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Abstracts

This study investigates a 12 month-lead predictability of PNU Coupled General

Circulation Model (CGCM) V1.1 hindcast, for which an oceanic data assimilated initialization
is used to generate ocean initial condition. The CGCM, a participant model of APEC Climate
Center (APCC) long-lead multi-model ensemble system, has been initialized at each and every
month and performed 12-month-lead hindcast for each month during 1980 to 2011. The 12-
month-lead hindcast consisted of 2-5 ensembles and this study verified the ensemble averaged
hindcast. As for the sea-surface temperature concerns, it remained high level of confidence
especially over the tropical Pacific and the mid-latitude central Pacific with slight declining of
temporal correlation coefficients (TCC) as lead month increased. The CGCM revealed
trustworthy ENSO prediction skills in most of hindcasts, in particular. For atmospheric variables,
like air temperature, precipitation, and geopotential height at 500hPa, reliable prediction results
have been shown during entire lead time in most of domain, particularly over the equatorial
region. Though the TCCs of hindcasted precipitation are lower than other variables, a skillful
precipitation forecasts is also shown over highly variable regions such as ITCZ. This study also
revealed that there are seasonal and regional dependencies on predictability for each variable

and lead.
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Ht}. 2] ECMWF (Balmaseda et al., 2007), &
9] POAMA (Yin et al, 2011) 52 Ol (Optimum
Interpolation)t} Z-5F HEIE 7|9t 2 & A x7]
g At AAE )&, w2 NCEP (Ji et dl,
1995), 9=2] Met Office (Mogensen et al., 2012), &
B9l IMA (Usui et al., 2006) 5 HE S5 3P
(Variational methody& ©]-8-3te] 2717& AAtste] &
Aol AF&31L ). T3 Global Ocean Data Assimilation
Experiment (GODAE) X274 E9} NOAA/CDEP Ocean
Data Assimilation for Seasonal to-Interannual Prediction
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slol] st FHAE +A33H SAE F3lol digh
R olug A5 FE Fo BAS 83t
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2.1. MEmEe| 7y

B A7) AHgE mYe o)A gAY w3
S 2 4% Pusan National University (PNU) CGCM
olt}. Z}zke] AR & o= NCEP Community Climate
Model version 3 (CCM3 T42, Kiehl et al., 1996)
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Table 1. Component models, resolutions, and physics of the PNU CGCM.
Atmosphere Community Climate Model (CCM3, Kiehl et al.1996)
Land Land Surface Model (LSM, Bonan 1998)
Component Ocean Modular Ocean Model
model (MOM3, Pacanowski and Griffies 1998)
Sea-lce Elastic-Viscous-Plastic Model
(EVP, Hunke and Dukowicz 1997)
Atmosphere
L P d Spectral truncation T42
an
Horizontal .
Ocean 2.8125-degree longitude, ~0.7 (low lat.)
. Sea-ice ~1.4 (mid lat) and ~2.8 (high lat) degrees latitude
Resolution
Atmosphere 18 hybrid sigma-pressure levels (top : 2.917mb)
. Land 6 levels
Vertical
Ocean 40 levels (top : 10m, bottom : 5258m)
Sea-ice 3 levels
. Deep convection Zhang and McFarlane (1995)
Moist processes .
Shallow convection Hack (1994)
Considered in scattering and absorption by delta-Eddington
Physi Radiation Short wave method (Briegleb , 1992)
sics
4 Long wave Observed in broad-band method
PBL Bou1.1dar}.f layer Nonlocal scheme (Holtslag and Boville, 1993)
diffusion
Land-surface Prognostic hydrology scheme
s Y (8 \
Model Initialization £1U L0071 ‘ CGCM Hindcast
(NoFlux Adjustment )
Reproduction : 1980-2012
AGCM  IC for CGCM : Daily CCM3 AGCM
Atm. fields of each year ® 12-Month Lead CGCM
Ensemble Hindcast and
Reproduction : 1980-2012 Prediction
LSM IC for CGCM : Daily LSM
land fields of each year ® At least2 ensemble
ocen | Reproduction :1980-2012 members
Seaice | IC for CGCM : Daily MOM3 OGCM ® Hindcast and prediction
ocean fields of each year Period : 1980~2012
. ® Starting at every Month
ODA ?T;fg?o??’g’ms EVP Sealce SRS a s
\. /4 J /
Lead0 Leadl Lead2 Lead3 Lead4 Lead5 Lead6 Lead7 Lead8 Lead9 LeadlO Leadil
m JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NoOV DEC
Lead0 Leadl Lead2 Lead3 Lead4 Lead5 Lead6 Lead7 Lead8 Lead9 Leadl0O Leadil
m FEB MAR APR MAY JUN JuL AUG SEP ocT NoVv DEC JAN
Lead0 Leadl Lead2 Lead3 Lead4 L;ad 5 Lead6 Lead7 Lead8 Lead9 Lead1l0O Leadll
m DEC JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV
Fig. 1. Prediction System of the PNU CGCM V1.1 (Upper) and naming rule for individual run (Lower)
A Aw] Fo2 A, R, B4 % 2 wtun 6] B A B35 Tl B3
A alFE wel T Asl vt} (Carval, 2002). o] = Al ] 7174717 (WMO)
Atmosphere, Vol. 22, No. 4. (2012)



458 PNU CGCM V1.1& ©]-&-3 127

o} =71 7+ s datsteds] 100y 28] 2000
F31E7] AlFslg e dale A AAZe=Z oF 3500
o] 7 (2012 042 AA) A=7F ] ATt S A
SH= AYAFEY] A4 - FHE =] 24
S HASH] 93} Global Ocean Data Assimilation
System (GODAS)®] aF23 AEAEE A A&
stk 271 279 At digk /2 E Fig. 19 Y
ERA AT

2.3 12703 AAE ol AE MA U Xtzo| MAl

2 AFeMe & ol &7 PNU CGCME A}
g3t AT dEA8E AYitelal, CGCME] ¢l&A
< 7AZ3}TE. PNU CGCME mj 9 %7138k 1271
49| Lead® S Fa3tH, 1980 dFH 2012
DA A&H o2 wiAZHEF (hourly) AHEE A4t
sk Tt i Eash= 1270 Lead®] PNU CGCM
V1.l ABAEE 2718} A7) we} 1€ Edst=
ZE-S JAN RUN, 299 &93}+= 23#2 FEB RUN
So 2 w3} Fig. 19 2+ F&9] ¥} Lead
o] el YehHATE ZF RUNS AJ7A19d HbgS A}
§3t GFE WWE FEEeH, 74 A dES
X2 3= ZE2 JAN RUN, APR RUN, JUL
RUN, OCT RUN< 57 o]de] ®im=z, 1 9]dl& 2
7N olde] WHE FAEY Utk B AFeME F
Z JAN RUN, APR RUN, JUL RUN, OCT RUN®¢|
tiste] 1980 ¢ 2011 d7M4] 2] Y d PHEAE
£ 23St d3A4S ks

3. PNU CGCM V1.12| o|&4 "I}

3.1. MX|7 1270 SST ¢IsA ©@o}

w4 ZHHo g F3H W4l SSTY dS4S A
B tth. Fig. 25 PNU CGCM VI1.1¢] A SST
&S APCC UYL (Multi Model Ensemble,
©]3} MME) ¢l &e] Fosl= t2 CGCMES A
T SST d&3 3 Ueld Bldy] tholo] 3ot}
PNU CGCM V1.0 PNU CGCM VI1.1& Y43
PNU CGCM< AH&-3lL, PNU CGCM VI1.1& 94
A vie} o] gx718t FAAX AEFIE
AH2-3F o Zoln PNU CGCM VI1.0& PNU CGCM
VI1.13 543 g0 2 d&25E5 Yrehy AEF
st 2718t HA ol 2FEA 2 dSolth. APCC
o] MME 9| &9 Il CGCME 5 %713} 34
o Ag%537}t TFH CGCMES SST ¢1=S MME
3t APCC CGCM MME1S. 2, 238A] ¢+ CGCM
£9] SST o|=°] MMEE APCC CGCM MME2=
e & AE dS55RE AL AE 357 2
ZF TEE 4Ho 2 YRy

sh7)deks Ul 7] 4227 45 (2012)

o -
. .8 & o A
3 Frss %,
N 150 |- S %,
© o

L : 2 .
Sust & gl NG
@ ° o) hY £ .
S 1.00 -5 4l wo? e @ PNU V1.1 (with DA)
= «®. \ @ PNU V1.0 (w/o DA)
g 0.75 . . \ o2 APCC CGCM MME1(with DA)
2 3.9 A\ . APCC CGCM MME2(w /0 DA)

209
B 050 F o o 9 0% 1 Spring hindcast
% ® A 2 Summer hindcast
€ 025 1099 )
] \ 104
& Lead 1N 3 ‘ . 3 Fall hindcast
i | | 4 Winter hindcast
0.00 L L L 1 1.0

025 050 0.75 REF 1.25 1.50
Fig. 2. Taylor diagram of global SST for PNU CGCM V1.1
(red), PNU CGCM V1.0 (blue), APCC CGCM MMEI1
(orange) and APCC CGCM MME?2 (sky blue). The labels
over the markers denote target seasons (see legends).
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Fig. 3. Temporal correlation coefficients (TCC) for hindcasted SSTs. TCCs of JAN RUN, APR RUN, JUL RUN and OCT
RUN are averaged at the same lead-time (Lead 0~1, Lead 2~4, Lead 5~7 and Lead 8~10). The solid and dashed contours
represent statistical significance of the correlation coefficients at 90% and 99% confidence level, respectively. The value of

upper-right corner above each plot indicates the areal mean of global TCC.
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Fig. 4. TCC for Nino3.4 SST anomalies between PNU
CGCM V1.1 hindcast and observation as a function of lead-
time and RUNSs. The solid and dashed contours represent

statistical significance of the correlation coefficients at 90%
and 99% confidence level, respectively. White dotted lines
are boundaries of April and July.
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Fig. 5. Potential predictability for (a) 2 m temperature, (b) precipitation and (c) 500 hPa geopotential height of JAN RUN (top),
APR RUN, JUL RUN and OCT RUN(bottom) at Lead 2~4. The value of upper-right corner above each plot indicates the areal

mean of global potential predictability.
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Fig. 6. TCC for 2 m temperature, precipitation and 500 hPa geopotential height of JAN RUN, APR RUN, JUL RUN and OCT
RUN at Lead 2~4. The value of upper-right corner above each plot indicates the areal mean of global TCC.
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Fig. 8. RMSEs for 2 m temperature, precipitation and 500 hPa geopotential height over (a) the globe and (b) the northeast Asia
of JAN RUN, APR RUN, JUL RUN and OCT RUN with 12-month lead.
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Fig. 9. Hit rates for 2 m temperature, precipitation and 500 hPa geopotential height over (a) the globe and (b) the northeast
Asia of JAN RUN, APR RUN, JUL RUN and OCT RUN with 12-month lead.
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