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ABSTRACT

Using 20 models of the Coupled Model Intercomparison Ptéjbase 5 (CMIP5), the simulation of the Southwest Indian
Ocean (SWIO) thermocline dome is evaluated and its roleapislyg the Indian Ocean Basin (I0B) mode following El Nifio
investigated. In most of the CMIP5 models, due to an easteriy bias along the equator, the simulated SWIO thermocline
is too deep, which could further influence the amplitude @f iffiterannual IOB mode. A model with a shallow (deep)
thermocline dome tends to simulate a strong (weak) I0B mimadyding key attributes such as the SWIO SST warming,
antisymmetric pattern during boreal spring, and secondiNadian Ocean warming during boreal summer. Under global
warming, the thermocline dome deepens with the easterlg wend along the equator in most of the models. However, the
IOB amplitude does not follow such a change of the SWIO thetime among the models; rather, it follows future changes
in both ENSO forcing and local convection feedback, sudgggst decreasing effect of the deepening SWIO thermocline
dome on the change in the IOB mode in the future.
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1. Introduction using observations and model simulations (Reverdin and
. . . . ._Fieux, 1987; Woodberry et al., 1989; McCreary et al., 1993;
The tropical Indian Ocean (TIO) is a crucial regmr&okoi et al., 2008, 2009, 2012: Du et al., 2014). The lo-

for global climate on intraseasonal, interannual and dalca : ; : .
timescales (Schott et al., 2009). In particular, a therinecl cal winds in the tropical South Indian Ocean (SIO) have

dome, located in the Southwest Indian Ocean (SWIO), is irlPl?en suggested as being responsible for generating Ekman

portant to the local and remote climate. The variation of Sévt/g Vr\ije”'rr]g Z\nizzoalggis()g thviasv\é\gC)(,\Blhaesf?r:g:g]zmthMV\ées;S
over this region affects local biological production, thotia propagating y yers,

ity of tropical cyclones (Xie et al., 2002, 2009), the Soutﬂig%’ Yokoi et al., 2008). This shallow thermocline induces

Asian monsoon onset (Annamalai et al., 2005: Du et Yertlcal entrainment that influences SST more effectively,

2009), and even remote climate by atmospheric teleconnglechmg to larger interannual variance. On the interannual

tions (Annamalai et al., 2005, 2007; Xie et al., 2009, 2010 mescale, the variation in the SWIO is affected by oceanic

Du et al., 2011). Besides the several coastal upwelling re&mamms (Huang and Kinter, 2002; Xie etal., 2002). During

gions, the SST variation in the SWIO is relatively large i EINifio event, as the deep convection center moves, equa-

the T1O due to the shallow thermocline. The interannual Séc?_nal Indian chan (EIO) e_asterhes and related a_nt|cry|(_:Io
L . .-~ wind anomalies appear during boreal autumn to winter in de-
variability cannot be explained by local heat flux, indiogti : . . :
: 7 ! . . eloping years and excite downwelling Rossby wave in the
the ocean dynamics are crucial in this region (Klein et al.,” ~. ) .
Ny o ropical SIO region (Yu et al., 2005). In the boreal spring fo
1999; Xie et al., 2002; Li et al., 2015b) . . . .
e A S L . lowing El Nifio, this downwelling Rossby wave propagates
Previous studies have investigated this thermocline dome e
tothe SWIO where the mean thermocline is shallow, deepens
the local thermocline, and warms SST (Xie et al., 2002).
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tures of the Indian Ocean Basin (IOB) mode. In bore&brcing and local convection feedback in the SWIO.

spring, an atmospheric antisymmetric pattern is induced by The rest of the paper is organized as follows. Section
the SWIO warming: more (less) rainfall with northwesterl® briefly describes the model simulations and observations
(northeasterly) wind anomalies south (north) of the equatased in this study. Section 3 reports the simulation of the
(Wu et al., 2008). The wind—evaporation—SST feedback (Xilkermocline dome and related TIO interannual variability i
and Philander, 1994) helps sustain this antisymmetriepattthe CMIP5 models. The responses of the SWIO thermocline
through early summer, operating on the easterly climatologo global warming are presented in section 4. Section 5is a
cal winds (Kawamura et al., 2001; Wu et al., 2008). When tlseimmary.

summer monsoon breaks out in May over the North Indian
Ocean (NIO), the anomalous northeasterlies warm the S§T
there, inducing a second warming over the NIO and mainte-
nance of the IOB warming through boreal summer following To examine the capability of simulating the thermocline
El Nifio (Du et al., 2009). The |0B further affects the climatdome and its interannual variability, we use the 20 model
over the subtropical northwestern Pacific and East Asia wdatputs from the World Climate Research Program CMIP5
the so-called capacitor effect (Yang et al., 2007; Xie gt amulti-model ensemble organized by the Program for Climate
2009, 2010b). Model Diagnosis and Intercomparison for the Intergovern-

Due to the importance of the SWIO thermocline to locahental Panel on Climate Change Fifth Assessment Report
and remote climate, there have been numerous studies {ffable 1). In this study, two sets of simulations from the 20
have evaluated simulations of the thermocline dome and @1P5 models are analyzed (Taylor et al., 2012). We use
interannual variation in coupled general circulation nsdehistorical climate experiments (historical run) to exaenihe
(CGCMs, Saiji et al., 2006; Yokoi et al., 2009; Du et alsimulation of the thermocline dome in the models, and com-
2013; Nagura et al., 2013). Yokoi et al. (2009) found thatare them with the-8.5 W m~2 Representative Concentra-
most models capture the dome structure of the thermoclithen Pathway (RCP8.5) experiments to investigate how the
in the tropical SIO and its annual cycle, but the simulateéaW1O thermocline and its interannual variability change un
dome is deeper and more eastward than observed. Naglgaglobal warming. The historical experiments are forced
et al. (2013) pointed out these biases are related to the ehgthistorical greenhouses gases, aerosols, and othetivadia
erly wind bias over the EIO. Recently, Li et al. (2015a) reforcing; and the RCP8.5 experiments are run under the ra-
ported a common equatorial easterly wind bias along the Efiative forcing reaching-8.5 W n12 near 2100 (equivalent
in CGCMs, which is related to errors in the South Asian surte >1370 ppm CQ in concentration). Here, we choose 50
mer monsoon. This simulated wind bias leads to a SWigears separately in the 20th (1950-99) and 21st (2045-94)
thermocline that is too deep, influencing the I0B amplitudgenturies to represent present-day and future climateuor o
further (Li et al., 2015b). investigation.

The interannual SST variability in the SWIO and its effect  To assess the skills of the CMIP5 models in SWIO ther-
on the TIO climate in CMIP5 models have been evaluateiocline dome simulation, we use the observed SST from the
(Du et al., 2013). However, the role of the SWIO thermdNational Oceanic and Atmospheric Administration Extended
cline dome in shaping the interannual TIO variability simuReconstructed SST version 3b dataset (Smith et al., 2008).
lation, especially the local air-sea interactions, needset The surface wind and precipitation are from the National
examined in detail. Furthermore, the mean states in the TiCenters for Environmental Prediction—National Center for
especially that of equatorial wind, change significantldein Atmospheric Research atmospheric reanalysis (Kalnay,et al
global warming (Zheng et al., 2010, 2013). The responsesl&f96) and the Center for Climate Prediction Merged Analysis
the thermocline dome to global warming, as well as its cléf Precipitation (CMAP) (Xie and Arkin, 1996), respectiyel
mate effects, should also be examined. We also use the ocean temperature from the Simple Ocean

In this paper, we use coupled models from the Couplé&thta Assimilation (SODA) product (Carton and Giese, 2008)
Model Intercomparison Project Phase 5 (CMIP5) to evalfrom 1979 to 2010 (limited by CMAP and SODA).
ate the simulation of the thermocline dome and its response In this study, we use the variables averaged fronic
to global warming. Compared with observations, the sind0°S and 50 to 8C°E, referred to as the indices in the SWIO
ulated SWIO thermocline is too deep and shifted eastwagtdme region. To illustrate the interannual variability, pes-
in most models. The erroneous simulation is related to tferm a three-month running average to reduced intrasebsona
easterly wind bias in the EIO, which affects the local Ekmavrariability and calculate a 9-year running mean to remove
upwelling effect. In addition, the diversity of the SWIO the decadal and longer variations, which are also significaat ov
mocline depth among models further influences the interahe TIO (Deser et al., 2004).
nual IOB mode and its key attributes. Under global warming,

Simaton of i themecine dome deepens 1 e SWS, - Simulationsaf thether modine domeandits

trend along the equator in most of the models. Howe\)//er, the effect on TIO interannual variability
changes of the IOB mode do not follow the SWIO thermo- This section examines the simulations of the thermocline
cline change among the models, due to the changes in EN&@ne in the CMIP5 models and its roles in the persistence of

Modd simulations and observations
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Table 1. CMIP5 models used in this study.

Model nhame Institute (country)

BCC-CSM1-1 Beijing Climate Center, China Meteorologicalministration (China)

CanESM2 Canadian Centre for Climate Modeling and AnalyGan@da)

CNRM-CM5 Centre National de Recherches Météorologiq&eance)

CSIRO-Mk3-6-0 Commonwealth Scientific and Industrial Resk Organization in collaboration with the Queenslandnate
Change Centre of Excellence (Australia)

FGOALS-s2 State Key Laboratoryof Numerical Modeling forfgtspheric Sciencesand Geophysical Fluid Dynamics(China)

GFDL-CM3 National Oceanic and Atmospheric AdministratidOAA) Geophysical Fluid Dynamics Laboratory (United
States)

GFDL-ESM2G NOAA Geophysical Fluid Dynamics Laboratory (téad States)

GFDL-ESM2M NOAA Geophysical Fluid Dynamics Laboratory (téu States)

GISS-E2-R National Aeronautics and Space AdministrathdhSA) Goddard Institute for Space Studies (United States)

HadGEM2-CC Met Office Hadley Centre (United Kingdom)

HadGEM2-ES Met Office Hadley Centre (United Kingdom)

IPSL-CM5A-LR L'Institute Pierre-Simon Laplace (France)

IPSL-CM5A-MR L'Institute Pierre-Simon Laplace (France)

MIROC5 University of Tokyo, Atmosphere and Ocean Reseanstitlte, National Institute for Environmental Studies,
and Japan Agency for Marine-Earth Science and Technol@pa@)

MIROC-ESM University of Tokyo, Japan Agency for Marine-BaScience and Technology, Atmosphere and Ocean Research

MIROC-ESM-CHEM

Institute, and National Institute for Environmental St&l{Japan)
University of Tokyo, Japan Agency for MagiEarth Science and Technology, Atmosphere and OceaniRkesea
Institute, and National Institute for Environmental Stesl{Japan)

MPI-ESM-LR Max Planck Institute for Meteorology (Germany)
MPI-ESM-MR Max Planck Institute for Meteorology (Germany)
MRI-CGCM3 Meteorological Research Institute (Japan)
NorESM1-M Norwegian Climate Centre (Norway)

IOB warming. We start with the simulation of the thermoin the SWIO is related to the cyclonic wind stress curls over
cline dome in the models and then follow with an investigaghe southern TIO (Xie et al., 2002). Here, we examine the
tion of each related attribution of the IOB mode, includingelationship between the surface wind along the EIO and the
local SST variability in the SWIO, the antisymmetric atmothermocline depth in the SWIO. Both in the observation and
spheric pattern associated with the SWIO warming, and tMME, there are upwelling Ekman pumping velocities over
second warming in the NIO during boreal summer. the entire tropical SIO region with the thermocline dome in
_ _ o the SWIO (Figs. 2a and b). However, there is a pronounced

3.1. Thermocline dome simulation in the CMIPSmodels  g4sterly wind bias in the MME over the central EIO (CEIO)

In observations, the thermocline dome is located in tmegion (Fig. 2d), which is consistent with previous studies
SWIO at approximately (5-10°S, 50-8C°E) (Xie et al., (Cai and Cowan, 2013; Li et al., 2015a, b). This corresponds
2002). Figure 1 shows the climatology (1950-99) of the thep an Ekman pumping velocity in the SIO that is too weak
mocline depth in the 20th century, represented by tH&20(Fig. 2e), deepening the thermocline in the SWIO (Fig. 2c).
isotherm (Z20), in the historical runs of the 20 CMIP5 mod- The agreement among the simulations of the thermo-
els and SODA outputs. Most of the CMIP5 models captustine depth, zonal wind and Ekman pumping velocity is pro-
the features of the thermocline dome seen in SODA, suchraminced in the inter-model analysis. The inter-model scat-
its location and depth. However, as reported in previous-stuerplot between zonal wind in the EIO and Ekman pumping
ies, there is an eastward displacement bias in the mutlielnodelocity over the SIO shows a high correlationrat 0.72
ensemble (MME; Fig. 1b). This bias mainly appears in siFig. 3a). Furthermore, the inter-model zonal wind alorg th
of the models; namely, bcc-csm1-1, CNRM-CM5, GFDLequator is also highly correlated with the thermocline Hept
CM3, HadGEM2-CC, HadGEM2-ES and MRI-CGCM3. Iralong the equator at= —0.59 (Fig. 3b). These results sup-
addition, compared with observations, the thermoclineds tport the hypothesis of the origin of the deep SWIO thermo-
deep in several of the models, such as FGOALS-s2 and MRIine in coupled models (Li et al., 2015b); that is, when the
CGCMa3, but too shallow in others, such as CSIRO-Mk3-&asterly wind bias appears in a model, the simulated ther-
0 and GFDL-ESM2G. In general, simulation of the thermanocline dome tends to be deepened with weakened cyclonic
cline depth is too deep in the MME (Fig. 2c). The annua¥ind curls over the tropical SIO region.
mean of Z20 in the SWIO reaches about 94 m, while it is ] ] ]
only 83 m in observations. 3.2. Th_e_rmoclme depth and SWIO interannual SST vari-

The thermocline bias in the models is related to that of ~ aPility
surface wind, which is crucial for the formation of the dome. The interannual variability of SWIO SST is largely in-
Previous studies have suggested that the shallow themeoctiuced by an oceanic downwelling Rossby wave, which is
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forced by El Nifio (Xie et al., 2002; Du et al., 2009). Wheto the local SST variability. Since the SWIO thermocline is
propagating to the SWIO during MAM(1), the downwellingoo deep in MRI-CGCM3 compared with observations and
Rossby wave suppresses the local entrainment and increadber models, we exclude MRI-CGCM3 from the following
the SST [MAM: March—April-May; numerals in parenthesemter-model analyses.

denote ENSO developing (0) and decay (1) years]. This is Because the SWIO interannual warming is mainly forced
why the surface heat flux cannot explain the SST warmitoy El Nifio, the inter-model amplitude of SWIO SST is highly
in this region (Klein et al., 1999; Yokoi et al., 2012). Herecorrelated with ENSO amplitude & 0.76), which is rep-
we examine the importance of the SWIO thermocline deptasented by the standard deviation of Nifio3.4 SST during
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Fig. 1. Annual mean Z20 (unit: m; gray shadirglL00) in (a) observations, (b) the MME simulation and (c—v)
the 20 CMIP5 model historical runs. Red boxes show the SWIO.
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Fig. 1. (Continued.)

November—December—January (NDJ). In addition, the loc®BT variability: when the thermocline is shallow (deep) in
thermocline depth does indeed influence the SWIO SST vatie SWIO, ENSO influences the SWIO SST more (less) ef-
ability. As shown in Fig. 4a, the correlation of inter-modefectively.

variability in SWIO SST amplitude with 220 is-0.39, ex- ) ) )

ceeding the 90% confidence level based ontttest. Fur- 3-3- Impact of thermocline dome on antisymmeric pat-
thermore, the regression of SWIO SST upon Nifio3.4 anoma- (&N and the second NIO warming

lies, R(Tswio, Nifl03.4), is also significantly correlated with  Following an El Nifio event, an antisymmetric atmo-
thermocline depthr(= —0.48; Fig. 4b). This relationship spheric pattern always appears over the TIO region during
indicates the importance of the SWIO thermocline to lochbreal spring, with more (less) rainfall and northwesterly
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Fig. 2. Annual mean Z20 (unit: m; contours), surface wind velocitgi{s: m s'1; vectors) and Ekman pump-
ing velocity (units: m s1; color scale) in (a) observations and (b) the MME simulafiamthe historical run.
Dashed contours in (a, b) represent 90 m. The observed (biegednd MME simulation (red dashed line)
of annual mean Z20 in the SIO (averaged #5803 S), equatorial zonal wind (averaged inS3-3N) and Ek-
man pumping velocity (averaged ifi-8°S) are shown in (c—e), respectively. The shading in (c—eyslume
standard deviation of inter-model variability.

(northeasterly) wind anomalies in the southern (norther8WIO warming.

TIO. Previous studies have suggested that this antisymmet-Here, we perform an EOF analysis of precipitation
ric pattern is maintained by wind—evaporation—SST feeklbaanomalies over the TIO in MAM(1) for observations and each
(Xie and Philander, 1994), with prevailing southeasteiitydv model (Fig. 5). As shown in a previous study (Wu et al.,
in the southern TIO (Kawamura et al., 2001; Wu et al., 2008008), the antisymmetric pattern emerges as the first EOF
Du et al., 2009). The SWIO warming, which is related tsmode (Fig. 5a). About half of the CMIP5 models can re-
the ENSO-induced oceanic downwelling Rossby wave, is improduce the antisymmetric pattern as the first EOF mode in
portant to the antisymmetric wind pattern (Du et al., 2009YAM (Figs. 5b—u), consistent with a previous multi-model
This SST warming intensifies local convection and inducesaalysis (Du et al., 2013). The spatial correlation of th&t fir
cross-equatorial SST gradient, leading to the antisymmetEOF mode in observations with that simulated exceeds 0.6 in
precipitation/surface wind pattern due to the Corioliscéor 10 of the 20 models (Fig. 4c).

acting on the northerly wind crossing the equator induced by Since the antisymmetric pattern is related to SWIO warm-
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Fig. 3. Scatterplots of the annual mean CEIO [averaged 1S{® N, 70°—9C°E)] zonal wind (units: m s1) with (a) the
Ekman pumping velocity (units: nT$) over the SIO and (b) the SWIO Z20 (unit: m) among observatioms20 CMIP5
models. (c, d) As in (a, b) but for the annual mean SWIO Z20t(um) with the standard deviation of TIO SST anomalies
(°C) in MAM and JJA, respectively. The solid line denotes timedr regression. The inter-model correlation gndlue
are shown in each panel.

ing, its simulation should also be influenced by the SWIfg the inter-model variability of NIO SST interannual vari
thermocline in the models. Indeed, we find that the inteance in JJA(1) with SWIO thermocline depth, we find a neg-
model diversity of spatial correlation is highly correldigith  ative correlation of = —0.41 (Fig. 4e). There is also a neg-
thermocline depthr(= —0.46), illustrating the importance of ative correlation ofr = —0.45 between the inter-model re-
the dome on the antisymmetric pattern (Fig. 4c). This integression of NIO SST anomalies upon Nifi03.4 inde{yo,
model relationship indicates that models with a shallow&lifio3.4), and thermocline depth (Fig. 4f), indicative bét
thermocline in the SWIO tend to reproduce a more realiSWIO thermocline influencing the second NIO warming in
tic antisymmetric pattern. Furthermore, the inter-model dhe IOB mode.
versity of the explained variance of the first EOF mode is According to the above analyses, we find that the dome
also significantly correlated with SWIO thermocline depthimulation in the CMIP5 models is important to the 10B
(r = —0.47), indicating that the models with a deep dom@arming following ElI Nifio—especially in terms of the
explain fewer of the ENSO-induced precipitation anomalidscal air—sea interactions, including the local interasnu
(Fig. 4d). This confirms the role of the dome in the interar8ST variability, antisymmetric pattern and the second NIO
nual variability of TIO SST, especially in terms of the localvarming—maintaining the IOB mode to boreal summer. As
air—sea interactions. a result, the diversity of the SWIO thermocline in the models
When the Indian summer monsoon breaks out in latghich is related to the easterly wind bias, truly affectsithe
spring, the antisymmetric pattern, especially the nogteaterannual variability in the TIO (2B—-20N, 40°-100E). As
erly anomalies over the NIO {820°N, 40°—~100E), are op- shown in Figs. 3c and d, the models with a shallower thermo-
posite to the prevailing southwesterly wind and act to waroline dome have a stronger interannual variance of TIO SST
the ocean, inducing a second warming over the NIO and éx-MAM and JJA, with—0.47 and—0.40 inter-model correla-
tending the IOB mode through June—July—August (JJA) fdiens, respectively. These results are consistent with bl.e
lowing EI Nifio (Du et al., 2009). But is the dome simulatior§2015b), indicating the important role of the dome simualati
also related to the NIO SST variability in JJA(1)? Compain TIO interannual variability.
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4. Changes of the thermocline dome under moves more eastward in RCP8.5 simulations (Fig. 6b), show-
global warming ing the importance of zonal wind to the location of the ther-
mocline dome (Nagura et al., 2013). Figure 6¢ shows the
In most models, an easterly wind bias leads to a deRfME mean state changes between the 21st century and 20th
thermocline dome. The diversity of the thermocline depiéentury. Consistent with previous studies (Zheng et alLp20
among the models further influences the IOB amplitude. Cp913), the SST warming pattern displays an IOD-like pattern
incidentally, the zonal wind in the EIO shows an easteriyore warming in the Northwest Indian Ocean and less warm-
trend in CMIPS future projections with a pronounced IODing along the Sumatran coast, with an easterly wind trend
like SST warming pattern (Zheng et al., 2010, 2013; Cai glong the equator. The change of the thermocline is coupled
al., 2013) (IOD: Indian Ocean Dipole). This change indiwith SST and surface wind, shoaling in the eastern EIO and
cates a weakening Walker circulation and a robust responseé&epening in the western TIO.
greenhouse gas warming in CGCM projections (Vecchi and Similar to the effect of equatorial zonal wind on the
Soden, 2007).The trend of zonal wind in the EIO influencesnI0 thermocline simulation in the models, the SWIO ther-
the subsurface thermal structure by dynamic adjustment. Unocline is influenced by the changes of zonal wind in the
der global warming, the thermocline shoals significantly iGEIO too. We find that, due to the easterly wind trend, the
the eastern EIO, whereas it deepens slightly in the west@wIO thermocline deepens slightly in the MME simulation
EIO in spite of thermodynamic shoaling effects on the theffrom 69 to 72 m) and most (13 of 20) of the models, despite
mocline due to surface warming intensification (Zheng et ah thermodynamic shoaling effect on the thermocline under
2013). global warming (Fig. 7a). Figure 7b shows the scatterplot of
Since the Z20 deepens and cannot represent the therineer-model variability in changes of SWI@hax and zonal
cline depth under global warming, here, we use the depthwihd in the EIO. The changes @nax and zonal wind are
maximum temperature gradierfn(ax) to represent the dy- highly correlated at = —0.69, indicating that if there is an
namical thermocline, following previous studies (Vecahila easterly wind trend along the equator in a particular model,
Soden, 2007; Zheng et al., 2010, 2013). Figure 6a shomsre (less) than the MME, the SWIO thermocline deepens
the MME mean states afmax, SST and surface wind in the(shoals) in this model.
TIO for the historical simulation (1950-99). The pattern of But does the change of the SWIO thermocline influence
the thermocline represented By,ax is similar to that of Z20 the amplitude of the IOB mode under global warming? We
(Fig. 2a), even though the thermocline dome in the SWIfihd that the SWIO SST amplitude am{Tswio, Nifio3.4)
shifts eastward slightly. By contrast, the thermocline éontiecrease under global warming with the deepening thermo-
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Fig. 4. Scatterplots of annual mean SWIO Z20 (unit: m) with the (ahdard deviation of SWIO SST anomalies (UA(E) in MAM,
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denotes the linear regression. The inter-model correlatial p value are shown in each panel. MRI-CGCM3 is excluded from the
correlation calculation.
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cline in the MME (Figs. 8a and b), indicating a weakened inng among the models. The correlations of the changes in
terannual variability in the SWIO. However, the inter-mbdesWIO SST amplitude anB(Tswo, Nifio3.4) with the change
change in amplitude of SWIO SST, as well as the 10By SWIO Znyax are both insignificant (Figs. 8a and b). The
does not follow the change in ti&,ax under global warm- changes in amplitude of TIO SST during MAM and NIO SST
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during JJA are also not correlated with the chang@gin  SWIO on IOB amplitude under global warming needs further
the SWIO among the models (Figs. 8c and d). This indicatesestigation.
a decreasing effect of the deepening SWIO thermocline on
the change in I0B amplitude under global warming.

But why is it that the change in the SWIO thermoclin® Summary
cannot influence the 10B mode in future projections, given ) ) ) )
the relationship between 10B amplitude and the SWIO ther- I this study, we have investigated the SWIO thermocline
mocline depth in historical simulations? Since the ENSBPMe simulation and its response to global warming based
simulation is closely related with the 10B mode (Du et al9n historical simulations and fu'Fure cllmate_ projectiornys b
2013), we first suppose that the change in 10B amplitude4§ CMIPS models. Compared with observations, an easterly
mainly induced by changes in ENSO instead of the swesluatorial zonal wind bias exists in the MME and most of
thermocline. Indeed, the ENSO amplitude is highly corr&2€ models. As a result, the simulated dome in the MME is
lated with TIO and SWIO amplitude in the historical simulal®0 deep and east-displaced with a weaker surface windgstres
tion among the models, at= 0.75 and 0.76, respectiverCU” over the southern TIO region. This relationship betwee
(Figs. 9a and b).Furthermore, the changes in amplitudetBF simulated zonal wind and SWIO thermocline depthiis also
IOB and SWIO SST are also highly correlated with change fi€ar in the multi-model variability: a model with an eagter
ENSO amplitude, at=0.78 and 0.76, respectively (Figs. gawind bias in the EIO tends to simulate a SWIO thermocline
and d), indicating that the ENSO response to global warmifigit iS t0o deep, indicating the importance of equatoriakwi
is an effective indicator of the IOB in future projectiongep Simulation to the dome simulation. .
vious studies have suggested that the simulation of ENSO is Similar to the results of Li et al. (2015b), our inter-model
related to the mean SST bias in the tropical Pacific in coupl@B@!ysis suggests that the dome simulation is important for
models (Wittenberg et al., 2006; Xiang et al., 2012). On t{8€ interannual amplitude of SST in the TIO during boreal
other hand, the mean SST bias in the tropical Pacific iderR"ing and summer. In addition, compared with the Li et al.
fied in previous studies (Li and Xie, 2012, 2014) could aldg015b) study, our further examination found that the simu-
influence the zonal wind in the EIO via the Walker circula@ted SWIO thermocline depth modulates the key attribuftes o
tion, further influencing the simulations of the SWIO thermdh€ |OB mode. Firstly, the SWIO thermocline depth is corre-
cline dome, as well as the I0B mode. So, the SST bias in #qéed with local SST amplitude a{Tswio, Nifio3.4) during
tropical Pacific could affect the IOB mode through two way£0real spring. Secondly, the thermocline depth is related t
by modulating the ENSO variance, and by changing the zofiR¢ simulations of the antisymmetric atmospheric pattern i
wind along the equator and the SWIO thermocline depth. THi® models. In a model with a shallow (deep) thermocline
potential inter-basin relationship between the mean stage 40mMe, the first EOF mode of precipitation during MAM(1)
interannual variability in the Indo-Pacific region needs fu®xPlains more (less) interannual variance, and is mors)(les
ther investigation. similar to that in observations, which shows an antisymmet-

We also suppose the enhanced air-sea interaction _r,ig_pattern across the equator. Thirdly, we also_found aeclos
ported in previous studies (Zheng et al., 2011; Hu et al.4po1nter-model relationship between the thermocline depth an
is an additional possible explanation for the inconsisydiez  the second warming in the NIO during JJA(1). These close
tween changes in the SWIO thermocline and 0B amplitud8€r-model relationships suggest that the dome simutasio
In addition to influencing the change in the SWIO thermdmportant to the formation and persistence of the I0B mode
cline, the trend of CEIO zonal wind is also associated with/@/lowing El Nifo. Recently, Guo et al. (2015) reported a
dipole-like pattern of SST, including an enhanced warming €W type of 10D following EI Nino, which is related with the
the SWIO. The inter-model variability in SWIO SST warmSWIO warming and east-west SST contrast. So, the dome
ing also shows negative correlation with the trend of CEI&mulation could also influence the 10D simulation in cou-
zonal wind, atr = —0.48 (Fig. 10a). This enhanced gspled models, which is an idea we plan to investigate in the
warming increases local precipitation following the “wam future. _
get-wetter” mechanism of Xie et al. (2010a), with a high We also explored the responses of the SWIO thermocline
inter-model correlation between SST warming and the pdp-global warming based on CMIP5 RCP8.5 projections. Be-
centage precipitation change in the SWIOr at 0.62 (Fig. Cause of the weakened Walker circulation and easterly wind
10b). The increased precipitation can further intensify tffénd along the equator under global warming, the dome dis-
local air-sea interaction. Indeed, the change in SWIO copaces eastward and the SWIO thermocline deepens slightly
vection feedback represented by the regression of praeipif! the MME, in spite of a thermodynamic shoaling effect. A
tion upon SSTR(Pswio, Tswio), is correlated with changesdpse relationship betwgen the chgnges of the SWIO thermo-
in amplitude of NIO SST (Fig. 10c). Hence, the second N|@j|ne deth and equatorial zona] wind among the models.con-
warming during boreal summer strengthens in the MME af§ims the importance of zonal wind to the SWIO thermocline.
in most (13 of 20) of the models, even though the SWIO thdflowever, the inter-model varlgblllty_ of thermocl_me chgng
mocline deepens (Fig. 8d). This possible strengtheninieof tN the SWIO shows no correlation with changes in amplitude
atmospheric response counteracts the effect of the degpe@f SWIO SST and the I0B mode, inconsistent with the ther-
thermocline. The total effect of the mean state changesin fRocline depth—I0B amplitude relationship in historicaisu
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