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We present a model study that investigates to what extent it is possible to introduce ENSO variability to
an Earth system Model of Intermediate Complexity (EMIC). The Zebiak–Cane ENSO model is dynamically
coupled to the EMIC CLIMBER-3a, which by itself exhibits no interannual or multidecadal variability.
ENSO variability is introduced to CLIMBER-3a by adding ENSO-related sea surface temperature anoma-
lies to the upper layers of the model ocean. For the other coupling direction, changes in the mean CLIM-
BER-3a climate on decadal time scales are used to change the background state of the ENSO model,
achieving a two-way coupling. We compare typical ENSO-related patterns of a fully coupled pre-indus-
trial model run to reanalysis data and point out the possibilities and limitations of this model configura-
tion. Although introduced ENSO-related SST anomalies and other related variables like the Southern
Oscillation Index are well reproduced by the EMIC in the forcing domain, teleconnections to other regions
are damped, especially in meridional direction. The reason for this limitation is the atmospheric model,
which does not sufficiently resolve the necessary transport mechanisms. Despite this limitation the pre-
sented coupling method may still be a useful tool in combination with higher resolution atmospheric
models as being in development for the successor model CLIMBER-3 and possibly other EMICs.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years the mechanism of El Niño/Southern Oscillation
(ENSO) has been extensively studied in a range of model setups,
starting from strongly simplified conceptual models via local mod-
els of the Tropical Pacific to comprehensive General Circulation
Models (GCMs) that explicitly resolve ENSO dynamics. Since Bjerk-
nes (1969), conceptual models have been used to propose the ba-
sic, large scale feedback mechanisms dominating ENSO oscillations
(Suarez and Schopf, 1988; Battisti and Hirst, 1989; Jin, 1997; Picaut
et al., 1997; Wang, 2001). Local coupled models of the Tropical Pa-
cific such as the Zebiak–Cane model (Zebiak and Cane, 1987; Bat-
tisti, 1988) have been used to test conceptual hypotheses and
have added considerably to the understanding of ENSO mecha-
nisms. They are now widely used to predict ENSO events with a
lead time of several months (e.g. Chen et al. (2004)). Although this
class of models has proven successful in reproducing the important
physical mechanisms at play, they lack the global dimension by de-
sign and cannot be used on their own to study connections to other
climate subsystems.

The quality of simulation of ENSO with GCMs has improved in
recent years (AchutaRao and Sperber, 2006) making them valuable
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tools for the study of ENSO dynamics. Nevertheless, comprehen-
sive GCMs at sufficient resolution for ENSO are still too costly for
simulations of considerably different climates (e.g. the last glacial
maximum) where data is sparse and equilibrium simulations are
needed. Because of the high computational costs, GCM model runs
cannot be used for systematic sensitivity analyses of model param-
eters, which is a typical application for models of lower resolution
like the one we are using here.

In this study we couple the Earth system model of intermediate
complexity (EMIC) CLIMBER-3a with the dynamical Zebiak–Cane
ENSO model (ZC) (Zebiak and Cane, 1987). We investigate how
far the coupled model can reproduce the ENSO dynamics and tele-
connections to other climate subsystems. A precursor of our model
setup, namely a one-way coupling, was used by Timmermann et al.
(2005) to study a shoaling of the thermocline due to a collapse of
the thermohaline circulation (THC) and its influence on ENSO. Tim-
mermann et al. (2005) use their EMIC to uni-directionally couple
changes in its background state into the ENSO model. For a more
general study of the influence of changes in the background state
on ENSO in the ZC, see Tziperman et al. (1997).

We extend the setup and couple both ways by additionally
introducing ENSO variability to the EMIC (Fig. 1). On the one hand,
changes in the long-term climate state of the EMIC enter the ZC by
supplying anomalies to its background state. On the other hand,
the SST of the EMIC, which by itself exhibits no interannual or mul-
tidecadal variability, is perturbed by SST anomalies as calculated
by the ZC. The coupling between the EMIC and the ENSO model
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Fig. 1. Model components and coupling configuration: (1) CLIMBER-3a model, (2)
modification of the ZC background state, (3) ZC model, (4) modification of
CLIMBER-3a SST. Also given are the two distinct coupling time constants.
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is thus distinct for both coupling directions and is applied on dis-
tinct time scales. Sensitivity of the ENSO model to changes in the
mean climate state can be studied by control over the varying
background state (2 in Fig. 1). If the coupling is successful, control
over the SST coupling (4 in Fig. 1) would allow to study the effects
of ENSO variability in the global model and interconnections to
other climatic subsystems.

Next we describe the models and the two distinct coupling pro-
cesses (Section 2), followed by results of a coupled model equilib-
rium simulation of pre-industrial climate and its comparison with
observational data (Section 3). Finally we discuss in Section 4 the
applicability of the presented hybrid model.

2. Model description

2.1. The EMIC CLIMBER-3a

The coupled atmosphere–ocean Earth system model of interme-
diate complexity CLIMBER-3a consists of an oceanic general circu-
lation model (GCM) based on the GFDL MOM-3 code (Pacanowski
and Griffies, 1999) coupled to an interactive atmosphere (Petouk-
hov et al., 2000; Ganopolski et al., 2001) and a dynamic–thermody-
namic sea ice module (Cheeto and Maqueda, 1997). The horizontal
resolution of the ocean model is 3:75� � 3:75� with 24 vertical lev-
els and the oceanic timestep is 12 h. The model utilizes an advec-
tion scheme with low numerical diffusivity (Hofmann and
Maqueda, 2006; Prather, 1986). In our version, the background ver-
tical diffusivity is set to 0:3 � 10�4 m2=s. A detailed description of
the model can be found in Montoya et al. (2005) and sensitivity
studies to changes in Southern ocean winds and vertical diffusivity
in Levermann et al. (2007) and Mignot et al. (2006). In order to im-
prove the model’s performance for pre-industrial climate, we use a
slightly modified model version: Isopycnal diffusivity was doubled
to 2000 m2=s. The topography was deepened in order to increase
the Indonesian throughflow. And furthermore, Trenberth et al.
(1989) wind stress data is used for the wind stress anomaly model
compared to NCEP reanalysis data as in the standard configuration.
These changes enhance and deepen the Atlantic meridional over-
turning circulation and cause a more realistic surface salinity dis-
tribution. The zonally integrated Atlantic streamfunction exhibits
a maximum value of about 17 Sv with 13 Sv Southern Ocean out-
flow, consistent with observations (Talley et al., 2003; Ganachaud
and Wunsch, 2000). This improved model version was already
used in Montoya and Levermann (2008) and Schewe and Lever-
mann (accepted for publication) and details about the changes
can be found there.

The atmospheric POTSDAM-2 model (Petoukhov et al., 2000;
Ganopolski et al., 2001) has a coarse horizontal resolution (7.5�
in latitude and 22.5� in longitude) and is based on the assumption
of a universal vertical structure of temperature and humidity,
which allows to reduce the three-dimensional description to a
set of two-dimensional prognostic equations for temperature and
humidity. The pressure and velocity fields are diagnostic. The
description of atmospheric dynamics is based on a quasi-geo-
strophic approach and a parameterization of the zonally averaged
meridional atmospheric circulation. The synoptic processes are
parameterized as diffusion terms with a turbulent diffusivity com-
puted from atmospheric stability and horizontal temperature gra-
dients. Compared with the standard version (Montoya et al., 2005),
a damping term for the tropical sea level pressure (SLP) was re-
moved. This has direct consequences for evaporation (E) and pre-
cipitation (P), which are now generally stronger in the Tropics.
The term had been introduced earlier because of numerical insta-
bility which is not a problem in the current version.

Heat and freshwater fluxes between the ocean and the atmo-
sphere are computed on the oceanic grid and applied without
any flux adjustments. The wind stress however is computed as
the sum of the Trenberth wind stress climatology (Trenberth
et al., 1989) and the wind stress anomaly calculated by the atmo-
spheric model relative to the control simulation. Thus, the wind
stress forcing does not vary during equilibrium simulations. The
original global model exhibits no synoptic, interannual or multi-
decadal variability.

2.2. The Zebiak–Cane ENSO model

To introduce ENSO variability we couple the ZC ENSO model
(Zebiak and Cane, 1987), a local coupled atmosphere–ocean model
for the Tropical Pacific, to CLIMBER-3a. Its oceanic part is simu-
lated by a reduced gravity model and the atmospheric part is a type
of Gill model (Gill, 1982), which has been extended with a param-
eterized moisture convergence feedback. The time evolution of the
sea surface temperature (SST) is determined by horizontal advec-
tion, upwelling and heat loss to the atmosphere. It is computed
on the atmospheric grid in a region 129.375E�–275.625�E, 19�S–
19�N which is also the domain used for coupling to CLIMBER-3a
(gray area in Fig. 2, left panel). The ZC timestep is 10 days.

The ZC operates as an anomaly model which computes the time
evolution of deviations from a given background state. In its usual
application as an ENSO prediction model, the background state re-
sults from a spin-up with historical wind data and current climate
conditions (Chen et al., 2004). Thus, a background state with ocean
currents that are consistent with the wind stress forcing is pro-
duced, which is then held constant during the course of the
prediction.

In our setup, the spin-up is done with a climatology of long-
term mean NCEP reanalysis wind data (Kalnay et al., 1996) and
Reynolds and Smith SST (Reynolds and Smith, 1994) which is used
as boundary condition in the NCEP reanalysis model. In transient
experiments, the background state might change due to variability
of the EMIC. In this case, long-term mean anomalies of the EMICs
variables are added to the NCEP climatology before the spin-up.

2.3. ENSO to EMIC coupling: introduction of SST variability

In order to introduce ENSO variability to CLIMBER-3a, ZC SST
anomalies are supplied to the ocean model by adding a heat source
term to the tracer equation. The ZC calculates SST tendency terms
(differences between last and current timestep anomalies) to ac-
count for zonal and meridional advection, upwelling and loss of
heat to the atmosphere separately.

SSTt � SSTt�1 ¼ DTadvðzonÞ þ DTadvðmerÞ þ DTupwelling þ DTheatloss ð1Þ

When supplying SST anomalies to CLIMBER-3a, we omit DTheatloss be-
cause the coupled EMIC will respond to the oceanic anomaly with
anomalous heat flux to the atmosphere by itself. This step is crucial
for a good reproduction of the ENSO-related SST anomaly. The result-
ing tendency term is interpolated and masked to fit the CLIMBER-3a
grid domain (See gray shade in Fig 2, left panel). It is held constant



Fig. 2. Left: ZC model domain where SST anomalies are calculated with defined values in the region 129.375E�–275.625�E, 19�S–19�N (gray area). The Nino3 region (210�E–
270�E) is marked as well. Right: RMS values for SST anomaly deviation from the ZC expectation in K.
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during one ZC timestep of 10 days and is applied to the ocean with the
corresponding scaling for each 12h timestep. The depth (hF) to which
anomalies are supplied was set to hF ¼ 75 m (upper 3 levels of the
oceanic grid of CLIMBER-3a), close to the mixed layer depth given
in ZC by 50 m. The depth difference between the two models shows
that more heat input to CLIMBER-3a is necessary in order to repro-
duce the SST variability in the ZC. This is due to the fact that part of
the imposed heat anomaly is lost to the deeper ocean. To guarantee
thermal energy conservation in the model, the upper level source
term is balanced per timestep in deeper ocean layers. This is a crude
approximation to the realisation of heat transport in the real ocean
due to ENSO dynamics which cannot be resolved in a coarse model.
The integral heat content that was added to the mixed layer is sub-
tracted uniformly on the entire ZC domain between depth
hF ¼ 75 m and hB ¼ 700 m in CLIMBER-3a. The values for hF and hB

were chosen in trial runs to minimize the average root mean square
(RMS) value of SST anomaly deviation from the ZC expectation in the
entire ZC region (Fig. 2, right panel).

RMS ¼ 1
AZC
�
Z

AZC

dxdy

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

Xn

t¼1

ðSSTc3aðx; y; tÞ � SSTzcðx; y; tÞÞ2
s

; ð2Þ

where n, the number of 10 day timesteps is in the order of 1000. The
highest deviations appear in the central Tropical Pacific, where the
EMIC exhibits generally lower temperatures than ZC during El Niño.
The average SST anomaly in the Nino3 region (NINO3, 210�E–270�E,
5�S–5�N) in ZC and in the forced CLIMBER-3a show very good
agreement (Fig. 3).

The given scheme implies that SST anomalies would be the
same in both models, if there were no differences in advection
and heat loss to the atmosphere. This cannot be the case, given
the different model configurations. Nevertheless, variability of
the SST field and key features of the ENSO cycle are well repro-
duced in the EMIC.
Fig. 3. ZC (solid) and forced CLIMBER-3a (do
We compare the induced heat flux to the ocean in both models
(Fig. 4) which is generally negative during El Niño when the anom-
alously warm surface ocean loses heat to the atmosphere. In ZC the
heat loss (solid in Fig. 4) takes the form of a linear damping term
which is defined relative to the SST anomaly. Indeed the oceanic
heat loss of the EMIC (dotted) reproduces the ZC variability very
well. It is now the dominant mode of variability of the global heat
flux at the ocean–atmosphere boundary (dashed), since the model
does not include other modes of internal climate variability. The
good representation of ZC variability in the EMIC is an encouraging
result, as it proofs the principal concept of introducing SST variabil-
ity successful.
2.4. EMIC to ENSO-model coupling: modification of the ZC background
state

Changes in the CLIMBER-3a climate state enter the ZC by mod-
ifications of its background state. The ZC background state on
which anomalies are calculated is defined by fields for SST (T),
thermocline depth (h), surface winds (uatm) and wind divergence
($ � uatm) and internal fields for the horizontal surface currents
(uoce) and upwelling (woce). Changes in T , h, uatm and $ � uatm can
be directly diagnosed from CLIMBER-3a. The internal fields (uoce,
woce) are produced by a separate run of the ZC with a given exter-
nal background state and wind stress forcing (s) which reaches
equilibrium after 30 years. This is comparable to the standard
spin-up procedure when ZC is used for ENSO predictions. The com-
plete background state for the ZC model can be generated for a set
of given T , h, uatm and s fields. Monthly mean anomalies of these
fields are taken from the EMIC, interpolated to the ZC grid and
added to NCEP long-term mean data as background to the ZC mod-
el. The thermocline depth h is calculated following Gnanadesikan
(1999):
tted) NINO3 time series in comparison.



Fig. 4. ZC (solid) and CLIMBER-3a (dotted) heat flux over the entire ZC region. CLIMBER-3a global heat flux variability (dashed) is dominated by the ENSO-related part.
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h ¼
Z 0

�H
dzDT � z

Z 0

�H
dzDT;

�
ð3Þ

where H is the ocean depth, TðzÞ is the temperature and
DT ¼ TðzÞ � TðmaxÞ. Levermann and Griesel (2004) showed that in
CLIMBER-3a the Atlantic h is not sensitive to perturbations of sur-
face buoyancy flux. h however does vary with surface wind stress
(Schewe and Levermann, accepted for publication). The background
state should not include interannual variations, i.e. variability in-
duced by the ZC itself. Therefore, the background states have to
be temporally smoothed with a time constant considerable longer
than the ENSO period. This is done by a running mean filter

Bi ¼
1
sd

Xi�1

k¼i�sd

Bk; ð4Þ

where Bk is the background state of year k and sd is a fixed window
size in years. The resulting Bi are long-term monthly mean values
and represent the time-averaged seasonal cycle for the variables
T , h, uatm and $ � uatm. The applied temporal filter implies that var-
iability on time scales shorter than sd are damped.
3. Pre-industrial coupled climate state

3.1. ENSO in CLIMBER-3a

We analyze the performance of the fully coupled model under
pre-industrial conditions and compare with NCEP reanalysis data.
We focus on how tropical SST anomalies influence other model
variables and if that leads to ENSO-related teleconnections.

It is a well known fact that the ZC can show chaotic behavior
with intermittent periods for several decades (Jin, 1997; Neelin
et al., 1998). In the coupled model variability is reduced to a steady
Fig. 5. NINO3 with intermittent periods. The background was filtered with
seasonal cycle with persistent positive SST anomalies during these
periods (Fig. 5). Being based on the chaotic behavior of the ZC, such
phases appear unpredictable. We could not find a clear relation be-
tween the time constant of the background filter and the appear-
ance of chaotic behavior. But, as it was not present when the
background states were smoothed with a time constant of
sd ¼ 50 years, this value was chosen for the following experiments.

To compare model and data, we calculate the linear regression
between time series of NINO3 and different variables at every grid
point for both model and NCEP data and display the regression
slope. Grid points are only considered where the correlation q is
significant at a 95% level. For the test of the null hypothesis
q ¼ 0 via the t-distribution, serial correlation was taken into ac-
count by estimating the effective degrees of freedom (von Storch
and Zwiers, 1999, see, e.g.).

The resulting figures represent the ENSO-related patterns of the
variable in question and show the change of the variable for a
change of NINO3 by one. Although the ENSO cycle is not really
symmetrical, the patterns may tentatively be interpreted as El
Niño (or negative La Niña) climate signal.

The ENSO-related SST pattern (Fig. 6) represents the primary
forcing to which other model variables, like surface air tempera-
ture (SAT), SLP and precipitation respond. Compared to reanaly-
sis data which shows SST teleconnections to the extratropical
Pacific and the Southern Ocean, the pattern in the model is
confined to a strong warming signal in the eastern and central
Tropical Pacific.

The atmosphere adjusts to the SST warming signal with a war-
mer SAT and a thermodynamic response of SLP, surface winds and
vertical velocity (Fig. 7). Note that these fields are unrealistically
wide due to the coarse atmospheric model resolution. The wind
field is in reality much more localized and focused on the center
of maximum surface warming.
a running mean window of sd ¼ 30 (top) and sd ¼ 50 (bottom) years.



Fig. 6. Regression pattern between SST and NINO3 for NCEP (left) and Model (right). Contour interval is 0.2 �C.

Fig. 7. Regression patterns between model anomalies and NINO3. (a) Surface air temperature, contour interval c ¼ 0:2 �C. (b) Sea level pressure, c = 0.3 hPa. (c) surface winds
in m/s. (d) vertical velocity, c = 0.1 * 10�3 m/s.

98 H. Goelzer et al. / Ocean Modelling 29 (2009) 94–101
The Southern Oscillation Index (SOI), defined as the normalized
SLP difference anomaly between Darwin and Tahiti is widely used
to monitor the ENSO cycle (Ropelewski and Jones, 1987). Positive
SAT anomalies in the eastern Tropical Pacific (Fig. 7, panel a)) lead
to negative SLP anomalies at the same location and a large scale
pressure gradient to the western Tropical Pacific (Fig. 7, panel
b)). As a result, the SOI has negative values during El Niño and high
values during La Niña. In the NCEP data, SOI and NINO3 time series
are closely related (Fig. 8) with a correlation coefficient r ¼ �0:5
for monthly mean values and the highest correlation (r ¼ �0:72)
when both time series are smoothed with a running mean of 13
month.

The model reproduces the SLP response to prescribed SST
anomalies and also the high correlation between SOI and NINO3
(Fig. 8) with r ¼ �0:8 (�0:9) for (smoothed) monthly mean values.
The amplitude of the SLP difference between Tahiti and Darwin in
CLIMBER-3a varies around its mean value of 6.3 hPa (NCEP:
5.2 hPa) with a standard deviation of 1.5 hPa (NCEP: 1.6 hPa).



Fig. 8. NINO3 time series (solid) and negative SOI (dotted) from NCEP (top) and model (bottom). Both monthly time series are smoothed with a running mean of 6 month.

Fig. 10. Regression pattern between evaporation–precipitation and SOI. Contour
interval is 0.05 m/yr. Compare with Fig. 1 in Schmittner et al. (2000).
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The natural SLP variability is thus well represented in the model, at
least in the Tropical Pacific domain. This represents a good test for
the model, which is able to simulate the correct large scale re-
sponse to the imposed SST variability. At the same time, the higher
correlation shows that the model exhibits a more linear behavior
than the real world and that the introduced ENSO mode is the only
source of variability.

3.2. Teleconnections

In general, the model dynamics follow the prescribed SST and
are able to reproduce the main atmospheric features of ENSO-re-
lated variability in the forcing domain. Outside of the Tropical Pa-
cific however, the transport of the ENSO-signal is strongly damped,
especially in meridional direction. The simplified atmospheric
model dynamics of CLIMBER-3a do not properly simulate tropi-
cal–extratropical teleconnections and the introduced ENSO vari-
ability stays largely confined to the forcing region.

The regression of the NINO3 onto the precipitation time series
in the model reproduces the main feature of the reanalysis data
of a positive regression in the central and east Tropical Pacific
(Fig. 9). Negative regression coefficients outside of this domain
are only visible in the model which can be explained by the lack
of other variability.

3.2.1. Atlantic freshwater budget
The ENSO-related precipitation pattern in the model reproduces

a bipolar structure of positive anomalies over the eastern Pacific
Fig. 9. Regression pattern between precipitation and NINO3 for N
and negative anomalies over Central America and the Atlantic as
found in observations. The presence and possible climatic impor-
tance of an ENSO-related exchange of freshwater between Pacific
and Atlantic basin has been shown by Schmittner et al. (2000). Fur-
thermore, model experiments by Schmittner et al. (2000), Latif
et al. (2000) have shown a mechanism linking changes in the
trans-continental freshwater transport with changes in the
strength of the Atlantic meridional overturning circulation. Com-
CEP (left) and Model (right). Contour interval is 0.2 mm/day.



Fig. 11. Left: Monsoon regions in the model: West African monsoon (dashed, 0�–22.5�E, 7.5�–15�N), Indian monsoon (solid, 67.5�E–90�E, 15�N–22.5�N) and South-East Asian
monsoon (dotted, 90�E–112.5�E, 15�N–22.5�N). The gray shading gives the variance of the seasonal cycle. Right: Seasonal cycle of monsoon rainfall for the West African
monsoon (dashed), the Indian monsoon (solid) and the South-East Asian monsoon (dotted) in the control run.
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parable to the analysis in Schmittner et al. (2000), we carried out a
linear regression of evaporation minus precipitation against the
SOI time series in the model (Fig. 10). The resulting pattern is dom-
inated by the precipitation part (compare Fig. 9) and reproduces
the bipolar structure across the American continent found in the
reanalysis data.

The amplitude of the ENSO-related Atlantic freshwater anomaly
in our model is �0.03 Sv (1 Sv = 106 m2 s�1) for an increase of the
SOI by one, which is smaller by a factor of 2 compared to the num-
ber derived by Schmittner et al. (2000) from reanalysis data.

A significant influence of ENSO-induced freshwater anomalies
on the THC is only present when the ENSO model remains in con-
stant El Niño-like conditions for several years which can occur dur-
ing intermittent phases of the ENSO model (compare Fig. 5). The
time scale of transport of ENSO-induced salinity anomalies from
the Tropics to the northern Atlantic regions of deep water forma-
tion in the order of a decade is too long for an influence on THC
strength under normal conditions (Mignot and Frankignoul,
2005; Goelzer et al., 2006).

3.2.2. Monsoon teleconnections
Although the strength of this correlation varies on a decadal

time scale (Kucharski et al., 2007), ENSO is thought to have an
influence on the Asian monsoon systems (e.g. Kumar et al.
(2006)). This can be explained by anomalous subsidence over Asia
as a result of the perturbed Walker circulation (Ropelewski and
Halpert, 1987).

CLIMBER-3a exhibits regions of monsoon activity in west Afri-
ca, the Indian Peninsula and South-East Asia (Fig. 11).

Due to the simplified atmospheric model dynamics in
CLIMBER-3a, however, ENSO-related subsidence anomalies
(Fig. 7, panel d) are confined to the Tropical Indian Ocean. ENSO-
related variations of the summer monsoon rainfalls thus reach only
amplitudes of up to 4.5% of the seasonal cycle (Fig. 11) and do not
show the expected correlation with the NINO3.

4. Discussion

We have presented a model setup which couples the ZC ENSO-
model to the Earth system model of intermediate complexity
CLIMBER-3a. We show in how far ENSO variability can be intro-
duced to an EMIC, which by itself exhibits no interannual variabil-
ity. CLIMBER-3a inherits the ENSO-related SST variability from the
ZC model and can otherwise influence the ZC background state
through modification of its long-term mean climate state. The fully
coupled model shows realistic ENSO-related variability of SST, SLP,
and precipitation in the tropical band between 20�S and 20�N, in
and close to the forcing domain. The representation of ENSO-re-
lated SLP variability in the model solely based on prescribed SST
which results in a SOI variability comparable to observations is
not trivial given the coarse and simplified atmospheric model.
However, transport of the ENSO signal outside of the forcing do-
main is strongly damped, especially in meridional direction, thus
preventing tropical–extratropical teleconnections. Introducing an
improved statistical–dynamical atmospheric model (Petoukhov
et al., 2003) or even a coarse resolution AGCM, may be a promising
and necessary step in order to improve the representation of ENSO
in the model. This limitation in the current model also inhibits the
influence of ENSO on the Indian and South-East Asian monsoon
systems through perturbation of the walker circulation, which is
expected to suppress monsoon rains during El Niño. Instead we
find a very weak reversed correlation compared to observations.
We do find an ENSO-related modulation of the Atlantic freshwater
budget, dominated by precipitation anomalies with a bipolar struc-
ture across the American continent. This link may be used to study
the influence of long-term shifts in the ENSO cycle on the THC.

The influence of the ZC background state through changes in the
long-term climate state of CLIMBER-3a may be used to study the
sensitivity of ENSO to a warming climate or other scenarios of past
and future climate change.
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