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Abstract The impact of land and ocean initial condition on coupled general circulation
model seasonal predictability is assessed in this study. The CGCM used here is Pusan National
University Couple General Circulation Model (PNU CGCM). The seasonal predictability of
the surface air temperature and ocean potential temperature for boreal winter are evaluated
with 4 different experiments which are combinations of 2 types of land initial conditions (AMI
and CMI) and 2 types of ocean initial conditions (DA and noDA). EXP1 is the experiment
using climatological land initial condition and ocean initial condition to which the data assimi-
lation technique is not applied. EXP2 is same with EXP1 but used ocean data assimilation
applied ocean initial condition. EXP3 is same with EXP1 but AMIP-type land initial condition
is used for this experiment. EXP4 is the experiment using the AMIP-type land initial condition
and data assimilated ocean initial condition. By comparing these 4 experiments, it is revealed
that the impact of data assimilated ocean initial is dominant compared to AMIP-type land ini-
tial condition for seasonal predictability of CGCM. The spatial and temporal patterns of EXP2
and EXP4 to which the data assimilation technique is applied were improved compared to the
others (EXP1 and EXP3) in boreal winter 2m temperature and sea surface temperature prediction.
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(Chamey, 1951; Lorenz, 1963; IPCC, 2007).
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22 74 (Stensrud et al., 1999)S ThEA & th9]
PIE WAHE FAsE FE el Uk

2y AEAHE MAE] A%k & shte] Wte

2E By AFEHE 27|21e BA 2 9549 v
HE o] gste] gL dAHoR x7|slete] EF

A Fsl= WHol At (Alves et al, 2004; Balmaseda

and Anderson, 2009). AlAl &2 &Y 7] (operational

center)o| X = AA A SAHE FFAI717] flet] 2E

o] E813 FA I =S NASE A Yolle HE
SRy 2729 AS A BRI 954

S NAS Ath(e.g, Wang et al, 2001; Palmer et

al., 2004; Saha et al., 2006; Molteni et al., 2011; Kim

et al., 2012; Saha et al., 2014). AlA] dY71H = 3}
12l NCEP (National Centers for Environmental

Prediction)]| 4] %95 NCEP CFSv2 (Climate

Forecast System Version 2)2] 735~ tf) 7]-#] 4 -3l %-3
Wol| 2712718 A5Fst Wi o]8at] 27|54
A A A& s NAdsA S Wk ol Al5E

glof| o7t AR ARE d7]-Sg-H-AHe| E
¥ A2 25 (Climate Forecast System Reanalysis,

CFSR)E MEA wHEe] M AAAM AH odF d&

< 4A17]13 tk(Saha et al., 2010, 2014).

2 AFeMe AUy 27127 7ked A
Z7&20F g 27124 ALl e ERb
ALZ 713 sl4d 2% d2 TS AuRy
stth e AW 27121 A8 W
Helle s8] ARAEe 7193s ¥
I AMIP type &S &3 vr== W, 29

GLACE (Global Land-Atmosphere Coupling Experiment)
o] A= A3 A e} 7Fo] land surface 2ES offline
Froz AEs AW 2727102 A= W
S°l AThH(Gates, 1992; Koster et al., 2009; Wang et

al., 2009; Sun and Ahn, 2014). 53] GLACE+= 117}]
o] fFF71HEe] RYES 53 ESTFEY 278t

A xHA 7123 7H472] sub-seasonal (2-month)
FAoll 9 rHIthE AS EATH(Koster et al., 2011).

AMIP type®] A& o]&3 ®H-2 Atmospheric

General Circulation Model (AGCM)°ll &9 A A%

(e.g., 3MTH 2E)S Fo]FRHA thr]e} A¥e] 45
A-gaia A&HoR Aid-g FPsk= 202 NCEP
Bl Gt A A S Alad wWto R
A3 bl ATh(Ji et al, 1998). & AFo A= AMIP-

type i AHAE o] &3t HiE ARERS W} 7S
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A=7)gets 7] A1259 2% (2015)

SR AgH 7] sl 250 Al G54 Bla A

A= AT ShellA] AFHAANE, H2 T 7] el A
= A8Fs WS ol&st 7] Ad-s| F-a g7t
A AREEHA AT ARFSE d5% RIARE 4
Sole WHoRE AZH FAlskEA RF Y 7]
F3tE EAS Artele Wyelth AEEslele
Kalman Filter, optimal interpolation, adjoint-based
inverse technique, three-dimensional variational data
assimilation (3DVAR), for-dimensional variational data
assimilation (4DVAR) 5 t}st o] St} (e.g., Ghil
and Malanotte-Rizzoli, 1991; Wunsch, 1996; Bennett,
2002; Dommenget et al., 2004; Wikle and Berliner,
2007; Yang et al., 2009). ¥ oM = HEHS] 3}
el e E o] &3 HEW (Variational Analysis using
a Filter, VAF)S X853} WO 2 AFESit) 8
AV A5 F3kete] At AatEthe 9 ol 7R
A5 F 38kt 437 ENSO Heag S o Z =ojsh
the A ATE ulero & (Alves et al., 2004), 3l %2
AA Foll tiste] 2A5F3HE Fdeh t7] 271
Z2719] 7% AMIP-type AEo|A A2 HHE X183}
™ zdo] Guix|e AT ¥M%E (tropical intraseasonal
variability)S & ®o|s}x] X3tthke MyATo] A
o wake.g., Reichler and Roads, 1999; Kessler and
Kleeman, 2000; Hendon et al., 2007; Shi et al., 2009)
ARAARE 27202 A, o] 27127e
A agshe md el 42 A5 9 sk
spin-up 573 3} tH(Anderson and Ploshay, 2000). .
o} 2R g el gk Are 278l ARt

2. X8 R ATEY

21 28 MY

2 Aol AM8E E¥ 2 PNU CGCM (Pusan
National University Coupled general circulation model)
o]th(Sun and Ahn, 2011, 2014). Asia-Pacific Economic
Cooperation (APEC) Climate Center (APCC)2] 7] =
< 9% g52Y YE(Multi-model Ensemble) A]2~
dlol] FoJdk 23l PNU CGCM-S NCEP Community
Climate Model version 3 (CCM3 T42, Kiehl et al.,
1996; Hurrel et al., 1998) AGCM, GFDL Modular Ocean
Model version 3 (MOM3, Pacanowski and Griffies,
1998) OGCM, Los Alamos National Laboratory (LANL)
Elastic-Viscous-Plastic (EVP) Sea-Ice Model (Ahn et
al., 2001)Z 7 F th(http:/www.apcc2 1.net/eng/html/
hapcc030001.html). 7] /g3 B&HA CCM3+= 2.8125°
o] £ FEE 7KL o, dHoRE 18FS
2 7A=Y At Y HAEEF S MOM3= t7]
BAERYP 3 7 2.8125°9 A=W £ e
E 7 lon, EEo R 2Ue /pAAR
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Table 1. Component models and resolution of the PNU CGCM.

Atmosphere Community Climate Model (CCM3, Kiehl et al., 1996)
Land Land Surface Model (LSM, Bonan, 1998)
Component model - -
Ocean Modular Ocean Model (MOM3, Pacanowski and Griffies, 1998)
Sea-Ice Elastic-Viscous-Plastic Model (EVP, Ahn et al., 2001)
Atmosphere .
—— Spectral truncation T42
Land
Horizontal
Ocean 2.8125° longitude, ~0.7° (low lat.),
Sea-ice ~1.4° (mid lat) and ~2.8° (high lat) latitude
Resolution
Atmosphere 18 hybrid sigma-pressure levels (top : 2.917mb)
Land 6 levels
Vertical
Ocean 40 levels (top : 10 m, bottom : 5258 m)
Sea-ice 3 levels
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Fig. 1. Schematic diagram of PNU CGCM ensemble system.
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A2 Table 19 YERIATE

Ry A=S 93 F=AEEE National Centers
for Environmental Prediction and the National Center
for Atmospheric Research (NCEP/NCAR)o|A] A| 3
3} updated reanalysis2& A3 tH(Kanamitsu et
al,, 2002). ©] AEA ALdH WHEE 7]12Q2m air
temperature, T2m)3} & %45 (soil moisture)©]™, T63
gaussian grid (192 x 94)°] AA} Agolth, T A=
o} $1=wtake] 3347} 1.08 7F<IHadley Centre
Sea Surface Temperature (HadISST, SST) AFE = £4
S S8 ARSI th(Rayner et al., 2003). 3 2]
G2 BX vwo)E NCEPIA Algshs AT sl
A5 &3} A]2H(Global Ocean Data Assimilation
System, GODAS) At&2.5 A3} th(Behringer et al.,
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Fig. 2. Soil moisture climatology of a) NCEP reanalysis2, differences of b) CMI and ¢) AMI from NCEP

climatology, difference between d) CMI and AMI.
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Fig. 4. Temporal correlation coefficient maps of SST between observation and a) noDA, b) DA OCT ocean initial conditions.
The values at the top left of each figure (a~b) are the global mean TCC.
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Table 2. Model experiments.

Experiment Land i.n.itial Ocean .irllitial
condition condition
EXP1 CMI1 noDA
EXP2 CMI DA
EXP3 AMI noDA
EXP4 AMI DA

60°S~60°N)gtel 0.4091 ®FH, DA 3|F 7124
0.96°] At} o= AEFS & g 27|20 AR
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Fig. 5. Global mean temporal correlation coefficient for T2m and SST with respect to lead time (month). The blue, green, black
and red lines denote EXP1, EXP2, EXP3 and EXP4 respectively.
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