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Abstract. The skill of a newly designed global atmo-
spheric model of intermediate complexity – QTCM (for
quasi-equilibrium tropical circulation model) in simulating
the teleconnections is investigated. The role of the ENSO
remote forcing over the Pacific surrounding regions is em-
phasized from sensitivity experiments to critical parameters
of the model. The role of the tropical intraseasonal variability
(ITV) on the simulated ENSO teleconnection pattern is esti-
mated using the methodology proposed by Lin et al. (2000)
allowing to damp the energy of ITV in the model. The re-
duction of intraseasonal variability allows emphasizing the
forced response of the atmosphere and eases the detection of
local coupled atmosphere-ocean patterns. It was shown that
the simulated ITV has an impact on the ENSO teleconnection
pattern both in the mid-latitudes and in regions of ascending
and descending branches of Walker circulation cells in the
tropics.

1 Introduction

The problem of teleconnection in climate studies is complex.
The El Niño Southern Oscillation (ENSO) is considered as a
main source of the interannual variability in many remote re-
gions outside the tropical Pacific (see Trenberth et al. (1998)
for the review of ENSO teleconnections). ENSO alters the
sources of atmospheric heat that then affect atmospheric cir-
culation and climate on a global scale (Wang, 2002). Among
the most well known remote impacts are the changes in atmo-
spheric circulation over the northern Pacific and North Amer-
ica and associated sea surface temperature (SST) anomalies
in the North Pacific (Wallace and Gutzler, 1981; Lau, 1997),
as well as above normal SST and near-surface air tempera-
ture at land stations in the Indian and Atlantic Oceans during
the warm phase of ENSO (Enfield and Mayer, 1997; Yulaeva
and Wallace, 1994). These changes in surface temperature
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are in turn associated with droughts in the northeast region of
Brazil (Hastenrath et al., 1997), eastern equatorial Africa, In-
dia, drier than normal conditions in Indonesia and Australia
(Rasmusson and Carpenter, 1983; Ropelewski and Halpert,
1987) and floods in Peru and Ecuador (Wallace et al., 1998).
The local air-sea interactions are also a major contributor to
the seasonal to interannual variability (Marshall et al., 2001;
Chang et al., 2000; Webster et al., 1998). The estimation
of remote versus local forcing is difficult to obtain from ob-
servation alone. Model experiments are required to separate
the remote forced variability from the locally forced one (Liu
et al., 2004). Therefore representing correctly teleconnection
and local interaction in models is a top-priority issue because
of the non-linear interaction between local and remote forc-
ings. In particular, ocean-atmosphere coupled models that
resolve explicitly the local air-sea equilibrium can provide
a meaningful material for the understanding of the telecon-
nection mechanism. There are a large number of studies us-
ing General Circulation Models (GCMs) to simulate the at-
mospheric response to tropical SST anomalies on seasonal
and interannual timescales (Lau, 1985; Barnett et al., 1994;
Kumar and Hoerling, 1998; Saravanan and Chang, 2000).
Whereas the Global Coupled General Circulation models are
the most complete in terms of physics, they are however the
ones that present the most severe biases, especially outside
the tropical Pacific. At the same time the intermediate circu-
lation models can be useful tools for investigating the tele-
connection processes when they demonstrate the good skill
in simulating the ENSO-like variability and its remote im-
pacts. Not only the simplified physics often eases the inter-
pretation of the simulation, but they are also computationally
cost effective which allows for sensitivity experiments.

The tropical intraseasonal variability was shown to play an
important role in ENSO forcing (Moore and Kleeman, 1999)
as well as in ENSO teleconnections (Wu and Shubert, 2002).
In the intraseasonal variability one usually distinguishes two
modes: the coherent variability (Madden-Julian like oscil-
lations (Madden and Julian, 1994) and stochastic variability
(random weather noise). The influence of random weather
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Fig. 1. Zone of interannual SST Anomaly forcing for the PAC ex-
periment.

noise as well as Madden-Julian oscillation on the simulated
ENSO teleconnection still needs to be estimated. In this
study we investigate the skill of a newly designed global in-
termediate atmospheric model in simulating the teleconnec-
tions. The role of the ENSO remote forcing over the Pacific
surrounding regions is emphasised from sensitivity experi-
ments to critical parameters of the model. Of particular in-
terest is the role of intraseasonal variability on the simulated
ENSO teleconnection pattern. The model used in this study
is QTCM developed by David Neelin and his team at UCLA.
This model is not only skilful in simulating some aspect of
the ENSO teleconnection but, due to its formulation, it al-
lows to ‘turn off or on’ the model intraseasonal variability,
which avoids carrying out numerous experiments to derive
ensemble mean.

This paper is organized as follows. Section 2 briefly de-
scribes the data and the intermediate atmospheric model. In
Sect. 3 the comparison between the experiments with global
forcing and Pacific forcing are presented and analysed. Sec-
tion 4 describes the characteristics of the simulated intrasea-
sonal variability and investigate its impact on the ENSO tele-
connection. Section 5 summarizes the results.

2 Data and model

2.1 The data

The NCEP/ NCAR reanalysis data set (Kalnay et al., 1996) is
used for zonal and meridional wind at 200, 500 and 850 hPa ,
precipitation, outgoing longwave radiation (OLR) and zonal
wind stress (TX). For comparison with the QTCM outputs,
data were bilinearly interpolated from the NCEP/NCAR grid
(2.5◦

×2.5◦) to the model grid (4◦×1.875◦). The Reanaly-
sis data cover the period from January 1948 until Decem-
ber 1997 for U200, U850, V200 and V850 and from January
1958 until December 1997 for other variables. These fields
are referred to as “observations” in the followings although
strictly speaking they are not observed data but results from
a combination of observations and model simulations.

Model forcing are the SST and Sea Ice Extension from
the two GISST (Global Sea Ice and Sea Surface Tempera-

ture) reconstructed datasets (Rayner et al., 1997) namely the
GISST 2.3 from 1947 to 1982 and the new released GISST
3.0 package from 1983 to 1998.

2.2 The QTCM model

The QTCM model (for Quasi-Equilibrium Tropical Circu-
lation Model) has been proposed recently to fill the niche
between the GCMs and simpler models. It is a primitive
equation-based intermediate-level atmospheric model that
focused on simulating the tropical atmosphere. The con-
straints placed on the flow by quasi-equilibrium parametriza-
tion are used to calculate typical vertical structures of tem-
perature, moisture and winds. Being more complicated than
a simple model, the model has full non-linearity, includes
a radiative-convective feedback package, and a simple land
soil moisture routine. Topography is not taken explicitly
into account but an inhomogeneous surface roughness is
used. For its convective parameterization, this model uses
the Betts-Miller (1986) moist convective scheme, a scheme
which is also used in some GCMs. Model formulation is de-
scribed in Neelin and Zeng (2000) and model implementa-
tion is described in Zeng et al. (2000). Zeng et al. (2000)
show results indicating that this intermediate-level model
does a reasonable job in simulating tropical climatology and
ENSO variability. The model also maintains intraseasonal
oscillations which some of characteristics resemble the real-
world intraseasonal oscillations (Lin et al., 2000).

In this study, considering that SST anomalies in the At-
lantic ocean have finer meridional scales than in the Pacific,
a version of QTCM 2.3 with higher longitudinal-latitudinal
resolution was used. The horizontal resolution is 4◦

×1.875◦

instead of 5.625◦×3.75◦. This version of the model was de-
veloped and used in a recent work (Illig and Dewitte, 2006).

The anomalies for observations and QTCM are derived by
subtracting the monthly climatologies calculated over the pe-
riod 1958–1997.

3 Role of remote Pacific forcing in the interannual trop-
ical variability

In this study, we aim to analyze local versus remote effect
via teleconnections in the atmosphere between the basins. In
particular we are interested in the remote forcing produced
by the anomalous SST signal in the tropical Pacific region.
For such kind of ENSO teleconnection studies, model runs
in which SST anomalies are specified in individual areas are
usually performed (Su et al., 2001).

3.1 Methodology and model experiments

A 50-year model run was carried out with QTCM, with
the monthly GISST dataset as boundary forcing interpolated
onto the model grid. The simulation starts the 1 January of
1948, the first simulated year being discarded in the sub-
sequent analyses to account for the adjustment time of the
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Fig. 2. Correlation(a, b, c)and rms difference(d, e, f) maps between CR and PAC experiments for zonal wind at 200 mb (a, d), 850 hPa (b,
e) and precipitation (c, f) monthly anomalies. Correlation higher 0.3 are hatched. Rms difference larger than 5 m/s (d), 2 m/s (e) and 2 mm
(f) are shaded. Contour interval is 0.1 (a–c); 1 m/s (d); 0.2 m/s (e) and 0.2 mm (f).

land surface and atmospheric variables. The QTCM run cor-
responds to a standard configuration for model parameters
Zeng et al. (2000) and hereafter referred to as CR. To esti-
mate the tropical Pacific remote forcing, we performed the
experiment PAC. It consists in forcing QTCM with the same
initial SST data than CR, but with the interannual anomalies
restricted to the tropical Pacific region (the forcing area is
shaded on the Fig. 1) from January 1949 onward. PAC is the
experiment where the full anomalies of the tropical Pacific
were retained.

Similar experiments were carried out in other recent stud-
ies. Liu et al. (2004) analyzed the remote impact of tropical
Pacific climate forcing on the tropical Atlantic sea surface
temperature variability using a GCM model and provided the
dynamic assessment of the impact of the corresponding forc-
ing. Su and Neelin (2002) performed a similar experiment
than PAC using QTCM to study the teleconnection mecha-
nism in the zones of vertical motion negative anomalies dur-
ing El Niño. Su et al. (2001) examined the response to var-
ious SST anomalies in the tropical oceans (tropical Pacific
included) using previous version of QTCM (QTCM 2.1) in a
case study of the impact of the El Niño 1997–1998. They an-
alyzed the anomalous seasonal fields with respect to climato-

logical annual cycle using the ensemble means for 10 exper-
iments. This allowed for estimating the role of remote forc-
ing versus local effect in reproducing the seasonal anomalous
patterns of wind, precipitation and tropospheric temperature.
In our study, we focus on the interannual variability patterns
of various meteorological characteristics obtained from the
CR and PAC experiments. Such method provides a qualita-
tive estimate of how the contribution of remote tropical Pa-
cific forcing versus local effects into the simulated anomalies
changes in various regions of the tropics and subtropics.

The following diagnostics were calculated for CR and
PAC: root mean square (rms) of the monthly means and of
the monthly anomalies as well as Hovmullers plots for vari-
ous meteorological parameters (zonal and meridional winds
at 850, 500 and 200 hPa, zonal wind stress, precipitation,
OLR and net heat fluxes). To investigate the ENSO tele-
connections, the lag-correlation between atmospheric fields
and SST anomalies averaged over the NIÑO3 region (here-
after NIÑO3 SST Index) was calculated for two model ex-
periments and the Reanalysis.

Simple statistical diagnostics (correlation and rms differ-
ence) were applied on the model simulations. Note, that
on the correlation and rms difference maps, the regions of
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high correlation and small rms difference between CR and
PAC correspond to the areas where the remote Pacific forcing
plays an important role, while the regions with small corre-
lation and high rms difference are the regions where remote
forcing does not dominate.

3.2 Results

The map of correlation and rms-diff between CR and PAC for
zonal wind are displayed on Figs. 2a, b, d, e. On the maps for
low troposphere zonal wind (Fig. 2b) the areas of significant
correlation (correlation value higher than 0.27 are significant
at 95%) spread from Indonesia through the whole equatorial
Pacific (with two local maxima over the western and eastern
Pacific) toward the equatorial Atlantic. The same feature is
found for TX (not shown). Thus the low troposphere circula-
tion response to the Pacific SST forcing is significant in the
equatorial Pacific, South America, western and central equa-
torial Atlantic, while over the Indian Ocean the effect of the
remote forcing is weak. This is consistent with the results
by Su et al. (2001) which found that seasonal wind anomaly
simulated in full SST and PAC SST experiments are simi-
lar to some extent over the equatorial Pacific, South America
and equatorial Atlantic, but differ significantly over the In-
dian Ocean. Consistently with Gill (1980)’s interpretation,
the wind anomalies are the response to the anomalous heat-
ing of the troposphere. Su et al. (2003ab) showed that during
an El Niño event there are substantial tropospheric tempera-
ture anomalies across the tropics associated with sea surface
temperature warming. The spatial pattern of tropospheric
temperature response is wide-spread because of the effective-
ness of wave dynamics in spreading the temperature anoma-
lies. However the wind response to Pacific remote forcing is
weak over the Indian Ocean. This is believed to be caused by
local SST anomaly or teleconnections from other oceans. In
the upper troposphere (Fig. 2a), one can observe the signa-
ture of PNA (Pacific North/American) teleconnection pattern
with the correlation maxima forming the arc structure in both
Hemispheres.

For the zonal wind fields, small rms difference values are
observed over the whole tropics, while the maxima are lo-
cated in the subtropical and mid latitudes. We can suggest
that out of the tropics, the effect of remote Pacific forcing
weakens and other processes, like weather random, local SST
forcing and teleconnections from other regions dominate the
variability. The weakening of the wind response in the sub-
tropics is not surprising as the pattern of tropospheric tem-
perature anomalies are spread across the globe but confined
to the tropical belt, the latter being the main cause that pro-
duces the wind anomalies. We can also note the area of small
rms difference spreading from the forcing region to the north-
east in the low troposphere (Fig. 2e) and the belt of small
rms difference in the mid latitudes of Northern Hemisphere
(Figs. 2e, d). Although the effect of Pacific remote forcing
is significant in these regions, the teleconnection mechanism
associated to such pattern remains a subject of further inves-
tigation.

As the distribution of correlation and rms difference be-
tween PAC and CR for precipitation and OLR are almost
identical, we present here the maps for precipitation only
(Figs. 2c, f). It is not surprising that precipitation and
OLR are perfectly correlated over the forcing regions, which
means that convection and rainfall over the equatorial Pacific
are almost completely determined by SST in the equatorial
Pacific. This is not the case for the wind maps, where the cor-
relation is high but lower than 80%. Outside the forcing re-
gion, the correlation for precipitation and OLR is very weak,
which indicates that convection and rainfall result from lo-
cal interaction or random weather and are weakly influenced
by the remote processes. However, one can detect a zone
of significant correlation for precipitation over the north-
eastern Brasilia and Guinea golf (Fig. 2c). These regions ex-
perience maximum precipitation anomalies in summer 1997
(Guinea golf) and winter 1998 (North-eastern Brasilia) as a
response to the positive tropical Pacific SST anomalies (Su
et al., 2001). The influence of tropical Pacific SST on the
precipitation over Brasilia may be caused by the change in
the Walker and Hadley circulation cells associated to ENSO
(Wang, 2002). The anomalies in the equatorial Atlantic re-
sult from significant remote Pacific forcing but also from At-
lantic local SST anomalies (Su et al., 2001). However the
latter is also controlled by the tropical Pacific SST (Covey
and Hasternath, 1978; Latif and Barnett, 1995; Latif and
Grotzner, 2000). For OLR, there is no correlation between
CR and PAC over the Indian ocean, but significant correla-
tion is found over the equatorial South America and Atlantic
(not shown). This is due to the fact that the convection over
the equatorial Atlantic is influenced by the tropical Pacific
SST. Such characteristics are observed in the NCEP/NCAR
Reanalysis (Gushchina and Dewitte, 2005), which illustrate
the skill of QTCM in simulation the teleconnection pattern in
the South-American monsoon system. For precipitation, the
highest rms difference between CR and PAC is observed in
the Indian monsoon region, the Southern Hemisphere Tropi-
cal Convergence Zone (SHTCZ) region and over the subtrop-
ical highs (Fig. 2f).

To summarize, we can note that within the tropics the
difference between PAC and CR over the Indian Ocean are
larger than over the Atlantic pointing to the fact that, in the
Indian Ocean, the processes of local ocean-atmosphere inter-
action influence the interannual variability stronger than over
the Atlantic where the remote forcing has more pronounced
effect. The mechanisms of such remote forcing could be ex-
erted through atmospheric bridge (Klein et al., 1999; Latif
and Grotzner, 2000; Nobre and Shukla, 1996). However
we should keep in mind that local air-sea interaction could
enhance the effect of remote forcing. For instance, Liu et
al. (2004) shows that the remote impact contributes to nearly
half of the variance of the tropical Atlantic sea surface tem-
perature variability at interannual time-scale. The detailed
analysis of Pacific-Atlantic teleconnections using QTCM is
the subject of our undergoing work (Illig and Dewitte, 2006;
Illig et al., 2006).
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Fig. 3. Time-longitude plots of equatorial (averaged between 6.26◦ N–6.26◦ S) daily-mean anomalies of(a) U850 (contour interval is 1 m/s),
(b) U250 (contour interval is 2 m/s) and(c) OLR (contour interval is 5 W/m2). Negative values are shaded. Day1 begins with the second
year of the model run, the first year being discarded to remove any residual spinup effect. The results for the second year of the model run is
shown for (a) and (b) and for the third year of the model run for (c).

4 Sensitivity of the ENSO teleconnection characteristics
to the intraseasonal variability

4.1 Description of the experiments

It is commonly known that forced model results can vary de-
pending on the model parameter values that are used. To
analyze how the change of model parameters may affect the
simulated teleconnection, a series of sensitivity tests was car-
ried out. Rather than focusing on the direct impact of the
parameter change onto a particular simulation (see Zeng et
al. (2000) for results to sensitivity tests to parameter selec-
tion for the climatology), we investigate how the parameter
change impacts the variability of the difference between the
global forcing case (CR) and the Pacific forcing-only case
(PAC). Note that Wu et al. (2002) suggest that intraseasonal
tropical variability have a significant influence on the ENSO
cycle. In this context we aim to estimate the role of intrasea-
sonal variability (ITV) on the ENSO teleconnection patterns
as simulated by QTCM (experiments CRWTIV and PACW-
TIV). The impact of intraseasonal variability produced by the
model on our results was evaluated thanks to runs without
evaporation-wind feedback and without the effect of extra-
tropical excitation following the methodology described in
Lin et al. (2000). Experiments are summarized in Table 1.

4.2 Simulated intraseasonal variability

We first described the ITV simulated by QTCM. Lin et
al. (2000) analyzed the intraseasonal variability in an early
version of QTCM 2.1 with climatological SST as a bound-
ary forcing. They found that the model intraseasonal vari-
ability has rather realistic characteristics. We analyzed the
characteristics of intraseasonal variability in the version of
the model used in this study (QTCM2.3 with higher hori-
zontal resolution). Following the same methodology than
Lin et al. (2000) to derive the daily-average fields for the
intraseaonal timescales, the Fig. 3 presents the Hovmullers
plots of equatorially averaged daily anomalies for the zonal
wind and OLR. Overall, the obtained results are in a good
agreement with the results of Lin et al. (2000). The nature of
the signal differs depending on the field.

The 850 hPa zonal wind anomalies (Fig. 3a) demonstrate
a tendency of a globally propagating signal with the phase
speed depending on the season: 4 m/s in northern autumn
and winter, 7 m/s in boreal summer and up to 12 m/s dur-
ing northern late winter – early spring. Additionally during
northern summer the phase speeds vary longitudinally: from
3.7 m/s in the western hemisphere over the central Africa, In-
dian ocean and Indonesia, i.e. over the region where the deep
convection dominates, and up to 10.3 m/s east of 170◦ E, i.e.
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Table 1. Please give caption.

Experiment name Boubary forcing Other characteristics

CR SST worldwide
PAC SSTA restricted to the tropical Pacific
CRWTIV SST worldwide Intraseasonal variability filtered out
PACWTIV SSTA restricted to the tropical Pacific Intraseasonal variability filtered out

over the eastern Pacific and Atlantic ocean where there is less
climatological convection. During the northern winter and
spring, the average phase speed is almost constant across the
latitude circle. In northern autumn a minimum of intrasea-
sonal variability is observed. All these features are consis-
tent with the results obtained by Lin et al. (2000) with the
earlier version of QTCM. The dominant phase speed of the
propagating features in 850 hPa zonal wind field is somewhat
lower in the “new” version of the model. This could be due
to the enhanced internal variability in the high resolution ver-
sion which would tend to slow down the propagation of the
high frequency signal. However the amplitude of anomalies
is greater in the new version of model by a factor of 3. This is
in accordance with the results obtained for monthly anoma-
lies which are greater than in the previous QTCM version by
a factor of 1.5, which is more realistic as suggested by a com-
parison with the Reanalysis (not shown). Another important
difference of the new version is the appearance of westward
propagating signal. During northern winter and spring, this
propagation pattern is observed in the western hemisphere
(to the east of 160◦ E ) with the phase speed around 5m/s.
From early winter, it propagates over the Indonesia, western
and central Pacific with a slightly higher speed about 6.5 m/s.
It may be related to the westward propagating synoptic-scale
disturbances within the intertropical convergence zone, visi-
ble in time-longitude plots of cloudiness (Chang, 1970).

In contrast the upper troposphere zonal wind anomalies
(Fig. 3b) do not exhibit propagations all around the globe. In
northern winter and summer, anomalies develop over the In-
dian Ocean, extend eastward and disappear around the date
line. Outside of these regions there is no significant variabil-
ity with coherent propagating characteristics, consistently
with Lin et al. (2000). The maximum of variability occurs
in northern summer and early autumn. The second maxi-
mum appears in February–March (January–February in pre-
vious version). The minimum is generally presented around
September-October. The phase speed varies depending of the
season and longitude. In the northern winter the anomalies
propagates eastward with speed from 3.7 m/s up to 5.1 m/s
and stop at the date line. In northern spring the anomalies
propagate westward with higher phase speed (8.5 m/s) in the
beginning of spring and slower speed (5 m/s) in April. In
the northern summer, we can observe both the eastward and
westward propagating anomalies. The first one has a phase
speed varying with longitude: slower (4.5 m/s) in the west,
in the region of high climatological convection, and faster

(11.2 m/s) in the east, in the regions of weak climatologi-
cal convection. The westward propagating anomalies are ob-
served across the globe with the slow phase speed around
2–3 m/s. However they do not propagate around Earth’s cir-
cumference at the equator, but usually do not extend as much
as 60–80 degrees. In northern autumn, there is no propagat-
ing signal in the upper troposphere zonal wind field and in
the early winter, the fast westward propagating patterns ap-
pear. The amplitude of upper troposphere zonal wind anoma-
lies are twice higher as compare to the previous version
(the same increasing is observed for interannual upper tro-
posphere zonal wind variability).

For ORL anomalies (Fig. 3c), the highest amplitudes occur
over the Indian ocean, Indonesia, western and central Pacific
(between 80◦ E and 160◦ W). In QTCM2.1, the OLR anoma-
lies are shifted to the west compared to QTCM2.3 and are
observed between 0–180◦ E. The maximum activity appears
in the northern summer versus summer-autumn in the previ-
ous version. The phase speed does not change a lot with lon-
gitude and season and is about 7–8 m/s (instead of 5–10 m/s
in QTCM2.1). The amplitude of the anomalies is higher by
a factor of 3 as compared to the previous version, consis-
tently with the increase in the amplitude of the monthly OLR
anomaly as observed in QTCM2.3 In northern winter the
westward propagating patterns appear in the eastern hemi-
sphere with characteristic phase speed about 2 m/s. As was
mentioned above they may be related to the westward prop-
agating synoptic-scale disturbances within the intertropical
convergence zone. Note however that the characteristics de-
scribed above may vary significantly from one model year to
the other.

4.3 Sensitivity to the intraseasonal variability

Lin et al. (2000) demonstrated that the major sources of en-
ergy for the intraseasonal variability in the QTCM model
are the evaporation-wind feedback and the extratropical ex-
citation by the mid-latitudes storms variability, the latter be-
ing the main contributor to the tropical ITV. Following their
methodology, the experiments where these two effects are
turned off are carried out. The results are compared to the
standard case for U850 (Fig. 4).

In the standard case (ITV not “filtered”), the difference
between CR and PAC for the low troposphere zonal wind in
the subtropics and mid latitudes is of the order of the rms of
the total field and three times smaller in the near equatorial
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Fig. 4. Maps of rms difference for the 850 hPa zonal wind(a) between CR and PAC,(b) between CRWTIW and PACWTIV; difference(c)
between (a) and (b);(d) same as (c) but normalized by the mean of the difference between CR and PAC (m1), and the mean of the difference
between CRWTIV and PACWTIV (m2) respectively.

region (10◦ N–10◦ S) with however two maxima located over
the Indonesia and equatorial Indian ocean (Fig. 4a). This il-
lustrates that outside the tropics the effect of remote Pacific
forcing is weak and that other processes like random weather
noise and local air-sea interaction contribute to the interan-
nual variability of the wind. The experiments CR and PAC
also confirm that within the tropical belt the remote forcing is
significant in tropical Atlantic and equatorial Indian oceans,
while it has a weaker influence over Indonesia and the North-
ern tropical Indian Ocean.

When the ITV is turned off in QTCM (Fig. 4b), the dif-
ference for the surface circulation between PACWTIV and
CRWTIV in the subtropics and midlatitudes is small, traduc-
ing that mid-latitude storms activity dominates the variability
in these regions. Note however three maxima in the rms dif-
ference maps in the subtropics: to the east of Australia, in
the northern Pacific and in the South Atlantic. These regions
correspond to the trade-wind fronts where the local air-ocean
interaction is strong and as a consequence, the remote forcing
is less pronounced. Noteworthy, the ITV effect is not signif-
icant for the interannual variability in the trade-wind front
areas.

Over the tropics, the maxima of rms difference between
CRWTIV and PACWITV are located almost over the same
regions as in the “standard” case (PAC-CR rms difference)
(Figs. 4a, b). Therefore within the tropics, ITV does not

have a significant impact on the ENSO teleconnection. This
also shows up from Fig. 4c where the difference between the
fields of the maps of Fig. 4a and Fig. 4b is presented. Within
the tropics, the difference is small and outside it is large. This
indicates that the simulated ITV has a strong impact on the
model teleconnection in the subtropical and mid-latitudes,
whereas within the tropical belt no significant changes are
detected. This statement however should be moderated by
the fact that, when the ITV is turned off, the magnitude of
rms difference between PAC and CR is smaller an average
by the factor of 3, which can hide regional peculiarities. In
order to highlight the difference within the tropics, the rms
difference maps were normalized by the mean of the differ-
ence between CR and PAC, and CRWTIV and PACWTIV
respectively. The difference is presented in Fig. 4d. The
maxima are then observed over the Western Indian ocean,
Indonesia and Western Pacific, eastern Pacific, North-eastern
Brazil and equatorial Africa. These regions correspond to
the location of the ascendant and descendent branches of the
Walker equatorial zonal circulation cell (Wang, 2005), indi-
cating that in QTCM, the simulated zonal wind interannual
variability is sensitive to the ITV in these regions. As the
Walker circulation cells are part of the tropical teleconnec-
tion mechanism (Wang, 2005), this suggests a potential role
of ITV in the tropical teleconnection in QTCM.
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5 Conclusions

Consistently with former studies (Zeng and Neelin, 2000;
Sue et al., 2001, 2002, 2003a, b; Gushchina and Dewitte,
2005), we have shown that QTCM, although with simpler
physics than most AGCM, simulate the dominant aspects of
the ENSO teleconnection pattern over the globe. In particu-
lar, within the tropics, the wind anomalies, associated to the
anomalous warming of the troposphere, are simulated by the
model, as well as convection anomaly patterns over the South
American continent and the equatorial Atlantic.

Lin et al. (2000) proposed a methodology in order to
damp the energy of ITV in the model. Using this method-
ology, we investigate the sensitivity of the simulated ENSO
teleconnection pattern to ITV. As expected the reduction of
intraseasonal variability allows emphasizing the forced re-
sponse of the atmosphere and eases the detection of local
coupled atmosphere-ocean patterns. Similar results could be
obtained from ensemble experiments but it would be compu-
tationally more expensive. Interestingly, the simulated ITV
has an impact on the ENSO teleconnection pattern both in
the mid-latitudes and in regions of ascending and descend-
ing branches of Walker circulation cells in the tropics. As
ITV is a component of the tropical Pacific system and ENSO
(Zavala-Garay et al., 2005), this illustrates the potential of
QTCM for ENSO coupled studies. While cost effective cou-
pling procedure using ensemble experiments are being de-
veloped (Wu and Kirtman, 2003), QTCM offers to opportu-
nity to investigate more easily the statistical significance of
air-sea coupling in tropical regions in a coupled framework
(Illig et al., 2006).

The perspective of this work includes a more refined vali-
dation of the ITV of the model and the use of a linear model
of the Pacific and Atlantic oceans to couple to QTCM in or-
der to study tropical Atlantic response to ENSO forcing.

Acknowledgements.This work was supported by the grant RFBS
(No.05-05-65032). Dr. Gushchina was supported by the INTAS
YS Fellowship (Ref. Nr. 03552239). NCEP/NCAR Reanalysis
data used in this study have been provided by NCEP.

Edited by: P. Fabian and J. L. Santos
Reviewed by: H. Dijkstra and another anonymous referee

References

Barnett, T. P., Bengtsson, L., Arpe, K., et al.: Forecasting global
ENSO-related climate anomalies, Tellus A, 46, 381–397, 1994.

Betts, A. K. and Miller, M. J.: A new convective adjustment
scheme. Part II: Single column tests using GATE wave, BOMEX,
ATEX and arctic air-mass data sets., Quart. J. R. Met. Soc., 112,
693–709, 1986.

Chang, C. P.: Westward propagating cloud patterns in the tropical
Pacific as seen from time composite satellite photographs, J. At-
mos. Sci., 27, 133–138, 1970.

Chang, P., Saravanan, R., Ji, L., and Hegerl, G. C.: The effect of
local sea surface temperatures on atmospheric circulation over
the tropical Atlantic sector, J. Climate, 13, 2195–2216, 2000.

Covey, D. L. and Hastenrath, S.: Pacific El Niño Phenomenon and
Atlantic circulation, Mon. Wea. Rev., 106, 1280–1287, 1978.

Enfield, D. B. and Mayer, D. A.: Tropical Atlantic sea surface tem-
perature variability and its relation to El Nino-Southern Oscilla-
tion, J. Geophys. Res., 102, 929–245, 1997.

Gill, A. E.: Some simple solutions for heat induced tropical circu-
lation, Q. J. R. Metorol. Soc., 106, 447–462, 1980.

Gushchina, D. and Dewitte, B.: Interannual climate variability
and teleconnections in the quasi-equilibrium tropical circulation
model, Izvestiya RAN, Physics of atmosphere and ocean, 41,
435–463, 2005.

Hastenrath, S., de Castro, L. C., and Aceituno, P.: The Southern
Oscillation in the tropical Atlantic sector, Beitr. Phys. Atmos.,
60, 447–463, 1987.

Illig, S., Dewitte, B., Ayoub, N., duPenhoat, Y., Reverdin, G., De-
Mey, P., Bonjean, F., and Lageloef, G. S. E.: Interannual long
equatorial waves in the tropical Atlantic from a high resolution
OGCM experiment in 1981–2000, J. Geophys. Res., 109(C2),
C02022, doi:10.1029/2003JC001771, 2004.

Illig, S. and Dewitte, B.: Local Coupled Equatorial Variability Ver-
sus Remote ENSO Forcing in an Intermediate Coupled Model of
the Tropical Atlantic, J. Climate, accepted, 2006.

Illig, S., Gushchina, D., Dewitte, B., Ayoub, N., and duPenhoat,
Y.: The 1996 Equatorial Atlantic warm event: origin and mech-
anisms, Geophys. Res. Lett., accepted, 2006.

Kalnay, E., Kanamitsu, M., Kistler, R., et al.: The NCEP/NCAR 40-
year reanalysis project, Bull. Amer. Meteor. Soc., 77, 437–471,
1996.

Klein, S. A., Sooden, B. J., and Lau, N.-C.: Remote sea surface
temperature variations during ENSO: Evidence for a tropical at-
mospheric bridge, J. Climate, 12, 917–932, 1999.

Kumar, A. and Hoerling, M. P.: Specification on regional sea sur-
face temperature in the atmospheric general circulation model
simulations, J. Geophys. Res., 103, 8901–8907, 1998.

Latif, M. and Barnett, T.: Interactions of the tropical oceans, J. Cli-
mate, 8, 952–964, 1995.

Latif, M. and Grotzner, A.: The equatorial Atlantic oscillation and
its response to ENSO, Clim. Dyn., 16, 213–218, 2000.

Lau, N.-C.: Modeling the seasonal dependence of the atmospheric
response to observed El Niños in 1962–76, Mon. Wea. Rev., 113,
1970–1996, 1985.

Lau, N.-C.: Interactions between global SST anomalies and the
midlatitude atmospheric circulation, Bull. Amer. Meteor. Soc.,
78, 21–33, 1997.

Lin, J. W.-B., Neelin, J. D., and Zeng, N.: Maintenance of tropical
intraseasonal variability: Impact of evaporation-wind feedback
and mid-latitude storms, J. Atmos. Sci., 57, 2793–2823, 2000.

Liu, Z., Zhang, Q., and Wu, L.: Remote impact on tropical Atlantic
climate variability: Statistical assessment and dynamic assess-
ment, J. Climate, 17, 1529–1549, 2004.

Madden, R. A. and Julian, P. R.: Observations of the 40-50 day
tropical oscillation – A review, Mon. Wea. Rev., 122, 814–837,
1994.

Marshall, J., Kushnir, Y., Battisti, D., et al.: North Atlantic climate
variability: Phenomena, impacts and mechanisms, Int. J. Clima-
tol., 21, 1863–1898, 2001.

Neelin, J. D. and Zeng, N.: The first quasi-equilibrium tropical
circulation model-formulation, J. Atmos. Sci., 57, 1741–1766,
2000.

Nobre, P. and Shukla, J.: Variations of sea surface temperature,
wind stress, and rainfall over the tropical Atlantic and South
America, J. Climate, 9, 2464–2479, 1996.



D. Gushchina et al.: A sensitivity study to intraseasonal variability 297

Palmer, T. N., Brankovic, C., Viterbo, P., and Miller, M. J.: Mod-
eling interannual variations of summer monsoons, J. Climate, 5,
399–417, 1992.

Rasmusson, E. M. and Carpenter, T. H.: The relationships betwee-
neastren equatorial Pacific SSTs and rainfall over India and Sri
Lanka, Mon. Wea. Rev., 111, 517–528, 1983.

Rayner, N. A. and co-authors: Version 2.2 of the Global Sea-Ice
and Sea Surface Temperature data set, 1903–1994, CRTN 74, 21
pp, available from the Hadley Centre, UKMO, Bracknell, Berks,
1997.

Ropelewki, C. F. and Halpert, M. S.: Global and regional scale
precipitation associated with El Nino/Southern Oscillation, Mon.
Wea. Rev., 115, 1606–1626, 1987.

Saravanan, R. and Chang, P.: Interaction between tropical Atlantic
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