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A Prediction of Northeast Asian Summer Precipitation Using the NCEP
Climate Forecast System and Canonical Correlation Analysis

MinHo Kwon* and Kang-Jin Lee

Ocean Circulation and Climate Research Division,
Korea Institufe of Ocean Sciences and Technology, Gyeonggi 426-744, Korea

Abstract: The seasonal predictability of the intensity of the Northeast Asian summer monsoon is low while that of the
western North subtropical high variability is, when state-of-the-art general circulation models are used, relatively high. The
western North Pacific subtropical high dominates the climate anomalies in the western North Pacific-East Asian region.
This study discusses the predictability of the western North Pacific subtropical High variability in the National Centers for
Environmental Prediction Climate Forecast System (NCEP CFS). The interannual variability of the Northeast Asian
summer monsoon is highly correlated with one of the western North Pacific subtropical Highs. Based on this relationship,
we suggest a seasonal prediction model using NCEP CFS and canonical correlation analysis for Northeast Asian summer
precipitation anomalies and assess the predictability of the prediction model. This methodology provides significant skill in
the seasonal prediction of the Northeast Asian summer rainfall anomalies.
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TO® URH, feuet A9 Foprlol oEEe
o] 932 FA W=thiWang and LinHo, 2002). &
oprlo} o EETE HAUHEAET ofvet A7|HE
A% 7ZtHe.g.,, Kwon et al., 2005). H3lsle £
A&l gaHo® thAsl] fEiA fElvEE X
Fhele H-sotrol X999 oFH o] WEAd
ofgl] & o]¢] Hgst 474 S(long-range forecast)
AR O] e AR oR Fash, okge] ALS] -
ZAAH o2 w9 Fasitt.
SAEYE )73 (Atmospheric  General
Circulation Model)s ©]-&sto] F-soprjo} o533 7
st B =go] o] $trtheg, Kang
et al., 1992; Yun et al, 2005; Lim et al, 2012).
Barnett and Preisendorfer (1987)= AlddZol o=
1A} (predictor)?} oS (predictand)Z+e] A3 W€
o] FoRTE &3 4 e AT (canonical
correlation analysis, CCAy =931t} &3], Hwang
et al. 2001)3} Lim et al. (2012) 7}z A=Ay
A3 HEE CCA WHE AL Sl 283t o=
5 ARt 252 AioldA Hoh dnby
Ao R Haste] o ERIAt e SRR 99
Al sG] Wil iAo o gF EEoA
of A9 A dSFole E3lEo] A Fob 2
A9 o5 %%]%’%?9} I e P
oA AAZA e e E S o8 &
oot AHY AEH Y SES HE A2

o] A
Wang, 20006).

a2y AE g dEEe] F& FAHEY AF
#<(the western North Pacific summer monsoon)2]
AAgB g3, BEolAlol Aol o4BH P4
o] o &4e A GW Al % AthKwon, 2013).
dufsta ofAlol o E#<me] ZdR 54 (interannual
variability> ATE]¥E Fe] tiF&sol ofs) A F3F
S 7] wlEo]tk(Nitta, 1987; Wang et al., 2000;
Lee et al, 2005). ¥ AFolXe Ad)S A7F 5
A 71FEF 3N dFE T CCAE o]&-3}
of Hgopro} A oAFH o dSEFS 74
Sfal 1 B9 A3 Hrleiraat gt

H)g] A3 HolZtHYun et al, 2005;

A2

A4S 9)5le] Y3 NCEP/NCAR (the National
Centers for Environmental Prediction/the National
Center for Atmospheric Research) A|&4 AF7} o]
459 tH(Kalnay et al., 1996). NCEP/NCAR A4
Age] s A 259 A% 2500 24
F 52 Y%t CMAP (the CPC Merged Analysis
of Precipitation)®] ©]-&% % tH(Xie and Arkin, 1997).
CMAPAIES] A= 9% 2.5 A% 2.5%|T
AREE SR A oSS E NCEP CFS
(Climate Forecast System)®] ZZ}7} o8| {th(Saha

Table 1. Institution, model ID, and approximate horizontal resolution in degree of the atmospheric general circulation models

used in this study

Institution Model ID Horizontal Resolution
CSIRO (Commonwealth Scientific and Industrial Research ~ Organisation, Australia), and
BOM (]éureau of Meteorology, Australia) N : ACCESSL0 1.875x1.25
Beijing Climate Center, China Meteorological Administration BCC-CSM1.1 2.812x2.767
Canadian Centre for Climate Modelling and Analysis CanAM4 2.812x2.767
National Center for Atmospheric Research CCSM4 1.25x0.942
Centro Euro-Mediterraneo per I Cambiamenti Climatici CMCC-CM 0.75%0.742
Commonwealth Scientific and Industrial Research Organisation in  collaboration with the
Queensland Climate Change Centre of Excellence * CSIRO-MK3.6.0 1.875x1.85
LASG Institute of Atmospheric Physics, Chinese Academy of Sciences FGOALS-gl 2.812x2.812
Geophysical Fluid Dynamics Laboratory GFDL-CM3 2.5x2
NASA Goddard Institute for Space Studies GISS-E2-R 2.5x2
Institut Pierre-Simon Laplace IPSL-CM5A-MR 2.5%x1.268
Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute
for EnSironmental Studies, and Japan AgeI&cy for Marge-Ean}TySc)ience and Technology MIROCS 1.406x1.406
Max Planck Institute for Meteorology (MPI-M) MPI-ESM-MR 1.875%1.875
Meteorological Research Institute MRI-CGCM3 0.562x0.562
Norwegian Climate Centre NorESM1-M 2.5x1.895
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Fig. 1. (a) Normalized JJA (June, July, and August)-mean precipitation anomalies averaged over 115E-150E, 30N-50N and from
CMAP (black solid line), NCEP CFS (green dashed line), and 14-model ensemble mean AMIP-type simulations of CMIP5 (pur-
ple dashed line). (b) Normalized western North Pacific subtropical High index (WNPSH) from NCEP/NCAR reanalysis (black
solid line), NCEP CFS (green dashed line), 14-model ensemble mean AMIP-type simulations of CMIP5 (purple dashed line).
Thin lines indicate individual model results of AMIP-type simulations.
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et al,, 2013). NCEP CFS9] 232 tj7], s, sl BAZ 252 WATEIT Ao ol &d 717k
aE]a Aol 23 ti7]aid A die®k B F 19823 2008714 o]tk

3 (Coupled General Circulation Model)o|t}. 532

FHARE = 25% AE 2.5%|0 A, AEA

NCEP CFSE 0|38t

s
SrHess o]&d tedRFe] A5S va SMEjTeF T17|ko| o=

3}7] 98t CMIP5 (Coupled Model Intercomparison

Project phase 5)2] AMIP (Atmospheric Model 2011456 NCEPIA AdASE S5t 2y 2
Intercomparison Project) FE|S] Fo] AHE |43} A5 F3st Al&gle] B JHAE NCEP A SA1 =

HOm(Taylor et al,, 2012), AF-E 23S Table 1 go] T WA W] wlseld o] S8 9l

of Yepigith 48 flste BE B¥ AsEe F THSaha et al, 2013). NCEP CFSE dUk o=S
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H| 23 7|2 gt olygl MIO (Madden-Julian
Oscillation)2} 7EL 74] U715 (intra-seasonal oscillation)
TR o= A ket B3k NCEP CFSolA
64, 749, zaﬁ 84e] A5H 7155 A3 9
sto] 59 19¢] 271270] &89
*d, NCEP CFSE o] &3 %Zg FolaJo} 7
S =3 A3t Fig 120 EAIET o 2F
BEopro} 2|99 s Astslr] flat] 55
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4 7}4%(Bast Asian Summer Rainfall Anomaly;
EASRA)°] ©]&= =t (Lee et al, 2005), LA
Ho|%o] NCEP CFSAllA dlE¥ E-solrol XY
A AR A AddATe
02602 H|aA o FdFo] uj ik ‘EUP, *+=
SFHEEES o83 CMIP5Y 147 AMIP &
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2 7 Ak BAHEY WY Aee A8F
7t 850 hPa A1 =}l thsto] HAE|HY A
FA A (115°E-150°E, 15°N-25°N)S- Heeh gho=z 4
o]=]=u(Wang et al., 2012), He o] AFE o] F
WNPSH (Western North Pacific Subtropical High)2}
I 8Ab 212, WNPSHS} EASRAS] oAl
0.600]t}. 53], o]& gt A2 1990t Sk o]
A 3719 Kwon et al, 2005). I#HEZ
WNPSHE A3 o5 & SloH, 453 5%
oprlo} A e] A A oR o Zgs o
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Fig. 2. Normalized singular vectors of JJA-mean (a) precipi-
tation from CMAP and (b) 850 hPa zonal winds predicted
by NCEP CFS from for the period 1982-2008. NCEP CFS
is initiated from 1 May of every year. Positive arcas are
shaded.
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Fig. 3. (a) WNPSH predicted by NCEP CFS (blue line) and time series corresponding to the leading SVD mode of 850 hPa
zonal winds (purple line). (b) EASRA from CMAP (blue line) and EASRA predicted by the CCA model (purple line). (c) Maps
of the point-by-point correlation coefficients between JJA-precipitation anomalies from CMAP and the CCA model for the

period 1982-2008.
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&3t
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(Fig. 3a). ©] F+ AAIEY A= 0760t B3
T4 CCA BFE ol&3dt] Hsoprof A9 7+
25 o =3 A3} =" EASRASH #=9] EASRA
o] AEAGTE oF 0502 7 AAES HPoz 7HY
g2, TAHSE 99% AIFEE e =2 d
Z24%S 71XH(Fig. 3b), NCEP CFSZ o]&3}lo
A3 A5E EsoRrlol AY g Ak oA5¢
dEAsde 2 AolE Htk(Fig. la). Fig 3cE
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<] ]Z—]r(mechanlsm)— E%k-‘j/\iEHﬁé%k Addrc
o} vk 74 R=(La Nina-forced mode)® AH
g 4 Qlof(Wang et al, 2012) I WMERS A}
A &) golahH, 53] t7|desRnge &
2 d7)as 2% Eﬁﬁimﬂoﬂ*ﬁ I wEAe] 2
2ol¥thLee et al., 2008). ¥ AFolre BEAEH
& 7S =38] 91ske] NCEP CFS7h o]
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