 A5 Fart ot Bt AE /AT HE 2% 5 7|5 8219 9

AEYAE W= Frrt g=27] tfEe] A9 8 BEAEL] 71U EE e A
A

S s Sk VIS ARE NS 287} Qo FE Aol mEE HE AEG

BES Y A1719] E o] e P A FAY 71 A0 - Fa3te]
dEA AL 2= 5ol 28l AdsHphenology) EoF vFEo] diA Slrt. Hot Adet

ATE Yol & 715 HHE o83t A4x] mdg] dj& B ofyg}t population

dynamics”7H| ATt 7S st AJATE ATH2RA 7|5 HH SHIE

T A Jof A5 FAT o), 7|F AmF ofEA o]-&LA| A tigt 7lol=Eele
2 288 £ g Aoltt. 7139E Are] BE4S 587 Al 715ES] FAdTt
= 59, 7 Zobd 38 TR S 4 Qe dEslE e
e, AREEl= M 715 A= (Y] degree heating week) 52 22 climate

indicatorg A5 WAl A7|Htt
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A 7153}t Ae AAAR R e ZdshA AP dom, = 5 1990
At SRHEE AJZtE|o] R FA 0= t=9] 7| g} JFErt 24 +
gt} A AFEclMe 548 =71 B AFo] tiste] 7|9Hs}t JFB7E S5
A8l et GCM AFE=52 28513tk SHARE oA et viel Zo] GCME] 4
(gridztAo] =27] Hizol g2 AA(grid point)o] W =7t G &34 Z5HA
Hoh AIF =01, gAIeF INM_CM3.09] A-%olli= AREEo] m$- AA -2ueto] 474
9] AxpRto] agto] Hm, thFE2] GCMP| 100km °1d9] AR A 7HAE= 1074
ol AXpHto] LjuEte] ZFETHOIAA 2014). whebA] S-=uet A8t ofy et
A9S tidozm 7|15Hsl B A7 35| HsiM= AdAlst 71R9] 2ol HEEA]
Azt Agolnt. olet o] Alst 7ol 7MY & HAL T B2 7IFAE
(large-scaled climate information)e& A+AF &2 XFAREAHend-user)7} Y5t
=AY, A7t 24 5ol EEE 4] 715 H E(local climate information)= A|7H4 -

S S AESHAIATE ZlolH.

A 718 A AR statistical) AH3E 7187+ S8t (dynamical) 441 7]
MO UrolAlth, BARE @A BAH At 7ol e AT oS- B
o Rolx 3 GO, Hole AFY WA /149 Wrow dsky st 7] et

ATPE P olFolAx ek,

BAA ZASe] 712 HEe 1A 52 F4 dE 71F ¥g Ee SR
(predictor)@t Aot 4] ¥4 2 &= (predictand)& AZEA7 = SARE S
TATOR A e A 7|FHEE vHEo] Wi ZPFo[tHIPCC, 2002). FaH4 Al
3} 7ol F7+A AAIEke] AloKYHHA 0 & 20~50km)o] U= HHH, BAH A 7]
WS IEAEZE 7RSS £ A (specific site)7HA] 7194 E AFAI} 7 st
(USAID, 2014). sHAI¥F EAA WS tivfi 7| 48e} A9 T =4 AFEA
ofsto] AlokS WE 4= glow, FA FAA Aol mEi7A] A&EE To] Slth

AR A 719t ARl W ES A, MolgkeE AMEShe 7|W(transfer
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function technique}Z& o83t 9+, 7VdufEe] 719k & 71" (weather pattern-based
technique)2 083t A+, A7|PAY7]E 0]83t 7|H(weather generator technique)&
o]-&35t A 5°] AU

AoH] st 712 GOMI BUTE F25 7L Yot £ Aol thste] s
A ARE PR B0l 713 ES 0|83ttt &, GOMI HEsle] XY 7|en
Q] SR 7RIS FAE(nested model) O & ARESH= WIHO A, H5HA
AM|5E 7L 17 5S 7 RCM(Regional Climate Model)= 7Fssl7] {sto] %
7|24, ARtel weh Weke S9 7=, AR FAREE ARRITIPCC, 2002). 9
SHa] ISt 712 RCM= 538517 913t B2 At A[7to] F a6, 53] GCMi}
Aotz 7T tigt Aw/do] BRsith ® 12> BAA AAlet 71t 5t
2 Ak 71 B4 dEskal Sl

|

_(
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1. SAX dAM=t 71

SAA AR 712 A it di71 e 23 S =A1F 7155499 SA1A
(&2 7334 #AE 2d=& doke AomRE Uit o|gA #4419 A4

2 GOMol oJ3) ) vl Tt 1% 2ol WIS, predictors)E o}
st X 71% JHU HEE(E5E, predictands)ES ABARITH oHA] AFSHE,
GCM 2931 o250l SA4 415} 7o) YeARE Solrt fsks Az

.29 7| PUSES A& ek

oj2fgt FAIA JAISt 7| ol-&sto] aTHAolil HEHo] w2 AT A7 S5l
A Al 7HA] 71go] EAIRTE. AA|, tiati 715 ¥t 4] 7|9 ¥ Abo]o] 5A 4]
A= Azt B A4S 7ol folgt E814 BAE 7HA AL itk 78 oltHIPCC,
2002). o]+= A 7H4(stationary assumption)< 2Ju|siH, & W49 EAF E*g
< 9] 7IF 2NN E FAIET B4, tiAtE 7|9 Mg 7| FHEe] S48 23
Q= 7Hgolth. &, tivtE 71§ HapE2 v YAsks oWt MsleS UEhdt=
omjo|ct, A, GCMZ H|F tittk 7]% BPES AYstA Rofsithe 7ot 1A
TS Hpes & Hoshs GCME2 1l 7|13l ot ek & Zofsh, nl
o} 2o Av= GCM HHlof| o3t AREEolgk= 2fu|o|tt

1:101

}

EA2 Al 78S bA ARt Hioh Zo] T A R ABBAE ol 85

T, 718HEE ol8ske B, 71RA7IE o8tk BHCE Us o Slth

HYEAS 0IZok= UH

A ARz AFBAE ol8sk= WH(linear method)olt}. o W tiR 7]
Hapel 2] 7|5 WHapAto] o] APHAE o] 83K Dibike and Coulibaly 2005; Hay
et al. 2000; USAID 2014; Wilby and Wigley 1997). Ag=H-2 2]-&o] 7HASIAL
7P g AR EE U stuolu RO wizisao] wie- 15ty wizel itk
715 W49l Adgo] Fasith 53] titi 71§ ¥t A4 715 ®gpTt APER
(normal distribution)& weoF 517] ol o|& I3t HAgHo] 7140w HaS
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% Ik, o2 Sol, ARte) 0] B9 FHLEES AY WA o] o] HPPRL
Hgoter] SAHo] EAa HFYHL ol 85k BAK A} /M Hun ok
St gt

(1) Delta method

o] W 7P et SAA GAIEE 71 5 stolth o] ¥l g2 miFiet
AR 9] 7]15.9] vl&Ql WIIRIAK change factor)E @A =A] 7|3 ¥ FFo=Z
A, Bl 4] 719 MSE e ol o] WO W2 GCM AR Qe f1A|gt
Agoto=m njo] IAX R 7127t tha vE 5

e HE WFT 5 Yrke ol
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fr
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18
)
rr
offt
ne,
]
rE
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N
fifrt

() MY

He(simple) A3 AS AFRSIE HPHL shto] gt 715 W49}l shte] X
15 Wo] A8 BAS mda 23] ol S 92 ARgEct g mdlo)]
THEOlA 9, GCM 29| Z7E AR 5] njf 4] 7|5 WPE AT o2
02 s1to] W2l oy th=9] BiZE o] 8511A} sl A%, thE(multiple) A3
3|7 o] ol gH. o] WS AF3 A AMEHE BE HFES HPRiLE wetof
gt 7ol AR,

N
_l

oL

ot

Q) ASZH WS

AW} F7HA AGAIR7E SAlOl 7Es Rt tHEAIQL AlSZ e (spatiotemporal) HER
Canonical Correlation Analysis(CCA)2} Singular Value Decomposition(SVD)7}F
UL, 7 S A7t mhE it 715 $peF 54| 7|9 Haeo] Ao wEt IS
TS &, F HRO AR BAO et MRS st 7Rl wiElS A7t

=

U014 CCA 2 AIRHA JBEAE Fdiskele v, SVD e Siitke 2Hst
e Wilks 1995). o] S HttE 71% Wt =4 7|15 Wy 25 HFEEs
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(1) OfZ2T HptH

oF® (analog) WHS 7V TG 7AAES ] g3k A4} 1ol o] W
o 712 Ade GOMol o8 s Bt 715 Weo] WEe B B2 Ao
Bl 71 AT el Aleeks Wholch. o WHe AEe SARE 7|5 ES
27| Yoie SESE I FEA=7F 351K Zorita and von Storch, 1999). ©]
Mpe] gL it/ EA J1% Wavt EEe] Ageliio] Agle] Hgo] 7Rsdt
o, o2 So] AFLEES u2A] i Ay 44 AASlolE AsHe}. At oz
O upEe B4 BEARY) ue £ i) BEARY WIS dol/ke goge

AEoHA] Fote Bl EA

(2) Z&=A

FREA(cluster analysis)2 AT E= Hao| ofgt APAHET} Qs 7490l S0
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A AR7E A9 A (distance) T FAM(similarity)S ©]-&ste] AAS 2 79
Ao g TIESKHgrouping)sh= B0 H(Wilks 1995), 34| H|AlSZ(nonhierarchical)
Wi} AZA(hierarchical) BHOE Us 4= Utk E3F K-Fi(means) w384 T3t
gz AREEE ARt EAE 159 4 32 T ol digh 78] gloH,
Q2 Ags A9 Ay FAMIel 8 15 FASHL, BAEE 1FY S oo
sto] 155 Aol HAIE E45k= oItk ml 54| 7% HaE 4kEsh] Sls)
A GCMOlA BOJE thofi 719 Wt 34 5 tiqf i ¥} vl wett), 11 v
oje divtR 715wk shute] 3o E RSkl o] Sy wHEE 4o A

H=FE 2K 7)1%F Hegte g AA k= who|tHBenestad 2008).

A4 (Artificial Neural Network, ©]5F ANN)o|=t Q17
= HEI4 55 o o doldt AAlES HHsto] aiQkE Aog, off 84 5
de AZAA BE Alto] 715 skl HE§lR14] 59 88 715 s Wo]
T} 0|2} Zo] ANNOJA Jeixtm=RE SRRE 47 s d4E =2 2
1A% $(stepwise nonlinear function)® +/J°] HrHBenestad 2008). ANN X
g 4 tS(multi-layer) JAJAET F2E5 g ol&stH, dRtHo=w Y35
(input layer), 249%(hidden layer), 3 Z(output layer)Z 745 341% Al7dGo]
o]-8-Ft}.

U

jud

ANNZ 3 #SARE 133}01 Sh5(learning)& AlAF 319 ©l& S3to] 74 &
77131 ‘?ﬂéﬂ% 7ISAI7E 2. AE5H e5E ANNY| dERtE R difs 7|5 i
Ustd =A] 7% W
0= 71% AdggHol 7HA
sto] AL =4] 7% WS &V fEide A7t $2 2 BS5EE o851
Sh5AIACF She THAo] EAIRIT. o ANNE 24
Agst7] ol#l EEtA(black box) ZEolg= SHAE A|dTt
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13 7|3LY7|E 0|8st= UH

714 7] (weather generator)E ©l-&ok= ¥H(Wilby and Wigley 1997; Dibike
and Couilibaly 2005) 735=9] SEE322} A JTdZ ol-8sto] A7 WA=
WS T2 ol&stH, IS 714849 AAite] 7hssith= Aol . o] B
AWk 0 2 AI7HY AA|sto] Eo] J&Het dlE 501 A 52 d9] A dATT

S ez WS TP, H/A4 712, &5 DS WPAIE el
= Qlot. o] 3t A ArE2 GCMOA Aibsk=d| HAIR ] = 84t ofyzt =4
Z o g dishs TRt 715 st 7S dsk=l Qlol vl 835kl Bagjt A+
Fo|t}. SHARE 71 PEA71E oot WS alidA] 2Rt =4 Aoy 7|2 He)

€ RO} otk ©Ho] it 71 FTA7IE ook AdAIs 72 vt Tk

o

(1) Long Ashton Research Station Weather Generator

Long Ashton Research Station Weather Generator(°]5} LARS-WG)+= Racsko
et al.(1991)0] T X|-oA L] 7|4 B0 AAES Holstr] ol 7iast 714
AJ71oltt. LARS-WGE] 4y o= AU B, B A9 d&443 B2
EAo 7|23 eyt ko] YR = Markov chain 13} B741S o]-85}H,

Aol tiek el 22 9% (empirical) 2EF o189ttt =9k LARG-WGO

= 99 FA/FHI 259 AR oist EXE I5HA H, ol Y W B
I FHE FFHOoZ QFA 3 oY TV HES] BEES X0t 5/ FSY
71ZY, Bt 2%, BARFO] ¥gt 52 ARSIt
(2) MarkSim GCM

MarkSim GCM2 GCM A 7[§to g AR+ ofH R H(Z-2 )0 tisiA=

ALt 24| 715 WS AFET7 s 714 7] o]tHCCAFS 2011). MarkSim GCM-&
HA delta methodE o]-&sto] T4 AMA|SIE =85!, 1 thS AR LA o7 $+H
A o|AFe] #= WH4ZHS o]-8aoto] vlSSH el 7] RS skl npx|eto g
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ofd= 11 WY} FUSHA GCMO]l 9ol Hojx]= i+ 7] ¥4 M 1A I
oo 8| EkT 7P AR L MRt MarkSim GOMe] @2 ol /1%

ko] A B=gk o] HE #hes AAEtHA xRt Holt

2. 344 <Mt 71 & S5

e 8 oo
aappy ¢ SHECRHE M Uls e HR/=X] 1S B9 Frisnormality) ER
i ey - 2 /IR SRSOI TR ol - ESES m2X| 2100t Hg )
SRS g .+ SRS SE6I 22
. x X |
JIE - Sopel A3 Tfs LSS PRl AN Ea

= ig250| XIZ0t 0|2 X2lgt 4 Q= Hiis=a T
AZZH AL . HAO| & At MR Ji= S5 = = T MC /sS B2x
WS SHRh - sl 20 S2R0I M8 VIS 2pi miamiz el olele) X1z MB2 Bis

DEFE0 R0 IEE A= ER

- LR/ Ut 2OPts

TA| - 7S SEMK SN2 S5t B + T (M| DHIBI0| CiERIK7IO] RINE Tiot Tls
(NBZH A AP X2 A Ol + Of21 APYR! X22| 4410| TR510Y, 01 S| SAfRlet
- DB X2 MM OIS + 9 TRy me

1.4 S UH
ShA A g EAR] SAE GAISE 7] e S5 A8l HZole o 7]
He EE o s ARgdhe el Wol A=A gler, B 7] e ahetd

crewt 2.

(1) Bias—Corrected Spatial Disaggregation (BCSD)

Bias-Corrected Spatial Disaggregation(®]s} BCSD)+ &0k} Zo| A& &
7 S 1a = sk afndol HFelEE it 73R Eo] AFEHAES A
H - FA 072 AA|glstz] Yl 7= HhHoltiWood et al. 2002). BCSD= &+ X
o R $380] H=t] A WA= LA 7]&7 XK baseline)?] AEE o]-&sto] QAE H
o= oItk o] Ao = EHEY AmE o8, LAEAS A3 quantile
mapping WS o83t} 322 delta methodE °©]&sto] Alg7Hd o2 Eofof

g2 T A dE] "R 7S HesS S o R EEfskal thee s

A FSARE 7IHeR sto] difiz Edfiske S A
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(2) Statistical Downscaling Model

Statistical Downscaling Model(®]5} SDSM)2 tit5/=A] 7|5 He7He] 53]
HAEA HES sk ®olth. A 7|7 17kset BE5AE 9 National Centers
for Environmental Prediction(NCEP) A}&4(reanalysis) At=2} GCMOZHE X
oldl tivti 71§ g 7Hto g dee] 54| 7% MaeghEE 4RSSt SDSMO] A
AL 2dE 27 i3 (http://co-public.lboro.ac.uk/cocwd/SDSM/) %o} ARggh
T o, tofst =4 715 WMo A-8o| Zhesith Bt B2 AAIE A= AJAto]
7FsstE g 713t B84 A0l golshH, A 7IEEAE vl & BtgE = A
Tk SHARE GCMP 7HAIAL Sl A7F T2 A=W, dehel= WMghe GCM Mt
ST ARGl 7hEsit S 08 V]S HeEte] AHEA, 1A O] mirlvss S
g}t o5 o83t I =A] 719 HgEES] A, TRt AAIE A= B4 50l 7RSStk

(3) Bias—Corrected Constructed Analogues (BCCA)

Constructed Analogue(C]sl CA) B #=ga} =4] 715 ¥H=elo] IAE ol
sto] tiE 715 HeE 4] 715 HE ARk B o|tMaurer and Hidalgo
2008). BCSD2} CA H'HE H|wWslhH, BCSDE €y 7|5 HE4E tFn CA WS

U] 7|9 Hgo] 24 91 ok E3 BCSD+= A AZE fls] S AHg
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et al. 2010). BCCA9IA= €
distribution function)& quantile mapping< °©]-&oto] BAoHA =, o|& CA &
o 5Lt IS ARA =t A7 Almes 999 715 HeE Ak AR E s
of 7] Atm= ARGSH, thE R W AY Ark wA|H7] AmE Fsto] ARES
Al =
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qskA A 7S GCM R9 ZFE ZA]7]EHE(Regional Circulation
Model, RCM)°ll YSEAEE sto] =2 7|95 KOsk 7[Ro|th. ThA| T, ek
A 71 GCMZ 7192 RCME A1 D (nest mode)E ARESH= W olH,
AIZte] wet Wsks 271203 Y S 7R T2 ARH FAZS ARG
(IPCC 2002). RCM9] F24 2 GCMI FLsh GCMET I A=s A=
st Ko 54| 7|19 EA4Z & Rofjithe £40] th

GCMZ of2] IYZ 53to] 7] 2452 ¥slo] wg HA|F9] 7| SwehS Holst

JZ(coarse) SFER A3E A|2Fo] JOo RCM2 20~50km2] A ER =-2| 24

o7 Aok 71dRstE Het dAAoR ot Thssith AF7HA] HhA At
7192 RCM 29277} GCM H.2Jof| HHA(feedback) =4 &= LA & &
29k Y= et gt FA =T RCMoY| tigh AR+ £310] Hh8-S wolsly HOP
of GCMZ ARgsH, o= &84 TAE 7IHte g sto] stz d(Oceanic
General Circulation Model, ©|s} OGCM) A} 1 A8 Agotal, Kot AbA|st
A di7leght 7| $HSES 2T o 284S SHAIZIZ] 1% Zojoh

RCMZ o]-&sh= oH4] AAst 7IHe Adidos =X4Q A7 HJHE ¢ 2
IH9 4= 1o, s A[Hof| tisto] IsFEe] 719 W Akl 7Rs St et 7HA
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© Hoh Fgela B2 AR BasH =, Btk B39 949l ¥go] BRs
th. RCME sfid A|99] H2Ql 7|% ¥4=0] Wdle Ko7}t 7hesty Ui a5
(convective precipitation)E J&5tA Hosl7|ofl= o714 HAI7F EARITHIm et
al. 2010). °o]= tF=E2] RCM2] 55241 Ao, SAA] A}H S S5to] of
L A= Sl 7HEE RHEdS FIAE 4 AHBrown et al. 2008).
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