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Abstract In this study, we investigated the prediction skills of four multiple linear regression
methods for monthly air temperature over South Korea. We used simulation results from four
regional climate models (RegCM4, SNURCM, WREF, and YSURSM) driven by two boundary
conditions (NCEP/DOE Reanalysis 2 and ERA-Interim). We selected 15 years (1989~2003) as
the training period and the last 5 years (2004~2008) as validation period. The four regression
methods used in this study are as follows: 1) Homogeneous Multiple linear Regression (HMR),
2) Homogeneous Multiple linear Regression constraining the regression coefficients to be non-
negative (HMR+), 3) non-homogeneous multiple linear regression (EMOS; Ensemble Model
Output Statistics), 4) EMOS with positive coefficients (EMOS+). It is same method as the third
method except for constraining the coefficients to be nonnegative. The four regression meth-
ods showed similar prediction skills for the monthly air temperature over South Korea. How-
ever, the prediction skills of regression methods which don’t constrain regression coefficients
to be nonnegative are clearly impacted by the existence of outliers. Among the four multiple
linear regression methods, HMR+ and EMOS+ methods showed the best skill during the vali-
dation period. HMR+ and EMOS+ methods showed a very similar performance in terms of the
MAE and RMSE. Therefore, we recommend the HMR+ as the best method because of ease of
development and applications.
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Inter-comparison of Prediction Skills of Multiple Linear Regression Methods
Using Monthly Temperature Simulated by Multi-Regional Climate Models
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= Aakslr] Qe =8 Foll ATHGates, 1992; Meehl
et al., 2000b; Fu et al., 2005; Myoung et al., 2012;
Lee et al., 2014). 3IA|9F AX| L7152 d& Ake] &
o] & flall EElHA o] TestElo] o F3at
T7F 9 kmoll o]tk wEbA A Ee FAF S
2 WAsks 71dRds dEH R Rojsted g
7 g Rk olue} AMgE EY RS uet
E3ta o] EA3H(Giorgi et al., 2001; Meamns et
al., 2001; Choi et al., 2011; Lee et al., 2014).

ol gt A7 Trde] TS netslr] s o
S fFREZA UK AH7)FRdd tigk A7t
1990t o] FRE &kstA| o] FojA I AUrth(e.g.,
Giorgi et al., 1993a, b; Grell et al., 1994; Juang et al.,
1997; Suh and Lee 2004). YntA o2 AW, A FHH
T 2 AG7FRAAEC] HAeA AErhE A
A7|FRI e AAF7FRART; GAEL AFA
UE AF7|FZEE A = Ak AIRE 297
Frd Ax] JYARe] 7] 2, FHEARAXR, B
do] s gt el Tl 9Fs W] Wi
o Azlol|l E-3alAJo] EA 3t (Kalnay, 2003; Choi
et al, 2011; Feng et al, 2011; Cui et al., 2012;
Kim and Suh, 2013). w}ghA] o]t RdE5e] &3k
A& Fe}slr] ¢l CORDEX (Coordinated Regional
climate Downscaling Experiment), -+ <] PRUDENCE
(Prediction of Regional Scenarios and Uncertainties
for Defining European Climate Change Risk and
Effects)$} Ensembles 53 22 =A%l Z2AE7}
4~8Y =] o] $kTH(Christensen and Christensen, 2007; Giorgi
et al.,, 2009; van der Linden and Mitchell, 2009). &
3], eyl e 713 S stell I, A&,
AA 7 M2 o 4719 A 97524 (RegCM4,
SNURCM, YSURSM, WRF)¢ll HadGEM2-AO (Hadly
Centre Global Environment Model, version2) 1524
ARE AAZRACE AWste] CORDEX sokr o}
ool gk Al A7) 58 RS AY4kek vb ATk(Choi
et al., 2011; Myoung et al., 2012).
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Fig. 1. Topography (m) and domain used for RCM simulations over the CORDEX East Asia. The black
dots indicate observing stations being operated by KMA (Korea Meteorological Administration).
Table 1. Summary of the four RCMs used in this study.

RegCM4(RCM4)  YSURSM(YRSM)  SNURCM(SRCM) WRF
# of grid points (Lat. X Lon.) 197 X 243 198 X 241 197 X 233 197 X 233
Vertical layers o-18 G-22 G-24 c-27
PBL scheme Holtslag YSU YSU YSU
Convective scheme MIT-Emanuel SAS Kain-Fritch2 Kain-Fritch2
Land surface model NCAR CLM3.5 NOAH LSM NCAR CLM3 Unified Noah
Long wave radiation CCM3 GFDL CCM2 RRTM
Short wave radiation CCM3 GSFC CCM2 Dudhia

Lateral boundary condition
Spectral nudging
Simulation period

NCEP-DOE Reanalysis 2 and ERA-interim

Yes
Jan. 1989~Dec. 2008

AM=ZL 243} WIRK(CLM land surface process scheme,
UW-PBL scheme, and diurnal SST scheme)®] 715
Nem 7|Ee] AAS W<H(Holtslag PBL) 2 AR
o Wok(radiative transfer package)ol] tdk $=go] o]
FojHth. RegCM4oll st B} Al g A2 Giorgi
et al. (2012)°1] 7]&5 o] STt YSURSM=2 NCEP 7|
o] B2 (Kanamitsu et al., 2002)%} RSM (Regional
Spectral Model, Juang et al., 1997)] 7]¥FS & &
d2, A7 9 AR dqEE e AA s
2] 7125 tH(Hong et al., 2013). SNURCMS NCAR
(Pennsylvania State University-National Center for
Atmospheric Research)2] MM5 (fifth-generation mesoscale
model)& 7|Wte 2 JEE mdoln XSSt
Soprotet FtE 7|§ me] Adss BTV A
3le] == E™ A (spectral nudging) 719, WA EA
ZHot 58 7438 mdo|ti(Choi et al., 2011). 3¢

NCAROIAN A 283 AFelle] &8-8 Este] 7
W3 WRFE 73 g 2ole S5 Rd 2 ook
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(Skamarock et al., 2008; Choi et al., 2011).
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A(Fig. DolH 24 A3e] Ashus 98] ZE =
=9 =rel 435N, 105E)# 9 ) A4%(50 km)
£ sYdaisint =3, 7] Aol Slo] 2o AE
2 A(systematic bias)S 43} 17| ¢ Wertow A
Hed YA 7|9e 2Ze 2dd &3k 4 =2
dof|A] AMGE =] Bash Wt Foll thek AlFARR)
< Table 19 YERHA L™ ©]= Suh et al. (2012)2
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159(1989~2003)> F#717Fo 2, mpx]ut 51 (2004~
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Fig. 2. Spread-skill relationship for ensemble mean forecasts of air temperature in Haenam and Seoul.
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Fig. 3. Rank histogram and residual-quantile-quantile plot for eight ensemble forecasts. In the residual-
quantile-quantile plot, the green, olive, red, light red, black, gray, blue, and light blue lines indicate the
ensemble members RCM4 _ERA, RCM4 R2, YRSM_ERA, YRSM_ R2, SRCM_ERA, SRCM R2,

WRF_ERA, and WRF_ R2, respectively.
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Table 2. Summary of coefficients and forecasts (°C) of multiple linear regression for two stations, Seoul and Chungju (in
January 2007). The regression coefficients B, B, ..., Bg correspond to the RCM4 ERA, RCM4 R2, YRSM_ERA, YRSM_R2,
SRCM_ERA, SRCM R2, WRF ERA, and WRF R2 forecasts, respectively.

Seoul
Methods
Bo B B2 Bs Ba Bs Bs B7 Bs c c d
HMR 423 -024 0.1 -0.09 015 -0.02 0.02 076 -0.19 0.56
EMOS 424 -025 051 -0.11 0.17 0 0.02 074  -0.17 0.28 0
HMR+ 3.93 0 0.27 0 0.06 0 0.11 0.49 0 0.59
EMOS+ 3.95 0 0.26 0 0.06 0.01 0.11 0.49 0 0.33 0
Observation HMR EMOS HMR+ EMOS+
0.42 0.38 0.37 0.42 0.42
Chungju
Methods
Bo B B2 Bs B4 Bs Bs By Bs G c d
HMR 3.11 -0.13 0.65 —0.05 0.12 0 0.06 0.87 -0.54 0.67
EMOS 316 -0.13 0.64 -0.06 0.11 -0.01 0.11 0.84 -0.52 0.42 0
HMR+ 2.93 0 0.54 0 0.06 0.06 0.15 0.19 0 0.72
EMOS+ 2.94 0 0.53 0 0.06 0 0.23 0.18 0 0.46 0.01
Observation HMR EMOS HMR+ EMOS+
-1.64 -1.35 -1.37 -1.26 -1.29

Table 3. Summary of prediction skills of multiple linear regression methods for temperature in Seoul and Chungju.

Seoul Chungju

Bias (°C) MAE (°C) RMSE (°C) Variance ratio  Bias (°C) MAE (°C) RMSE (°C) Variance ratio
HMR 0.09 0.46 0.58 1.01 —-0.06 0.56 0.69 1.00
EMOS 0.08 0.45 0.57 1.01 -0.05 0.55 0.68 1.00
HMR+ 0.04 0.45 0.57 1.01 -0.09 0.52 0.66 1.00
EMOS+ 0.04 0.44 0.57 1.01 -0.09 0.51 0.65 1.00
AN % dE spread-skill #A7F A] EAISHA] & A A5 IJAATTE S57F HA FEE A FS
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Fig. 4. Predictive probability density function for one month of predicted temperature for the two selected stations of Seoul
and Chungju (in January 2007). The 90% prediction interval (dotted lines) and the observation (full line) are shown.

Table 4. Same as Table 2 except for stations in Cheonan and Ganghwa (in August 2007).

Cheonan
Methods
Bo B B2 Bs Bs Bs Be B Bs G C d
HMR 1.89  -0.05 0.51 0.02 0.04 -029 033 0.89 -048 0.61
EMOS 1.89  -0.04 0.52 0.04 0.03 -029 031 094 -0.52 0.32 0
HMR+ 1.60 0 0.56 0 0.08 0 0.24 0.14 0 0.65
EMOS+ 1.55 0 0.58 0 0.10 0 0.23 0.12 0 0.34 0.02
Observation HMR EMOS HMR+ EMOS+
25.80 28.06 28.30 26.24 26.25
Ganghwa
Methods
Bo B B2 Bs Bs Bs Bs B Bs c c d
HMR 240 -047 059 -0.02 0.07 -0.09 0.32 096 043 0.57
EMOS 248 -050 0.62 —-0.01 0.07 -0.07 0.32 090 -0.39 0.28 0
HMR+ 2.11 0 0 0 0.06 0 0.42 0.47 0 0.64
EMOS+ 2.14 0 0 0 0.07 0 0.43 0.47 0 0.30 0.01
Observation HMR EMOS HMR+ EMOS+
25.07 29.27 28.90 24.90 24.89

#37)4818] 7]
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Table 5. Same as Table 3 except for stations in Cheonan and Ganghwa.

Cheonan Ganghwa
Bias (‘°C) MAE (°C) RMSE (°C) Variance ratio  Bias (°C) MAE (°C) RMSE (°C) Variance ratio
HMR 0.27 0.92 1.15 1.04 0.40 1.03 1.60 1.05
EMOS 0.34 0.97 1.23 1.04 0.37 0.97 1.48 1.04
HMR+ 0.01 0.67 0.85 1.02 -0.15 0.47 0.62 1.01
EMOS+ 0.03 0.67 0.85 1.02 -0.13 0.46 0.61 1.01
(a) Cheonan (HMR) (b) Cheonan (HMR+)
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Fig. 5. Same as Fig. 4 except for stations in Cheonan and Ganghwa (in August 2007).

RCM4 R2, YRSM_R2, SRCM_R2¢} WRF_ERA7} 7}
FAE /e AR W e Btk A3t A
Aol E HMR+S EMOS+ W olA YRSM R2,
SRCM R2¢} WRF ERA 37§¢] RHlo] 7}&2E2 713
th T A BAAS d7F 22 0.029F 0.012] 3
V4 SAE spread-skill FAI7F ALl EA5HA] &2
S B 53], 3AASG At FA & HMR
JJr EMOS "ol & x4 2% A #3" 71
Bt} 3~4°C 7 cdlSstaAT SFAS7E S5
A BEZ AFS F HMR+SH EMOS+ W€ o %
A= #5F A e

Table 5= A<t} iAo v A3y 2

AZ7170el it S A A S YeRd Zlo|th Table 4
of| Al UeRd &JJr 7ol -‘@Mﬁlwﬂ A S %11 %o
HMR=} EMOS WgolA 7]2o] HfslA 43121

o 2 43 EJ_A 7F ¢F 0.3~0.4°C, HoAFZ2x7}
1°C o]do2 vwa A ettt ST 3|17
7t 57 HA EE AL & HMR+2} EMOS+
oM s Helrt 3A 724 sien 53], st A
Aol Hele A9 0ol 77k #e Btk ES &
2HE 9F 0.02 ZAsFH 3 AulE Aol HaAlF
22} AA] A FHAste] gFE 7|9 o F AF
< B

Figure 5= Z¢t#} 7335t A3ol4 HMR# HMR+

Atmosphere, Vol. 25, No. 4. (2015)



678 0F A7 s R 2R E 2olE g 7| 2R E o] 83 e d B ARG S A5 T vlaL

(a) Seoul
ol 0BS * EMOS EMOS+
® 7 * HWR * HMR+ * Ens_mean
o
- N
o
H
3
B
2 o |
3 <
2
o 4
TTTTTT T T T T T T T T TT T T T T T T T T T T T T T T T TTTT T T T TTTTTTTTT
2004-01  2004-09 2005-05 2006-01 2006-09 2007-05 2008-01 2008-10
Month
(c) Cheonan
* 0BS * EMOS EMOS+
84" HMR * HMR+ * Ens_mean
~ o |
O «
H
E)
g
o
E o |
o -
2
o 4

TTTTTTT T T T T T T T T T T T T T T T T T T I T T T T T T T TI T TTTT
2004-01 2004-09 2005-05 2006-01 2006-09 2007-05 2008-01 2008-10

Month

(b) Chungju

* OBS * EMOS EMOS+
* HVMR * HMR+ * Ens_mean

30
I

Temperature(C)
10
-~
T
‘\A
—
=
—

—

R

e

TTTTTTIT T T T T T T T I T I I T T T I T T T T T T T T T T T T T TTT
2004-01 2004-09 200505 2006-01 2006-09 2007-05 2008-01 2008-10

Month

(d) Ganghwa

* OBS * EMOS EMOS+
* HVR * HMR+ * Ens_mean

Temperature(T)

TTTTTTT T T T T T T T T T T T T T T T T T T T I T I T T I T TITT0T
2004-01 200409 200505 2006-01 2006-09 2007-05 2008-01 2008-10

Month

Fig. 6. Time series of observation, simple ensemble mean, and four multiple linear regression methods for the

selected 4 stations.
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ztol7b gle AR YelETh A5 7|7kl o7t
EASHE 7l AAks Ht Kol AAGTT &
F7t HA FEE Ak & HMR+2F EMOS+ W
oA A7} A FHAaskith. sHAIRE AF 717t o]
FA7F EAEA] eFe WA A GoA = ] H 2
T v "ol R

Table 62 7} B4, S48 O Had o3 d
A 8 AZ717elA 9 597 A A - dig 3
719 4355S UERd Zlolth YRSM R2&
Ak o] Fde W B o] HelE Hh
£3], SRCM_ERAS} SRCM_R2¢] HeJ7} 7z} -2.5°C,
—2.6°CZ 733t o] HelE Hlon dujFx}e}
HoaAFEx7F b2 mdo| vl & 72 7k A
aog e oS4 ES BAUTh Figure 7914 B+

=743 t)7] #1254 43 (2015)

Az} 7ro] th2 RdEe vl SRCM_ERA®} SRCM_
R2 7|29 37} %02 XA St} o|27H
SRCM©] 7]29] MEd A3} FARSHAl RelstA|Rt
HaHoR 7|8 HhsH RSt e A ¢
T Atk Z-OZ AR E RFUATE glFEe] X
AollA o]g gt o] Yehgom o2 2ld SRCM
9] o= ATo] 7Pg vk} kAN Bakb| 7} 1) 7h
7he e Kol 7129 HEAL I3 FAsT
ESH WRF R2 €A & 29 #e|, & Ao+t
BaAFZAE BAh o] 9A Fig. 794 B
A3} o] AX = eA] WRF_R27} 20072 3

S S9HA Bojste] et Aol ©

e Hae R rduYg g o= A
FHE WY F oS Aol M H



] n]ﬁ.

Table 6. Summary of average prediction skills of eight
ensemble members and four multiple linear regression
methods for 59 stations.

Bias MAE RMSE Variance

0O ) O ratio
RCM4 ERA -0.30 146 1.75 0.93
RCM4 R2 -1.83 2.11 2.29 0.97
YRSM_ERA -0.57 1.64 1.98 0.91
YRSM_R2 0.51 1.60 2.08 0.92
SRCM_ERA -2.50 2.61 2.79 1.04
SRCM_ R2 -2.60 2.70 2.87 1.03
WRF_ERA -1.74 2.04 2.32 1.04
WRF_R2 -1.95 240 2.81 1.01
Ensemble mean -1.37 1.69 1.86 0.98
HMR 0.01 0.57 0.74 1.00
EMOS 0.02 0.57 0.74 1.00
HMR+ -0.06 0.55 0.69 1.00
EMOS+ -0.05 0.55 0.68 1.00
o]\t RCM4_ERAETH= Y& oS 55 Bt o
ZFHYE7PU HMRS} EMOS W 7} 42
W o} e HFETE v FLE dF A5S R
Ak 8, AAAGT 47 HA WS AL
F HMR+} EMOS+ W oldxo] 933w
Bw PgHoR J1eg dASslel g Hoid %

e Bl dE-Ee Ao EMOS2t EM
HhH o] BAbA| = dﬂOl 72] 00l VA FR = AT

w2bx] HMR¥Z} EMOS, HMR+9} EMOS+ Wi 719
zZlole ALY YERA] sttt

7] o] 2 Az &2
mEtA] 2 Ao E AYgrierdo
A3E Fol7] 98l A E3ANEA HMR, EMOS,
HMR+2} EMOS+E AMHE-3ISTE o17]4 HMR Wi
]E}— Atz el =18 3] 7l lgo]u:]’ EMOS 4

£ Gneiting et al. (2005)°] A|¢+3F Wb o= <)

A7 Frde 271203 AR Fol 9L
°]
.‘

jis

spread skill #A7F ST o, 22H5 FiAke] ofd
WEE Al BlEEtes olite® e v
AF 3| A H oIt} sHAINE Sl AAIFe] FAXTE S5
Q1 Afole 7FeRIEA iAol ofH 7] wiiel 34
A7t 2771 JAA s AFS Floen o W

HS HMR+2F EMOS+2HaL 8Tt ¢ Ul 714 o3
ANPIAHE 209 AARA] AE 479 »
ol A&ste] TP AN 9] &S

AstAch ZF mde] me] 717k F 201 (1989~

2008)°1™ = & 2ol 15d(1989~2003)S 7|7

2
T

REE 681

o= wAE 51(2004~2008)S
St e ANR ] dESAA TS gotE
a 717434 59 AEAH AE8EE
s st Ao

2 |4 do X

F A%, 57,
RET

D}v 94%4 A

)
0 Ob
ol
=
N
=
o
=
)
2
N

01—‘—
5T

%.%714011 1’2}747} EA) 3814 Hgﬁr
A4 HMRZ EMOS *'H, HMR+<} EMOS+ HP
He] FAAFAE Aol 1}017} NATE HAlF
QAE 7|F0 2 A E v U BT fALS 7]
L9] & ATE BT FFA = EMOS+7} 7
Hojk 7129 o& S Bt T3 EibE 7
o] 19 7k #E B d ¥ 2R 29 WE

S #A5F Al dSskaith. AS 717kl o3
2|7} 2Rk Heky 743k X1 9A] HMR# EMOS
U, HMR+2F EMOS+ WP 7He] Zjol= 72 EA)
s3] gttt SRR S| AA T 57 HA EEE
A oFS £ HMR+2} EMOS+ B o4l WRF R29] 7}
FAE U= Bl S AAIF7E 00] Hof AF717H
o el WRF R2¢| o2& A AR 1 234
Hotoll AZ717+e] HFAlF=227} 9F 0.3~0.4°C,
73sloll A oF 0.8~1.0°C 7+43ke] obg 2 el 71e-9] o
Z24%=9e Byl L3 59 RE XFHY HF EA
oA AP AE o] &3 Yol 7t
el e Hant £2 dF 4T
AAF7E +57F HA 9;5% A kS
EMOS+ ¥Ho] d&
Aol s WA mz OPWGOI 7)e
A2} & 0.02°C, HAAIFZe2PF <F 0.05
7aste] 7 L2 729 ST S EYTh diF
o] A ofA EMoss’Jr EMOS+ o] B4 d
ol A9l ool 7HgA FAH AT ol TEAR Tt
A3 FAE 7] W&ol HMR¥ EMOS, HMR+$}F
EMOS+ =Y 7]'/] OﬂZ’HL‘O 74/] X}O]ﬂ' Srca=

22 Jom wgc}.
LAl 2
dFe 1T 2 42 9 SR

| ?J_Q_i ‘1‘631:4/\}\1:1 yrtt

]z
s me
2084)¢]

Atmosphere, Vol. 25, No. 4. (2015)



682 s A7 SR 25 E 2old 9 7| AR E o] 83 BT 54

REFERENCES

Chandler, R. E., 2005: On the use of generalized linear
models for interpreting climate variability. Environ-
metrics, 16, 699-715.

Choi, S. J.,, D. K. Lee, and S. G. Oh, 2011: Regional cli-
mate simulations over East-Asia by using SNURCM
and WRF forced by HadGEM2-AO. J. Korean Earth
Sci. Soc., 32, 750-760.

Christensen, J. H., and O. B. Christensen, 2007: A sum-
mary of PRUDENCE model projections of changes
in European climate by the end of this century. Clim.
Change, 81, 7-30.

, E. Kjellstrom, F. Giorgi, G. Lenderink, and M.
Rummukainen, 2010: Weighting assignment in regional
climate models. Climate Res., 44, 179-194.

Chu, P. S., and X. Zhao, 2004: Bayesian change-point anal-
ysis of tropical cyclone activity: The Central North
Pacific case. J. Climate, 17, 4893-4901.

Cui, B., Z. Toth, Y. Zhu, and D. Hou, 2012: Bias correc-
tion for global ensemble forecast. Wea. Forecasting,
27, 396-410.

Dai, Y. H., 2002: Convergence properties of the BFGS
algorithm. SIAM J. Optim, 13, 693-701.

Feng, J., D. K. Lee, C. Fu, J. Tang, Y. Sato, H. Kato, J.
Megregor, and K. Mabuchi, 2011: Comparison of
four ensemble methods combining regional climate
simulations over Asia. Meteor. Atmos. Phys., 111, 41-
53.

Fu, C., S. Wang, Z. Xiong, W. J. Gutowski, D. K. Lee, J. L.
McGregor, Y. Sato, H. Kato, J. W. Kim, and M. S.
Suh, 2005: Regional climate model intercomparison
project for Asia. Bull. Amer. Meteor. Soc., 86, 257-
266.

Gates, W. L., 1992: AMIP: The Atmospheric Model Inter-
comparison Project. Bull. Amer. Meteor. Soc., 73,
1962-1970.

Gemmer, M., T. Fischer, T. Jiang, B. Su, and L. L. Liu,
2011: Trends in precipitation extremes in the Zhuji-
ang river basin, South China. J. Climate, 24, 750-761.

Giorgi, F., M. R. Marinucci, and G. T. Bates, 1993a: Devel-
opment of a second generation regional climate
model (RegCM2). Part I: boundary layer and radia-
tive transfer processes. Mon. Wea. Rev., 121, 2794-
2813.

s , G T. Bates, and G. DeCanio, 1993b:

Development of a second generation regional climate

model (RegCM2). Part II: convective processes and
assimilation of lateral boundary conditions. Mon.

744818 th 7] A|254 43 (2015)

ofr

Hla

Wea. Rev., 121, 2814-2832.

, and Coauthors, 2001: Regional climate change
information-Evaluation and projections. In J. Cli-
mate change 2001: The Scientific Basis, J. T. Hough-
ton et al., Eds., Cambridge University Press, 583-638.

, C. Jones, and G. R. Asrar, 2009: Addressing cli-

mate information needs at the regional level: The
CORDEX framework. WMO Bull., 58, 175-183.

, and Coauthors, 2012: RegCM4: model descrip-

tion and preliminary tests over multiple CORDEX
domains. Climate Res., 52, 7-29.

Gneiting, T., A. E. Raftery, A. H. Westveld III, and T.
Goldman, 2005: Calibrated probabilistic forecasting
using ensemble model output statistics and minimum
CRPS estimation. Mon. Wea. Rev., 133, 1098-1118.

Grell, G, J. Dudhia, and D. Stauffer, 1994: A description of
the fifthgeneration Penn State/NCAR Mesoscale
Model (MMS5). NCAR Tech. Note NCAR/TN-398 1
STR, 121 pp.

Hamill, T. M. 2001: Interpretation of rank histograms for
verifying ensemble forecasts. Mon. Wea. Rev., 129,
550-560.

Hersbach, H., 2000: Decomposition of the continuous
ranked probability score for ensemble prediction sys-
tems. Wea.Forecasting, 15, 559-570.

Hong, S. Y., and Coauthors, 2013: The global/regional
integrated model system (GRIMSs). Asia-Pacific J.
Atmos. Sci., 49, 219-243.

IPCC, 2014: Climate Change 2014: Impacts, Adaption,
and Vulnerability. Part B: Regional Aspects. Contri-
bution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel on Climate
Change, V. R. Barros et al., Eds., Cambridge Univer-
sity Press, 688 pp.

Juang, H. M. H, S. Y. Hong, and M. Kanamitsu, 1997: The
NCEP regional spectral model: An update. Bull.
Amer. Meteor. Soc., 78, 2125-2143.

Kalnay, E., 2003: Atmospheric Modeling, Data Assimila-
tion and Predictability. Cambridge University Press,
341 pp.

Kanamitsu, M., A. Kumar, H. M. H. Juang, J. K. Schemm,
W. Wang, F. Yang, S. Y. Hong, P. Peng, W. Chen, S.
Moorthi, and M. Ji, 2002: NCEP dynamical seasonal
forecast system 2000. Bull. Amer. Meteor. Soc., 83,
1019-1037.

Kim, C., and M. S. Suh, 2013: Prospects of using Bayes-
ian model averaging for the calibration of one-month
forecasts of surface air temperature over South Korea.
Asia-Pacific J. Atmos. Sci., 49, 301-311.



ARt - AR - AR 683

Krishnamurti, T. N., C. M. Kishtawal, T. E. LaRow, D. R.
Bachiochi, Z. Zhan, C. E. Williford, S. Gadgil, and S.
Surendran, 1999: Improved weather and seasonal cli-
mate forecasts from a multimodel superensemble.
Science, 285, 1548-1550.

Lee, J. W, S. Y. Hong, E. C. Chang, M. S. Suh, and H. S.
Kang, 2014: Assessment of future climate change
over East Asia due to RCP scenarios downscaled by
GRIMs-RMP. Climate Dyn., 42, 733-747.

Marzban, C., R. Wang, F. Kong, and S. Leyton, 2011: On
the effect of correlations on rank histograms: reliabil-
ity of temperature and wind speed forecasts from
finescale ensemble reforecasts. Mon. Wea. Rev., 139,
295-310.

Mearns L. O., M. Hulme, T. R. Carter, R. Leemans, M.
Lal, P. Whetton, L. Hay, R. N. Jones, R. Katz, T. Kit-
tel, J. Smith, and R. Wilby, 2001: Climate scenario
development. In Climate Change 2001: The Scien-
tific Basis, J. T. Houghton et al., Eds., Cambridge
University Press, 741-770.

Meehl, G. A., F. Zwiers, J. Evans, T. Knutson, L. Mearns,
and P. Whetton, 2000a: Trends in extreme weather
and climate events: Issues Related to Modeling
Extremes in Projections of Future Climate Change.
Bull. Amer. Meteor. Soc., 81, 427-436.

, G. J. Boer, C. Covey, M. Latif, and R. J. Stouffer,
2000b: The Coupled Model Intercomparison Project
(CMIP). Bull. Amer. Meteor. Soc., 81, 313-318.

Myoung, J. S., S. G. Oh, and M. S. Suh, 2012: Improve-
ment of simulated air temperature of regional climate
model using linear regression method. Korean J. Cli-
mate Research, 7, 255-270.

Peng, P., A. Kumar, and H. van den Dool, 2002: An analy-
sis of multimodel ensemble prediction for seasonal
climate anomalies. J. Geophys. Res., 107, doi:10.1029/
2002JD002712.

Raftery, A. E., T. Gneiting, F. Balabdaoui, and M. Pola-
kowski, 2005: Using Bayesian model averaging to
calibrate forecast ensembles. Mon. Wea. Rev., 133,
1155-1174.

Skamarock, W. C., and Coauthors, 2008: A description of
the advanced research WRF version 3. NCAR Tech.
Note NCAR/TN-475+STR, 113 pp.

Suh, M. S., and D. K. Lee, 2004: Impacts of land use/cover
changes on surface climate over east Asia for extreme
climate cases using RegCM2. J. Geophys. Res., 109,
doi:10.1029/2003JD003681.

, S. G. Oh, D. K. Lee, D. H. Cha, S. J. Choi, C. S.
Jin, and S. Y. Hong, 2012: Development of new
ensemble methods based on the performance skills of
regional climate models over South Korea. J Cli-
mate, 25, 7067-7082.

van der Linden, P., and J. F. B., Mitchell, 2009: ENSEM-
BLES: Climate change and its impacts at seasonal,
decadal and centennial timescales. Summary of
research and results from the ENSEMBLES project.
Met Office Hadley Centre, 160 pp.

Wilks, D. S., 2002: Smoothing forecast ensembles with fit-
ted probability distributions. Quart. J. Roy. Meteor:
Soc., 128, 2821-2836.

, 2006: Statistical methods in the atmospheric sci-
ence, 2™ ed. International Geophysics Series, 59,
Academic Press, 627 pp.

Yun, K. S., K. Y. Heo, J. E. Chu, K. J. Ha, E. J. Lee, Y.
Choi, and A. Kitoh, 2012: Change in climate classifi-
cation and extreme climate indices from a high-reso-
lution future projection in Korea. Asia-Pac. J. Atmos.
Sci., 48, 213-226.

Yun, W. T., L. Stefanova, and T. N. Krishnamurti, 2003:
Improvement of the multimodel superensemble tech-
nique for seasonal forecasts. J. Climate, 16, 3834-
3840.

Atmosphere, Vol. 25, No. 4. (2015)



	다중 지역기후모델로부터 모의된 월 기온자료를 이용한 다중선형회귀모형들의 예측성능 비교
	Abstract
	1. 서론
	2. 모델 및 실험설계
	3. 연구방법
	4. 연구결과
	5. 요약 및 결론
	REFERENCES


