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ABSTRACT

This study presented evaluation procedure for selecting appropriate GCMs and downscaling method by focusing
on the climate extreme indices suitable for climate change adaptation. The procedure includes six stages of
processes as follows: 1) exclusion of unsuitable GCM through raw GCM analysis before bias correction; 2)
calculation of the climate extreme indices and selection of downscaling method by evaluating reproducibility for
the past and distortion rate for the future period; 3) selection of downscaling method based on evaluation of
reproducibility of spatial correlation among weather stations; and 4) MME calculation using weight factors and
evaluation of uncertainty range depending on number of GCMs. The presented procedure was applied to 60
weather stations where there are observed data for the past 30 year period on Korea Peninsula. First, 22 GCMs
were selected through the evaluation of the spatio-temporal reproducibility of 29 GCMs. Between Simple Quantile
Mapping (SQM) and Spatial Disaggregation Quantile Delta Mapping (SDQDM) methods, SQM was selected based
on the reproducibility of 27 climate extreme indices for the past and reproducibility evaluation of spatial correlation
in precipitation and temperature. Total precipitation (prcptot) and annual 1-day maximum precipitation (rx1day),
which is respectively related to water supply and floods, were selected and MME-based future projections were
estimated for near-future (2010-2039), the mid-future (2040-2069), and the far-future (2070-2099) based on the weight
factors by GCM. The prcptot and rxlday increased as time goes farther from the near-future to the far-future and
RCP 8.5 showed a higher rate of increase in both indices compared to RCP 4.5 scenario. It was also found that
use of 20 GCM out of 22 explains 80% of the overall variation in all combinations of RCP scenarios and future
periods. The result of this study is an example of an application in Korea Peninsula and APCC Integrated Modeling
Solution (AIMS) can be utilized in various areas and fields if users want to apply the proposed procedure directly
to a target area.
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Table 1. 29 Global Climate Models (GCMs) provided through the APCC Data Service System (ADSS)

Variables of Historical

No GCMs Resolution Institution & RCP45 & RCP8.5
(Degree)

PR TX TN WD SR RH

1 BCC-CSM1-1 2.813x2.791 . ) ) o o o o o o o
Beijing Climate Center, China Meteorological Administration
2 BCC-CSM1-1-m 1.125x1.122 o ¢ o
3 CanESM2 2.813%2.791 Canadian Centre for Climate Modelling and Analysis O S 0 0 o o
4 CCSM4 1.250%0.942 o o [¢]
5 CESM1-BGC 1.250%0.942 National Center for Atmospheric Research o o o
6 CESM1-CAM5 1.250x0.942 ¢ ¢) ¢
7 CMCC-CM 0.750%0.748 . ) o ¢ o o
Centro Euro-Mediterraneo per I Cambiamenti Climatici
8 CMCC-CMS 1.875x1.865 o o o
9 CNRM-CM5 1.406x1.401 Centre National de Recherches Meteorologiques o o o
Commonwealth Scientific and Industrial Research Organisation in collaboration
10 CSIRO-MK3-6-0 1-875x1.875 with the Queensland Climate Change Centrge of Excellence © © ©
1 FGOALS-g2 2.8125%3 LASG, Institute of Atmospheric Physics, Chi.nese.Academy of Sciences; and CESS, Tsinghua o o
University

12 FGOALS-s2 2.813%1.659 LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences o o o
13 GFDL-CM3 2.5%2 o o [¢]
14 GFDL-ESM2G 2.500%2.023 Geophysical Fluid Dynamics Laboratory O o o o o o
15 GFDL-ESM2M 2.500%2.023 O o ] o ] ]
16 HadGEM2-AO 1.875x1.250 ¢ ¢) ¢
17 HadGEM2-CC 1.875x1.250 Met Office Hadley Centre o o S S S o
18 HadGEM2-ES 1.875x1.250 o o o o o ¢
19 INM-CM4 2.000%1.500 Institute for Numerical Mathematics S S 0 o o o
20 IPSL-CM5A-LR 3.750x1.895 ¢ o o o o o
21 IPSL-CM5A-MR 2.500%1.268 Institut Pierre-Simon Laplace o o o
22 IPSL-CM5B-LR 3.750x1.895 o o] o]
23 MIROC-ESM-CHEM 2.813x2.791 Japan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research _ © © o o o o
24 MIROC-ESM 2.813%2.791 Institute ¢ ¢ o [¢) [ o
25 MIROCS 1.406x1.401 and National Institute for Environmental Studies ¢} ¢} ¢}
26 MPI-ESM-LR 1.875x1.865 . e ° °
27 MPLESM-MR 87571865 Max Planck Institute for Meteorology (MPI-M) 5 5 S
28 MRI-CGCM3 1.125x1.122 Meteorological Research Institute o o o
29 NorESM1-M 2.500%1.895 Norwegian Climate Centre o o o
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Fig. 1. Weather stations used for
downscaling.

=
iy
o

s

X

>,

o I
@

1o

N

oo
o
i)

Rl olx
US;J o
ol
E
i
3o o
0r x2
o
i
o
iﬁ rr
rJ
j B(|{
N
2
o 2
>,
T
Pl
jaii)

10 A ka_).
N

o

o

)
2 orlo o &

o
st
k<)
B
£
ox
o,
= 0
in}
itia
9
r ol
B{\1
>
il
10

e rr > o oy 1S
o,
= 1o
Mo 2
flo >
K.
A=)
o
filo
@)
ok
o
N
2
2
ol
i
=,
N

L 1o Moo X ox
M o
)
[k
t
3
=)
tr
il

Mo of

52
i)
A
o
|
i
)
2
pach
rr
N
il
>,
o
Y
2
X
)
>
ot
|o

= A]

2 57] 918) Wasih

..]

u
*
1

é
L
30,
rlr
>y
R
U
2
u)
o
)
oo
s
-z
i

i
ox
oh
H1

2.3 7|=Hzt AlLiE[2 M= 78

A ZAIEE 7% Sl A
(et AR Mg 7o m B
o, SAZ GAIEE 71 o2 714 siE (weather pattern)
(regression) WrW, 7]AyEHAE7]  (weather
=0l AREEAL Uk =3 A
oA F4lo HERE HEAY FA44 U 7=
A A$F BCSD (Bias-Correction and Spatial Disaggregation)
Y YAbE et JEE 54 =Y BEAE
o]-&slo] #HOolE HEAd}= SDBC (Spatial Downscaling and
Bias-Correction) ®H 50| 1o GCME 9] AMA|SF *H
oA def AREHAL Stk

oot WS AR Sk ARSAF SAS] dANEE 71 3
7h 9 F2of| ARt 7o) A7 fIsliAl EA) AIMS (APCC

o5&

i B |

=
c
T

Z
generator) %5

Journal of Climate Change Research 2018, Vol. 9, No. 1

2%

o

o - gl

Integrated Modeling Solution, http://aims.apcc21.org/) o 4]o|A] A
3tal Q= HOHA F4¢] Simple Quantile Mapping (SQM)
(Cho et al., 2018) = SDBC o] <:3}+= Spatial Disaggregation
with Quantile Delta Mapping (SDQDM) (Eum and Cannon, 2016)
7|1 o]-83I3lek 2 Aol ARBE CMIPS AbRe dTk9]
(daily) 2F=5 ARESIS7] wlizel] dete] AlmE Yok Aa=
Helsh= ARHA] AdAleE dxp7 da gk ARSE SQM 9
SDQDM WPHE-2 Al e €Al GCM gl 54t Afolof &
Aotz A2 2SS 2|7 (bias correction) 7+
oflA A 9] WSS ARTeRA S]] SRS
FAlol TRYshe BAdS 2L itk ADSSoflA Alsshe dHbE
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L= 607H Aol ozt et AFRE ALksislt 254 o= A
Al et AL 0 s e SAIA] ZdAIe iR e] B
P W AERe] g os AR W AR e
£ wErh A AMSe] A= o] s R7IEE AgAlSE 3714
rSQM (https://cran.r-project.org/web/packages/rfSQM/index.html)
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MEX Bael 7I12HE AL2|Q FMEt 71" JHY H SHE ME 17
< 7I5ARS] B4 ofe] BHelM A & Zart stk & £ ARSI 2771 7| A et Ed e 1
Aol A= Table 20]41 9 2Fo] 7|53} ¢lto]] B o= Aol 71 B Sl 167 A2 4450 Ak
AF8-E|11 Q)= Expert Team on Climate Change Detection
and Indices (ETCCDI) =3%}7|%X|4> (Climate Extremes
Indices) (http://etccdi.pacificclimate.org/list 27 indices.shtml)
Table 2. Lists of ETCCDI Climate Extreme Indices
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 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 %
i i >
WSDI Annual' count of days with at least 6 consecutive days when TMAX > 90th days
percentile
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
TNx TMIN Annual maximum value of TMIN C
TN10p Percentage of days when TMIN < 10th percentile %
TN9Op Percentage of days when TMIN > 90th percentile %
i i <
CSDI Annual. count of days with at least 6 consecutive days when TMIN < 10th days
percentile
DIR TMAX & TMIN Annual mean difference between daily maximum temperature TMAX and o
TMIN
Annual (Ist Jan to 31st Dec in Northern Hemisphere (NH), 1st July to 30th
June in Southern Hemisphere (SH)) count between first span of at least
L TA . .
s VG 6 days with daily mean temperature TG > 5°C and first span after July Ist days
(Jan 1st in SH) of 6 days with TG < 5°C.
CDD Maximum number of consecutive days with daily PRCP < Imm days
CWD Maximum number of consecutive days with daily PRCP > Imm days
PRCPTOT Annual total PRCP in wet days (daily PRCP > 1mm) mm
Rx1day Annual maximum 1-day precipitation mm
Rx5day PRCP Annual maximum 5-day precipitation (PRCP) mm
RO5pTOT Annual total PRCP when daily PRCP > 95 percentile mm
R99pTOT 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
< .
Annual count of days when PRCP = nnmm, nn is a user defined threshold das

(Default threshold is 1)
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Fig. 2. Comparison of the provider-centered and user-centered climate services.
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Table 3. Median values of ETCCDI climate extreme indices according to downscaling methods
Indices OBS SQM SDQDM
Preptot 1310.17 1304.57(-0.43%) 966.64(-26.22%)
Cdd 29.23 31.28(7.04%) 30.38(3.96%)
Cwd 591 7(18.48%) 7.45(26.09%)
R95ptot 402.22 326.5(-18.82%) 205.88(-48.81%)
R99ptot 115.09 71.01(-38.3%) 42.57(-63.01%)
Rx1day 135.92 132.32(-2.65%) 81.07(-40.35%)
Rx5day 22223 232.42(4.59%) 148.87(-33.01%)
Sdii 16.45 16.38(-0.43%) 11.65(-29.18%)
Rnnmm 81.6 80.3(-1.59%) 83.23(2%)
R10mm 33.95 33.34(-1.79%) 28.67(-15.54%)
R20mm 19.54 19.34(-1.02%) 14.36(-26.52%)
Su 107.52 109.29(1.65%) 87.86(-18.28%)
Id 8.68 10.03(15.66%) 11.82(36.22%)
Txn -3.99 -3.98(0.13%) -4.51(-13.11%)
Txx 34.73 34.54(-0.56%) 32.38(-6.78%)
Tx10p 10.33 21.18(105.02%) 21.01(103.4%)
Tx90p 9.66 1.09(-88.75%) 0.91(-90.59%)
Wsdi 1.54 NA(median is 0) NA(median is 0)
Fd 100.13 99.63(-0.5%) 104.5(4.36%)
Tr 50.38 51.07(1.36%) 36.79(-26.98%)
Tnn -13.44 -13.58(-1.1%) -13.67(-1.75%)
Tnx 25.33 25.1(-0.9%) 24(-5.26%)
TnlO0p 9.93 21.57(117.14%) 22.47(126.28%)
Tn90p 10.78 1.48(-86.29%) 1.18(-89.04%)
Csdi 0.63 13.23(1989.47%) 18.12(2761.84%)
Dtr 10.3 10.35(0.52%) 10.15(-1.44%)
Gsl 271.12 272.64(0.56%) 265.21(-2.18%)
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Fig. 9. Signal difference of (a) annual total precipitation (prcptot) and (b) annual maximum 1-day precipitation
(rx1day) on Korea peninsula according to different downscaling methods.

Table 4. Median values of signal difference in climate extreme indices before and after the downscaling for the
future period (RCP 4.5 and S1: 2010~2039)

Indices Raw GCM Signal SQM Signal SDQDM Signal
Preptot 333 112.93(239.16%) 46.04(38.28%)
Cdd -0.17 0.4(338.91%) 0.53(420.33%)
Cwd 0.13 0.42(217.74%) 0.21(58.25%)
R95ptot 30.63 83.17(171.5%) 44.44(45.06%)
R99ptot 18.6 55.34(197.61%) 28.75(54.59%)
Rx1day 429 15.67(265.34%) 8.2(91.21%)
Rx5day 9.52 35.6(273.96%) 16.61(74.43%)
Sdii 0.31 1.33(327.25%) 0.59(90.31%)
Rnnmm -0.55 0.13(123.39%) -0.07(88.08%)
R10mm 0.34 1.03(206.5%) 0.61(80.23%)
R20mm 0.3 0.91(202.88%) 0.63(111.7%)
Su 15.84 20.53(29.67%) 17.43(10.06%)
Id -3.72 -3.38(9.3%) -2.96(20.55%)
Txn 0.9 1.08(19.94%) 0.89(-1.11%)
Txx 0.89 1.27(42.66%) 0.87(-2.54%)
Tx10p -8.74 -8.67(0.75%) -8.87(-1.52%)
Tx90p 3.12 3.12(0.06%) 2.98(-4.47%)
Wsdi 0.97 0.99(1.95%) 1.35(39.35%)
Fd -8.31 -11.52(-38.69%) -14.63(76.11%)
Tr 12.34 14.57(18%) 11.17(-9.52%)
Tnn 1.05 1.39(32.23%) 1(-4.17%)
Tnx 0.77 1.15(50.12%) 0.79(2.54%)
Tnl0p -9.79 -9.76(0.32%) -10.54(-7.63%)
Tn90p 322 3.23(0.24%) 3.22(0.02%)
Csdi -11.96 -11.84(1.03%) -15.25(-27.49%)
Dtr -0.01 0.08(1332.14%) -0.03(-389.9%)
Gsl 12.52 12.92(3.19%) 17.33(38.45%)
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Fig. 13. Evaluation result of uncertainty explanation power due to increase of GCM number by SQM downscaling

method (Overall).
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