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2.1 AR Xis 2 Y My 7= 0TSt

2.1.1 CORDEX DB =

CORDEX(COordinated Regional climate Downscaling EXperiment)= Al|A] 7]
T A3 =2 IW(World Climate Research Programme, WCRP)OA ZI5k= 7| &
3} I & Aol &8 7hett s A 7| AYRmE AESH ] ffet
AAIIeH FL7E FGo Histe] of2] Fof7|ikEe] ARt A7 FRES o]85to
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5 A& Qe ARSE A971:HEe HadGEM3-RA, RegCM, SNU-MMS5,
SNU-WRF, YSU-RSM9] 57 ®dlo|thhttps://cordex-ea.climate.go.kr). CORDEX
A=E AIMS SHE FAE SQM Z SDQDM AAIsH mEoA E8ab7] Yafrl=
CORDEX A& AJAtol] ARGH A 7| $ 5 HE AJo|eh HARA|AE GCMofAe} Zo]
2 A K Rectilinear) AHE= §igho] HQsirh & A= =F7 |/ dTstelol A Hl
I 391 CORDEX-FA 9% Historical, rcp45, rcp85 AaE A&t tHTable 1).



Figure 2. CORDEX-EA =Ml

Table 1. CORDEX-EA X|&7|2Z&(Regional Climate Model, RCM) &&

Model Data S e Period Time Scale

Historical ' 1950-2005

HadGEM3-RA RCP45 iy 2006-2100 Day
RCP85 2006-2100
historical ' 1979-2005

RegCM RCP45 i 2006-2050 Daily
PCP85 2006-2050
historical ' 1979-2005

SNU-MM5 RCP45 iy 2006-2049 Daily
RCP85 2006-2035
historical ' 1979-2005

SNU-WRF RCP45 i 2006-2049 Daly
RCP85 2006-2049
historical ' 1980-2005

YSU-RSM RCP45 it 2006-2050 Daily
RCP85 2006-2050
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2.2.1 rfSQM 2= M

710 AIMSOll FA=o] U= rSQM W7 |R]9] B F 7HA] B0l 75 &St
Aot A A AE A Y71ERF(RCM, Regional Climate Model)& o]-&sfo] Hs}t
A IAEE 719E ol-&sto] A4k CORDEX AHRE of-&st] F714Q1 BAIA Mg e
FYT 5= JEE 752 F7I6IATE. CORDEX dAIS 3= b4 Agd CLIPs ¥



CORDEX DB 15& 54l 0.5% AuA#z Wghe A=E 7|8t A= et E3t
A AIMSOl A= o] Q= R7ZIEE AAAISE 117] A1 rSQMhttps://cran.r-project.org
/web/packages/rSQM/index.html) @ rSDQDM ZAAY A=E 11K Yl Q1o
7 SAIEY #S ARE 7N A= QITh wEka FA AR ER= rSQM A
o} 250 QAR T AR} o] ARG S AmTT sk ol AAISH
£ 73T 7 AT 715 drEA FUBIAT. 37 AAAkR 716 A8t 71e
MERRA2 A=E #S A== o]-85t0] 4871 ofAopE2F(ADB) 2¥=& o=

e w71 Bee Bosg

2.2.2 r*SDQDM 2= 74

FF AIMS Z3E0] CORDEX ARE AFAIZ AZS 18ste] rSQM 7] %<}
TERPZHAIE rSDQDM 37| Ao b4l A3t CORDEX DB At&E ©]&5te] 7|¢1s}
AUl Q. A AtmE ARE 4= AR 715S SIS E3E 7129 17]R] T
o glAd 95242 GCMS Yl Aok WS S7Toto] d&st AAsHL 7Hs

s gakaick

2.2.3 BSCA 2= 7t & Gt

AIMSE= AREAL F419] 71538} A3 thdl =E2 Il 8514 =] ofof & vl
Ao BeHaAdS Hreh] flsty ths GCMZ et} Aol theket AAlst 71
= AT =N ARGALS] Ao 7Ft At ARt AlRE 8 & AT LEU
t}. o]& Y54 AIMSOIAE =375 X]4(Climate Extreme Indices)E ©]-83t 24
A B7F 4 vl 717t gk AlZ1d St B9} variograms ©]-83F 3%t AT

3 B7HE AAIEE 71 Aol Blad 4 7lsS AlEokaL Ut

ARE 7FsEE ot BA 712 31t AdAIske] B0 wet 4 dsHA A E]ojoF &
] 10| W2 S7HA]1 78 Aot thas Adolsiet vl A iRt SAA AdAet 71
o7 Hol] A3 BAZF Wit 7|HES AARH BCSD(Bias-Correction and Spatial
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Disaggregation) HH, E Ishde JHE SHFE BSAE ol-8sto] 7} Ho|
HAst 9IA(SDBC: Spatial Downscaling and Bias-Correction), ZL2]al H4f E3&
HERS o]-&sto] FAIHH o2 F7F BEE AJAkste] Hol HAPE GCM 47439 Hid
of @ AAsH= HWH(Stochastic Analog method using normal score
transformation) §°] o™ o] 7|4 AR AlZ7F trFA(Spatio-temporal

Variability)oll &gt Ad-5ollA At AJol& Hlrk

AIMSOl+= Simple Quantile Mapping(SQM)(Cho et al., 2018) ¥ Spatial
Disaggregation with Quantile Delta Mapping(SDQDM)(Eum and Cannon,
2016) 7]Ho] ARg 7Fst AN} 7 og ZgHE o] itk SQM WS gHHoss
54 ISAH0 FEs GCMAR] gk Hl= ARESHH AT o 2= 5 Aaet
QA GCMY] 3 A4 EJAMIHE(Empirical Quantile Mapping)& ©]-8sto] It
1 GCM Ap=o] 2] 9= GCM & AlAH @*Hbias, HO)E dEE HAsI=
HHolct. ¥hH SDQDM HH-> HO| HAZ d¥sty| Aol 9 GCM AAE] 4=
o]-gsto] JA 2715 H(Inverse Distance Weighted, IDW)E ©]-&sto] Wil& g &,
A59] Quantile'¥& DA GCMOA A wl7|7tol] it Mshe-S fAIA7IH #
OB E sh= A WHolthxAE 5, 2018). & # 15 i) 7| RieEs e
I ISR 590 R Ho|HAS Sl kA sHE/do] & 71484 of
ot A9 SRR} I7HAEAC g Ad /o] B 4= Stk & X ol

7Vd 8l 7R B AT SRR wE °*°J~— A e AN R EoF

o)

(Hwang and Graham. 2014).

BCSA(Bias-Correction and Stochastic Analog)= F-EAF 2] @ 18 S 7|¥to &
359 BA 37 MEEe sk d9e S SUEEE FAFCE it
replicates libraryS -5} Ho|HAE At GCM AFEEC| H&dk= replicate

F50l0] 5208 sk s AwE Aibshs Wioloh. d4AAQl 359

T

o
=
S Zﬂfﬂﬁhl HolEAH GCM At==9] Bty 33 4532 vz Helks
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Cha 285w 7|5 84 JF A Aefoh] Xoke 3 52 Edsior & Hoz X4
Sl o] A&2] Heo] "asity. Iyol: S5kl 499 SR 2et MEde
FHEH P ol AFRFeld Sl dF= iR S8% ARfelE= 1
Z-go] AHA U Futo] Rl D B Bl 2Rl A SAISE f1%t
Moz 1 A{A0] 5 AoE weEn

NE BCSA AAISE 719 9] B7H= 7129] AAISH vl A-HEZAE 5, 2018)°4]
A GEMO] &7t H A A B2 Bl A8E s GCMO diste] AIMSOlA]
Al5skal SQM % SDQDM 7o & A5 53l 7Fel BCSA 7152 o|-85to] 5Let
7oA AR A=mE ATt TS CMIPSOIA A 7]7He] ulR|et A%
= g 20059 7122 A 309 717H1976~2005)0 thet A=t EAsk= 7143
A9 607 FAATEA AaE 7R=E/REFED (https://data.kma.go.kr/) ZF-E
Che-= & o} ARG, AAIst 715 9] A7 Table 40419 Zo] 277]9] Expert
Team on Climate Change Detection and Indices(ETCCDI) =%t7]%X]4x(Climate
Extremes Indices) (http://etccdi.pacificclimate.org/list_27_indices.shtml)E A}
Boloink AAst A= AJAE o]F AR AEE 7We & 277 =371 A5(Climate
Extreme Indices)E AMYRF F IpA7|7tol| tigt A/ B7E wlZ7|Tte] gt YA
GCMY] g AT A1E9] R=te B7F W HSAE 749 S7HFdol it AdA

Bl Sstech



121 APCC OIS & 718918t AlLRIQ SAN MMigt S22 74 ||

Table 3. ADSS(APCC Data Service System)g ol ME=L U=
Models, GCMs) EIAE

297 BRIV |122(Global Climate

Variables of Historical

No GCMs Resolution Institution & RCP4.5 & RCP8.5
(degree)
PR TX TN WD SR RH
1 BCC-CSM1-1 2.813 x2.791 Be”mg Climate Cen'ten China OO OO O0OO0
2 BCC-CSM1-1-m 1.125x1.122 Meteorological Administration O 00
Canadian Centre for Climate Modelling
3 CanESM2 2.813x2.791 and Analysis OO0 O0OO0OO0O0
4 CCSv4 1.250 x 0.942 . . O O O
5 CESMI-BGC  1.250x0g4p  Netional Center for Aumospheric ¢, )
6  CESM1-CAM5  1.250x0.942 O O O
/ CMCC-CM 0.750x0.748 Centro Euro-Mediterraneo per | © OO0
8  CMCC-CMS  1.875x1.865 Cambiamenti- Climatici O 0O
. Centre National de Recherches
9 CNRM-CM5 1.406 x 1.401 Meteorologiques O O O
Commonwealth Scientific and Industrial
A A Research Organisation in collaboration
10 CSIRO-M36-0  1.8/5x1.875 with the Queensland Climate Change ©0O0
Centre of Excellence
LASG, Institute of Atmospheric Physics,
1" FGOALS-g2 2.8125x3 Chinese Academy of Sciences; and O O O
CESS, Tsinghua University
_ LASG, Institute of Atmospheric Physics,
12 FGOALS-s2 2813x1.659 Chinese Academy of Sciences ©0o0
13 GFDL-CM3 25x%2 O O O
14 GFDL-ESM2G ~ 2.500 % 2.023 Geophysical Fluid Dynamics Laboratory O O O O
15 GFDL-ESM2M  2.500x 2.023 OO0 O0OO0OO0O0
16 HadGEM2-AO  1.875x1.250 O O O
17 HadGEM2-CC  1.875x1.250 Met Office Hadley Centre OO O0OO0OO0O0
18 HadGEM2-ES  1.875x1.250 OO0 O0OO0OO0O0
19 INM-CM4 2.000x1.500 Institute for Numerical Mathematcs O O O O O O
20  IPSL-CMBA-LR  3.750 % 1.895 OO0 O0OO0OO0O0
21 IPSL-CMBA-MR  2.500 x 1.268 Institut Pierre-Simon Laplace O O O
22 IPSL-CMBB-LR  3.750 x 1.895 O O O
23 MIROC-ESM-CHEM 2.813x2.791 Japan Agency for Marine-Earth Science © O O O O O
24 MIROC-ESM ~ 2.813x2.791 and Technology, Atmosphere and Ocean o o o o ©
Research Institute and National Institute
25 MIROCS 1.406 x 1.401 for Environmental Studies O O O
26 MPI-ESM-LR  1.875x1.865 Max Planck Institute for Meteorology © © O
27  MPI-ESM-MR  1.875x1.865 (MPI-M) O O O
28 MRI-CGCM3 1.125x1.122  Meteorological Research Institute O O O
29 NorESM1-M 2.500 x 1.895 Norwegian Climate Centre O O O




Table 4. ETCCDI Z8P|2XI%(Climate Extreme Indices) &%

ID Variable Description Unit
SU Annual count of days when TMAX > 25°C Days
D Annual count of days when TMAX < 0°C Days
TXn Annual minimum value of TMAX °C
TXx TMAX Annual maximum value of TMAX °C
TX10p Percentage of days when TMAX < 10th percentile %
TX90p Percentage of days when TMAX > 90th percentile %
Wi vV
WSDI ?&rx;l ;Ogghoge?sgﬁtilelth at least 6 consecutive days when Days
FD Annual count of days when TMIN < 0°C Days
TR Annual count of days when TMIN > 20°C Days
TNn Annual minimum value of TMIN °C
TNXx TMIN Annual maximum value of TMIN °C
TN10p Percentage of days when TMIN < 10th percentile %
TN9Op Percentage of days when TMIN > 90th percentile %
CSDI ,inq%atlhcgﬁé eoritﬁ:ys with at least 6 consecutive days when TMIN Days
DTR TMAX &  Annual mean difference between daily maximum temperature oC
TMIN TMAX and TMIN
Annual (1st Jan to 31st Dec in Northern Hemisphere (NH), 1st
July to 30th June in Southern Hemisphere (SH)) count between
GSL TAVG first span of at least 6 days with daily mean temperature TG>50C  Days
and first span after July 1st (Jan 1st in SH) of 6 days with TG
<boC.
CDD Maximum number of consecutive days with daily PRCP < Tmm  Days
CWD Maximum number of consecutive days with daily PRCP = 1Tmm  Days
PRCPTOT Annual total PRCP in wet days (daily PRCP > 1mm) mm
Rx1day Annual maximum 1-day precipitation mm
Rxbday PRCP Annual maximum 5-day precipitation (PRCP) mm
R95pTOT Annual total PRCP when daily PRCP > 95 percentile mm
RO9pTOT Annual total PRCP when daily PRCP > 99 percentile mm
SDII Annual precipitation divided by the number of wet days mm/day
R10mm Annual count of days when PRCP > 10mm Days
R20mm Annual count of days when PRCP = 20mm Days
RAnmm Annual count of days when PRCP = nnmm, nn is a user defined Das

threshold (default threshold is 1)
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2.4. AIMS 1=t I H7IEE MH|A JH

241 AIMS 13t

AR AFE 53) 7i¥tE APCC Integrated Modeling Solution(AIMS)2 APCC
oA 7L SR HSEY 71‘?} A& 9 7|18} AU R AmE o]83te] SA4]
FAIEE fIsl AMEARS] =4 Ao AAIste] ARESh= AIMS Client 22132 9
O3kt AIMSE 201749 ’b}/\ﬂ?ﬂr AREAL a5 B85l AMEARE ] Tuuln & A
£ 59 AIMSS} BA0 /=T Qi AIMS-Web¥te] A58 a4 Bast 71558
AIMS A=sho]] 13351 on Al =2 Table 59+ At
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HE 8= T
« AIMS 44 DEHE Bejo| By M
AIVS AREI IR |+ PythonO2 AiZel= 20| SAE & QTR AIMS AAE Tis T

o MR XY 28V [EXK(Climate Extreme Indices)S 12igt 4= UEE AAR! 7HM
ANERIQ| 7|SHat AMet £2 20 MEHS ISt 7IE 7}
AEX} OOl | SN o o
S MEXE SO | L 2bls(esa 2 CLIPS @91 fiet 2O R
= ADSSOl 712l 71 CMIPS Ri=Rte] Sl iy

S/H HEEO] CHet EX| 3 ARSA Dm0 &y = 7
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2= L & H 1
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2) CMIP: Coupled Model Intercomparison Project(Zg 22 ASH|W T2HE)
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g2 e B 2
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3.1 CORDEX X& %7} ¥ CLIPs 7|5 7

3.1.1 CORDEX DB +=

A7\t AUl e S St E Kool 7| Fueh et s 3] o)
9 4 G AR T WAL Bouh Yuiet 4w W AuA 59 o9 484
A Ao] Wolxm Egh 4zo] 957 UL A AHG A} ofck. et Az %
A8} 9 ABAES] 71548 B84 HrhE BH0E CORDEX-EA 47 197|158
o) Ao7|F3st AlLke] 9.2 $UT o] Ths) 055 ARz WEsle] DBE 75
et

CORDEX-EA A|97]%H3} Auz|e zAtgE Ut o] disf 0.5= 2AAA%
(rectilinear grid)2 ®&s}7] o] 57 A|H7|e o] 2p7of ofgt W, Fh 717
= FRIsto] ARE 7FsS AmE FRISlH 570 A97iERde] Ame HE
NetCDF(Network Common Data Form) @4]2.2 E|o] Qlom 72X 02 NetCDF
CF(Climate and Forecast) Conventiong W2 Eu 7| T sHA0A] A3t X
71985 Ay @ ARE AQgt U thstollA] A= Aba+= NetCDF ¥ (nc 3
D)o wEtElolE7F A& =AY Mgt AA glo] & & uiAo] Hof Sle 59 A
o] Uehsth oFll 249AH] W82 1 A 9 EARRS WSk

( o7t X|&7|2fHat 22| K= 20l UE )

(1) HadGEM3-RA
- 7l2t: 2006-2100d, time : ‘360-day’ calendar = =XIE&

(2) RegCM4
7]t : 200620504, time : CF ConventionOll S 8
% ‘360-day calendar &2, 19E #AEOE H0 QU= time U2 7IEY 0 ZCE 28

(3) SNU-MM5
o 712t 1 repd5(2006-20499), rcp85(2006-2035H), time : CF Conventiondll Sl 8
% ‘Gregorian’ calendar &%, 198 TAKCE H0| A= time WS 7IFY 01F R 4
« sea level pressure @t surface air pressure w0l FHIHO MEEN AUS(H+TE +5)
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(4) SNU-WRF
« 712t : 2006-2049, time : CF ConventionOll S 8
% ‘Gregorian’ calendar &%, 198 #XECZ | /U= time S 7Y 0l aC= 4
* sea level pressure @t surface air pressure w0 FHIHO ME=0 QUS(ERE +5)
* historical M& & tasmax, tasmin &f 2FHO|EY Al AE=7)

(6) YSU-RSM
« 7RF: 2006-2050, time 2 2F=Z A& S7K7EL time &t 22X)

FH o= AMESt 758t AEE HadGEM3-RA, RegCM4, SNU-MM5, SNU-WRF
9] 47 ®dll Atg o]l W= S-8RoMIA F2 ARSShe MgE A5 (pr), A7
(tas), F17|(tasmax), F|A7|(tasmin), BARHrsds), AFeE(sfcWind), vl
(huss), ps(AA71HE AEEIATt. YSU-RSM 2l Z45.2] 49 NetCDF T(nc o+
o] HEdo]89] time FX F 715U} time FE7} A2 Gt AREo] E7Fs oF3lh
ESE SNU-WRF 299 historical A& 5 2117|123 A7|-& Hpgo] 2571 Q1o
T IS4 o183 rep4b, rep85 AR 2] Ho|HA S 8 Alofl= AMgol E7FsSItt.
offl 2/ M= HadGEM3-RA A|7|FHHO] 0.5% A} repd5 ZeAt=ol gt
NetCDF 19| Helto]e] XS YehdTt.

{ HadGEMB3-RA rcp45 Z%pr) X2 NetCDF HE{HOE HE )

dimensions:
time = UNLIMITED ; // (1800 currently)
bnds = 2 ;
lat = 139 ;
lon = 163 ;
variables:
double time(time) ;
timeiaxis = 'T" ;
time:bounds = "time_bnds" ;
time:calendar = "360_day" ;
time:units = "days since 2006-01-01" ;
time:long_name = "time" ;
time:standard_name = "time" ;
double time_bnds(time, bnds) ;
float lat(lat) ;
lat:axis = "Y" ;
lat:units = "degrees_north" ;
lat:long_name = "latitude_coordinate” ;
lat:standard_name = "latitude” ;




float lon(lon) ;
lon:axis = X" ;
lon:units = "degrees_east" ;
lon:long_name = "longitude_coordinate” ;
lon:standard_name = "longitude” ;

float pr(time, lat, lon) ;
pr-original_name = "PR" ;
priunits = "mm day-1" ;
pr:comment = "at surface; includes both liquid and solid phases from all types

of clouds (both large-scale and convective)" ;

prilong_name = "Precipitation” ;
pr:standard_name = "precipitation_flux" ;
pr:_FillValue = 1.e+20f ;

// global attributes:

‘title = "139x163 rectilinear 0.5 degree regrid from CORDEX-EA
HadGEM3-RA_v1 model output” ;

iinstitution = "APEC Climate Center" ;

CORDEX-EA 990l digt &5 AmA =& #sh 470 A 971522 HadGEM-RA,
RegCM4, SNU-MM52] 7] historical, rep45, rep859] Z-41AAH Curvilinear) A&
£ ) Zdo] 53 YIS 7HAEE 0.5% A AR HRectilinear) AH= 2 ¥kt
(Fig. 0). AR 139x163(F1%= : -14~78, AEE : 55~159)°]1L, 754 0.5% A
g T A, v, A7 oléste] As=(h)E ARSI, dtis= A
He FH71SHE oA AREShe ool B2 A1 ARESHITE

ESBTI9L = 6.1 x exp (17,67 x (IR - 27315 ) / (RKII2 - 29.65) )
E8H| = (0622 x BBTIR) / (IR - BRETR)
Athesz = (Hl&s / 28 x 100

Table 13& H540% 725 CORDEX-FA X|%7|348} Alu2le. Auo] g
ABE ehich
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Table 13. CORDEX-EA 0.5 Al= &

Model Data Spat(ilaal t F)i(elsng]L)Jtion Period Variables
Historical 1950-2005
HadGEM3-RA RCPA5 oo 2006-2100 |, Pretes e
RCP85 2006-2100
historical 1979-2005
RegCM RCPA5 <(1)§9dxe 76 20062060 | b e
PCP85 2006-2050
historical 1979-2005
s | s | Q50 oo | g mnen
RCP85 2006-2035
historical 1979-2005 pr, tas, huss, ps, rh
SNU-WRF RCP45 (?g’gdf%rgg) 2006-2049 or. tas, tasmex,
RCPS5 2006-2049 tasmin, huss, ps, rh

CORDEX South Asia®l tist A97]3ws}; AgARE %9 ITM(Indian
Institute of Tropical Meteorology)?] CCSR(Centre for Climate Change
Research)ollA] HIEZ FolH, o= e, =Y, A¢d, ZFoJth Table 14+
CORDEX South Asia®] A|97|# 5 &g YEWH, 5 CORDEX-EA 0.5= A& 7=
7 22 WRo=® DBE F55to] CORDEX AHe9] &84 SHiE 4% a7t Stk

EQL 7oAl FF ARG HAGE 7|13 AU 2-F o]-&sto] 2020
7HA] SOotAlot FHofl thsl CORDEX-EA A 97| STHst AgA=E AT Agoz
(http://cordex-ea. climate.go.kr/cordex), A& At&Eo] &&= CORDEX-FA

ARG DB 7= ¥ HE A= F3 71Tty ddo] 28 Aoz -,
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Table 14. CORDEX-SA X|97|22%|(Regional Climate Model, RCM) A3

Experiment Name

RCM Description

Driving GCM

Contributing Institute

COnsortium for
Small-scale MOdelling
(COSMO) model in

Max Planck Institute for
Meteorology, Germany,

Institute for Atmospheric
and Environmental

CCLMA(MPI) Climate Mode version Earth System Model Sciences (IAES), Goethe
4.8 (CCLM: D (MPI-ESM-LR; Giorgetta | University, Frankfurt am
' + Dobler and et al 2013) Main (GUF), German
Ahrens, 2008) ’ Y
Rossby Centre regional Icr:|sh Centre for High-End Rosssy Centre, Swedish
heric model omputing (|CHEQ‘ Meteorological and
RCA4(ICHEC) atmosp . European Consortium . :
version 4 (RCA4; . Hydrological Institute
Samuelsson et al., 2011) ESM (EC-EARTH, (SMHI), Sweden
N Hazeleger et al. 2012) ’
W Commonwealth Scientific | ACCESST.0
CCAM(CNRM) | and Industrial Research | CNRM-CM5
CCAM(CCSM) | Organisation (C_SIRO), CCSMA CSIRO Marine and
—————————— Conformal-Cubic Atmospheric Research,
% Atmospheric Model GFDL-CM3 Melbourne, Australia
CCAM(MPI) (CCAM; McGregor and | MPI-ESM-LR
CCAMBCCR) | Dix. 2001) NorESM-M
Institut Pierre-Simon
Laplace (IPSL)
Laboratoire de Centre for Climate
Me teorologie IPSL Coupled Model Change Research
LMDZ4(IPSL) Dynamique Zoomed version 5 (IPSL-CM5-LR; | (CCCR), Indian Institute
version 4 (LMDZ4) Dufresne et al. 2013) of Tropical Meteorology
atmospheric general (IITMV), India
circulation model ( Sabin
et al., 2013)
The Abdus Salam
International Centre for
Theoretical Physics
RegCMA(LMDZ) | (ICTP) Regional Climatic | IPSL LMDZ4 CCCR, IITM
Model version 4
(RegCM4; Giorgi et al.,
2012)
Geophysical Fluid
Dynamics Laboratory,
RegCMA4(GFDL) | ICTP RegCM4 USA, Earth System Model | CCCR, [ITM
(GFDL-ESM2M-LR;
Dunne et al. 2012)
MPI Regional model 2009
(REMO2009; Weblink:
REMO2009(MPI) http://ccer.tropmet.res.in | MPI-ESM-LR (Giorgetta | Climate Service Center,

/cordex/docs/REMO-CO
RDEX-DATA-WAS-IITM
_4 pdf

et al 2013)

Hamburg, Germany




3.1.2 CLIPs 7|5 i

CLIPsE ol-gs}o] 7]5#3} Alu=] e gloj8E AIMSOl AlEst7] sl 4% 4
AAFER] CORDEX-EA AHaE A ARE dlole Hads AYsialtt. AIMSE &
85F7] fIsiA= ADSSE B3l F7HER Algshe YT 7 eSS T ol 29
gsto] AIMSE 53k 22 AftE ol Aol 7hssioF ettt ejsto] ool 1t
Zo] AIMSOA "R 2 1= 7|FARE CLIPsO| %53lo] Aastes AA8S 7fAlst
At ARA L FEFE B AIMSE 913 AR =L ARt ARSARE 99t mdd
2 o] AFHES SIFth CLIPsE ol8sto] AlF== AIMSE A= CMIPS
Daily At284t ofl2} CORDEX-FA AR T #ES ZPS AA AR|ASHEE A AH
& 7NAdskeic

=
‘ Create a new data processing sheet.
®) CLIPs Server Desktop(Only CLIPs files allowed)
Coordinate
45.0000
116.0000 Global 148.0000

23.0000

Data Information

Dataset CMIPS- DAILY

Model For AIMS

Time Peried Daily
StartDate  1850-01-01 09:00:00
EndDate  2205-11-13 09:00:00

Parameter lat_bnds, lon_bnds, pr, rhs, rsds, sfcwind, t: | |

Period Information
Period | Period of time

Year 1850 Month | 1 ~ Year | 2203 Month 11

Format Conversion

Qutput File | NetCDF

Figure 7. AIMSO| Alg2 2= CLIPsOA dEtok= Sl

71%2t=79] giA> CORDEX Hlo]E]9] Historical, RCP45, RCP85 RES &85}
AIMSE 9I3F NetCDF 23} 22 ZPste s AA5H ofefj9] SHH2 H+ro]
EQl CMIP5 A=A SHte 2| 9gut &3t dat A48t o|u]7] AmE AMAES
AIMSE ol-&sto] GAglstart she A|9S AFEA FE5to] AR 4= Qlth
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CLIPsE A8AENA AHilo] sk A|de] Holejg 47150 223 4 9
7158 AFEP] thiol 7129] ADSSIA Algshe mle] Fala 2t Aelo] wet |
golee B8sks ARt s, 24 Uehiz W] 2 Agut e o] 2
ZAsteE Wao] & e qitor tess|dae APslols AT HolEE 1
i 2 5 2 Kol 2 HolA rh. o Sof offet ol WaEefEA e dlo]
B2 285t Ak, ADSSOIAE WEehdA S Hiw ve) gojslo] gl 7T
o} AR ALGT 4ol glo] 0] Ao ThelAl AAeh 2ele s ofgic.
SHAE, CLIPSS AHg3H EJWl Wrgetdl A e A9 EBshe RS F350]

o18% 4 U AW Btk

8 r

(0]

)

&
S

Clipped CMIP5 data

&
N

.....

aaaaaaaa

\\\\\\\

ADSS CLIPs
Figure 8. ADSS2} CLIPs9| Xt=AlE X0

3.1.3 &=Xt& Quality Control

umsle] Qo2 AZES Z7HAA Ul uet ANE Bagke vud U Fig. 9a
% Fig. 9bst 2tk 30 W YUY A% AE8o| Z/RI HebH W 4ol
(SR A3e BT B ASFS 258 3~6% TN Hakhe 29 1Y
o} i 7129 BSol A58l 433%71 FRllekE Wi /1S A WIS
Fo A3 B 2, okt Vst Aule ARE o183 BAY At /Ee
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Azo] QC "’ BSAFE A1 rQC #W71A]i= Table 159} o] 6779] 95 o83}
o] Fig. 99} o] &A= QCe A4 AHelE 33 Hrh.

Table 15. Afz9 QCE ?fet W7 [X| 722t LE

Function name: Description

* Check.Station.Location: AEAL 83 K= S0IM HEAE B I(Station—Info.csv)2| HEAE HEE AHE
QF 2R EE X=0 NCIIUMO| HIWE Solf YA ZHIO0| XA Q| QoY =X| =0l

* Check.Observed.Data: AEAH &5 X=2| AIMS 02 HoHO| URKY ZRAE K= SEHEK, K =0l =
=201 BRE N B XiE 20

* Check.Data.Range: 7|22 249 M 7iset 24 & 20 H9 (-894 < 712 < 57.9), 35 >0, 0 < sk
<1, ¥MF > 0)

* Check.Internal.Consistency: Ba7/ |2 ¥ 2172 > Z&7 |20t Z0| LA UXY 201 HE717|9| RAEC=
St 20| MERPt Hofst 77t OlOR Higkf= 4P

* Gap.Filling.Neighbor.Stations: o H#EA0| ZX0| Latict 22 AZAPH X6t BIE LH9| 0|2 HEA=SE
U XEAQ| AT MR HO| YARMEC 2 42 F XY A9] 3RS 0I8510 A7t BN

* Gap.Filling.Grid.Data: olid B5A0] ZZ0| Lot 42 oifd BEA F 0 20| Dot 2RI Ai==2H
FE51 242 0120101 25 B, MEdt= 2R K== i BSAZFEO| MEA HO| B4 L0 EXtoh! Qi
AeEC 2 42 5 HENE A9 3RS 0[55I 27t BY

[l

=
[=)

A AIMSO] o ® AREEE US4 HRIE S5k, AIMSY] ¥ AHgo] iy}
A7y Ang olgw AEA AAS PN UL AT 94 Er AR
(meteorological reanalysis) A& FollA i A9 7|ejdE 7P Adsk= A=
£ Ad¥sk= Zlo] sttt ol& flsiA ISARo tigt AXE Al &5 4 #5
Ameto] s E9 B7F B #I8l rGridData W7 1AE /WS APCCOlM =
Table 169} o] HAF 122] 1A=} AR =S vl JH|o|ESIAL . #14
A79] - AreEoolA Eol AREE 1L 9l APHRODITE % TRMM A&aE9] 4%
FT Amrt AEA] edot AlLfstAtt. kA /At <= Climate Hazards Group
InfraRed Precipitation with Station(CHIRPS) A}=2} PERSIANN Precipitation
Climate Data Record(PERSIANN-CDR) #t=& AHsiA1, A A2 FHS
7| HAE|(ECMWE)ollA] AJ4Fe ERA-Interim A4 Zk=.2} m]=t9] NASACIA] A5t
1l Q= Modern-Era Retrospective analysis for Research and Applications,
Version 2(MERRA2) AF=E ARESIFTE ERA-Interim AFa= 12A17F 7429 75A1=
oF 4AI7F 7449 712 AmE Algokal o™ MERRA2 Abae AR eAtas 2t

2} 75km 9 50km®| SHIER AR 2 AwE AlEolal AU



Table 16. 4AE M= F/10f ALSE #1d & M2M A= 55

Description
Data type Spatial | Temporal scale | . - . .
scale | of raw data Variables provided | Data period Update
. N Monthly update with
Satellite CHIRPS |25 km Daily Prec only 1981~2018 1-month delay
PERSIANN |25 km Daily Prec only 1983~2017 |  Annual update

Precipitation, Max./ N Monthly update with
MERRAZ |50 km Hourly Min. Temperature 1980~2018 1-month delay

Reanalysis ) o .
Prec: 12-hourly | Precipitation, Max./ 1979~2018 Monthly update with

ERA |75 km Temp: 4-hourly | Min. Temperature 1-month delay

gl & St oM A AT RO AmE AN
= & MERRA2 Ao} o] ARPee] Ap&el 3% &3] 2 vtou =] (NetCDF)
Bdg o] B4 ¥5L0| ArE FEShs IHOIA J&ol €2 Alkto] AaETh

weha] 2 AollA= Table 172F 20| APCCY 7|¥A& DBERE E4%|99 914

ol

Table 17. AR Mz F& & FVIE ?let rGridData W7 IX &% 2IAE & 75

Function name: Description

* Clipping.Chirps: APCC DBZFE Ch&X|SC] CHIRPS HOE &=

* Clipping.Persiann: APCC DBZFH HMX[%9| PERSIAN-CDR HIO|H ==

* Clipping.Eralnterim: APCC DB2FE| XS] ERA-Interim CIOE &=

* Clipping.Merra2Daily: APCC DB2FE XIS MERRA2 Y| HPOE & (V1R

* Clipping.Merra2Hourly: APCC DBERE HMXIHO| MERRA2 ARt H9| CIOE == (Z2)

* Extract.Chirps: SEZE HXIHQ| NetCDF MUZLE] 7[MESAL GIS A=E 018310 CHIRPSS| ZRREL
e
T

* Extract.Persiann: S2HE HEXIEC| NetCDF HIU=RE 7IYEEXA GIS AlEE 012510 PERSIAN-CDR
o ZRR =

* Extract.Eralnterim: S2EE HAXIF2| NetCDF TU=22H 7RSI GIS A=E 0fg0l0 ERA-Interim®
RN

* Extract Merra2: SEEE XIS NetCDF IIP2RE 7= GIS X=S 0180101 MERRA2| ZIat
=

* Comparison.Summary: 2ot ZEXE0 Tish FEE UHR| X228 25748 2elst IS Mpiok, 2He|,
Q| HEHS Allet = TCC U NRMSE & Skt 7kt

* Comparison.Summary.Graph: ZAd 59| Aot TVt 3 HWE e T2 4

0
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AAE AR Hks BS54 EHE 5 d99(daily) BedoERE dd9
(monthly) @ d9i(annual) A5, 3049 71719 L8t I AXSE & A7
g v sttt Ao AReRE Aoy, A9e, 8t FrEE APtk 4%
A8 B2 EE 249 AR 3o F30] SPE ZARlE WAt B B4
STt vIE Q) Ucel, Acke] @ WwF 72l it
AAHQ HAE AWHE7] 98] RMSEE #=FY IFEHAE Uiro] EEIRL
Normalized root mean square error(NRMSE)?} &= Z}79] ¢S 2 Higsl=A]
£ AHKE7] 93t Temporal Correlation Coefficient(TCC)E ARE-5I3 .

Fig. 105 H) 71 429 Aol dhste] 607] T 7 guEc 34 Auote]
HZE B3 AIgE T8 TCC 3 717} 1ol 2tk SATdmE 607) B4 TCO
4] WIS o] Fu) MERRAZZ Q5] A2 2ol 744 & TCC AE Bint
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32 755t AILIIQ AMMs 25 JHM 2 £}

3.2.1 rSQM 2= 7iM

AEA 2718 AAE A=l AAsh F4 Table 180142} 2om A s
7L Fig. 120149} 2o] ADB HA] Fsto] ths) H8sto] TS WSkt
ApAske] AR ofel AR W8Tt do] SEIlch AAISHE RS o] §te] 27
A S715A% oI Table 2000419} o] 217) 3|52 Axkstect,

Table 18. KRS 7[2h Mlet £ g 2|AE 3 Vs

Function name: Description

* DailyExtractGrid: #&(MERRA2) % 7255t N=(CMIP5)2| NetCDF IR0 2&EKi= XM Point &4
9| GIS N=E ZTBI0] ZR0N Dt 2 ==
* DailyQMapGrid: 2K BEXE| Tiol] 5 2#E K=t CMIPS ARE 012010 282 Quantile Mapping

o A5
ETOOH

+ CalClimatelndexGrid: 25 ZAH0 tHol0] Aot Xi=E 0185101 217§ Sel/ BAls A&
* DrawinterpolatedMap: &5 ZXFE0] CHE10] MEE 2ol [EXE 0I8510 THEPISHS 018510 76T
7t =2 HAH YA GIS MU= Het

1. Selection of observation: MERRAZ2 reanalysis data with 50 km by 50 km resolution was selected
as observation data.

2. Extracting daily time series for precipitation, maximum temperature, and minimum temperature
from MERRA2 over MERRA2 grid points on ADB boundary

3. Extracting original daily time series for precipitation, maximum temperature, and minimum
temperature from individual 29 GCMs over the same MERRAZ2 grid points

4. Applying Simple Quantile Mapping (SOM) method against the MERRA2 grid points by using
extracted daily time—series from MERRA2 and individual GCM as input

5. Calculating climate extreme indices over the MERRAZ2 grid points using downscaled daily
time—series from individual GCM

6. Calculating average(MME) of climate extreme indices based on 29 GCMs over the MERRA2
grid points

7. Calculating percent changes and deviation(future - historical) based on MME average values
for each climate extreme index

8. Interpolating calculated MME, percent changes, and deviation values over MERRAZ grid points
against 900 by 900 meter grid data as base map
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Figure 12. ADB &|2=01 St MERRA2 ZAXI(E) L st

Table 20. ZXARE gMst 21} 7|2 Sol|[SXls 2|AE

ID Variable Description Unit
SU Annual count of days when TMAX > 25°C Days
ID Annual count of days when TMAX < 0°C Days
TXn TMAX Annual minimum value of TMAX °C
TXx Annual maximum value of TMAX °C
WSDI éngtchggpgeai iIc(iaays with at least 6 consecutive days when TMAX Days
FD Annual count of days when TMIN < 0°C Days
TR Annual count of days when TMIN > 20°C Days
TNn T™IN Annual minimum value of TMIN °C
TNx Annual maximum value of TMIN °C
CSDI inq%?chggeﬁii |cezlzays with at least 6 consecutive days when TMIN Days
DTR TMAX & Annual mean difference between daily maximum temperature TMAX °C
TMIN  and TMIN
Annual count between first span of at least 6 days with daily mean
GSL TAVG temperature TG>5°C and fith span of 6 days \X//vith TG< 52/(?. Days
CDD Maximum number of consecutive days with daily PRCP < 1Tmm Days
CWD Maximum number of consecutive days with daily PRCP > 1mm Days
PRCPTOT Annual total PRCP in wet days (daily PRCP > 1mm) mm
Rx1day PRCP Annual maximum 1-day precipitation mm
Rxbday Annual maximum 5-day precipitation (PRCP) mm
SDil Annual precipitation divided by the number of wet days mm/day
R10mm Annual count of days when PRCP= 10mm Days
R20mm Annual count of days when PRCP= 20mm Days
Ranmm Annual count of days when PRCP> nnmm, nn is a user defined Das

threshold (default threshold is 1)
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3.2.2 rSDQDM 2= 74

GCMS| B 2 S0 mrebd Q8% HAS H4) gt RS FARLL, oS
Sgte] CMIPS Hlolelt 259 49 2508 WAk §4S 2715t] sl

3.2.3 BSCA 2= It & F7t

HA GCMHE7F= A4 dAIsE B8 9] 9Al GCMo] 2=

AA TE A=l o3t sfeld} v|wste] Aot & HAE=AE B7ekal 7159 Al-
EAE FAH WA Sk GCMES 1% IgolA] AQlske A<

o2 Jitt 2 Ao 1T A5 B4 AAHE 2278 GCMS o] F ISt
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3.2.3.1 BCSA 23 i & 7t

HI
1z

FAA FZHEE 979l BCSA(Bias-Correction and Stochastic Analog)=
Hwang and Graham(2013)°] 7I&et SA1%] AA|S}H Jfsioltt. BCSAE S+4t H= 2
I8 7IRke & 799 1A St WS Adshke d9e] A5 SUREE FAR L
2 AYAKsto] Replicates libraryS 75511 Ho|HAE Atk GCM AFEE0]| Hglst
+ replicate® FE5t0] HA 0= st I AmE itol= ol BCSA
AARRE HoliMe TF AR9 FMIS & FAI5k=, Randomly Generated ¥
Fho] a3, ol& {3l ool IS ol-8sto] ARERIT:. 7]29] e HpEE A
57} Hi= BCSAS E4 2= Qlsto] Htj7]|2o] A7 2t AA 4= 37 A
7171 HZel, Bat7|22 o83l 7|23} A7 AAIe ettt th22] BCSAY
IS AR 3 A et 7129 s o] 285, vid w2 A4lo] =
™ ol A€ wWErh ofgfe] 57H4] 3782 Hwang and Graham(2013)°] A4zt

WHZ Aot Aesh



1. BCSAQ] A WA &A= Normal score transformation ®'H(Goovaerts, 1997;
Deutsch and Journel, 1998)& ©]83%t = olE Q] H+fdtolct.

*

Ty = G 1(Fobs.,i (xtz))

oJ7|A, z, = x,,2] Normal score transform A¥o]d, z, = t7]9] L4} i 7
o BEAPL e L9 AROlt ¢ (- )k EE 749Nk efekioln,
L@)E il BEEY a9 I AR AEH FHEET(CDR)olt

2. 2= #=H9] I=A] Aol gt Normal Transform score®l] tigh Pearson A3
T pe Tl BEAS ARt wiE Al

1
ﬂi,j—ﬁ

g

(25— ) (2
¥
O

t,j Ly )
J

o714, N 7t PEA o] ARBIFS Blolele] (%) oled, 1) and oL 22t
Normal score?] i A I= AF79] A|7H HHy} FFHXE Qu|sict AAbe 2

= pair-wise correlation 22 &2 ofje} Zt},

P11 Pin

71N ne BEAYY 52 oJulaict,

3. Symmetric positive-definite correlation matrix%l pE Cholesky decomposition

W (Taussky and Todd, 2006) o]-&sfto] Eofigic}. 42 oo} Ztt,
p=LL"

o714, L& sHZkEolw, L' o] ey olrr.
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4. A Z Gaussian EZA F2H=Z AAGE t(r,) AR factorization matrix?]

"2 Blol 7 AT

h

. *
r{ =rlL

of IHollA BHH 7= TSH T JHBAE WEAN Hatd Tdelito] 0

5. 37+ AHEHAI7F 9= normal score B = back-transform= £5Fo] &
=9 ¥4 CDF BXE vHL= 3-go] Hgsir), 42 ofgfjel
xAt.i = E;ble(Fnorm.i('rfi))

A7IA, of = 79 QAR WA BXXHY A A7 HEHE u]gith

From i (¢ )2 iR ISR H0A AB/3H normal score®] Normaloll 77k H &
Z CDFE 9ujgith. z, &= i TEAHl tQoll dl&E Folth. o] g2 A5H
CDF&

T w9 "ot S AdErret 7 #SAR0 tigt A dd A=l
HESH: =8 7] 98 #SARY] S HHERi

GCM=2 Quantile Mapping(QM)= &3l AAISFE Alg¥stal, QM 23} 7 F-A
S A} g2 A AR dlolEHjo| AR R Zobx ARt =N SHEETE & AH
H AAsE A9E AR QM 23R FARE ATRE A= S et 7S U
o] A&ttt £ 3YZ Flow Chart® g2|shH offet 2t
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Figure 15. Comparison of transition probability of daily precipitation data by raw GCMs (left) and BCSA
(right).
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Boxplot of FD:Number of frost days (Days)
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Table 21. Mgt 720 M2 ETCCDI =87 |2 XI(climate extreme indices)2] Hrtdt 49| 1A Aiisdd H|w

Indices OBS SQM SDQDM BCSA
preptot 1310.17 1299.60(-0.81%) 1299.39(-0.82%) 1314.54(0.33%)
cdd 29.23 30.93(5.82%) 31.06(6.27%) 32.08(9.78%)
owd 5.91 6.83(15.66%) 7.01(18.62%) 5.87(-0.71%)
r95ptot 402.22 326.50(-18.82%) 324.63(-19.29%) 340.73(-15.29%)
r99ptot 115.09 67.76(-41.12%) 65.03(-43.5%) 88.70(-22.93%)
rx1day 135.92 131.74(-3.08%) 126.74(-6.75%) 140.61(3.45%)
rxbday 222.23 232.29(4.52%) 221.02(-0.55%) 232.75(4.74%)
sdii 16.45 16.3%-0.38%) 16.29(-1.01%) 17.78(8.06%)
rnmm 81.60 80.46(-1.4%) 80.55(-1.29%) 74.30(-8.95%)
r10mm 33.95 33.47(-1.42%) 33.72(-0.69%) 32.53(-4.17%)

r20mm 19.54 19.35(-0.98%) 19.57(0.17%) 19.58(0.21%)
su 107.52 109.70(2.03%) 108.61(1.02%) 109.24(1.6%)
id 8.68 10.03(15.66%) 9.63(11.05%) 9.68(11.62%)
txn -3.99 -3.99(0.01%) -3.69(7.44%) -3.73(6.54%)
txXx 34.73 34.52(-0.61%) 34.21(-1.52%) 34.79(0.15%)
tx10p 10.33 21.67(109.78%) 21.19(105.15%) 20.55(99%)
tx90p 9.66 0.93(-90.41%) 1.07(-88.96%) 1.49(-84.53%)
wasdi 1.54 0.00(0%) 0.00(0%) 0.00(0%)
fd 100.13 99.56(-0.57%) 99.09(-1.04%) 100.77(0.63%)
tr 50.38 51.15(1.52%) 50.32(-0.13%) 52.07(3.34%)
tnn -13.44 -13.57(-0.99%) -13.51(-0.58%) ~14.34(-6.73%)
tnx 25.33 25.06(—1.08%) 24.84(-1.94%) 25.62(1.15%)
tn10p 9.93 22.70(128.58%) 22.18(123.34%) 21.12(112.68%)
tn90p 10.78 1.26(-88.27%) 1.12(-89.58%) 1.69(-84.35%)
csdi 0.63 15.30(2315.79%) 17.61(2680.26%) 6.50(926.32%)
dtr 10.30 10.35(0.52%) 10.36(0.56%) 10.47(1.68%)
gsl 27112 272.18(0.39%) 271.58(0.17%) 272.37(0.46%)
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Signal Diff.(DS-Raw) of CSDI:Cold speel duration index (Days)
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Signal Diff.(DS-Raw) of DTR:Daily temperature range (C)
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Signal Diff.(DS-Raw) of FD:Number of frost days (Days)
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Signal Diff.(DS-Raw) of R10mm:Annual count of days when PRCP >= 10mm (Days)
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Signal Diff.(DS-Raw) of GSL:Growing season length (Days)
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Signal Diff.(DS-Raw) of R20mm:Annual count of days when PRCP >= 20mm (Days)
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Signal Diff.(DS-Raw) of R95pTOT:Annual total PRCP when PR > 95p (mm)
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Signal Diff.(DS-Raw) of Rnnmm:Annual count of days when PRCP >= nnmm, nn is 1 (Days)
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Signal Diff.(DS-Raw) of SU:Number of summer days (Days)
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Signal Diff.(DS-Raw) of TN90p:Percentage of days when TN > 90th percentile (Days)
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Signal Diff.(DS-Raw) of TNx:Monthly maximum value of daily minimum temperature (C)
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Signal Diff.(DS-Raw) of TN10p:Percentage of days when TN < 10th percentile (Days)
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Signal Diff.(DS-Raw) of TNn:Monthly minimum value of daily minimum temperature (C)
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Signal Diff.(DS-Raw) of TX10p:Percentage of days when TX < 10th percentile (Days)

fryiees szt sz
:
s
. E
G
!
: :
:
: E
&
:
i 5 3 i 3 3 R
L - i 8 i L
SoM St SDOOM ST BCSASY SOM S2 SDODW 2 BCSAS2 SQMS) SOGDMSS ECSA'S)
o oamem am  ew  en am  am  om  om
Table ofrcp45 Megian 004 21 122 005 265 154 005 209 167
G er v m e am o ew am o m
e ow 2 im aw am o s o e e
SoM St SDODM ST BCSASH SN S2 SDODMS2 BESAS2 SOMS) SOODMS3 ECSAS)
e we am i s om e oa e om e
TGO et 006 2 e e um  om ;i
B L e

Signal Diff.(DS-Raw) of TXn:Monthly minimum value of daily maximum temperature (C)
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Signal Diff.(DS-Raw) of WSDI:Warm speel duration index (Days)
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Signal Diff.(DS-Raw) of TX90p:Percentage of days when TX > 90th percentile (Days)
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Table 22. =eP|2X[0] Df2f 71ZI0f Ciigh A28 o= 7t

t Z2KRCP 4.5, 2010~2039)

Indices Raw GCM Signal SOM Signal SDQDM Signal BCSA Signal
prcptot 333 112.93(239.16%) 65.21(95.86%) 87.40(162.5%)
cdd 0.19 0.40(107.75%) 1.02(430.58%) 0.13(-30.29%)
cwd 0.08 0.42(402.63%) 0.13(49.67%) 0.24(183.55%)
r9optot 30.63 76.40(149.39%) 53.94(76.08%) 64.23(109.67%)
r99ptot 18.63 54.07(191.74%) 40.61(119.15%) 34.25(84.82%)
rx1day 474 15.10(218.44%) 11.68(146.26%) 12.32(159.79%)
rxbday 9.652 33.92(256.31%) 24.95(162.12%) 21.27(123.44%)
sdii 0.32 1.27(297.5%) 1.20(275.42%) 0.99(210.75%)
rnnmm -0.83 0.13(115.72%) -1.17(-41.27%) 0.02(102.93%)
r10mm 0.47 1.03(119.26%) 0.28(-40.07%) 0.84(77.25%)
r20mm 0.45 0.87(93.24%) 0.63(40.45%) 0.70(56.32%)
su 15.92 22.68(42.42%) 16.15(1.44%) 17.75(11.46%)
id -3.34 -3.38(-0.97%) -2.99(10.51%) -3.88(16.11%)
txn 0.9 1.08(19.94%) 0.88(-1.95%) 1.23(36.51%)
txx 0.92 1.32(44.73%) 0.86(-6.5%) 1.01(10.31%)
tx10p -9.04 -8.99(0.51%) -8.54(5.54%) -8.04(11.03%)
tx90p 3.12 3.12(0.06%) 3.14(0.56%) 3.18(2.06%)
wsdi 1.21 1.11(-9.03%) 1.80(48.06%) 0.56(53.68%)
fd -7.78 ~11.54(-48.24%) ~11.64(49.56%) -10.26(31.84%)
tr 13.56 15.23(12.3%) 13.80(1.75%) 16.17(19.23%)
tnn 1.01 1.39(36.99%) 1.02(1.11%) 1.04(2.71%)
tnx 0.85 1.24(47.03%) 0.80(-5.36%) 0.89(4.78%)
tn10p -105 -10.48(0.11%) -9.64(8.16%) -8.14(22.43%)
tn90p 3.22 3.23(0.24%) 3.35(4.13%) 3.35(4.09%)
csdi -12.38 -12.22(1.27%) -14.32(-15.7%) ~4.78(61.43%)
dtr -0.01 0.07(1055.71%) -0.03(-250.68%) 0.07(1116.53%)
gsl 10.84 14.07(29.79%) 12.98(19.73%) 11.91(9.88%)
3234 Bt gtd B 718t Ml 7|8 Bt

A AR W7k ASAE Alel] A e

FAMIS UEt= variogram=

o] &5ttt Variogram HEA|H Ate]9] A2} gamma #t= AR&SHo] AmE AT
TEAA Atele] A7t Sl tebA S7Fsk= gamma
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3.3 gM 7128 7Y SEE0F 22Y gA 2F JHE

3.3.1 rAnalysis4CC IH7|X| 7HM

Table 23. rAnalysis4CC M7 K| =2 & H 712 7Hd & F7t AR

Function name: Description

+ Evaluate_Raw. GCMs : 2| GCM 712 S5 AIBXH 221 KIoio| 7159 SAfSt GOMZ Aep| 9fet Tk
TPl g B3 Tisg B

= O o= O
* Calculate_Cindex_Signal : 7[@=2tKk At - 725K g AR ASAL HOfrE F/fet & Qs 501
1, ASAL HolgkrE REEE OIZ010 gt = UL,
* Draw_Hist_Fut_Cindex_Graph : Attt S8 [SXk=E O[Z010] 1P Miskdut D2l A1 =S Alfet of=
TIHIE MM — DEA Xiiod FIRL Ol MDY AEE WIS Sloh TR 480 RS SE6ICE £t AiMist
20| 71E0 [t OIS MEAP} MElisl= AASH Bite HEIGH 7iAS) Sl TS At
Spatial_Reproducibility : Variogram= S8t 7Rt &7t - <klet el0] 371500 et ARt MBtiot=
eMiEH S A0 S7IRIRIEE HORE Variograme 44, Variograme J12)7| £fet Distance? Gamma2
ALIZI0] H0| BQ3IEE 710 EXticks IS MG gli= 42 AE 310 Variograms 12|=5 74
WriteClimateChangeData: &Met XAi2E $0 HE, ¢S CEZHE0| st QoF MY Ay

ClimateChangeSummaryGraph: WriteClimateChangeData S-S Salf A QAMAUS j0f HHS| 30H
2 309 AEES I A

27he Q4 b 7| TS B ARl 43S 9% ARAES giet e Ay
ol ArgEIgLon] ATte] dAlE Fig. 199149} Zom AAF 8- Fig. 42~ Fig,

470014 gl == St

GCM average(range) Maximum Temperature change

Maximum Temperature
Precipitation

AW B

o _»IV\/"VJ

P

B 9 1 1 12

8 7
Manth

1976 2005 2099

Categori — Historcal == ropis — repes
Year o = &

RcpScenarios Historical == rcpd5 == rcp85

Figure 19. 7|&tHs} MY Q9F T2
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3.3.2 rDrought T§7|X| 7HA

=
o

Table 25. rDrought I7[X| 2 & & 7

Function name: Description

UEY FEEE
* Update.NAMELIST: EDI A0 ELd NAMELIST Y 44
* Extract.EDI_IDF: Y| EDI AAIZOIM 715 ARARE, Z=ARY, 2t 7Igtc 59 82 5
* Create.EDI.Map.Data: 2&H 7t LE EDI B2 J217| Qo thed 2EAE EDI dbg Fie
* Download.GIS.Data: EDI & 282 2foH Bt =718 mask ¥ % boundary & Hi2EE
* Create.Interpolated.EDI.Map: S SM0OIM BHEAS EDI 2iS UIOIN EDI B At

HETH

* Create.Daily.EDI.Input.Observed: &5 A=222H UH| EDI At $fot 714 K= At

* Run.Daily.EDI.Observed: &#EAIE 7(2t2] YL EDI 7kt

* Create.Monthly.EDI.Input.Observed: &% XN=2RE 2He| EDI ALS $6h 7140 Xa it
* Run.Monthly.EDI.Observed: &#&Al= 7|2t EHQ| EDI Akt

7|45t

* Create.Daily.EDI.Input.CChange: HISZJ(GCM) 7[2t2] AM| 7 [SHH3} AILIZ|QR AiZ2RH YT EDI Akt
2 PPt 7k UKIE M

* Run.Daily.EDl.cchange: 4All 7[2#st ALRRIQ XI=2E 0|gst LUHR| EDI Akt

* Extract.EDI.Duration.Intensity.CChange: 7283} AILRIQ0] M2 UHY| EDI AMZ=RE X7\t
(duration) % ZItH 7IEAE (intensity) Akt

* EDI.Duration.Intensity.Graph: AttE X572 2 7IS8E X=E OIE510 T2 At

AEolE
* Create.Monthly.EDI.Input.SForecast: X&8= 22| AEME XIS 025101 EDI AktS 2ot 71 2=kt
=

* Run.Monthly.EDI.sforecast: AEOIEAR 7[Et0] 2HR| EDI At o
* Summary.Monthly.EDI.SForecast: AttE &5 2 OIS 7|8t 2HQ] EDI 2C=RE 2 ¥ MAUST R
OIEE Tt 2k

N

3.3.3 rSWAT {7 |X| JhM

rSWAT 7| A]0] Zetd =g 7|52 Table 2697419F 2.

ol

Table 26. rSWAT IH7[X| &2

2 )

i
olr

Function name: Description

* Swat.Write.Weather.Input. MultiStations: 25, 7 [2%et A0S 2MEH XI=E SWATS| YHEMO= HA
* Write.Cio.Input: CIO 28 MY &8 (ReP Rt 88 §)

* Swat.Write.Rsv.Input: XieK| LEIY 8

* Swat.Write.Mgt.Input: Management(Zs24) UMY 4

* Swat.Write.Resdayo.Input: T2 XKl 2Y YRR 28

* Swat.Rch.Summary: oif(Reach) SZMAUZTFE 2ol= ARY, BNFE) S MEA AE 4l ==

* Swat.Sub.Summary: 28%(Subwatershed) £2 LU=ZFE AEAL XY 2t ==




Table 26. rSWAT T7[X| L & & 7IS(HI)

Function name: Description

* Swat.Hru.Summary: +ZHSHAHRU) £ LIUZTE AMEAE X[E 2t £F

* Swat.Rsv.Summary: MA(Reservoir) £ TIA=2H AZAH AfY 2t &=

* Swat.Calc.Error: #& SEE HMEA| ROR} HIWE S5 BOlds 2k Akt

* Swat.Percent.Change.Parameter: T7[XIE 085 20| B A| £ QHIIAUC| H40| 2 SUS IMER
Ha

* Swat.Fixed.Change.Parameter: T7 XIS 0[85t 20| B2H Al £4 QMU 0| S MSE = Y

+ Swat.Percent.Change.Soil.Parameter: Tf7 [XIE O[Z8t D9 27 A| EQ UM Hx0| gis A

* Swat.Time.Series.Graph: 222}t BES0IM A T2 2Hy

* Swat.Scatter.Plot.Graph: 2221} HZ30A] 25 T2 2

* Swat.Summary.Graph. Table: ZofZut HEZ0IM Ak O2E, AP, 24 JEE Selolt] 215 PDF 44

* Swat.Observation.Run: #& X=E 0[85101 SWAT 2& 5

+ Swat.Observation.Rch.Analysis: E#ZA= 7[210| SWAT 2% SHOZRE MEAL X[ 2t £&

* Swat.CChange.Run: CEEZZ(GCM) 7[H19| 7|SHet ALRRIR KRS UHO= Sl SWAT 2 5

* Swat.CChange.Rch.Analysis: 7[&H2t AILIEIR A= 7|20 SWAT 20| SHOZHE| M AP 2t F&5

3.3.4 rDSSAT I7|X| 74

A
i~

3341 M2 O JA iR AA/wE ET RHY

EAR] AFE, A5 9 W, B, AT, S5, T 50l tisiA B2 A=
HE(DSSAT package, APSIM, Oryza 2000, AquarCrop, Infocrop §)°] o]d] 7{gt
o] Qlch AlE oA Bitsl= A vl 71t Ay @ Aol ie Ad H A
U dE571% AREE ol AEET 7R A AAF R B2 ARARRL RS 7
DSSAT#} APSIM(Agricultural Production Systems sIMulator)oll 42g 4= 1= 7]
T A5 FHiE HEsks & RE A5kt

T AERPoNA 8= Sh= 7% 849 AR Hols ¥R FYsh, 4 5
71% 24k A 3 B A HAT7|Z, 5, AFC R SYSIth B3 AR FHIE text
2 FUsitk 12y 715 249 wAfft sl=(HEE HH), ol eFgRKile extension)
50| =0t DSSATS WTHeh= 3HY S4AS 7HAIH APSIM2 METO|2h= whd &
BAE 7 B3 eo] dYEE AR Sl 47 g2, sid XX A Bt
4 Holof gt FH7} F sttt o] YHi= APSIMOA] A|&Sl= TavAmp.exeE °l&
Al ALK 4= Qles 2H4dotgitt. Table 273} Table 28+ APSIMZ} DSSATS] 99

1% Az B J1F WSS = ol



58 | APCC 7H0IE 2 7|Sat AlLIQ SHX At S3HE L ||

Table 27. APSIM 2= i 2R3t 7128+ =5 & Hel g2

Climate variable Time Solar radiation Temperature Precipitation
Parameter name in APSIM  vyear day radn maxt  mint rain
Unit MU/ °C °C mm

Table 28. DSSAT 23S ?loll BQet 7|9t S5, He ol 82

Linel Variable Name Spatial Information Annual climate information
Parameter name
in DSSAT INSI LAT  LONG  ELEV TAV AMP  REFHT VWNDHT
Unit 4 bites  decimal degree m °C °C -990 -990
Line2 Climate variable Spla]r Temperature Precipitation
radiation
Parameter name
in DSSAT Date  SRAD TMAX TMIN  RAIN
Unit YYDOY  MJ/MP °C °C mm

Fig. 20 AEEYE A 7|34 e IgoA A AR5 72 € &S
5= A Aotk 71E WA E A HA| ZEF Bl 7|$ AR I EL
4 A% 5ol et linesE A3 ZobA FAdfof stz oflgol Atk T2y ZB4lE
ol A= yamlolghs 8ok &Y IS BalA At =tol digh st A=
g e FEEE 4 7|5A=0] We U A% 5o et 1S AFA7E A
FHT $ AEE AL Fig. 21 yaml JEolth I3y A2 St 149

A2 FAIEE AdAst IS AIMSOllA SHA] AL, HE= yamloj|A J&sHA k= 3+

1

A EAZE SISk, o] e BE(E2 AA)E e Aol

19

=2



[ Center Climate Database ]

[ User Level - Climate data ]

Input Station Info.

Weather Database Project Directory In put
Directory (User directory) . Input Country code
(climate data) Input Year etc.
@
CMIP5 Scenarios | Boundary information | [ Observed climate data | [ Downscale climate data
uture Climate Change data)) models)
Country level: SQM-O0BS, SQM-Scenarios
User’s Interested country etc.

Add Head Info.

Seasonal Forecast
Climate data

Sub-Seasonal Forecast
Climate data

pridir: r5QM test
dbdir: Database
stndir:
bnddir:
gmapdir:
syear obs: 197¢
eyear_cba: 2005
syear_his: 1976
eyear_his: 2005
sysar_scn:

- 2010

- 2040

- 2070
eyear_scn:

- 203%

- 2083

- 2099
SimAll: FALSE
ModelNames:

- bec-csml-1

- CanESM2

- HadGEM2-CC

- inmcmd

- IPSL-CMSA-IR

- MIROC-ESM
RcpNames:

- rcpis
VarNames:

- pr

- Tasmax
HtlCode: MY

OWrite: TRUE

SRadiation: FALSE

AR 9] 5ol A
AmEo] 9lrt. od
A AT B 71T HRE ol BN YARS 24T 5
e 715Hs Auele gl dAlEke]
A== Be=lo] SItkFig. 22).

o] g
3

Calc. Tavg & AMP

Pownscaled Seasonal Foreca:
Climate data
(downscaling models)

(y
Downscaled Sub-Seasonal

Forecast Climate data

(downscaling models)

Blended Seasonal & S25
Forecast Climate data
(blending methods)

Output
(WTH & MET)

#

#
#
#

aj

Figure 20. XjZH3t )4 D2hA 52 U NS N

% (prijdir) /Observed/SampleProject
% (prjdir) /gis-boundary
% (pridir) /Downscale/SQM

Starting year of cobserved data

Ending year of observed data

Starting year of historical period (GCM)
Ending year of historical period (GCM)

Option for simulation all (GCM model, Variabkle, RCPs) cormkinations

Beijing Climate Center, China Meteorological Administration (128xE4)

Canadian Centre for Climate Modelling and Analysis (128xé4)

National Institute of Meteorclogical Research, Korea Meteorological Rdministration (152x145)

Institute for Numerical Mathematics (180x120)

Institut Pierre-Simon Laplace (96x96)

Japan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research Institute, and National

Representative Concentration Pathway (RCP) 8.5 Scenarios

Precipitation (mm)
Max. temperature (C)

# National code # for KR, We'we got already
stnfile: stnInfo malay.csv
bndfile: Sample.shp

# If you use GHCN data, use "Station-Info.csv™

Figure 21. T{7|X| 152 {Iet YAML ZHES T OA|

5715 W% B GARe] gl Tl Z15st Alele A
olv] gA|3tEl wle) 71FHs AEle ARl I A
% S e st

A7ARe] Aol wt

o=

oHd § O

1 -
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[ Center Climate Database ] [ User Level - Climate data ]
‘Weather Database Project Directory
Directory (User directory)

L]
CMIPS5 Scenarios I Boundary Information I | Observed climate data | Downscale climate data
(Future Climate Change data)) (downscaling models)

Country level: SQM-O0BS, SQM-Scenarios
User’s Interested country ete.

() Solar data ?

Seasonal Forecast Downscaled Seasonal Forecast
Climate data Climate data

(downscaling models)

(I

Sub-Seasonal Forecast Downscaled Sub-Seasonal
Climate data Forecast Climate data

(downscaling models)

Blended Seasonal & 525
Forecast Climate data
(blending methods)

Figure 22. OJ2 7|t AL2|R M=0| PR K=/t ZSE0 UX| 252 0 Oie F7H21 Z2qA 2

334.2 Tyt E= 29| Al =+

DSSAT ++& Folle 23] xotd 7 EEds $E2 4= 949t &
=4, T ASEE 75 T B0 dot 3=

52 e oM T AR AR WA =9 4= QU o]} o] AER Y
WAEC] A= e 520 wt 4] 4 JHTS E9T &
olgfgt £ HH= & text FEHIF 27| A== Aul S50 wt
ALAE EASHAL sk W= A Besta Ald3tshes gE0] BRsith &2
Ao A= 2ET) Aglo] FAA 2K potential yield)2t 73] U AB2F Ad<57]9]
s AFA7E ok R ClE S9, A8 V15 BYE Z2 AlEgolAd A=E
@, A%) 5ol tiet JHE FH AERY Aol oA AE FAHE AeE
o] ==t

)
+
L
i
iﬂ-‘,



[User Level - Analyzing & Re-arranging of Crop Model Simulation Results]

Project Directory
~ continued...

Results of crop model
simulation
(LOUT files)

Complier (.exe)

‘ Yield ‘

PlantGrowth ‘

Graphs

Figure 23. M8Xt B4 2204 Zi BES 98 /e
34 AIMS 12t I #7718 MH|A JHE

3.4.1 AIMS 13}

2 AtollA= 1RPA o] A AIMSe} Blwsto] M2 AREAL QIE|H o] AR AlE
Al Ao 2 Pt FAE F5 AT o]AE ST RS EE 7]
29| B3 FHIE G5 E= WE ReduxE D<o, 71 6099709 Reducers
40 AANZ st A5 T AFeH, B FE 9] Reducers 7I5EE F0
A sl f@A FEsiAaL, 71Eo AMgskaL " Thunk HlEHIE BiAISHL
Redux-Saga HE9ol= ARt =X 24l AnE0] JA HF| 77k AZE 0]
TZ2E sk AREAL delA ] AL Tt A

¢

=

AIMS A4 ZEAE Fele] Mely A 71E AMSHE A8z0E BYus naa
E5o] GUIIIA Hof A e AERI Joldte] ole] LAES PYol 3 B
of ojeigo] glglom, mAE ETS ol Ei WA A AMSe] A SAISIAch

i)
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mhA AIMSE &9l BaEe Z2HE EGE ARAP HIZ Q146 ofF d &t 0]
5 ¥ Az AIMSOlA TE7t 7HstE S 752 AT AR AIMSOlA =
Fig. 240]412} Zo] Z2AE 1US 44| Export Sl BHA] Import & 4= UES 7HA
stozn S8 Z2AEo| tig] Z2AE ntdo] YHH GAQF 2 TFE T

=
=
Web2

2

FTE AT 5 A== F5I3h o= ZEAHE Export 75 &9 AIMS-W.
2r ZZAES EAR £ 9SS oulsith

==

AFCL infwgrains Hrtekeg Savbon

Packags Informatan

rerough

Agroubug end and 0 carsenvation
Agreuium. laclile

WA ARGt N

Wt flood s

Wlar: quity

Fivasmy: spocies chasge
Farasiry: Foreal products ik and ity

Fosgsry dsssse
Dicmas asd Finhery. sem vel rie and coavial i,

s e i TN

Cimis andl Fiitvary. madbeaton

Figure 24, T2ME A Export /s

Python® & AFEE= BE0] &S £ I E AIMS AIAE] 7155 7JA: 712 AIMSolA =

R o] 7[Ht 72 & A& + A=F T #oF 5 ARES NTsHded, FF
NE 715 & B2E°] Python doj= TE X 739 AIMSOIA A% 48 53
ARESE7] /151 Python @AVGE aL=fsiitt. A2 AAIst &< Pythono = 7l

sto] AAlslE A&olA AxFE ANt 71550] 7129 R 718 rSQMe] F7FEo] wEhA]
£ AFoA= 70 ADSSEHE] CMIP5 ARE =2t HE JAVA 7]4tke] m
Python H7|A& 73t & AIMS?IY] A5S E3iA 7|2 RES NEsiqich

AR AA 3178 4(Climate Extreme Indices)E I8 20179 % 782 £35S

AL WE & Astd A=rg 7Ntz ARA A SV SR eE Altshe A



gt 87E Fig. 25 9 Fig. 260042t 2ol Rtgsith. ARgARs Ade] Am=fH

2o A= 2770 S1$Ae] FUHes A =E2Y o RS Vs FU)

.

o

LK APCC Imegrated Wodeing Schmon

Project Mama

Climuria Changs {Ocicba: 18, 2098

Descrigtion

Fackage Infarmation

¥

Evalisaton: Spatial Reproducibdity

+

‘Waeight Facior and Lincerainty jor GOMs

B index1.R

index1.R ; No Selection

function(index, tmax, tmin, tavg, prec) {

return(@)
}

Figure 26. ARZAt QIE
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A8 71398} ISt e Hok M 913 A= 7k A8 A FA10) Y| st
ALkele. pAske] Ade A8 AL AISHE AR ol8ste] A gttt s B0
2RE A2t 71 AMSE BelE EE meeky X 2o HelA B glgolA
£ ASAVE Aze mRAES A4k A9 R ZkERA Fig 279049 Zo] 48
BA(Hohg MY 4 YEE o] A skt K g ok Fu 7|55} 4
STh 532 Sfaf TR Y| FuskaA Ao Boks Aole 77 Bokz AL,
Fopaz 4071 Brhy HUHL ANIRES F71H0E TSI AMSE B9
KA B Foll ALgAIEC] Aldieks Aguok HRst A48 Bad] 71 S8t
seteto] MEjsle 397|515 i AIMS-Webol Aol 517 9% o124 2 574

¢

BAS Eg) ok B4 98 A3t 715 w-Z(Climate Exposure) AR 71EX]
A% SOl 82 4 AUk

@ APCC Integrated Meodeling Solution = [} x
File Help

- data in Korea for 2018- -

Package Information
What is the objective of this project?

Agriculture: crop yield and quality Name: Climate Change

Agriculture: disease Version: 1.0

Agriculture: livestock Dependencies:

i 142
Agriculture: land and soil conservation RIEEES
rdrought 014
Agriculiure: facilities
rSDQDM 1]
Water: drought risk SQM 1.3.15
Water: flood risk rBCSA 014

Water: quality
Forestry: species change

Foresy forest producs ik and sty

Forestry: disease

Ocean and Fishery: sea level rise and coastal risk Upload to AIMS Web

Ocean and Fishery: temperature Go to AIMS Web
Ocean and Fishery: acidification
_| Health: heat and cold wave

Health: respiratory Reset Workflow Status

Health: disease

Reset All Setti
ceseysem: and ==

Ecosystem: water

Ecosystem: foresiry
Import CLIPs

Disaster
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Installation

= On AIMS website, you can download AIMS program for your Operating System (Windows OS and

same on both Windows OS and Mac OS.
lished, AIMS will auto-run and AIMS desktop icon will be created.
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Key Value Type
v[31(1) {id : 5bc81df05926dd0045c2bec13} {8 fields } Document
[25] _id 5be81df05926dd0045¢c2be13 Objectld
[id wQUv9-dG2 String
[25]_uid 5be5704a256449001c9388b1 Objectld
[ name Climate Change (October 16, 2018) String
[Idescription null Null
¥ [3] param {21 fields } Object
> [[1]sources [ 1 elements ] Array
sourceRegionCode KR String
sourceRegionPathName cmip5_daily_KR String
¥ [[1levalVariables [ 3 elements ] Array
» [[1levalPeriod [ 1 elements ] Array
» [[1ldownscaleGCMs [ 1 elements ] Array
¥ [[1 downscaleScenarios [ 1 elements ] Array
» [T downscaleVariables [ 3 elements ] Array
¥ [[1]downscalePeriodObserved [ 1 elements ] Array
» [[1]downscalePeriodHistorical [ 1 elements ] Array
¥ [[1]downscalePeriodFutures [ 3 elements ] Array
> [[1]downscaleMethods [ 1 elements ] Array
» [[1rawGCMAnalysisVariables [ 2 elements ] Array
> [ ccIndexCalcGCMs [ 1 elements ] Array
[[IlecCustomindices [ O elements ] Array
» [[IlweightFactorAndUncertaintyindices [ 1 elements ] Array
[ weightFactorAndUncertaintyDownsc... sgm String
[T droughtindexGCMs [ O elements ] Array
¥ 1] droughtindexPeriod [ 1 elements ] Array
¥ 1] droughtindexDownscaleMethod [ 1 elements ] Array
[T objectives [ O elements ] Array
¥ [[1]locations [ 3 elements ] Array
Pk [locationCode {1 fields } Object
»[23](2) {lid : 5bc832a276f03800d4689af0} {9 fields } Document
»[22](3) {id : 5bc878939879e302a5948ebf} {10 fields } Document
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Table 29. AKE Global Climate Models (GCMs) A3

Variables of Historical

Resolution & RCP4.5 & RCP8.5

No GCMs (degres) Institution

PR TX TNWD SR RH
1 BCC-CSM1-1 2.813%x2.791 Beijing Climate Center, China O O0OO0OO0OO0O0
2 BCC-CSM1-1-m  1.125x1.122 Meteorological Administration OO0 0
3 CanESM2  2813x2791 Cenadan Lentre ff\’rr]alcy”sri'fte Modelling o 5 6 0 0 0
4 CCsm4 1.250 x 0.942 O O O
5  CESMI-BGC  1250x0gap  atonal Center for Amospheric oy
6  CESM1-CAM5  1.250x0.942 O O O
/ CMCC-CM 0.750x0.748  Centro Euro-Mediterraneo per | O O O
8 CMCC-CMS 1.875 % 1.865 Cambiamenti Climatici OO0 0
9 CNRMFCM5  1406x1401  Centre ’,\“Aftiggfglggeiqﬁz‘;hemhes 000

Commonwealth _Scientiﬂp and Indusf[rial
10 CIROUGE0 187517 o Sncsion n alsorien g
Centre of Excellence
LASG, Institute of Atmospheric Physics,
1" FGOALS-g2 2.8125x3 Chinese Academy of Sciences; and O O O
CESS, Tsinghua University

12 FGOAS<2  2813x1689 UV TR OO S 0 0 0
13 GFDL-CM3 25x%x2 O O O
14 GFDL-ESM2G ~ 2.500x 2.023 Geophysical Fluid Dynamics Laboratory O O O O
15 GFDL-ESM2M  2.500x 2.023 OO0 O0OO0OO0O0
16 HadGEM2-AO  1.875x1.250 O O O
17  HadGEM2-CC  1.875x1.250 Met Office Hadley Centre OO O0OO0OO0O0
18 HadGEM2-ES  1.875x1.250 OO0 O0OO0OO0OO0
19 INM-C\M4 2.000x1.500 Institute for Numerical Mathematcs O O O O O O
20 IPSL-CMBA-LR  3.750 x 1.895 OO0 O0OO0OO0O0
21 IPSL-CMBA-MR  2.500 x 1.268 Institut Pierre-Simon Laplace O O O
22 IPSL-CMBB-LR  3.750x 1.895 O O O
23 MIROC-ESM-CHEM 2.813x2.791 Japan Agency for Marine—Earth Science © O O O O O
U ROCEM  2eisxam F T Aostee 00 0 6 0 0 o
25 MIROCS 1.406 x 1.401 for Environmental Studies O O O
26 MPI-ESM-LR  1.875x1.865 Max Planck Institute for Meteorology © © O
27  MPI-ESM-MR  1.875x1.865 (MPI-M) O O O
28 MRI-CGCM3 1.1256%x1.122  Meteorological Research Institute O O O
29 NorESM1-M 2.500 x 1.895 Norwegian Climate Centre O O O
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Table 30. &Alet M 718 SHISHFAASOS) 2IAE
He #=E4ID #EHY =9 38 #Hs A D TREE =9 338
1 90 &5 38° 15" 128° 33" | 31 202 4E 37°29° 127° 29
2 100 e 37°40° 128°43 | 32 203 ory 37°15° 127° 29
3 101 &= 37° 64" 127° 44" | 33 21 21| 3803 128° 10°
4 105 48 37°45  128° 53" | 34 212 = 37° 41 127° 52
5 108 Mz 37° 34 126° 57" | 35 22 M 37°°09°  128° 11
6 112 21 37°°28  126° 37" | 36 226 2 36° 29" 127° 44
7 114 == 37°200 127° 56" | 37 232 et 36° 46" 127° 07
8 119 +H 37°16°  126° 59" | 38 235 = 36° 19" 126° 33°
9 127 F 36° 58" 127° 57" | 39 236 S04 36° 16" 126° 55’
10 129 At 36° 46" 126° 29" | 40 238 =t 36° 06 127° 28
1 130 =0 36° 659" 129° 24" | 41 243 ot 35° 43" 126° 42
12 131 = 36° 38 127°26° | 42 244 2 35°36° 127° 17
13 133 CHH 36° 22" 127°22° | 43 245 = 35° 33" 126° 51°
14 135 38 36° 13 127°59 | 44 247 = 35° 24" 127° 19
15 138 et 36° 01 129° 227 | 45 256 Ena] 3B° 04 127° 14
16 140 et 36° 000 126° 45" | 46 260 g 34° 41 126° 55°
17 143 CH 35° 63" 128° 37 | 47 261 ofied 34° 33 126° 34
18 146 s 35°49° 127° 09" | 48 262 k=3 34° 37 127°16°
19 152 = 35° 33 129°19° | 49 272 I 36° 62" 128° 31
20 156 &5 35° 10" 126° 53" | 50 273 =4 36° 377 128° 08
21 159 St 35° 060 129° 01" | 51 277 g4 36° 317 129° 24
22 162 5% 34° 6500 128° 26" | 52 278 oK 36° 217 128° 41
23 165 =B 34° 49 126° 22 | 53 279 el 36° 07 128° 19
24 168 = 34° 44 127° 44| B4 281 Rl 35° B8 128° 57
25 170 s 34° 23 126° 42" | 55 284 e 35° 400 127° 54
26 184 M 33300 126° 31" | 56 285 2l 35° 33 128° 10°
27 188 gt 33° 23 126° 52" | 57 288 £ 35°29° 128 44
28 189 MHE 33147 126° 33 | B8 289 esy 35° 24" 127° 52
29 192 s 35° 09" 128° 02" | 59 294 A 34° 63" 128° 36°
30 201 4zt 37742 126° 26" | 60 295 ol 34° 48" 127° 55




m

Precipitation

O

o]

O

3000~

2000~

1000~

3. zZm g ux, 81

O I=4AE ¢ #=3F GCM Atel9] HolE Empirical Quantile Mapping 71
S ARgSte] 30d 715 B Ex(distribution)® SAlo] ®ASH= Simple
Quantile Mapping(SQM) AAs}t 71H &

QEAA 7|4 A doil R & o83 AAIE H71A(:SQM) 7Hd E The Com
prehensive R Archive Network(CRAN)o 55(rSQM ®=: https://cran.
r-project.org/web/packages/rSQM/index.html)

ARAF 2ol AAIsE ZEQ] APCC Integrated Modeling Solution(AIMS)]l
rSQM 2AE B3t 297) GCMol| tigt “dAl1ek Ak AJAHAIMS B3 https://aims.
apcc2l.org/)

# 71%Hst AR

T

GCM average(range) Precipitation change

1976 2005 2009
Year

RcpScenarios . Historical . rep45 . rcp85

Figure 42, 7|2#et ALR2|Q0] M2 ST 6071 H#54 Bt Hg+d HY



82 | APCC 7H0IE % 7I8%st A2l SHX Aist ZHZ i ||

B00-

400

Precipitation

200=

Precipitation

600 =

400

200

4 5 & 1 8B 8 W 11 12
Manth

[*8
w

Categori ~ Historical =~ OBS

(@) 27 XY Eot

ha=

Manth

Categori — Historical —— ropds — rop8S
(c) BZI0j2H: 2040~2069

Figure 43. 7[2H#e} AlLt2|Q0 ME

3 4 5 8 7 B 2 10 1 12

G00 =
400
§
2
a
8
a
200-
o
1 2 3 A 3 8 ; é é Ib IH Ib
Month
Categori ~— Hstorical == ropd5 ~ repah
(b) 20[24: 2010~2039
600 =
400-
§
2
‘a
8
a
200
0-

Manth

Categori ~ Historical ~— ropd5 ~ rep5
(d) TOj2H: 2070~2099

ST GO7H HEA W S ZbAZr FMo



Maximum Temperature

15-

GCM average(range) Maximum Temperature change

' '
1976 2005 2099

Year
RcpScenarios . Historical . repd5 . rcp85
Figure 44. 7|23t ALI2|Q0] ME ST 607 254 B 21072 MY

a0 a0-

30- 01
2 2
2 2
: :
a a
£ £
e Qe
£ 20- £ 20-
2 £
] ]
@ 3
= =

10+ 10-

iz 3 4 & & F 8 8§ M0 11 12 1 2 3 4 & & T B 9§ W 1 12
Month Maonth
Categori ~ Historical —— 085 Categori — Histoncal — ropdS —— ropss

(@) I iierd 7t (b) 202 2010~2039



84 | APCC 7H0IE % 7I8%st A2l SHX Aist SHZ i ||

a0 - an-
g g
g g
§ g
[= =
£ 20- E 20-
g g
H B
= =
10+ 10-
i 2 3 4 5 & 7 & 8 10 1 12 1 2 3 4 5§ & T B 8 10 N1 12
Month Month
Categori — Hstorical == rcpds - repss Categori — Historical —— rop45 — rcp8S
(c) 71012k 2040~2069 (d) HOf2: 2070~2099
Figure 45. 7|23t AILIZ|Q0] M2 SHIT 6078 254 Bt 2 |2 MY
O FA2=
GCM average(range) Minimum Temperature change
15-
<4
g
£
()
°
£
&=
£
5
= 10-
5- 1 1
1976 2005 2099

Year

RcpScenarios . Historical . rcpd5 . rcp85

Figure 46. 7|28st ALZ|Q0 M2 SHIE 607 =54 Tt 2AVI2 MY



20- 20
® e
2 =
8 @
2 2
E E
& &
= =
E 10- E 10-
E E
£ E
= =

0- 0

2 3 4 5 6 7 & @ 10 11 12 12 3 4 5 6 7 & 8 f0 11 12
Menth Month
Categoni Historical 0BS Categori Historieal = ropds repBS
(a) T Tpers ot (b) 20[2: 2010~2039

30 30
® : 20
E] 5
g 8
a @
£ g
= =
é 10 E 10-
£ £
= =

I 0
2 3 4 5 6 7 & 8 10 1 12 12 3 4 5 6 7 & @8 0 11 12
Month Month
Categori Higorical = ropds repas Categori Histarical  ~— rcpas repls
(c) S7I2H: 2040~2069 (d) ¢aj2f: 2070~2099

Figure 47. 7|2Hs} ALIZ|Q0] [ME ST 6071 HEA B EE zAP|= MY
0 2 A
O A= A4
- ofe} 7|FAHRARA D AT (APEC 7]5AIE)
0 =7t 715st 12 Auee 28 8%
O 744 W} 71FEE BE AUl B8

- 7183 A4+ GCM A=E<Ql HadGEM-AO AW &S SQM AMsh 98 =
Y]

gl
ok



86 | APCC 7H0iE % 7I5%st AlLIQ SAX Aiet SHE L ||

O A1H Ayl &8 d%
- s olE2FAF T g AA] Y8 AR digt
2(2014~20164)

- Aeberg el 715Hslel] mE v sdugedd 4 Het

T501E2TAL 20134)

- 7|15Rse] mE 574
2%, 20174¥)

FERE LR ©

] 38 HyA 9 =8

O Mg A= A 71 B9 Hax 9 =7
- AAE 719 A HaA
No. S9N M= EEo| Wi LHE M
ZME, 2013, SRAES 185t SYUE M9 7| = At 7| D2EER
1 s o8 W), APECT IBAE APEC7IRAIE 2013 St o1 xyg
I MRl R LRl OFFS, 2017. APCC = =
2 | HEOIE U 7iss) AILRIQ SAN AMEl SE ) | APEC TISHE | 2017 ;ﬁg“ﬁfﬂ < AIMS 2
2 APEC 7[SAES S
- AR 7T A =2
=
No. =2 e TS
Cho, J., G. Ko, K. Kim, and C. Oh. 2016. Climate change i
1 impacts on agricultural drought with consideration of SCIE AMlet 71 7t ATK
uncertainty in CMIP5 scenarios. Irrigation and Drainage. DOI: Y =g
10.1002/ird.2035
AL MR A 02, 4Rl 0S|, 2018a. 7IRHet M35 A} =2
2 | 9t NEX Zhlol 7MUY Pl o METRIEROIL B RS | HisCl | Gt T (OO
sk [EHeRIRX] 9, 1-12. =
R A 7 K| . .
Quantile Mapping: gliaprlt',ljel l\/lappmgj %
3 | https://cran.r-project.org/web/packages/gmap/index.html 7|Et ;Eﬁlaaﬁgéﬁ I'g
rSQM: : e
. . OZMA
https://cran.r-project.org/web/packages/rSQM/index.html i




O Agt A= &8 o= HiA 9 =1
- B8 HiA
- 3 Xat A2
No. ERTEE ey | 55| i
SIS 7S sl o PIZCTIE Tyl
AIMS 71045 oie HAK|O| 7S5 oiat _ TS, s
1 fjf‘ﬁ Rl 58S R TR B2 ppc sigmiEl| 2013 | 2011~2040) EPRR, B2
e ST, YA
. 282 F|IR
MRt Hefed S 24 2 SPHRQER TR | - = -
o = On_l‘ [=) ‘?E'TI_A ~ —J‘EI78 nj—ﬁ
s = oum PIZCTIE Tyl
7 [BHE0] M2 =R E5t GBI} AR I | _ _ oTS, B/
3 | gy e SR SRERIIEA sasoamn | 201 2011200 Pl B4
= ST, YA
7@ M2 SZK| YERE MEiEAL 2 &t [ a2y 22,
- 3 1=
= 0 11
No. == de A RCP| XY 7zt A8
Cho, J., G. Ko, K. Kim, and C. Oh. 2016. Climate
change impacts on agricultural drought with ~ U IR,
1 consideration of uncertainty in CMIP5 scenarios. RCPA.5 1 2013~2099 ZX7 =
Irrigation and Drainage. DOI: 10.1002/ird.2035
Cho, J., C. Oh, J. Choi, and Y, Cho. 2016. Climate
) change impacts on agricultural non-point source | RCP4.5 2011~2099 g VIR,
pollution with consideration of uncertainty in CMIP5. | RCP8.5 ZX{7 |2
Irrigation and Drainage. DOI: 10.1002/ird.2036
Rhee, J., J. Cho. 2015. Future changes in drought
characteristics: Regional analysis for South Korea under _ JtABE
3 CMIP5 projections. Journal of Hydrometeorology. doi: RCP8.5 | 2016~2099 ere
10.1175/JHM-D-15-0027.1
Kim, KH., J. Cho. 2015. Predicting potential
epidemics of rice diseases in Korea using multi-model RCPAS
4 | ensembles for assessment of climate change impacts RCP 8.5 2011~2099 g
with uncertainty information. Climate Change, DOI '
10.1007/510584-015-1503-2
Kim, K. H., J. Cho, Y.H. Lee, and W.S. Lee., 2015.04.
Predicting potential epidemics of rice leaf blast and
sheath blight in South Korea under the RCP 4.5 and Z1712,
5 RCP 8.5 climate change scenarios using a rice disease RCPA.5 12016~2045 2y 2, 245
epidemiology model, EPIRICE. Agricultural and Forest
Meteorology 203: 191-207
Kim, C.G,, Cho, J., Kim, N.W.,, 2018. Assessing azr 2T7IR
hydrologic impact of climate change in Jeju Island _ ‘2:';{3 o
6 using multiple GCMs and watershed modeling. 2= RCPB.5 | 2010~2099 al lé;ljofEHTgE
Xgsslel =27 51, 11-18. <




88 | APCC HzoiE ¥

7[RtHet AUEIR A HMieh SSHE WY

O A JPA+

A SR P PR TR B EE T

2017.09.28. ~ 29., APEC 7|ZAlE

No. =2 A Ng RCP| R 7RI | Algu
424 T SRR TS HARL 2018 SBIBR
7 | (EDI) B Olgét Bk 0Py 712 £ T, s sweise | [COMS 0010~2100  24%
9, 31-45 '
2% ol Ze FRE 2016, 715HE0 T2 2 719)
22 S0 TN | HST} R0 Ot SR B 7 RCPAS o or ool e oo
8 FAMXEE SHOZ Korean J. Agric. For. Meteorol. 18, | RCP8.5 2021~2040 k2, 2RPE
42-54
o | RiE, A 2018, GOM & MBI K K8 TBBE | RCPAS |y, ool 248, AR,
S50 S0kt 7 |BMeL O3 W) oY |SHERIEN| 9, 47-58 | RCPB5 spie
s, 220, U8 N 2015 JEEN SARE HES | 2zl
10 | 7l 2 SN HEoEel Bay sl | DS 2011~2100 Hle. B4,
=27 57, 1-13 : Uiy, AT
_ _ ZiA2F X171
11 | S, E, 01T, HOR, 2017, CMIPS GCMs 2 58 | RCPAS o110 oo Shbie i
a0 T2 92l e TRERaie Bt 55742 23, 163-168, | RCPB5 St St
Atz 2001, OfEiet ZTF, 2017, A SNl SRE
12| 7jepl 2 0P FARS 2K 1 oReel =2 17, TSS o011~2100) 24w
365-367. '
472, 7Y, 2015, CMIP5 GOMs o 2 O 31 Fpt
13| 4 BEN T 9l LT SRATINNE 2T 48, 817- oo 2011~2040) 24
830. '
] ZIABE E[T1T|R
;| BUE T, 2001 2014, RCPs ALIIS XIS 0188 H| | RCPAS |+ i e
O A 2 oM CHoE=SIRl=EE 34, 1125-1138. | RCP8.5 oINEE AHRAL
e, A
BR2, I, 0128 2016, MMSHE CMIPS 7wriel 2zl
16 | DEEUME ERO0CRE 527 2Kk Bt Korean J. Agric. RCpg 5 2011~2040 12, 24,
For. Meteorol. 17, 108-125. ' LN S
T, B FHU SIS 20180, AR EA| 7[vist st A
16 | ALRIS Mgt 7l T o Sl Sig. iz o, 0D g01~omm0| ST S
13-29. ' -
DY gM2 TR 4R U 2015 SWAT BRI U4z Bl
17| CMIP5 X128 ojgat 7jsuiepl W soig M| Zisetet | FCOED 0110040 ENPIR, 24
Ot W} B BeE=TE] 57, 1) : Uifes, MRS
Eeer, el TWE, o185, 25%, 421, 2018, 2=fkds RCPAS Uy FHW|R,
18 | Mgt =t SRS 7|etel 05 B o ISURRIRKI 0, | DO 0D 2011~2100 iR B4,
143-156, : Uifes, MRS
mpE

‘HISE 1,

(http://www.ecomedia.co.kr/news/newsview.php?ncode=1065587527125620)



REFERENCES |

REFERENCES

CORDEX: http://mwww.cordex.org
CORDEX East Asia: https://cordex—ea.climate.go.kr
CORDEX South Asia: http://cccr.tropmet.res.in/home/cordexsa_about.jsp

Deutsch, C. V. and Journel, A. G.: GSLIB, geostatistical software library and user's guide,
second edition, Oxford Univ. Press, New York, 139-148, 1998.

Dobler, A., and B. Ahrens (2008) Precipitation by a regional climate model and bias correction
in Europe and South Asia, Meteorol. Z., 17, 499-509.

Dufresne, J. L. and Coauthors (2013) Climate change projections using the IPSL-CM5 Earth
System Model: from CMIP3 to CMIP5. Clim Dyn (2013) 40:2123-2165. DOI
10.1007/s00382-012-1636~1

Dunne, J.P. and Coauthors (2012) GFDL's ESM2 Global Coupled Climate-Carbon Earth
System Models. Part I: Physical Formulation and Baseline Simulation Characteristics.
J. Clim, 25, 6646-6665.

Giorgi, F. and Coauthors (2012) RegCM4: model description and preliminary tests over
multiple CORDEX domains. Clim Res 52:7-29.

Giorgetta, M.A. and Coauthors (2013) Climate and carbon cycle changes from 1850 to 2100
in MPI-ESM simulations for the coupled model intercomparison project phase 5.
Journal of Advances in Modeling Earth Systems, 5, 572-597. doi:10.1002/jame.20038

Goovaerts, P.: Geostatistics for Natural Resources Evaluation, Oxford Univ. Press, New York,
pages 3-7, 27-36, 127-139, and 152-157, 1997.

Hazeleger, W. and Coauthors (2012) EC-Earth V2.2: description and validation of a new
seamless earth system prediction model. Clim Dyn, 39:2611-2629. DOl
10.1007/s00382-011-1228-5

McGregor, J. L., and M. R. Dix (2001) The CSIRO Conformal-Cubic Atmospheric GCM. IUTAM

Symposium on Advances in Mathematical Modelling of Atmosphere and Ocean
Dynamics, P. F. Hodnett, Ed., Kluwer: Dordrecht, 197-202.

Sabin, T. P. and Coauthors (2013) High resolution simulation of the South Asian monsoon
using a variable resolution global climate model. Clim Dyn 41:173-194. DOl
10.1007/s00382-012-1658-8.

Samuelsson, P. and Coauthors (2011) The Rossby Centre regional climate model RCA3:



1 APCC AEHE H 7|2tHet AURIR S Mgt

HE N

2 |l

Model description and performance. Tellus, 63A, 4-23.

Taussky, O. and Todd, J.: Cholesky, Toeplitz and the triangular factorization of symmetric
matrices, Numer. Algorithms, 41, 197-202, 2006.



22, 01

1.1 SMEt A8XL B(Z2) BEZAL 2

A. Personal Information

1. What is your field of expertise or research?

19 responses

& Climate/Weather

@ Water

& Agriculture

® livestock systems

@ Economics

@ Climate/Weather\Water

ClimatefVeather
11 (57.9%)

-y

2. How long have you worked in this field? (Years)

19 responses

® 0~3years
® 4-6years
O 6~8years
® 10~12years
® 13~15years
® 16~13 years

@ | m a student currently pursuing my
masters course.

3. What is your organization?

19 responses

@ nNational government

@ Local government

) Other public agency or institution
@ Academic institute

@ Frivate sector

@ NGO

@ National University

@ Kyungpook Mational University
@ NGO
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B. Performance Results

4. How did you find out about the training program?

9 responses

APCC website (apcc2i.org) 10 (52.6%)
Other website

APCC newsletter or email
Social media (Facebook,
twitter)

Colleague/coworker
Previous paricipantto APCC
event (APE...

Partner agency

1. (Individual) Has the training helped enhance your own skills and
knowledge?

9 responses

20
15

10

0 [Dl%} 0 [Dl%} 0 (0%)

2. (Individual) Before the start of the training program, how much did
you understand about the concept of statistical downscaling?

9 responses

4 (21.1%)



22,03

3. (Individual) After the end of the training program, how much do you
understand about the concept of statistical downscaling?

10.0
7.5
5.0
25
0 (0%} 0 (0%} 0(0%)
00 l l |
1 2 3

4. (Individual) Are you confident in using the skills learned during the
training program independently?

19 responses

10.0
75
5.0
25
0 (0% 0(0%

e (| } 1{5
0.0

1 2 3

5. (Individual) How much has this program contributed to building your
future research plans?

15

10

0 (Dl%} 0 (0%)
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6. (Work) How likely are you to use what you have learned through this
program when you return to your country?
19 responses
15

10

0(0%)
0 I

0 ([f%}
1

19 responses

7. (National policy) How relevant were the contents of the program to

your country's social, economic, or technical needs?
15

10

0 (0%)
0 |

19 responses

8. Which category was more relevant to your work?

& Climate change scenario
@ Seasonal prediction




9. How will you use the statistical downscaling skills learned this week in your
home country?

Sponses

| will to apply on agricultural and drought risks for crops yield

Apply all stations to the obsn data and analyze result after processing using AIMS
i will use to my postgraduate research

The concept of statistical downscaling

use climate variables to explain economic, famers' adaptation behavior, help the provincial and
national governments with interdisciplinary research and dicision making

Building project in Hydrology and Oceangraphy
Sharing the learn to others to develop projects

Firstly, | will work to sharpen my skills in R and then re run the AIMS. | will share the knowledge
| learned here with my colleagues.

Rerun all the steps and check details when input my home country's data. Using and explain the
result as a reference of our forecast work. Try to give the public the better announce and forecast.

using statistical downscaling to fulfill the unmeasured part (foreign part) of trans—boundary river
basins and Downscaling climate change scenarios for calculate future precipitation for flood
modeling.

| WILL WORKS WITH MY TEAM DEVELPMENT IN MEXICO, AND FIX THE DATA BASE MEXICO
FOR REALIZE THE PROCESS OF DOWNSCALING.

Comparison with produced statistically downscaled projections in the Philippines
Applying the data from the statistical downscaling method for the assessment of water quality
Warning drought under climate change for Central Highland of Vietnam

Building a warning map for water shortages and drought on South Central of Vietnam replying
seasonal forecast

| will try to redo all the skill that been delivered during the training using my country observation
data and do the projections relate to agricultural sector with relevant climate indices

The first thing | will do, is keep working on generating basic climate change information using MME
under both scenarios RCP4.5 and RCP8.5, then produce climate change index exposure, and utilize
EDI for drought assessment in Indonesia.

| will try to use the statistical downscaling with our data on specific sector
| think will do some studies on the impacts of the climate change in the agriculture in my country

Main to improve the quality of our long range forecast and use the knowledge to develop in
Agrometeorology field.
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10. Other comments on performance

Thank you very much for these opportunity joining this program on SD for CC projections
Thank you

Its a enjoyable training/workshop programme

Very helpful and meticulous instructors

No

IT WAS A GREAT PROGRAM TRAINNING BECAUSE HELP ME TO UNDERSTAND OF BETTER
FORM THE DEFINITIONS, CONCEPTS AND MAKE IT THE PROCESS TO OBTAIN RESULTS ABOUT
THE CLIMATE CHANGE.

The lecturers made the complex topic easy to understand.

Thank you for having us to enjoy this training. The hospitality, caring and knowledge sharing are
precious. We hope the development of AIMS will go smoothly and APCC can continuously doing
the training in many aspect of climate and weather to build the capacity of giving information to
many people. Thank you for the hard work for teaching us, we surely will applied it to our work.

The performance of the result training is really great. | will keep working on the program such as
AIMS and Drought.

it is a very helpful and much knowledge | gathered during the training. The training also organized
very well. | really appreciate it.

| would like that APCC can be able to support for this studies

It is a best thing that the the lecturer came to take care us one by one but according to the time
of the course | suggest it should have some assistance to help participants in the class especially
programming class like this.
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C. Program Contents

1. Collectively, how relevant were the topics to the theme of this training

program?
19 responses
15
10
5
0 (0%) 0(0%) 0{0%)
A | | |
1 2 3

2. What was the level of the lectures?

10,0
75
50
25
0(0%) 0 (0%)
0.0 | I
1 2

More theoretical lectures
More hands-on practice
sessions
More Q&A

15 (83.3%)

More topics
The pace ofthe course is quite
fastso...

More times
Alittle bit more days in the
COUTSE pe...

0 5 10 15
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4. Which lecture topics were most helpful for you?
The downscaling process and the use of AIMS
Statistical Downscaling of GCM
Hans on R script
Bias correction
the downscaling using AIMS
using rQC
hands on AIMS
Quality control of observed data
Application of climate climate scenario data on water resources
Application of gridded data for unmeasured basins
theoretical lectures
Statistical Downscaling and hands—on exercises
DOWSCALING, SEASONAL FORECAST AND USE OF AMS
EDI, Quality control of data, AIMS
statistical downscaling, seasonal forecast, non—point source pollution
Using AIMS
The downscaling of GCM, the CC scenarios and application to sectors
statistical downscaling using MME within AIMS and the quality control data within R package

the quality control of data, how to downscale the GCMs using climate change scenarios, the
application of drought analyses

5. Which topics would have been more helpful for the downscaling training
program? Do you have any suggestions for future topics to be covered during
the training program?

o responses

The guidelines of AIMS

To include the SC Prediction hands on
seasonal forecast and climate projection
Bias correction

downscaling that link with economic and social research



More lecture about rQC

The AIMS and | would like hands on for seasonal forecast

Seasonal forecast downscaling will be more helpful.

More meaning of the result of each figs.

HOW TO ORDER THE DATA BASE A LITTLE METODOLOGY.
Downscaling of seasonal forecasts using weather generator or rSForecast
the AIMS model

Using AIMS

Bias correction practice / hands on of the GCM

Utilization of statistical downscaling in flood risk

the use of AIMS to downscale the GCMs data. it is a very user-oriented program that user can
be used on each country. The improvement of AIMS with many application to impacts of climate
change for sectors will be very valuable for users.

Maybe, the quality control of the database.

Calculation part

6. Comments on program contents
Thank you very much
very good
Nice
No
he pace of the course is quite fast so please give us more time.
IT WAS REALLY MAGNIFICIENT.

Nicely paced. It is not too rushed nor to slow. | got to learn at a nice speed which allowed for
understanding of the concepts behind what was being done, and at the same time apply the
learnings during hands—on exercises.

Need more time for hands — on practice sessions

The contents of the programs have been fulfill my expectation.

every contents were really helpful and encourage me to know more and deeply.
It is a very relevant topics with my objection to follow this training

The program was ok, but for the importance of the topics i believe that the time was very short.
The topics on the seasonal forecast were very general

All the contents are useful and really helpful to my work.
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D. Program Environment

=13

Elll

19 responses

1. How satisfied were you with the classrooms and training equipment
provided for the program?

20

15

10
5
0 (Ul%} 0 (Ell%} 0 (Ul%} 0 (Ul%}
0
1 2 3 4 5
2. How satisfied were you with the accommodation facilities?
19 responses
20
18 (94.7%)
15
10
5
0 (0%) 0 (0%) 0(0%) 1.65.3%)
: | | |
1 2 3

19 responses

3. How supportive was the staff during the program?
20

15

10




4. How satisfied were you with the food during the program?

9 responses

15 16 (84.2%)

5. Comments on program environment (accommodation, food, laptops etc.)

4 responses

The training venue is conducive for learning

| very satisfied

excellent logistics, especially tedious visa application. Mr. Kang is very helpful and in time.
No.

Every thing is so good and kindness. Thanks for preparing so many for us.

Please save the paper by just sending us electronic version off evaluation form of each lesson.
Please save our earth by reducing one—used plastics of lunch boxes or water bottles.

ALL IT WAS GREAT, THANL YOU VERY MUCH TO APCC.

Mr. Daein Kang and Mr. Jioh Jung were very responsive, professional and accommodating. The
laptops run fast. The D drive was very helpful. The lecture hall projects sound well. The food was
tasty and diverse. It allowed us to taste different Korean foods even during lunch time. It was very
nice that they tried their best to accommodate the different food preferences of the participants.

The accommodation is very good. The food is sometimes spicy.

The internet on my laptop is not bad, but some of my running session during working with AIMS
took too long while others had been finished

Program environment was really great and excellent, | have a really pleasant hospitality from APCC.

| think | am very satisfied to the committee who organized this training very well. Accommodation
and other things are very good. | also appreciate your attention about halal food as | requested.
Thank you very much

The food was very hot spicy in some moments

There is no air conditioner in hotel, even in winter but | still need it sometime.
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19 responses

1. How easy was it to apply for the program?
sl 10 (52.6%)
7.5
50
25

0.0

program?

19 responses

2. How helpful was the travel information provided before the training
15

10

3. Did you find the lecture schedule conducive for learning? If you have
alternate suggestions, please elaborate below
19 responses

15

10

11 (57.9%)
0(0%)
1




4. Do you have any comments or suggestions regarding accommodation,
food, travel preparations, and logistics? Was there any missing information
that you would have liked to have prior to arriving?

None
it's very good
No

Please send us the guidelines for preparing data and how to correct popular mistakes and we can
save the time for fix errors when running AIMS and Rstudio.

EVERYTHING IT WAS INCREDIBLE, THANK YOU VERY MUCH APCC.

It might be nice to include the bus schedules in the information. Other than that, everything was
well included and well prepared. There was little time allowed to process the visa. As | took this
training on a personal basis, | could not leave the office to process my requirements, nor can |
use any annual leave. | can only work on the requirements after office hours. It is good thing that
Mr. Kang was very accommodating and made it easier by calling the embassy in the Philippines.

It have been managed very well. Thank you for your consideration to support us with halal food
in our flight schedule and during the training despite it is not easy to find the halal food in Busan.

Lecture schedule were conducive, and there was not any missing information that | would like to
have prior to arriving. everything was clear. Thank you Mr. Daein Kang, for helping me during the
preparations.

All so nice, thanks.
Everything was fine
All of these parts are perfect.

5. Comments on program administrative process

Thank you very much to the local organizing committee of APCC for this activity
very good

All the staff do it their work with passion

excellent

No

Thank you Dr.Cho, Mr.Kang, Jiho and for very welcoming supports.

EVERY THING ABOUT ADMINISTRATION ITS OKAY.

Well organized.

It's a little bit a rush for me since I've been confirmed to join in a small period of time before the
training.

administrative process was good.
No comment. It is a good process. No problem with the administrative process
The program was ok
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F. Overall Satisfaction

1. How likely are you to recommend the training program to your
colleagues

Fresponses

20
15

10

0 (Ul%} 0 (Ul%} 0(0%) 0(0%)

20
15

10

0 (Ul%} 0 (Ul%} 0(0%) Lo

3. What other themes or subjects would you like for APCC training programs
other than statistical downscaling?

dynamical downscaling

Seasonal forecast

Dynamical DS

application of downscaling to economic and social research
Need add information of GCM for Participant

Dynamical downscaling

No.

Seasonal Forecast.



How to apply climate change scenarios in separated selective issues (flood, drought or prediction, etc)

OSCILATION  MADEN-JULIAN, SEASONAL FORECASTING AND PREDICITIBILITY ABOUT
TROPICAL CYCLONES OR TYPHON.

Application of Climate information to Agriculture

climate model

| like statistical downscaling training program than other
The El Nino/La Nina impacts in CC Projections
dynamical downscaling

its application for specific purpose or sector

Seasonal forecast, downscaling dynamic

Modeling

4. Are there comments or suggestions for improvement or requests regarding
the program? Are there other comments on overall satisfaction?

4 responses

None
so far, | feel very satisfaction

Some theoretical parts might be difficult to understand. So more time should be dedicated to these
sections.

One week is very short. Maybe a couple of additional days would be better.

After final selection of participant, if they are informed to learn/make sure of some prior skills like
R programming would be great and enhance workability during hands—on-sessions. For me, | was
not familiar with R programming at 1st so everything was so messed up. But after 2 days, | gain
confidence. So i guess prior information will help to other participants too.

Very satisfied. ™

MAYBE A LITTLE MORE TIME (1-2 DAYS FOR FIX THE DATABA BASE OF EVERY COUNTRY, FOR
PASS THE NEXT LEVEL).

None.

About Seasonal Forecast, | hope you have more practice in the future.

We hope AIMS can be developed very well, so that we can fully use it to produce our information.
overall | was satisfied.

| am very satisfied to improve my knowledge about downscaling of climate change and its scenarios
with APCC

| would like the support the APCC for some studies that i want to do.
NO
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G. Future Collaboration with APCC

1. Would you be interested in receiving updates to the software used
during the training program?

® Yes
® Mo

2. What other areas from APCC'c expertise can help your organization? What
other areas can APCC cooperate with your organization?

Climate Services

To support PAGASA in Prediction and Projection both statistical and dynamical

APCC provided more information about real time climate seasonal forecast with high resolution
seasonal dynamical downscaling

Application of climate data in economic and social research. Trans boundary research cooperation
would be great. Higher level of training toward research paper for PhD candidates would be
interesting.

Oceanography

| am quite not sure about it for now.

SEASONAL FORECAST

Application of climate information to agriculture and water resources.
the homogenization of climate data

Training programs

We can collaborate on assessing vulnerability of CC in Indonesia maritime continent. And doing
some future projections for agricultural sector relate to food security in Indonesia.

climate modeling

| think we have several need information of climate change scenario on future for impact-based



information for sectors like agriculture, health, evapotranspiration, soil moisture, etc. it also need
to know more about the vulnerability assessment of climate change.

Hidrology, models for air pollution

Knowledge for software development for improve our climate forecasting.

3. Comments on future collaboration with APCC

2 responses

Looking forward for future collaboration with APCC and PAGASA relating to Climate Information.
| will write and publish paper with some researcher from APCC using AIMS Model
seasonal dynamical downscaling

It is a great opportunity to visit APCC, fantastic City of Busan, great and very helpful people in
APCC, especially Dr. Cho, Mr. Kang. Thank you so much !l

| hope APCC will develop

| hope hope to accomplish this work 1st and publish a research article. So | hope | will be looking
forward to collaborate with APCC expertise.

It's a good opportunity for Taiwan to join the program. We hope for more chance on it.

| INTERESTED IN COLABORATE WITH APCC THROUGHT MEXICO'S GOVERMENT, | NEDD A
MEETING WITH THE GENERAL DIRECTOR FOR ESTABLISH A DIRECTLY CONEXION (NATIONAL
WEATHER SERVICE-APCC).

Dr. Cho and the lecturers gave their contact info so it is easier to contact them for any ideas or
questions that | might have. | hope to have more collaboration with APCC in the future through
my work in FAQ, or through my own researches.

More training programs relative to weather, climate.
The collaboration can be make under the Deputy of Climatology of BMKG (Jakarta, Indonesia).

we can have collaboration in paper research, or for capacity building we can invite Dr. Cho and
the other lecturer as trainer in my country Indonesia.

It need to know more about the vulnerability assessment of climate change in Indonesia. VWWe need
to share the climate change impact to people (farmers, community, students, fisherman, etc) and
give them some knowledge to improve their awareness about the climate change. On future, the
collaboration with APCC will be very useful for us to improving our climate services in Indonesia.
Thank you.

| think use the learned and make studies with APCC for my country

| want to come to APCC again.
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1.2 AIMS AL2X} I
AIMS ZE2 e o] 712 BES X275 YollA] g ol A%t F gt H St

E74o] ot AIMS T2 vi7dd} go] Atz JAgsHd Alito] 7hsshH, &
iAol 2 AAE At oA viA|Etole ThesiAl o Hio] FEles A "o

TRsotES Arstert.

- AIMS 43
AIMS €4#|o]X|(https://aims.apcc2].org/)E2HE 4l HAS HREE Hol HE
228 55 T2 a3S AX5 ¢ ik S Aol Mg glo] HAE A

i},

.

- New Project

© APCC Integrated Modeling Solution e ] X
g ]
File View Help

Projects & i News 2
. k‘fersum 1.1.2 is released.
Search for project name
Version 1.1.1 is released
Version 1.1.0 is released

AIMS online forum is now open. All your
questions about AIMS can be posted here

Version 1.0.0 (beta) is released

Version 0.8.0 (beta) is released

Welcome to AIMS.

Figure 48. AIMS & Algts|H



Create a new project

1. Select a project type

2. Enter project name

Figure 49. AIMS new project 4 3H

AIMSS] A 3FHL Fig. 483 Zro] YeRdTh A ZZAEES TE7] Q84 [+ New
Project]& A®SHH, Fig. 49 AE HAHo] =T “1. Select a project type A FA]
A = Qli= ¥49Ql [Climate Change Version 1.018 A®6}H, Fig. 507 20|

= AT

project name®] Y&} §A X502 AFHET) 83 QEZ oo &4t H wt

A [Create] HE2 A A} projectE AB/J3.

—_

Create a new project

1. Select a project type

Version: 1.0
APCC Climage Change R Package

Climate Change

2. Enter project name

Climate Change (October 14, 2018)

=

Figure 50. AIMS new project 0|2 2t
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What is the objective of this project?
|| Agriculture: crop yield and quality
|| Agriculture: disease

| Agriculture: livestock
|| Agriculture: land and soil conservation
|| Agriculture: facllities
[ Water: drought risk
| Water: flood risk

|| Water: quality
| Forestry: species change
| Forestry: forest products yield and quality

|| Forestry: disease

|| Ocean and Fishery: sea level rise and coastal risk

| Ocean and Fishery: temperature

| Ocean and Fishery: acidification
|| Health: heat and cold wave
(] Health: respiratory

| Health: disease

1| Ernsvstem: land

Figure 51. AIMS 7= =fH

e A7
of o]} Axlel W
oA o]2olA}. 714 WA AIMSE AMgsH] B B4 ¢

o

o

12 EZAZQ] AIMSY] project 75 SFHO|tHFig. 51). 2
Z} 5§ 7] 9] M-S 7HEFHA vetar Qlar, =5

Project Name

Climate Change (October 14, 2018)

Description

Package Information

Name: Climate Change
Version: 1.0
Dependencies:

rAnalysis4CC
rdrought
rSDQDM
rsam
rBCSA

Objective A

1

1.4.1
014
121
314
014

APEC CLIMATE CENTER

A 9
e %
Z

2 oFIZ We o 9AZ goliitt. 9 9AE s 2ok ol Er.

@ 7t A3 : A SPHA [+New Project] B[E 22 - project type2Z [Climate

Change] 2% - [Create] 3¢
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- Data Source

O AlHS Yol A4 X990 Y ARES S8 2+E “Data Source” AlHO 2,

AA= CMIP5 A=Rt Alg F°l™, & CORDEX A&E F7H2 A5 2 ool

Select one or more data sources. Internet connection is required for this task.

¥ CMIPS
Coupled Model Intercomparison Project Phase 5

CORDEX
Coordinated Regional Climate Downscaling Experiment

Region

Please select the country or region of Interest

Figure 52. “Data source” AMO| X[ MY

Select a country / state.

Bangladesh
Bhutan
Cambodia
Canada
Chile

China
Colombia
Cuba
Egypt

Ethiopia

Fiji -

Figure 53. & 7t55t =7t 2|AE

Fig. 52004 “Data source region” €& I3 [Select] HES F+29 Fig. 533
o] ¥sh= =7t E= F(USA, Chinadll Hisf Al&)E A=st] Amg ezt T
= Atk Fig. 54°041= Korea(Republic of) X|9-& &4 Ao 2 A6}, 57} ol5-&

A5 S, Fig. 553 o] “Region” ofelol A2 A|o] o}go] =i 22 2 4 9k
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Select a country / state.

Kores| o

I Korea (Republic of) I
5

Figure 54. “Data source” AN x| M

Select one or more data sources. Internet connection is required for this task
« CMIPS

Coupled Model Intercomparison Project Phase 5

CORDEX
Coordinated Regional Climate Downscaling Experiment

Region

Figure 55. “Data source” AM9| X|H

Description

Select one or more data sources. Intemet connection is required for this task. Run This Section Only

Reset This Secton

« CMIPS ) tmatic
Coupled Model Intercomparison Project Phase 5 Export Script File
CORDEX Open Database Directory hange

Coordinated Regional Climate Downscaling Experiment Remove Downloaded Cache

Dependencies:

Reglon rAnalysisdCC
Korea (Republic of) rgrDo;?;;

T

SOM

Figure 56. “Data source” A9 X[ M

Al ZolA 225 919 T Hi%% F2W9, Fig. 5000412} Zo] Fdlw7F et
=4, “Run This Section Only’S A5} o] Aldut wpg 3 4= Qirh. o] AlAo]
A= =M Fig. 569 HY W+ & “Open Database Directory’ & Algisto], Ydl= A
Ao tisf] th2E H ARES FRIs] & 5 UtKFig. 57).

t
>..
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| < | Database — m] x
= =5 =7 ~ @
.:l TEOjE g7 & | E O 20 I [E 2R O z2s=ow p =
EE 2= oto= - =t o =71 oo SEo -
B parmss as T o WIS M HE22 iy 2a
e Te=S |EEas T = EEEE U =R ] AU B2 zioyEE -
= Eolor= ER EAN/E7I7)
<« v T > YPC > BA > AIMS > Database | @ | Database Zia »
LE 6 SHI LR 2% 37|
emip5_daily_KR 2017-08-04 27 845 o £H
@ cmip5_daily_KR.zip 2018-10-19 23 946 WInRAR ZIP archive 3,188,458

TS 17 BRHEB

Figure 57. Database directory

@ 71t A9 : “Data Source” AXo)A [Select] ] - Yol= =7 S

- Local Data

Instruction on preparing custom local data files

See the detailed instruction for more information

2. Observation Data 3. Import Files

on data For your observed data, save When you are ready with all
your local the template file in your local files, click below button.
fill in the file. Do computer and rename the file

delete header to match the station ID given in
file * the station data file. Fillinthe
csv file. Copy the file and
repeat the process for all your
station IDs.

Figure 58. “Local data” MMOJAl HSXZE upload

1 & AL “Local Data” M40t Fig. 580114 [1.Station Datal@} [2.0Observation

Data]oA &= sample A=E ©|-8519, £RIo] JAlelstalAl sk A9 5 A=
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£ sample?] 4]0 W& T A7 E upload dfiof gttt 7| A= IS A79] sample
2 AZ=EE 370 A™ERES 108, 133, 159%7)ol| el ZAsE Xd¥stazt gict.

@ APCC Integrated Modeling Solution — [m] X
g 9
File View Help

Package Information

Region
Name: Climate Change
Korea (Republic of) y o
‘ersion: 1.

Dependencies:

rAnalysis4dCC 141
rdrought 014
rsbQoDm 1.2.1
rsQm 1.3.14
rBCSA 0.1.4

Instruction on preparing custom local data files

See the detailed insiruction for more information. Open Project Directory

Open Log Directary

1. Station Data 2. Observation Data 3. Import Files Open External Library Directory

First save station data For your observed data, save When you are re
template file in your local the template file in your local files, click below
computer and fill in the file. Do computer and rename the file
not rename or delete header to match the station ID given in
row in the csv file. > the station data file. Fill in the ~ »
csv file. Copy the file and
repeat the process for all your
station IDs.

Reset External Library Cache

Save Project Settings

Reset Workflow Status
Reset All Setiings

APEC CLIMATE CENTER

Figure 59. “Local data” MMM Z=At= upload

Fig. 5991AA " Ad W7} opd #iZoflA] mRe-A QE2F WEZ SE6ld, ¥
73] =4, oJ7]A “Open External Library Directory’® &°14 5 lth. #19]
sample 252 w0 A vReA 23207 ZUSH External Library Directory SF

9] R/rSQM/extdatacl A= oAt

Station / Data file Importer €3

Step 1: Upload station information file Step 2: Upload observation data files

Figure 60. “Local data” MM0jlA ESAIZ upload
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sample ARE EYE ZWZ @F 15 AE7l =G, Fig. 582 20|
[Import Template Files] &2 20t Fig. 607 £ HdAo] A ==, “Step
1: Upload station information file” oF}& &85, Fig. 613 o] #o] skt
g A Hr} o] uf, o] &3k sample A= FE= oA AFT extdata ET|oltt.

HA station FE7} =, “Sample_3-Stations.csv” TFAS SteplolA] A=gic}.

] + | extdata - a X
el = =2 =a o
LOIS A - X 47 - [ JE= e
e

DA - =H0IE BT

74

< v <« Roaming » AIMS » Libraries > R » rSQM » extdata

5w

L] rsaM.yaml

] Sample_3-Stations.csv

2 sample ID108.csv [“"\.
) sample_ID133.csv

2 sample ID159.csv
G sample_script.R

SHTE  1h BT MR 11640
Figure 61. “Local data” AM0jIN &EXAt= upload

@ APCC Integrated Modeling Selution s [m] x
File View Help

Station / Data file Importer

Step 1: Upload station information file Step 2: Upload observation data files
Station-Info csv > D108

10133

D159

Figure 62. “Local data” MMOJAl BSXZE upload
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UA AEE station AR HEE 539, “Step 2: upload observation data file”

o o2i7i] A1 o5+ [Upload] W&l 2/ 2{HFig. 62). [Upload] HES

=7, Fig. 639 #AFo] =A| Hil, 2+ A HE MEAZE =5t uploadstd Hrt.

« 015 &R~ ¥ AH -

B=A 9% - =D0IZ HBE7|

24
« v P <« Roaming » AIMS » Libraries » R » rSQM > extdata

L] rsQM.yaml

] sample_3-Stations.csv
&) Sample_ID108 csv
] Sample ID133.csv
E] sample_ID159.csv
E’ sample_scriptR

=T 1.38MB

Figure 63.

Import template files
@ APCC Integrated Modeling Selution
File View Help

Station / Data file Importer

Step 1: Upload station information file Step 2: Upload observation data files

Station-Info.csv m y D108
D133

ID158

Figure 64. Import template files

= A9 A 7E BT YR E5HH, Fig. 643 Zo] [UploadlZt obd [Delete] HE
o F vhyjo] E/JoEr
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@ 71t A8 : “Local data” A4 [Import Template Files] 2 - station

information A& PEE - Zt station Axw YRS

- Evaluate Observed Data

Evaluate Observed Data

Before you downscale the observation data, we highly recommend you to evalute your
data with this tool. This section will generate the summary of the observation data, and
graphs for each variables.

Variables

Period k

Type Start Year End Year

Observed 1976 2005

Figure 65. “Evaluate Observed Data” A49| B4 84

r

& Amg AAsel7] Aofl, ¥ A=) et B7HE AdstA & 4= Sl Fig.
659MAE 712 ¥ “prids®)", “tasmax(1L7]2)", “tasmin(FA7]2)" & 370
o] W= Aol HoUARE, WS 225k, Fig. 663} 2] #AA o] =il F 67
9] ¥M<x(pr, tasmax, tasmin, sfcWind(RAE 3<%), rhs(AHEE), rsds(ZARD) 5 A
Sk W8S AY & 5 Qo Aol B ¥ rund SHA| =9, Fig. 674" BAHAIA]
7F 9ol =31, of=] glo] A= runo] FUH Fig. 680143 “Done” #AI7} A
o] REX Adto] £t
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@© APCC Integrated Modeling Solution
File View Help

Select one or more variables.

Select: All | None

% pr

¥ tasmax

¥ tasmin
sfcwind

rhs

Figure 66. “Evaluate Observed Data” MM9| B4 M

@© APCC Integrated Modeling Solution
File View Help

row in the csv file.

:I:(flqvl\r is running.

Checking and installing
dependencies...

Evaluate Observed Data

Before you downscale the observation data, we highly recommend you to evalute your
data with this tool. This section will generate the summary of the observation data, and
graphs for each variables

Variables

Period

Type Start Year End Year

Observed 1976 2005

Figure 67. “Evaluate Observed Data”@| run

Project Name

Climate Change (October 14, 2018)

Description

Package Information

Name: Climate Change
Version: 1.0

Dependencies:

rAnalysis4CC 141
rdrought 014
rSDQDM 121
rsQm 1.3.14
rBCSA 014

APEC CLIMATE CENTER
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Evaluate Observed Data

Before you downscale the observation data, we highly recommend you to evalute your
data with this tool. This section will generate the summary of the observation data, and
graphs for each variables

Variables

or | smax ] smn

Period

Type Start Year End Year

Observed 1976 2005

Figure 68. “Evaluate Observed Data"2| run

o] F7}E E5to] Zt W] s € summary ¢ B LHIE 7R AmE Y,

)
U5 Azo] 98 EAS o o] Al & 9k

© APCC Integrated Modeling Solution - o X
File View Help

station IDs.

Project Name

Climate Change (October 19, 2018)

Description

Evaluate Observed Data

Open Log File y

Before you downscale the observation data, we highly recommend you to evalute your | Run This Section Only )
data with this tool. This section will generate the summary of the observation data, and Reset This Secton Information

graphs for each variables. §
Export Script File

ate Change
Variables Open Output Directory o
“ w Dependencies:
rAnalysisaCC 141
Period rdrought 014
rSDQDM 121
Type Start Year End Year SQM 1.3.14
Observed 1976 2005 rBCSA 014

APEC CLIMATE CENTER

The workflow will not sto

Figure 69. “Evaluate Observed Data” A9 HE TR Oim

o|ZA| o]Fofzl W= A o] B7F AT Fig. 69oMAH QLEX Aol 1T HE
< =24 Yete W82 “Open Output Directory™l A=K Fig. 70).
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| [ [ = | summary — ] *
o = =7 57| L4
B mous sy [HOF2002 E 2002

EE 2E oroIE A2 0= -
24 marERE ggss A = sa
= 2jojor2
4[] « Observed » User > summary o
o1& g ST ER
B prosy 8-10-19 S 7.,
[&] pr.png 2018-10-19 23
(L] tasmax.csv 2018-10-19 @&
5] tasmax png 2018-10-19 @3
[ tasmin.csv 2018-10-19 @X
[&] tasmin.png 2018-10-19 27,

o
@
Jo

]

m

Figure 70. “Evaluate Observed Data” AN run 3 Zu} MY

pr

variable
~=- ID108
- D133

value

- ID159

25 50 75 10.0 125
Mon

Figure 71. Evaluate Observed Data

o] A¥= A H J™H2 4 AHER W0 gho] ofgA| v=A YeRe A HoE
o Fig. 71 A3l tie 23eld.

@ 7t A3 : “Bvaluate Observed Data” AJAolA] Wsk= #4=e} 7]7F A
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- Downscale

o2 A2 “Downscale” AHO R, Ysk= 2y, AlUE]e, W<, 771 tis) ohef
3t 7S ARESte] AdAIEE & 4 Qe Aol

GCM names

Scenario

¥l RCP4.5
Representative Concentration Pathway (RCP) 4.5 Scenarios

] RCP8.5
Representative Concentration Pathway (RCP) 8.5 Scenarios

Variables

Figure 72. “Downscale” MM9Q| MEef ZM

Period
Type Start Year End Year
Observed 1976 2005
Historical (GCM) 1976 2005
Future (GCM) 2010 2039
2040 2069
2070 2099

Downscale method

Please choose one or more downscale methods.

¥ SQM (Cho et al,, 2016)
Simple Quantile Mapping

[ | SDQDM (Cannon et al., 2015, Eum & Cannon, 2017)
Spatial Disaggregation-Quantile Delta Mapping

(| BCSA (Hwang & Graham, 2013; Hwang & Graham, 2014)
Blas-Correction and Stochastic Analog method

Figure 73. “Downscale” A49| MEf =M

Fig. 729} 732 EH, AASIE AAIE o ot 42 o8 4= Stk WA, A
WA= GCM names=, CMIP5OIA Aot B2 P 5 Yote ZFS Ad9d &
At 1y o5 ZFoHd, Fig. 743 Zo] bt 1Y ol& 2
SAFETIR] O 2 9Tk,
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Select one or more variables.

Select: All | None

ter, China Meteorological Administration (128x64

ter, China Meteorological Administration (320x160

ndation, Department of Energy, National Center for Atmospheric Research

jon, Department of Energy, National Center for Atmospheric Research
Mediterraneo per | Cambiamenti Climatici (480x240
€0 per | Cambiamenti Climatici (

eteorologiques, Centre Europeen de Recherche et Formation
2561128

Figure 74. “Downscale” MMM 23 ME

Scenario

¥ RCP4.5
Representative Concentration Pathway (RCP) 4.5 Scenarios

RCP8.5
Representative Concentration Pathway (RCP) 8.5 Scenarios|

Variables

Figure 75. “Downscale” AM0fIA AlLt2|Q MEd

RS Aok, 1 th&2 RCP AU L F 459} 8,58 AEE 4= UtiFig. 75).
AT P4 HE AHoAeL o] F 67112] ¥ § Hshke MSE AU 4= . Fig,
730|419} Zo] T3t =, Historical & RCP AlUe] Q0] tisfiA] A}
st 4 3, AAISE 71 % SQM, SDQDM, BCSA & 3714 7|¥o] disiA = Ysl=
7S Adgste] GASE AAE o ik
. “Downscale” Ao Lsk= 1 A9 - AU e A - W4 A=

- 717t A9 - AR 71 A

Ol¢

@ T A3
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- Raw GCM Analysis

Raw GCM Analysis

A general circulation model (GCM) is a type of climate model. It employs a mathematical
model of the general circulation of a planetary atmosphere or ocean.

¥ Precipitation

#| Temperature

Figure 76. “Raw GCM Analysis™ A4

o] AMAE 718 WeR s|e3t 47t o) §EH, Sue Hh 24o] it

- Climate Change Index Calculation

Fig. 77°1A= 71det 3744 AAdZ 3 =0l & & Utk WA “Climate Change
Index Calculation” AAoA= HUok= EPRE AHsiFH Hct. A oA EXH
o] “ " HES a2 T B I HH9] “Open Output Directory’ S S5,
DRAE E6 k9| “Climatelndex” EE7} Ut Fig. 78914 o] o)X EC1E & &
A+=tl, o] EHo= Raw, Historical, Future & 3702] &7} AJ/d<t}. Historical,
Future Z¢|of&= Fig. 79, Fig. 803} -2 historical¥} future 7]7to] tigt ZF Xz
FAsH 180 g YRR Qofo] 247t A E o],

Climate Change Index Calculation

GCM names

. 2

Evaluation: Spatial Reproducibility

No user option is available

Weight Factor and Uncertainty for GCMs

Indices

Downscale method
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- Weight Factor and Uncertainty for GCMs
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