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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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The impact of ocean initial conditions on the seasonal climate forecasts of two major types
of EL Nifio, namely canonical (or cold tongue) and a new type of El Nifio (EL Nifio Modoki, Warm
pool EL Nifo, or Central-Pacific El Nifio), using the APEC Climate Center (APCC) in-house coupled
model is assessed for the boreal winter. We use the Community Climate System Model version
3 (CCSM3), developed by the National Center for Atmospheric Research (NCAR), as an APCC
in-house coupled model. This APCC/CCSM3 coupled model is composed of the Community
Atmospheric Model version 3 (CAM3), the Parallel Ocean Program (POP), with the Community
Land Model (CLM) as the land surface model and the Community Sea Ice model version 4 (CSIM4)
as the sea ice component.

In this study, two different ocean initialization approaches are involved in working toward improved
forecast skill for the prediction of ENSO. The first method is to integrate the coupled GCM with
Sea Surface Temperature (SST) nudging, which is an empirical method for data assimilation.The
hindcast simulation with the initial conditions from the SST nudging method is hereafter referred
to as the “Nudging experiment’. The second method is to use three dimensional ocean assimilated
reanalysis data from the Global Ocean Data Assimilation System (GODAS), which is assimilated
with a 3-dimensional variational method using the GFDL MOM3 ocean circulation model. The
hindcast simulation with the initial conditions from GODAS will hereafter be referred to as the
“GODAS experiment’. With these two different ocean initial conditions, we simulate a relatively
long-term seasonal prediction for 7-months, starting from February, May, August and November
of each year between 1983 and 2010 in the APCC/CCSM3 model. Each 7-month retrospective
forecast consists of 5 ensemble members.

To more precisely understand the predictability of two types of EL Nino according to two different
ocean initial conditions, we examined the predicted performance of tropical Pacific SST anomalies.
We used the Nino3 index (ENSO Modoki Index; EMI) to characterize the canonical EL Nino (a
new type of EL Nifio) event. Except for the August initial condition, the temporal correlation
coefficients of the GODAS experiment for the Nino3 with a forecast lead-time perform better
than those of the Nudging experiment. However, for the EMI, the Nudging experiment is slightly
better than GODAS experiment. To assess the interannual predictability of the tropical Pacific
SST anomalies, we calculated the pattern correlation coefficients over the tropical Pacific region
in November. The results indicate that the skill of the Mudging experiment are higher than that
of the GODAS experiment at each lead-time with different initial conditions. We also investigated
the composite analysis for the canonical EL Nifio years (1986-87, 1997-98, and 2006-07) and the
new types of EL Nifio years (1987-88, 1991-92, 1994-95, 2002-03, 2004-05, and 2009-10) within
the study period. For the canonical El Nino years, the GODAS experiment represents the
thermodynamic structure of the tropical ocean interior well. On the other hand, the intensities
of SST, rainfall, and 500 hPa geopotential height anomalies in the GODAS experiment are relatively
weak compared to the observational data or the Mudging experiment. For the new types of El
Nino years, the Nudging experiment matches relatively well with the observed ocean dynamic
features, demonstrating that the warm ocean temperature shifted westward. However, it is
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noteworthy that both the AMudging and GODAS experiments do not separate the distinct climate
features in terms of the new types of EL Nino years.

In this study, we demonstrate that the reason for the low predictability for ENSO prediction
in the GODAS experiment is the initial shock due to the differences in climatology between the
GODAS data and the CCSM3 model. Further, we also indicate that there are limitations in ENSO
prediction influenced by a systematic model bias in the APCC/CCSM3 model through the EOF
analysis of SST anomalies over the tropical Pacific, based on three experiments, namely the GODAS,
Nudging and Control experiments. Nevertheless, the APCC in-house coupled model prediction
has some strength as far as the canonical and new types of El Nifo predictions when compared
to other coupled model predictions collected by APCC for multi-model ensemble (MME) prediction.
The temporal correlation coefficients of Nifo3 and EMI at a forecast lead-time in the GODAS
experiment show considerably high values for up to a 6-month lead time. The APCC/CCSM3 indicates
better performance in terms of composite SST anomalies associated with the two types of El
Nifio, in comparison to other coupled models. We conclude that the APCC/CCSM3 has considerable
usefulness once long-term ENSO prediction is implemented as a part of the APCC MME prediction
system.
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A AFAQ1 7150} A A T1ejal B w7 EE] AAIRse Y e B V1%
[0l & 42l dAto] El Nifio Southern Oscillation (O]O} ENSO) 2] €tjolct (Latif
2001), ENSO: 7|22 o2 A & g ofol|A] HhYsH= FALo 2 1 x| HofjA] oA} 11
EL ol A2 B HolHA 2~104 F/1E WA 1~297F 114 Fch (Barnett
1985; Philander 1985). H]E ENSO9] HHIL ) sfolof| $1E]o] 901} ENSO9} T
g G| Al-37H HES E Al obdzt fRlUERE WS A 71—.—74101]
2 JES ux= Aoz defA et (BF84 2003; Horel and Wallace 1981; Rasmusson
and Wallace 1983), &L SEo] 1142 ¢] ENSOL} &3] == HE ENSOo|| I3t
A7F 2haks| WY=L ek, M FH2] ENSOE ofg] 74| ojgo & Bejer] dapi
A Ak (Dateline El Nifio) (Larkin and Harrison 2005b), QUi X x| (El Nifio
Modoki) (Ashok et al, 2007), &7]& Yk (Warm pool El Nifio) (Kug et al, 2009,
2010) 508 E2]1 gt} o2& ofg 7}A] oA |ut FEZ o7 YJeh s ERLS Ar
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etixl st th7 17t e 282 w4 ol ZAsHA

D}—Er%f t7]-all%F g <=2t £ (Coupled General Circulation Model, ©]8} CGCM)
& 0] g3t of=0] Erhulsict, AAR At 300 | EF ENSO stof| tjgt ofsfje} tEo]
A3} 43t B3-S 0]-83F ENSO d|&9] Al=o] AFds] SFATE]QIT) (Neelin et al, 1998;
Achutarao and Sperber 2002). 1980t ZHHEE| v|w ] The3t o] A= 7|3
& A 2EE o83 ENSO oS0 - 402 AEHA oot mgS o83t A7)
of| &9 7RsAdo| Eks| o5 vl @It} Zebiak and Cane (1987)2 =7+ o] H3h
23 (Intermediate Coupled Model)2 ARSI @5 7JA1E glo] 3~4d 9] E4f2IsH
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XS 2OJ3Uct Barnett et al, (1993)-2 Al sy}t T of7] =& A3k A)7] Hybrid
Coupled Model (°]5} HCM)< o]-&3to] 7kt A 5ete] doff e fe] si-e=
£ Y= 18717 v]e] dEekeri 7| A5l oM 7hsde AR ESE
Latif et al, (19998 Sh hHF A1oe] o Tttt majwh AAT o] oot B
A3k TOGA (Tropical Ocean Global Atmosphere) A3t HE-L- 0]-8351o] #AF7] 7|3
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A3 TS F710} Baio] QT s ofeld 479 ZA) wojglo} o)
Aol the 1 e ekl S 7T ENSOE o 4 ek F43ict, ol
o7 |—slof chadk Ao AWl ofe A, SR, U Uopt Bany Sol




APCC

A3hd o S3isial ageld 2y 7o) o]ojFal ENSO oSt opuet thafdt 54

& 7HEA A% B ARISl] w2 uje) 7R A Sol 88 sk ok,

olo]| wh

7 1-slef e ot me] Al tatol] M R3] YRR Age 2]
Zo] ofl2lE Has} A7l A w3 AFAQ] A7) 715AS5S S1' A A1 4ot
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£3], 4] ENSO |2S 9J5t g mge] djn See sjake] 27148 0w Aushe
Lfo]] whe} T2t (Rosati et al. 1997; Behringer et al, 1998). 3% %73} 7| 5
Rl AR & 74 P cfEo] ASE UY HHL olgaA e 2w
Nudging A7/ Zo]c, o] Whle} Aul ENSOS ERHE 715 WEAe] g m@o
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E3F 2008 E wlm 7|8 -4 (o]5F NCAR) oA 7t AU e 713 Al
24 A 3 (Community Climate System Model version 3; ©]3} CCSM3)E =5}
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AT2H FF 27129 AYEe R ENSO ol&AE =9l ul$ 1Al At o]
A3}E $712 @o] 2012KE] APCCOIATE NOEPOIA] 8] AR 2 Aok
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Table 1 Description of the coupled prediction models collecting by APEC Climate Center

Institutes/Country . . Ensemble
Atmos initialization Ocean initialization . References
(model name) size
NCEP/USA
/ CFS data assimilation 3D-Var GODAS 20 Saha et al. 2013
(CFSv2)

NASAUSA MERRA lysi GEQS ODAS-2 10 Molod et al. 2012
(GMAD) reanalysis olod et al.
MSC/Canada 4D-V. 3D-Var GODAS 10 Kim et al. 2003
(CanCM3) ar ar im et al.

MSC/Canada 4DV 3D-Var GODAS 10 Si t al. 2004
(CanCM4) ar ar immons et al.
PNU/Rep. of Korea NCEP/DOE ysis I Forecasted from Ocean 10 Ah 4 Kirn 2013
reanalysis n and Kim
(PNUCGCM) i model
BMRC/Australia ERA4O Nudgi Optimal Interpolati 30 Lim et al. 2012
udgin imal Interpolation im et al.
(POAMA) ang P P
2.1.3 A= xI2

WA 71 FoA| SR =] et S ol AR S 2 AEA AR vle g7] s
A (0]3} NOAA)OJA ALl A7 R A&l al4H> % (OISST, Reynolds et al,
2002), SOl & 3 H|IE 984 NCEPOA] Al5dl= A+ s 4= 53F
A 2H] (GODAS, Behringer et al, 1998), L 73 7|13gF TR AEQ] 2glo 2 A
GPCP 7}=AFR (Adler et al, 2003), 12]al th7] £3} 422 NCEP/DOE A EAIx}& 2
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7] E855E AAIRA R fof 4 =3 POPE FURt 7IRte] dishA 223t
pafEstel AMIP/‘E‘OJL]( OMIP A3-& 33l 1 opxet Adel] (1982 19 1Y
Ael) 7} COSM3 Nudging 89| 2727402 ALt} Nudging AN B2 A
S = OISST (Optimal Interpolated Sea Surface Temperature, Reynolds et al. 2002)
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Figure 1 Temporal correlation coefficients between predicted and observed Sea Surface Temperature
anomalies at the 1-3 month lead time. Left and middle columns (a-k] show the skills of GODAS and Nudging
experiments. Right columns (c-l) shows the skill difference between GODAS and Nudging experiments.



CCSM3 @3oflMe] = 7Hx| ALl oS0l ChEt af

02
b
N
M
N
1o
08
o2

(a) GODAS (MAM)

T T
60E 1208 180 120W sow Q

-
<

T T T T
0 BOE 120 180 120w oW 0 0 60E 1208 180 120W Bow

(1) GODAS - Nudging (SON)
e

BON 154

e PR
3N {5

s S

608

T T
B0E 1208 0

(i) GODAS (DJF)
(e S O g 4 o

30N 4

Figure 2 Same as Figure 1, except for rainfall.
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(a) PCC at 0-month lead (with Nov IC.)
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Figure 3 Interannual variation of pattern correlation coefficients between predicted and observed sea surface
temperature anomalies over tropical Pacific (120°E-60°W, 30°5-30°N]) for November (a) at 0-month lead time
with November initial condition, (b] at the 3-month lead time with August initial condition, and (c) at the 6-month
lead time with May initial condition for Nudging (red) and GODAS (blue] simulations.
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Figure 4  Temporal correlation coefficients between predicted and observed ENSO indices with forecast lead
times. Above panels (a-d) show the skills of Nifio3 and below ones (e-h] are those of EMI index. Blue lines
indicate the skills of GODAS experiments, red ones are those of SST Nudging experiments, and black dotted
ones are those of persistence.
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Figure 5 Distribution of the observed and predicted two types of ENSO indices. Left figure (a) shows the
skill of observation, middle one (b) is that of GODAS simulation, and Left one (c] is that of Nudging simulation.
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CCSM3 =ofiMe| = JHx| ALl oil=0l chet s =7|=A9| et

Aot HYPHE AYie = FHERITE 7 WA= Yeh 5 (2009)0f ©JsiA] Nifio3 A|=2}
Nifiod Z]<=9] Atf&Ql 37|12 dYk & -2kl vAHS 2 Ashok 5 (2007)9]
SJeiMe SUEHBY] 2T s =et F doll AR daid sfef HF Zafe
St SjHeE 2jol2 A Js= EMI (ENSO Modoki Index) A|4=7} 0.7 EFHA}
ool MEE Ayl sl ottt Yu 5 (2012)014] Al 71A] 7|Eo = AE et
Ak S FoIA 271 o1 FEHY TS olF = dhee & AtelMe AHd
Ayl o HEYPH Az A AFE 229 Ay o= 1986-87,
1997-98, 2006-07 & 33fo|n] HEPH Ak 3foll= 1987-88, 1991-92, 1994-95,
2002-03, 2004-05, 2009-10 % 63jo|c}.

Table 2 Major El Nifio events since 1983 and their types Identified by the majority consensus from the
EP/CP-Index Method, the Nino Method, and the EMI Method

Type
El Nino Years
EP/CP method Nifo3/4 method EMI method Consensus
1986-87 CP EP EP EP
1987-88 CcP CP EP CcP
1991-92 CcP EP CcP CcP
1994-95 CcP CP CcP CP
1997-98 EP EP EP EP
2002-03 CP EP CcP CcP
2004-05 CP CP CP CP
2006-07 EP EP EP EP
2009-10 CP CP CP CP

x EPE DXl Al

o, CP= BigE Al SiE 2loigt

ERE AL 5ot ARl A sl Q] A= ek sioF Wi 2=, =

4=, 7123l 500 hPa X|9]itke of=de] o] F/dA4S 19 60 UrErfigict.
Nudging A& of| A= 213t llg=do] So]| vlal] t] 75|, GODAS Adelil= o <Fat
A BARE skl Qlet, F AgollA] 24 sig=o] A B YE o R WolQls S Holal
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Figure 6  Composite patterns of (a-c] geopotential height at 500 hPa, (d-f] precipitation, (g-i) SST, and (j-U
ocean temperature anomalies for canonical El Nifio years. Left columns are observations, Middle ones are
GODAS experiments, and Right ones are Nudging experiments.
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Figure 7 Same as Figure 6, except for new types of EL Nino years
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Figure 8 Same as Figure 4, except for RMSE
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Figure 9 Change of spatial pattern distribution for observed and two simulated sea surface temperature
anomalies (SSTA) for November 1997.
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Figure 10 The distribution of spatial pattern of the first EOF mode for sea surface temperature from
observation and model simulations at 1~3 month lead time over the tropical Pacific in the four seasons.
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Figure 11 Same as Figure 10, except for the second EOF mode.

062




ol

CCSM3 2E0|M2| = JHK| ALl OfS0l| CHEH sHY =7|ZZ49| HE

0!

6. APCCOIM +Ei=2! Fet 2¥Sute| Hiw

ol Xl= CCSM3 ol = 7HA] sief 2718t 71E A8AIA = 7HA] F579 dY
@A) mojof et avtE Haa ok sjf AT F3HA7]E S H_ = Nudging
(2-D) 7|sHths B 546kl Just 7]sS 283 Mty (3-D)< o884 sl
%713} sk WAE R L7t Rgksfjopd Wgkolrt, de] dERl sieHeE
Nudging 7|5 2008 7€ Al W AA| 2 o= ot mygof A-gslo] 7| o& A=s
AAbs] kar, ®rk 229l 201295 371 A= 5318 GODAS A4 AH2E 2
GO ZA 32 A 02 3ofS 2713 Al7|E= =85 8l $tth Nudging 7]%}
H| 84 Nifiod A|<=of] thgh AlZE AetAlS, 22]al 1201 Ay ke sl A Uehh=
ok Wie] oatzlel 3 HAR= GODAS 27|35 & A7l A9 Aapr) £t
3}21‘5& A g Fol A sl 2= Fd Hed, HEE AU AA] ®of, A

Q1 7197 ROJofAl= Nudging AE0] GODAS A% Hrl= A3} o it}

WL RN} A0 BH8E0l COSM3 BHT AEo) A T melgh oAl

ol 4152 A Al f4-0) At 71 TR ETIe] ENSO o3 Ae vl
o Wiz @t FEHoR /|FmySo] Mesl 9t T 7|FelE 7|7 1983
d~2006471x00] sl cl&4e Bohel wopch, 1% 120 S=ERle] W2 Nifod A4
S} EMI 2J=2] AIZk Al A2 59 24k 9 119 Z4to]] fafA] ekl Hukgo s
GODAS 7]'H-& 243+ CoSM3 28 2] |240] APCC7} 441%<] M w3z} ] ws)A]
pz] oke. o EAS BT QJth Nifod X140 that G| EA-S Nudging A1HE Aol
3l 59 ZuolA] [T B S| Ul S JASE Holid), 490 B0 1 o]F

ofie A& Hrj= 7P S &2 2 Persistence o|5/d1} v|asf] uf-$- 32> ENSO 954

1) 130] 159} TR 3k mESo] wolsks 1Al Ak X4 (Nifiod)
B AUk 2|4 EMD] ek AR AAISHGL BEOAE T 1)40] Al7H
AR} 0,47 o] 2|7k NCEP 23S A2Jsha tiise] mySolA 0.6 o] 2e Am
Ak e BES HOITE NOEP R3L uJAR A9l RES Ho|HA Nifiodd} EMIA|E




APCC RESEARCH REPORT
u

ARPAFO . 215 Brlo] gl WO R melakar glck, CCsM3E ol%zz Nudging A1o]

(a) TGC of Nino3 [05start, Hindcast Period: 1983-2006] (b) TCC of Nino3 [11start, Hindcast Period: 1983-2006]

—e—NASA
1 —=—CCSM83 Nudging
—e—CCSM3 GODAS

03 1+ Persistence 03 B

T T T T T T T T T T
oM) 1(J) 2(J) 3(A) 4(S) 5(0) 6(N O(N) 1(D) 2(J) 3(F) 4M) 5@A) 6(M)

(¢) TCC of EMI_[05start, Hindcast Period: 1983-2006] (d) TCC of EMI [11start, Hindcast Period: 1983-2006]

0.0 0.0

T T T T T T T T T T
oM) 1) 2¢) 3(A) 4S) 50) 6&N) oN) (D) 2() 3(F) 4M) 5A) 6(M)

Figure 12 Temporal correlation coefficients for (a-b) Nifio3 index and (c-d) EMI from (left) May and (right)
November initial conditions with forecast lead times
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Figure 13 Distribution of two types of ENSO indices from (a) observation and (b-i) model simulations.
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Figure 14 Time-longitude diagrams of the composite sea surface temperature anomaly (SSTA) patterns from
(a) observation and (b-i) model simulations at the tropical Pacific (average from 5°S to 5°N) for canonical El
Nifo years.
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