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Abstract

The majority of projections of future climate come from Global Circulation Models (GCMs), which vary in the way they were modeled the climate
system, and so it produces different projections about conceptualizing of the weather system. To implement climate change impact assessment, it
is necessary to analyze trends of various GCMs and select appropriate GCM. In this study, climate data in 25 GCMs 41 outputs provided by Coupled
Model Intercomparison Project Phase 5 (CMIP5) was downscaled at eight stations. From preliminary analysis of variations in projected
temperature, precipitation and evapotranspiration, five GCM outputs were identified as candidates for the climate change impact analysis as they
cover wide ranges of the variations. Also, GCM outputs are compared with trends of HadGCM3-RA, which are established by the Korean
Meteorological Administration. From the results, it can contribute to select appropriate GCMs and to obtain reasonable results for the assessment

of climate change.
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(Vorosmarty et al., 2000; Alcamo et al., 2007; Fung et al.,
2011). 7] HA3}o]| gk A4 71 7] 551 9] A (Intergovern-
mental Panel of Climate Change, IPCC)+=2013 A 5*} 3
7} ®.314] (Fifth Assessment Report, ARS)E X &5}, o 3
=73 221 RCP (Representative Concentration Pathway)&
7[9ke. =2 wjef 7|58t Abw o] S5-5 AJAIStAL QlEk(IPCC,
2013a; IPCC, 2013b; van Vuuren et al., 2011).

oft, HH‘

A

* Department of Rural and Bio-Systems Engineering, Chonnam
National University

#+  Institute on the Environment, University of Minnesota

#xx Department of Biological and Agricultural Engineering, Texas
A&M University

##x Department of Rural Systems Engineering, and Research Institute
for Agriculture & Life Sciences, Seoul National University

t Corresponding author
Tel.: +1-737-346-4704, Fax: +1-979-862-3442
E-mail: sanghyun@tamu.edu

Received: May 6, 2015

Revised: May 22, 2015

Accepted: May 27, 2015

AAHE 7| st AR A o 7 EeAAdS WastA |
T} (NIMR, 2009). o]oj| w}2} CMIP5 (Coupled Model Inter-
comparison Project Phase 5) of| A= t}oF3t GCMs (general
circulation models)7|4t2] njg] 7|3} AU & 74,
Al 53kl It} (Taylor et al., 2011). L2 GCM 2] AlEHo]]
e} Ap T lef ko) Aulso] thefstA vehg 4= 9l
t}. ojof| whe} = efof A= lZ}OW*GCMS A Oh—, 7159
i}o =}
Dubrovsky et al. (2014)= 167H.4 GCM 2] OOMJE' 2-_ -85
o] Z|Z8f A9 9] mle 7], 7 W 7o) WEAdS Bt
9171, McMahon et al. (2015)-2 23 7]2] GCM 2] u]) 7]-2,
s B S8 1| ATtel 3 =9} 1) iE B3}l
GCM njgf 1.9] 5% H7IRt vl Qlek

o] - 7144 ollAl HadGEM3-RA A %7| S5
(Regional Climate Model, RCM)& -85} 3t VA=
71518} A5z 9 o) 713sh A A S 9L, chak
& Qipolla) 7140 vla) 71 3ish A 2t 9)
(Park et al., 2014). No et al. (2013)-& HadGEM2 & A-8-5}o]
4799 85w #EE 2451313, Oh and Suh
(2013) SA| HadGEM2-2- -8-5}0] 5k 2 o 0] 44| 715+
315 E4131% Tk SRES (Special Report on Emissions Sce-
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SRR 7|SBE YIS 9
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CMIP5 GCMs9| 7|& HMUXIE Zshd 2A

narios) A|U2] 9.5 HEO & =1 9] 10d Wl%= Ak,
| e 2 w98l itk A7 2sEsr Qlrt
(Hong et al., 2009; Yoo etal., 2012a; 2012b). 71 £]of Park et
al. (2013)& CanESM2-& 885101 -5 -8-A41 =419 W3t 5
22 7IREEE 1AL, Yoo etal. (2013)= 7132 ol A Al5-5t
= Lo 7|5 A = e} vl EAJo]-8 RSt o Sto] A= 8
N EF8ATAY] A D aA -GS 24T v Qlok
Chung (2012)-2- A 8}iQt oRx| T 6 7]} A A o] thal =1 o] 4
H] e 45131 RCP 4.55 0 RCP 8.5 Alube] 204
0272 AL R o =31t E$Nam et al. (2015)29
N 715 de o] 85to] FA7IFAI ko] e 7],
Ay e, 7171 §3HE APl

et e] S A7k T Bl 250] GCMsS
8510l 7| TS Bk ol olo] wet FAX 9, A
719X 2k GEM$] 0] uteh ok vl wo) Zupr i
T 4 Lom A GOME] 443 712 50l 54 4%
of o5 Anpr = a1 4 9k 2 T GOM 23 o]
§5H= 212 13| o (bias) 7} A4 0 2 Aol S
w2 4= Qlk. TelEE WA Thobe GOMES] 71429
RS APl B 0] S o2 GOME A Aith
Wl woh kel H9) 7 s B Ay 4TS EEE 4 3l
Aow gkelry,

wahA] i ATl AL taket 7] usl el A7E 43
ol 9lo]A] 71o] Bl= GOM A& E-S 3 714 Al E
Sh= R 7] RS} AUe] 2.9 AR S w4, Hlastal
AL it o] & 9184 CMIPSof|A| A|&-51=RCP 4.5 4 8.5
AU2] 2.9] 257 GCMs 2] 41 7| AFEE-& vlelo 2 A=t 87)
2|0} w|g 7| 275 A/ skl GCM 4hEEE571He] A
3 24, Hlash e E3t S Atoll A 2 -g-skar 9l
= 713749 gt 713138t Aue] 2.9t GCM 4HEEE2
|53t oA Q1 ek de Hlaslt)
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Table 1 Climatic characteristics by study stations during 1976—2005
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2. General Circulation Model (GCM) £=Z&! 2 AM|S}

UES

2 Aol A= CMIPS of| A Al5-5h= 171713t (historical,
2006-2010), RCP 4.5 9 8.5 AJL2] 2 (2011-2100)° tfgt
257 GCMs 9] 41 7] A& (018} 41 GCMs)2 =331 4T
Table 20 2 A0l 4] 4705 GCM o] w1l o] &, FAME
(realization number)D, 7], SJAIE Y GCM AF=E AlE
H13% (ID)E AASHHTE GCMsE 7174 siele 24517] 9
AoV A 71 5 5 H QAR BE A=
st AMAIgE -2 o33t At (http:/emip-pemdi.
lInl.gov/cmip5/data_description.html).

- 734> 91} pr (precipitation at the 2 meter height)

- 7]-& Q1R}: tas (near-surface air temperature at the 2 meter
height), tasmax (maximum near-surface air temperature),
tasmin (minimum near-surface air temperature)

- 5% 21} ths (near-surface relative humidity)

- 3£ 9]} uas (eastward near-surface wind), vas (north-

ward near-surface wind), sfcWind (near-surface wind

annual mean annual total .

Code Station temperature precipitation annu(?rlmt]jtyarl) oL annu(r—.:jla;a:?\)//r)days
(c) (mm/yr)

101 Chuncheon 1.0 1,290.0 793.0 104
119 Suwon 1.8 1,268.8 808.7 107
131 Cheongiju 12.2 1,253.0 858.9 114
133 Daejeon 12.6 1,372.3 851.7 116
143 Daegu 13.9 1,058.6 1012.6 95
146 Jeonju 13.2 1,302.7 838.3 122
156 Gwangju 13.6 1,373.2 889.9 124
192 Jinju 13.1 1,490.1 855.3 99
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Table 2 GCM modeling groups participating in CMIP5

Model name Realization number* ID number Institute 1D Resolution Country
BCC-CoM1. 1" 1 1 64128 ,
3 BCC China
BCC—CSM1.1-m 1 2 160320
BNU-ESM" 1 3 GCESS 64128 China
CanEsM2” 1,2,3,45 4-8 CCCMA 64128 Canada
cMmcc-CcM? 1 9 ovee 240480 ltaly
cMmcc-cMs? 1 10 96192 ltaly
CNRM-CM5? 1 11 CNRM—CERFACS 128256 France
CSIRO-MK3.6.0" 1 12 CSIRO-QCCCE 96192 Australia
FGOALS-g2" 1 13 LASG-IAP ,
5 108X128 China
FGOALS-s2 12,3 14-16 LASG—-CESS
GFDL—ESM2G” 1 17
5 NOAA GFDL 90144 USA
GFDL—ESM2M 1 18
HadGEM2—-CC® 1 19
5 MOHC 145%192 UK
HadGEM2—ES 1,2,3,4 20-23
INM-CM4" 1 24 INM 120x180 Russia
IPSL—CM5A-LR" 1,2,3,4 25-28 96}96
IPSL—-CM5A-MR" 1 29 IPSL 143x144 France
IPSL—-CM5B-LR" 1 30 96%96
MIROC5” 123 31-33 128x256
MIROC-ESM? 1 34 MIROC s108 Japan
MIROC-ESM—CHEM? 1 35
MPI-ESM-LR? 123 36-38
) MPI-M 96192 Germany
MPI-ESM-MR 1 39
MRI—-CGCM3? 1 40 MRI 160320 Japan
NorESMi—M" 1 41 NCC 96144 Norway

— Source: http://cmip—pcmdi.linl.gov/cmip5/availability, html
1) calendar: 365 days (without a leap day)

2) calendar: Standard (with a leap day)

3) calendar: 360 days (every month is 30 days)

*

«

but equally realistic, initial conditions,

speed at the 10 meter height)
- YA 1Ak rsds (surface downwelling shortwave radi-

ation), rsus (surface upwelling shortwave radiation)

1 T LofAl=Ho etal. (2012)0] AQksl HL] HA 7]HLS

1) 7|5 S 7|22 0 2 ASHA W 2] FUTE 27]24 ShoflA]
L HO FRER AR OE AuE A4S 4 Stk ofof whet
CMIPS ol A= T YR 27| 2719 th& 29| Auks FHis}7] 914)
17,127,130 22 e N E A TR GAE Ao gt
T2 21 g8 http://cmip-pemdi.llnl.gov/emip5/docs/cmip5_data
reference_syntax.pdfol] =25 o] Qich

‘realization” number is used to distinguish among members of an ensemble typically generated by initializing a set of runs with ditferent,

o §3 ApAla -2 Fate] A A, A, W 7] L
B A, B4 YARE 59 vl 71508 AR s

A 71%-9] g o] mlgoll=
A3} Glckar 71y skaL, ZF GCMof| A Algst= 7|1 s
historical (1976-20054) A28} £7]7to] =5 z}z2}o]
SAXA (Bt FZHAL 5) 8 Aol E o]-&-sto] u|g 7]¢H
SRS A/dot= Wl olth & AtollA= mlE 90 713t
2-2011-20404d (2025s), 204120704 (2055s), 2071-2100
H (2085s) 0. &2 FE-5+3 1L, AAE HER = 1990s (715271
7H=1976-20059-L 7120 2 51}

SaEgstsi=A Al57# Al5=, 2015 « 71



SRR 7ISHsl HTIS Bt CMIPS GOMsO| 718 ZiRta Z8H 24
3. 7IEXEBULMY LH ato] YAfek 2AITRS 74515t 45 277t Sl 4
O of| e N5l
GCM AL=529 AL B3] 95te] A A2k = 7]%712}(19905)94 a4 B © 2 A5k
717l A 1998 of] =2 35F FAO Penman-Monteith 3412 - X
o] 8-5}0] 7| EZEALERS AL ST Allen et al., 1998). e, =e(Ty) =O.61lexp[( T' — [?i“ m 23?3] )
o] ¥ 19651d9]| A|¢HEl Penman 242 Helst o 2 min e
S7lsst =30l A=%(crop type)oll WE 7]EAF
A e = ARZ7)0F L ol&A °
(stomatal resistance)= ZEsE] =77t Wtk 7]E A 0471 1 eo= AB7I% (Pa), T, oled £ (0,
T G2t W TR0l Y= AR F7E sk & min s HA712 (CO)O T
m=of &1t Ajo] F7Elof Sl o] F-ARS tht Tk (Allen
et al., 1998) Rs = k}?s (Tmax = Liyin) X Ra (3)
=S X = Q2
0.408A(R, — G) + 7T-9+00273 uyle, = e,) 1) JbL e ST (. T LosJ4 e
_ o 9 (° ____J_;(q o
o R (°C), Ty 2 A7) (0), ks = 2ACC)0Iek
A7|A, BT, = 7122 a5 AN (mm/day), Ae= 57] et oam
o ol N ll. GCME D[z 7|SHst HE 2Y
oF ZA19] 7]1-87] (kPa/°C), R, 2 &Y /\}Eh MJ/m’/day), G
= B¢ L A5 HEMImday), y= A5A G (kPa°C), 1, GCM AEEQ| ATTI|R Bt A
P2 el Q1O =2 el B ]2} 715 5jo] T2 7] 2.9] SR GOM ] FRo] et
(m/s), e, = E51=7|N(kPa), e, = AAZ7]9} (kPa)o|h. o = b o

A GOM A2 FollA] BRAE, QI Ei F
2 4 QAAE A F5HA] U= Ao = FAO Irrigation and
Drainage Paper No. 56 (Allen et al., 1998) 0| A #2135t v+
2 olgalol 7| &R BRI AT 4 ()F 0185
o] AAI%713) % BASES ST, 4 018 ol

=
E'_

chEA Upehub €9 GOMS AHg317] §18IA1 WA cho
3HGOM AR5 712 ske] W9l w2
3 QoA 41 GCMs 2128 2 g3te] 717 tha] ule)A]
719] Ag@7120) F7Ie] A, 41 GOMsE HES
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Increase in annual mean temperature (C)
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Table 3 Statistics on annual mean temperature of 25 GCMs 41 model outputs under RCP 4.5 and 8,5 scenarios at 8 meterological stations,

Scenarios / Periods Central region Southern region

101 119 131 133 143 146 156 192

Max. 12.7 13.6 14.1 14.4 17.3 16.4 16.6 16.1

2025s Avg. 12.2 13.0 13.5 13.8 15.5 14.6 15.1 14.5

Min, 1.1 12.0 124 12.8 14.2 13.5 13.9 13.4

Max. 14.4 15.6 16.0 16.4 18.5 17.6 177 17.3

RCP 4.5 2055s Avg. 13.2 141 14.5 14.9 16.7 15.9 16.3 15,7

Min. 1.5 12.5 12.8 13.2 15.0 14,2 14.4 141

Max. 15.0 16.5 16.9 17.2 195 18,5 18.6 18.0

2085s Avg. 13.6 14.5 14.9 15.3 17.3 16.4 16.8 16.2

Min, 1.8 12.9 13.2 13.5 15.5 14.7 14.8 14.6

Max. 12.9 13.7 14.2 14.5 16.9 16.0 16.3 156.8

2025s Avg. 12.3 13.1 13.6 14.0 15.6 14.8 15.2 14.7

Min. 1.5 12.4 12.7 13.1 14.5 13.9 14,2 13.7

Max. 15.4 16.2 16.7 17.0 20.0 19.1 19.2 18.5

RCP 85 2055s Avg. 141 14.9 15.4 15.7 17.8 16.8 17.3 16.6

Min, 12.0 13.0 13.4 13.7 157 15.0 15.0 14.8

Max. 17.9 19.1 19.6 19.8 235 224 22.3 217

2085s Avg. 15.9 16.8 17.3 17.7 201 19.1 195 18.7

Min. 12.7 13.9 141 145 171 16.2 15.8 15.9
o $71%E AT HRRCP 45 AU 20 49 FRAde] Wtk A7 AEGE 71 A AR RO Yehs
At 71:22] GCMs3Ee] 2ol Z{tf] 4.4 °CE| #}ol & Ko] g 2085s0fl= A Hol A= 11.8-17.2 °C, A ol A
31 QUL FEA|010] H e GCMs7he] BRI 20 T A L= 14.6-19.5 °CollA AB#7]20] BISH= RO Lpep
0]3k24.2 °CR Lepysieh 35U GCMo| tigl 2] 7] k. RCP 8.5 Alute] ©.2] 7-9-2025s9] A7 S5
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Table 4 Statistics on annual precipitation of 25 GCMs 41 model outputs under RCP 4.5 and 85 scenarios at 8 meterological stations

Central region Southern region
Scenarios / Periods
101 119 131 133 143 146 156 192
max, 1527.3 1513.4 1485.2 1628.4 1411.6 17015 1820.7 19791
2025s avg. 1368.9 1369.1 1333.6 1473.6 1155.6 1413.8 1505.9 1633.3
min, 1150.1 1136.1 1128.4 1307.0 932.1 1227.4 1312.0 1316.3
max, 1713.6 1713.9 1639.9 1793.9 1497 1 1765.4 1890.1 2079.8
RCP 4.5 2055s avg. 1466.9 1458.0 1409.0 1547.0 1207.8 1475.2 1563.2 1695.4
min, 1237.5 1184.8 1227.6 1344.7 9912 1230.8 1335.7 1397.7
max, 1708.4 1769.6 1643.9 1711.6 1486.2 18551 1987.7 2061.4
2085s avg. 1470.7 14791 1426.9 1562.0 12446 1512,2 1605.7 1749.6
min, 1276.5 1263.6 12487 1393.8 1016.8 1313.2 1386.8 14451
max, 1538.3 1608.8 1478 1 1661.0 1336.5 1690.8 1808.6 1863.2
2025s avg. 1388.0 1377.8 1336.5 1470.9 1150.1 1410.2 1497 6 1620.5
min, 1198.6 1161.8 1193.6 1323.3 987.1 1197.5 12727 1395.4
max, 1725.3 1712.8 1672.7 1828.0 1573.2 1870.3 2006.0 21895
RCP 85 2055s avg. 1470.9 1483.5 14319 1580.9 1250.8 1513.2 16131 1760.3
min, 1236.9 1238.7 1202.2 1317.7 1038.5 1270.7 13409 1462.4
max, 20132 1947 1 18497 2023.3 17615 2094 1 22397 2430.5
2085s avg. 1625.5 1623.8 1547.0 17077 1341.6 1640.6 17475 18929
min, 1342.9 1364.4 1238.5 1357.4 949 4 1166.3 1252.8 1339.0
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Table 5 Classification of GCM outputs by precipitation and evapotranspiration

Region Scenario ETo Prec L M H
H HJE{%ECM?S%C - MIROCS (r1)
RCP4.5 M - BCC—CSM1.1 -
fg;tc:i' L Eggﬁtg_z‘; ((rr;)) - HadGEM2—ES (r4)
H MIROC—-ESM - IPSL-CM5A-LR (r4)
RCP8 5 M - HadGEM2—ES (r1) -
L CMCC-CM - FGOALS—g2
H HadGEM2-CC - CanESM2 (r2)
RCP4.5 M - FGOALS—g2 -
L INM~CM4 - MPI-ESM-LR (r1)
Southern H MIROC-ESM - CanESM2 (r2)
region y ~ FGOALS-g2 _
RCP8 5 HadGEM2-ES (r1)
L C'TA%_CE"(’;?A - MPI-ESM-LR (r1)

L: below 10" percentile rank of increase rates in annual precipitation or ETo
M: between 45" and 55" percentile rank of increase rates in annual precipitation or ETo
H: over 90" percentile rank of increase rates in annual precipitation or ETo
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