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ABSTRACT

This study introduces a new global climate model—the Irgtegt Climate Model (ICM)—developed for the seasonal
prediction of East Asian—western North Pacific (EA-WNP)nete by the Center for Monsoon System Research at the
Institute of Atmospheric Physics (CMSR, IAP), Chinese Aerag of Sciences. ICM integrates ECHAMS5 and NEMOZ2.3 as
its atmospheric and oceanic components, respectivelyg @ASIS3 as the coupler. The simulation skill of ICM is ewdfd
here, including the simulated climatology, interannuaiation, and the influence of El Nifio as one of the most imgatrt
factors on EA-WNP climate. ICM successfully reproducesdifibution of sea surface temperature (SST) and predipit
without climate shift, the seasonal cycle of equatorialiffa8ST, and the precipitation and circulation of East Asammer
monsoon. The most prominent biases of ICM are the excesslde@ngue and unrealistic westward phase propagation of
equatorial Pacific SST. The main interannual variation efttopical Pacific SST and EA-WNP climate—EI Nifio and the
East Asia—Pacific Pattern—are also well simulated in ICMhwealistic spatial pattern and period. The simulated EloNi
has significant impact on EA-WNP climate, as in other mod&le assessment shows ICM should be a reliable model for
the seasonal prediction of EA-WNP climate.
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1. Introduction Sperber et al., 2013; Song and Zhou, 2014).

Seasonal climate prediction is a challenging task and h sTO provide model results that support the seasonal pre-

. . . ction of the EA-WNP climate, a new AOGCM, the Inte-
important social and economic impacts (e.g., Huang, 20 . .
S ._grated Climate Model (ICM), has been under ongoing devel-
Huang et al., 2007). The seasonal prediction of East Asian— .
e ) o .~ gpment since 2008 at the Center for Monsoon System Re-
western North Pacific (EA-WNP) climate is increasing| ; . . .
: earch, Institute of Atmospheric Physics (CMSR/IAP), Chi-
dependent on atmosphere—ocean coupled general circulafio . : :
nese Academy of Sciences. This new model integrates the

ﬁamburg Atmospheric General Circulation Model Version

marked systematic biases in reproducing the EA-WNP ¢ _(ECHAMS) (Roeckner et al,, 2003) and the Nucleus for

mate, including the climatological mei-yu rainband, circu- oPcan Modeling of the Ocean Version 2.3 (NEMO 2.3)
! iing 0109 y ' éMadec, 2008) using the Ocean Atmosphere Sea Ice Soil Ver-
lation, and interannual variation (e.g., Brown et al., 2013.

Sion 3 (OASIS3) (Valcke, 2006) as the coupler. At its current

stage, ICM has steadily integrated 1500 years without ¢éma

* Corresponding authors: HUANG Ping shift. In this study, we introduce the framework and configu-
Email: huangping@mail.iap.ac.cn ration of the first version of ICM, and evaluate its simulatio

models (AOGCM). However, state-of-the-art atmospher
general circulation models (AGCM) and AOGCMs posse
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skill through comparison with observations. of the TIO (Xie et al., 2009). The warming of the TIO in-
Because the primary goal of ICM is to improve the sealuced by El Nifio events can persist through summer and em-
sonal prediction of the EA-WNP climate, we evaluate in denate a warm Kelvin wave into the equatorial western Pa-
tail its simulation skill in this regard by examining its re<ific, inducing northeasterly surface wind anomalies on the
production of the climatology and interannual variation aforthern flank. The surface friction-induced subtropidal d
the regional EA-WNP climate and its connection with prerergence suppresses convection over the WNP and leads to
ceding EIl Nifio events, one of the most important predictiaan anomalous anticyclone in the lower troposphere. There-
factors. The main challenge in simulating the EA-WNP clfore, the relationship between EI Nifio events and EA-WNP
mate is a deficiency in the mei-yu rainband (Du et al., 2016limate and the impact mechanism are further evaluated.
Song and Zhou, 2014). Models find it hard to reproduce the This paper is organized as follows. The model framework
dominant interannual pattern of the EA-WNP summer clis described in section 2. The observational data and method
mate, the East Asia—Pacific (EAP) pattern, or the Pacifiare introduced in section 3. The climatology and interahnua
Japan (PJ) pattern, characterized by a meridional dipdie paariation simulated in ICM are evaluated in sections 4 and 5,
tern of a positive/negative rainfall anomaly associatethwirespectively. The influence of El Nifio on the EA-WNP cli-
a cyclonic/anticyclonic circulation anomaly (Huang and Limate in the simulation is presented in section 6. And finally,
1987; Nitta, 1987). As many studies suggest, the interdnnassummary and discussion of the key findings of the study are
pattern of the EA-WNP climate is dominated by the thermptesented in section 7.
status of the tropical Indo-Pacific Ocean associated with El
Nifio events (Huang and Wu, 1989; Zhang et al., 1996; Zhaﬁg Model
et al., 1999; Wang et al., 2003; Huang et al., 2004; Huang
and Huang, 2009; Xie et al., 2009; Huang and Huang, 2010). The first version of the ICM is a coupled atmosphere—
Thus, the present study also evaluates the regional cliofatecean—sea ice model without flux adjustment. A schematic
the tropical Pacific. diagram of ICM is shown in Fig. 1. ICM consists of the
The anomalous western Pacific anticyclone is believ&CHAMS5 atmospheric model, the NEMO 2.3 oceanic and
to be a bridge for the impact of El Nifio events on EAsea ice model, and the OASIS3 coupler. The framework of
WNP climate anomalies. Wang et al. (2003) suggested a I&M is similar to the Kiel Climate Model (KCM) and SIN-
cal air—sea positive feedback in which negative SST anoni&X (Gualdi et al., 2003; Luo et al., 2005). ECHAM and
lies suppress local convection and trigger low-level anticNEMO were chosen as the atmospheric and oceanic com-
clone anomalies through emanating descending atmosphedoents because they demonstrate high skill in simulating
Rossby waves, which in turn enhance negative SST anorgbobal general circulation and the EA-WNP regional climate
lies on its southeast flank through evaporation under nortimd existing coupled models already employing them show
easterly trade winds. This local positive feedback mechgeod stability and usability (Gualdi et al., 2003; Luo et al.
nism can amplify the EI Nifio-triggered WNP anomalous ar2005). OASIS3 is a universal coupler and has been used in
ticyclone. Another mechanism, known as the tropical Indianany coupled models (Valcke, 2006).
Ocean (TIO) capacitor effect, emphasizes the bridging role ECHAMS, the fifth version of the European Centre for

Atmospheric component:

ECHAMS

ﬁonal and meridional wind
stress over water and sea
ice;

Fresh water flux over water
and sea ice;

Sea surface temperature;

Zonal ocean current;
Meridional ocean current.

over water;

Long and short wave flux
over sea ice;

Derivative of nonsolar flux
w.r.t. surface temperature.

« Total snowfall; Coupler: * Fraction of sea ice; .
* Evaporation over sea ice; OASIS3 * Temperature ?f sea ice;
* Solar and nonsolar heat flux * Albedo of sea ice;

Oceanic and sea ice component:

NEMO 2.3

Fig. 1. Schematic diagram of ICM.
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Medium-Range Weather Forecasts (ECMWF) model devepeed are transferred from NEMO to ECHAMES (Fig. 1).
oped by the Max Planck Institute for Meteorology, is dhe vector of wind stress is passed to NEMO for two grids,
spectral model with state-of-the-art physics (Roecknat.et the u grid andv grid of ORCA2. Bilinear interpolation is
2003, 2006). ECHAMS shows strong performance in reprased to re-grid the variables exchanged between NEMO and
ducing the climatological precipitation and interannuat-p ECHAMS5 grids during the transfer process in OASIS3. The
tern of East Asian summer monsoon (e.g., Song and Zheector variables are rotated during transfer, becauserttie g
2014). The low-resolution version (T31; horizontal redirections are different in NEMO and ECHAMS. The time
olution;: 375° x 3.75°; vertical resolution: 19 levels) of steps of the atmospheric and oceanic models are both 2400
ECHAMS is used in the first version of ICM. ECHAM5 seconds. The coupling frequency is once per 4 hours (six
has developed some higher-resolution versions, and tleustiime steps).

model resolution can be easily improved in future versidns o

ICM. More details about ECHAMS5 can be found in Roeckner
et al. (2003). 3. Data and method

NEMO 2.3 mclude; the chan Parallelise Version 9 The datasets used for evaluating the model simulation in-
(OPA9) ocean general circulation model (OGCM), developeq| e SST from the Hadley Center (HadISST) (Rayner et al.,
by the Institut Pierre-Simon Laplace (IPSL) (Madec, 2008)3) |5rge-scale atmospheric circulation from the Netio
and the Louvain-la-Neuve Ice Model Version 2 (LIM2) seggners for Environmental Prediction/National Centeror
ice model, developed by Louvaine-la-Neuve (F_'Che_fe,t arFﬁospheric Research (NCEP/NCAR) reanalysis (Kalnay et
Maqueda, 1997). The ocean compone.nt,.OPAg, is a finite déﬁ 1996), and precipitation from the Global Precipitatio
fefer_“?e OGCM_ and an Arakawa C-grid is used to solve t}(“_*,efimatology Project (GPCP) (Adler et al., 2003). The model
primitive equations. OPA9 uses a global orthogonal curssT 4ng atmospheric variables are re-gridded to the grid of
linear ocean mesh to move the mesh poles to the Asian Q—inzngSST (2 x 1°) and the grid of NCEP/NCAR reanalysis
North American continer_lts for avoid_ing the sin_gularityrpi_oi data (25° x 2.5°), respectively. A section of 100 years in
problem in the computatlonf';ll d‘?ma'”- The horlzor_1tal 91id @fe model is randomly selected after a 1000-year steady sim-
NEMO uses an ORCA2 grid with a horl_zontal-grld resolugiation to be compared with the observations for the period
tion of 182 (lon) <149 (lat) (around 2at high latitudes and .51, 1981 to 2010. The climatologies in the model and ob-

an enhanced meridional resolution of 0cBose to the equa- oy ations are defined as the long-term mean of the aforemen-
tor) and 31 vertical levels to a depth of 5250.23 m with 10,04 100 years and 30 years, respectively. The interannua
levels in the top 100 m. NEMO calculates vertical eddy dity,omajies are defined as the deviation from the climatology.

fusivity and V|sc03|t_y coeffp@nts_usmg als turbulgrtt-cl All analyses are based on these time periods unless otterwis
sure scheme, allowing explicit mixed layer formulation an&becified

minimum diffusion in the thermocline. More details about
NEMO can be found in Madec (2008).

The OASIS3 coupler is used for communication betweepy  Climatology
ECHAM5 and NEMO in ICM (Valcke, 2006). Seventeen
variables including wind stress, surface heat flux and fresh Figure 2 shows the time series of global mean SST in the
water flux are transferred from ECHAM5 to NEMO, whilel500-year free-coupled integration of ICM. The global mean
six variables including sea surface temperature, fracten- SST is stable at 186°C+ 0.04°C after the first year, indicat-
perature and albedo of sea ice, and surface ocean curiegtno remarkable climate drift in the coupled integration.

Global mean SST

18.42

18.30
[ [ [ [

0 300 600 900 1200 1500
Model year

Fig. 2. Time series of the global mean SSTC for the period from model year 1 to 1500. The
time points are shown at an interval of 10 years and each toirg pepresents the mean of 10
years around this point.
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The simulated spatial pattern of SST for the seasoregparent double-ITCZ problem common in many AOGCMs
mean [June—August (JJA) and December—February (DJF){ésg., Mechoso et al., 1995; Ma et al., 1996; Li and Xie,
compared with HadISST observations (Fig. 3). The comm@014). One conspicuous bias is insufficient precipitatiegro
bias of SST is around®C-2°C (Figs. 3e and f). The mainthe equatorial central Pacific, with overestimated prégipi
bias in the tropics is an excessive cold tongue that ext@uds tion over the flanks (around 1)) which must be associated
far west into the western Pacific, which is also a common biedth the excessive cold tongue (Li and Xie, 2014). The sim-
in KCM, SINTEX, and other AOGCMs (Gualdi et al., 2003ulated precipitation reproduces a quite realistic sulitidp
Luo et al., 2005; Park et al., 2009; Zheng et al., 2012; kainband over East Asia and North America (Fig. 4).
and Xie, 2014). The simulated excessive cold tongue could The seasonal cycle of equatorial Pacific SST has greatim-
be attributed to the too strong zonal heat advection indugedrtance to the development of El Nifio in both observations
by the too strong trade winds (Zheng et al., 2012). We alaod models (e.g., Wang and Picaut, 2004; Guilyardi, 2006),
find a warm bias along the east coast of South America, Nokiht its simulation exhibits systematic errors in many medel
America, and Africa, as in many CGCMs (Davey et al., 2002t atif et al., 2001; Guilyardi, 2006). In Fig. 5, the simwddt
Park et al., 2009), possibly due to the defective descnpgifo seasonal cycle—deviation from the annual mean—of equato-
coastal upwelling. The simulated SST in ICM has no gredal Pacific SST agrees well with the observations, inclgdin
bias in the midlatitudes of the North Atlantic, which is alsthe realistic strength, the westward phase propagatich, an
obtained in KCM with the same model framework (Park ¢he annual (semi-annual) cycle over the eastern (westarn) P
al., 2009). cific. The two main discrepancies between the model and

The distribution of simulated precipitation is comparedbservations are the discontinuous westward phase propaga
with GPCP observations in Fig. 4. The simulated tropicéibn in the model and the simulated boundary of the annual
precipitation reproduces the main characteristics withlogr and semi-annual cycle being at around L8ast of the ob-
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Fig. 3. Distribution of the (a, b) modeled and (c, d) observed SEJ) (n JJA and DJF for the periods as defined
in section 2, and (e, f) their differences.
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Fig. 4. The same as Fig. 3, but for precipitation.

served boundary at around P& Some white bands in Fig. WNP climate (e.g., Huang et al., 2007). As in Kosaka et al.
5a representing missing values are induced by the mod€P913), the EAP pattern is calculated by first performing em-
low horizontal resolution. Because of the low model resolpirical orthogonal function (EOF) analysis on the summer-
tion, several oceanic grids near islands, with real valuése mean (JJA) 850-hPa vorticity anomaly{®0®N and 100-
observed high-resolution HadISST (Fig. 5b), are inacelyat 16(0°E), and then the principal component of the EOF’s first
regarded as land and assigned to missing values. mode is regressed on the precipitation and 850-hPa wind
For the EA-WNP climate, the simulation of the monsoocanomaly (the anomaly is based on the periods described in
system, including precipitation and circulation, is thestosection 2 for the model and observations). The meridional
important indicator of a model’s skill over this region (Du estructure of the EAP pattern, the meridional positive/tiega
al., 2010; Sperber et al., 2013; Song and Zhou, 2014). Tianfall pattern associated with the cyclonic/anticyatoeir-
simulated EA-WNP climate by ICM is shown in Fig. 6a. Theulation pattern, is well described in the model compared to
summer (JJA mean) mei-yu rainband is well simulated, withe observations (Figs. 6c and d). The magnitude of simu-
a realistic pattern and strength. However, the WNP anticgted precipitation is approximately the same as that in the
clone is overestimated, which induces the oceanic parteof thbservation. This performance of ICM is quite favorable
mei-yu rainband to be located north of the observations. with respect to most models in CMIP3 and CMIP5 (Song
and Zhou, 2014). However, the magnitude of simulated wind
shows great discrepancy with the observation. The observed
wind anomalies associated with the EAP are stronger at lower
The dominant interannual variation of the EA-WNP clitatitudes than at higher latitudes, whereas the simulated w
mate is the EAP pattern (Huang and Li, 1987) or the PJ panomalies are stronger at higher latitudes (Figs. 6¢ and d).
tern (Nitta, 1987; Kosaka and Nakamura, 2006), which is The dominant interannual variation of global climate is
closely associated with the interannual anomaly of the EAhe variation of tropical Pacific SST associated with ENSO

5. Interannual variation
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Fig. 5. (a) Modeled and (b) observed seasonal cycle of SST deviaiamthe annual meariC) over the equatorial
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(e.g., Wang and Picaut, 2004; Deser et al., 2010). Figuras been found in KCM (Park et al., 2009), which could
7 shows the simulated interannual variance, variancegerbe associated with the biases of climatology. Nifio3 index,
spectra, and regression onto the Nifio3 index of tropical R#efined as the regional-mean SSTA f6iS55N and 90—

cific SST. The strength and pattern of the simulated interalb®W, is used to represent the temporal variation of El Nifio
nual variance of the tropical Pacific SST anomaly (SSTA) aewents. The spectrum of Nifio3 index in the model is simi-
consistent with observations (Figs. 7a and b). The two distr to the observations in terms of variance and period (Fig.
crepancies, i.e., the simulated interannual variancendkig 7c). The dominant variation is at a period of 3 years in the
farther west than the observations and the variance alang thodel—less than that in the observations (around 4 years).
east coast of South America being weak, are similar to whette simulated Nifio3 index has much weaker variability at

(a) Model lower frequency than in the observation, indicating the cur
20°N A 'EL' ™ rent version of ICM has low skill in presenting the inter-
10°N Ejf%e decadal variation. The regression of tropical Pacific SST
1033 ;ﬁf;; S, onto the Nifio3 index represents the spatial pattern of SSTA
20°S —‘ﬁm\\ N in El Nifio events (Figs. 7d and e). The simulated SSTA

pattern captures the well-known El Nifio pattern (Rasmuisso

135°E 180° 135°W 90°W L
(b) Obs. (HadISST) Std. dev. and Carpenter, 1982). The bias in the SSTA pattern occurs
20°N —rég ~ =4 over similar places to the bias in the SSTA standard deviatio
10°N *ég %@ (Figs. 7a and b). Compared with the observation, the simu-
; o?s ;ﬁ;‘“ ~ lated warm tongue in El Nifio3 events extends too far west,
20°S A B which leads to a weak cooling in the western Pacific. The rea-

sonable variance and period of Nifio3 index with the spatial

135°E 180° 135°W 90°W . .
pattern of tropical Pacific SSTA shows ICM can reproduce El

| N in
04 065 09 115 14 C Nifio events reasonably well.

(c) Nino3 spectra

6. Influence of El Niflo on East Asian—western
,,,,,,, North Pacific climate

We use DJF-mean Nifio3 index to denote the interannual
variation of ENSO. Figures 8a and b show the model and ob-

- - - Observation

Variance (°C?)
3
MY RN B AT B

. —— Model served JJA EA-WNP rainfall and 850-hPa wind anomalies
102 N — regressed on normalized DJF(0) Nifio3 index. DJF(0) repre-
107 10° 10 102 sents the DJF mean of the last year. In the observations, anti
_ cyclone anomalies occur over the WNP and cyclone anoma-
Period lies in the midlatitudes extending from northeast China to
(d) Model Reg. on Nifio3 Japan. Associated with the dipole wind anomalies, the rain-
20°N 4 ¢ = fall anomalies over the EA-WNP also display a dipole struc-
10°N 1 /Q% ture, with more (less) rainfall in the north (south) flank of
1093‘” ?ﬁ;&%@ the WNP anomalous anticyclone. The results show that the
20°S | /“”U\ G : WNP summer monsoon is suppressed while the mei-yu front
13£‘3°E 18‘00 135‘°w go;w is enhanced, consistent with previous observational apaly
(e) Obs. (HadISST) Reg. on Nifio3 (Zhang et aI.,_ 1996; th_;lng et al., 19_99; Wang et al., 2003).
20N 7 = The dipole wind and rainfall anomalies over the EA-WNP
10°N 1 2 in the El Nifio decaying summer can basically be obtained
10330 Qﬁim in the model as they are in the observations (Figs. 8a and
2008 | N e : b), although the simulated cyclone anomalies in the midlati

tudes are weaker than in the observations. Both in the model
and the observations, the enhanced southwest winds in the
. west flank of the WNP anomalous anticyclone can induce a
05 1 positive rainfall anomaly in China in that part of the anticy
Fig. 7. Standard deviation of interannual variability of tropical Clone'_ Compareq to Observat'or's’_t,he m(?del dipole ra'nf,a"
Pacific SST in (a) the model and (b) observations. (c) Vaganc and wind anomalies are more significant in the east relative
period spectra of Nifio3 index in the model and observations t0 the west, which could be attributed to the overestimated
Regression of tropical Pacific SSTA onto the Nifio3 indexdn ( €quatorial rainfall anomalies around T&dn the model. The
the model and (e) observations. The results of the model andias of circulation and rainfall is possibly related to theet
observations are based on the model-year period of 1000-110alistic simulation of El Nifio3-related SST anomalies. Fig
and 1911-2010, respectively. ures 8c and d show the correlation map of JJA SST with

135°E 180° 135°W 90°W

L
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Nifio3 index, as a function of calendar month and latitude.

DJF(0) Nifio3 index in the model and observations. We can ttsseghe model is able to reproduce realistic SST anoma-
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Fig. 10.(a) Modeled and observed regression of meridional-mea2(BN) 850-hPa winds and corre-
lation coefficients of meridional-mean SST with DJF(0) dBfindex, as a function of calendar month
and longitude.

lies in most regions except the equatorial western Pacific, MAM, and the easterly anomalies in JJA. These results in-
where there is an unrealistically strong SST warming centdicate the model possesses high skill in reproducing the TIO
which could lead to the overestimated rainfall and eastwatdpacitor effect.
shift of the northwest Pacific anomalous anticyclone. The The local air—sea interaction mechanism is examined in
unrealistic SST anomalies in turn are possibly related ¢o tkig. 10. Figures 10a and b compare the correlation (regres-
overly westward extension of the El Nifio warm tongue in th&on) of zonal averages of SST (850-hPa wind anomalies)
model. with (onto) DJF(0) Nifio3 index between the observations
Regarding the impact mechanism of El Nifio on EAand model. The observed El Nifio-related wind anomalies
WNP climate in the model, the TIO capacitor effectis first exare characterized by an anticyclonic shear over the WNP
amined. Figure 8 shows the correlation of JJA 200-hPa potdérem January to July, associated with positive (negati&) S
tial height with the DJF(0) Nifio3 index (contours). In tHe o anomalies under the west (east) flank of the anticyclone. In
servations, the 200-hPa height anomalies display a Matsurtbe model, the anticyclonic shear wind anomalies and east—
Gill pattern over the TIO and western Pacific, with a Kelvinvest SSTA dipole only persist until May, which is shorter
wave trough in the equatorial western Pacific and two Rossthan in the observations. In JJA, such air—sea positive-feed
tails in the western Indian Ocean (Xie et al., 2009). Theack does not exist, which is consistent with most coupled
model can reproduce the Kelvin wave trough over the equatnedels in CMIP5 (Hu et al. 2014). The possible reasons
rial western Pacific. Over the TIO, although the two Rossligr weak air—sea positive feedback in coupled models needs
tails are not obvious, the 200-hPa heights are above nornfafther investigation.
The results suggest that the model can reproduce the ENSO-Overall, the model demonstrates good skill in reproduc-
related circulation anomalies over the TIO and western Hag the anomalies of EA-WNP summer climate during the
cific. Furthermore, the evolution of SST and 850-hPa wirdkcaying years of El Nifio events. The simulated impact
anomalies in the El Nifio decaying year are examined in Figiechanism of El Nifio on the EA-WNP summer climate is
9. The observed maximum SST anomalies persist from Jaleminated by the Indian Ocean capacitor effect, as in obser-
uary to May in the south TIO and extend north in JJA. Theations (Xie et al., 2009).
south TIO SSTA is induced by the El Nifio-related down-
welling oceanic Rossby wave and atmospheric bridge effe

L. . .
In MAM, there are equatorial asymmetric wind anomaliez Summary and discussion

over the TIO—westerly (easterly) wind in the south (north) The present study introduces a new atmosphere—ocean
TIO—which favor north TIO warming by reducing the climageneral coupled model, ICM, developed by CMSR/IAP for
tological westerly winds. The easterly anomaly can petsistthe seasonal prediction of the EA-WNP climate. ICM uses
JJA and maintain the TIO warming to summer. In the sinECHAMS5 and NEMO 2.3 as the atmospheric and oceanic
ulation, the ENSO-related SST and wind anomalies pattesémponents, respectively, coupled by OASIS3. The first ver-
is the same as in the observations, including the persisteiiin of ICM is a low-resolution version, with a horizontasre
SST warming, the equatorial antisymmetric wind anomaligsution of 375° x 3.75° for the atmospheric component and
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around 2 for the oceanic component. The model has steadily Although the current version of ICM successfully repro-
integrated up to 1500 years without climate shift. duces a lot of important aspects associated with the EA-WNP
The climatology, seasonal cycle and interannual variatiecimate anomaly, some crucial biases still exit. The mostim
of the simulation are evaluated. The model can reproduceartant problems that should be addressed are the excessive
realistic distribution of seasonal SST, with aCt2°C bias cold tongue and the unrealistic westward phase propagation
relative to observations in the tropics. The seasonal ayicleof equatorial Pacific SST, which could lead to unrealistie de
equatorial Pacific SST—a common challenge of AOGCMs-+elopment of El Nifio events and thus decrease the skill of
is also reasonably simulated, although the westward phasasonal climate prediction. As suggested by previous stud
propagation of tropical SST is not accurately described Thes, the excessive cold tongue is coupled with the deficient
main biases of ICM are the excessive cold tongue associapedcipitation and surface easterly wind bias, and arisas fr
with the deficient precipitation over the central Pacificiras the air—sea coupled Bjerknes feedback (Zheng et al., 2012; L
many other models. The dominant interannual pattern of thad Xie, 2014). A similar bias in SINTEX, whose framework
tropical Pacific, El Nifio events, is reproduced with a reais the same as ICM, was reduced by including the westward
istic spatial pattern, variance and period, whereas the-intocean current to calculate the easterly wind stress (Lub,et a
decadal variation of tropical Pacific SST is underestimated2005). Without this process, the surface easterly wingstre
the model. and cold tongue will be significantly overestimated due to
The mei-yu rainband of East Asian summer monsoontise Bjerknes feedback. Therefore, using more realistie air
another challenge for AOGCMs. ICM successfully reprasea coupling physics should be our next step to improve the
duces the main characteristics of the mei-yu rainband withodel.
realistic pattern and strength. The dominant interannal p  Although the primary goal in developing ICM is to apply
tern of East Asian summer monsoon, the EAP (or PJ) pitto the seasonal prediction of EA-WNP climate, our evalu-
tern, including its meridional structure and strength, amo ation of its skill in this regard also shows that it can be used
be simulated by ICM. The simulated meridional dipole ah broader climate studies, such as the impact mechanism of
the EAP pattern has a quite realistic positive/negativeidis tropical SSTA on EA-WNP climate, the interannual variation
bution of precipitation anomaly, whereas the simulated cgf EA-WNP climate, and EA-WNP climate change under
clonic/anticyclonic circulation anomaly associated witle global warming.
EAP pattern is stronger at higher latitudes than at lowér lat
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