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Which ENSO teleconnections are robust to internal atmospheric

variability?

Swen Brands1

Assuming that Atmosphere General Circulation Models
(AGCMs) provide realistic estimates of the atmosphere’s re-
sponse to external forcing, it is here tested whether tele-
connections triggered by the El Niño-Southern Oscillation
(ENSO) are robust to internal atmospheric variability. To
this aim, the AGCM-ensemble from the ECMWF ERA-
20CM project is used, whose ten members are here seen
as surrogates for the atmosphere’s response to the observed
external forcing. Results for 1900-2010 indicate that ENSO
teleconnections in the tropics and in areas affected by the
Pacific-North American and Pacific-South American pat-
terns are robust whereas, in the extratropics, they are other-
wise generally not. Then, shorter periods are assessed dur-
ing which particularly strong or weak teleconnections were
found in previous studies based on observations. Results re-
veal that the late twentieth-century teleconnections to North
America, coinciding with the positive phase of the PDO, are
robust in the southern United States, Mexico and to the
South of Aleutian Islands. In contrast, according to the ex-
periments and methods applied here, teleconnections to the
climate in southern Europe are not robust at all.

1. Introduction

It has long been recognized that the El Niño-Southern
Oscillation (ENSO) [e.g. McPhaden et al., 2006], through at-
mospheric dynamics triggered by anomalously cold or warm
sea-surface temperatures (SSTs) in the central and eastern
equatorial Pacific, not only influences the climate in the
Pacific Ocean basin itself but also in much more remote
regions such as North America, northeast Brazil or sub-
Saharan Africa [Halpert and Ropelewski , 1992; Ropelewski
and Halpert , 1996]. Such a remote association between
climate anomalies is commonly referred to as a “telecon-
nection” [Bjerknes, 1969]. ENSO-induced teleconnections
in and around the tropical Pacific can be conceptually ex-
plained with the Walker circulation [Bjerknes, 1969]. In
its normal state, this circulation is maintained by the tem-
perature and pressure gradient between the warm western
tropical Pacific and Maritime Continent on the one hand,
and the colder eastern tropical Pacific off the coast of South
America on the other. This configuration leads to a ther-
mal circulation system with easterly winds near the surface
contrasted by westerlies in the upper troposphere, accom-
panied by convection in the western Pacific and large-scale
subsidence in the eastern tropical Pacific. During La Niña
events, the Walker circulation is reinforced whereas under El
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Niño conditions it weakens and occasionally even reverses.
For the case of El Niño, this, in turn, favours above-normal
precipitation along the west coast of South America and
dry conditions over the Maritime Continent. Anomalies in
the strength of the Walker Circulation are known to affect
other thermal circulation systems covering the remainder
of the tropics, thereby favouring climate anomalies in the
entire tropical belt [e.g Wallace et al., 1998; Kumar et al.,
1999]. Other mechanisms relevant for the propagation of
the teleconnection throughout the tropics include 1) a gen-
eral temperature increase in the entire tropical troposphere
(i.e. also beyond the boundaries of the Pacific Ocean basin)
due to the fact that pressure gradients cannot persist there
[Yulaeva and Wallace, 1994; Chiang and Sobel , 2002] and 2)
modulations of extratropical modes of circulation variability
(such as the Pacific-North American pattern) that, in turn,
feed back onto the SSTs in other ocean basins such as, e.g.,
the northern tropical Atlantic [Nobre and Shukla, 1996].

ENSO-induced teleconnections to the extratropics are,
for the case of El Niño events, initially triggered by en-
hanced tropical convection in the region with positive SST
anomalies [Trenberth et al., 1998]. The associated latent
heat release and upper tropospheric divergence warms up
the tropical troposphere (i.e. the ascending branch of a re-
gional Hadley circulation). This, in turn, enhances upper-
tropospheric convergence and large-scale subsidence within
the subtropical anticyclones (i.e. the descending branch
of the Hadley cell), thereby establishing a link between
the anomalous Walker and Hadley cells [Wang and En-
field , 2003]. Within the subtropical anticyclones, anoma-
lous upper-tropospheric convergence is the most important
source of Rossby wave forcing and these waves can eventu-
ally propagate to the mid- and high-latitudes where they
form the typical ridges and troughs in the geopotential
height field which govern the local weather on time scales
up to several weeks. To a good approximation, dynamics
are inverse during La Niña events [Trenberth et al., 1998].

However, since the internal atmospheric variability is
much more pronounced in the extratropics than in the trop-
ics [e.g. Kumar and Hoerling , 1995], the development of the
extratropical teleconnection pathway critically depends on
the “background” state of the atmosphere during the tim-
ing of the event. For instance, conditions are favourable
when the wave train triggered by ENSO propagates through
the exit region of an extratropical jet [Branstator , 1985],
in which case it may eventually modify the low and high-
pressure systems over the North Atlantic-European sector
which, if averaged in time, have preferred geographical lo-
cations (i.e. Iceland and the Azores). If these events
occur with above-normal frequency, measurable deviations
from the seasonal mean climate conditions are the conse-
quence [Trenberth et al., 1998]. Other agents modifying
the extratropical pathway are many-fold and include, e.g.,
momentum fluxes by high-frequency eddies [Kok and Op-
steegh, 1985] and sudden stratospheric warmings [Ineson and
Scaife, 2009].

Due to the distortion of the ENSO signal due to in-
ternal atmospheric variability, and also due to the lim-
ited length and inhomogeneities of the observational record
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[e.g. Thorne and Vose, 2010], the robustness of ENSO tele-
connections has come into question for many extratropi-
cal regions. Relationships found in these regions are gen-
erally weak and/or on the limit to statistical significance
[Brönnimann, 2007], seasonally dependent [Mariotti et al.,
2002] and “non-stationary” meaning that significant results
in one time period vanish when tested over another, indepen-
dent time period [DelSole and Shukla, 2009]. In this sense,
the observational record can be seen as one single realiza-
tion of the atmosphere’s response to the observed external
forcing, which might have been different if the atmosphere
would have been allowed to “re-run” once again. Re-running
many times (10 times in the present study) would allow
to assess the probabilistic nature of this response [Lorenz ,
1963], which hampers any attempt to predict the seasonal
climate evolution, particularly in the extratropics [Doblas-
Reyes et al., 2013].

In observations, particularly strong ENSO teleconnec-
tions to North America have been found after the Great
Pacific Climate shift in 1976/77 [Mantua et al., 1997; Ger-
shunov and Barnett , 1998]. Similarly, significant teleconnec-
tions to the climate in southern Europe have been reported
for specific subperiods of the twentieth century [e.g. Mar-
iotti et al., 2002]. Since shifts in the strength of ENSO
teleconnections often coincide with shifts in multi-decadal
SST oscillations such as the Pacific Decadal or Atlantic Mul-
tidecadal Oscillation (PDO and AMO respectively), it is
tempting to assume that the latter indeed exert a “mod-
ulating effect” [e.g. Lopez-Parages and Rodriguez-Fonseca,
2012]. However, there are at least two alternative explana-
tions that are equally plausible [Sterl et al., 2007]. First, the
strengthening (or weakening) of a teleconnection found in
observations during a specific time period might have sim-
ply arisen from chance, in which case low-frequency SST
variations would not exert a modulating effect. Second, low-
frequency SST variations indeed had a modulating effect but
were conductive to the development of the teleconnection
only because the unique realization of internal atmospheric
variability was favourable during that specific time period.

The present study asks whether the many-fold ENSO
teleconnections found in observations hold if the atmosphere
is allowed to “re-run” several times with the observed exter-
nal forcing. To this aim, the AGCM ensemble from the
ECWMF ERA-20CM project [Hersbach et al., 2015], cover-
ing the period 1900-2010, is used. Similar to the AGCMs
used in the Atmosphere Model Intercomparison Project
[AMIP, Gates, 1992], the ten members of the ERA-20CM
ensemble are forced with observed variations in sea sur-
face temperature, sea-ice cover, greenhouse gases, ozone,
aerosols and solar activity. To asses whether ENSO tele-
connections are robust to internal atmospheric variability,
sea-surface temperature variations in the Niño 3.4 region
are correlated with precipitation (as well as temperature,
geopotential height and sea-level pressure) anomalies on the
grid-box scale. This is done separately for each member of
the ERA-20CM ensemble, thereby obtaining ten correlation
coefficients (r) for a given teleconnection. Variations in these
r-values represent variations in the strength (and sometimes
also the sign) of the teleconnection which are due to inter-
nal atmospheric variability. To provide confidence intervals
for these variations, a Student t-distribution is fit to this
pseudo-empirical sample. First, analyses are conducted for
the entire 1900-2010 period. Then, the PDO’s modulat-
ing effect on ENSO teleconnections to North America [Diaz
et al., 2001] as well as the remote ENSO teleconnection to
southern Europe [Mariotti et al., 2002] are put to the test.
This is done by applying the robustness test proposed here
to shorter periods during which these phenomena were de-
tected in the observational record.

2. Data and Methods

The variables used here are calculated upon monthly
mean data from the European Centre for Medium-Range
Weather Forecasts AGCM ensemble developed within the
ERA-20CM project, run at a horizontal resolution of 1.125◦

× 1.125◦ [Hersbach et al., 2015]. Each of the ten model
runs forming this ensemble is forced by one realization of
the SST and sea-ice dataset HadISST.2, which, in the case
of SSTs, is itself an ensemble covering the range of obser-
vational uncertainty along the twentieth century [Titchner
and Rayner , 2014]. To estimate differences in SST forcing
from the region relevant for this study, the Niño 3.4 index
was calculated separately for the ten distinct SST forcing
datasets used by ERA-20CM, and then pairs were mutually
correlated using a correlation matrix. This was done for
the four main seasons of the year and, to take into account
larger observational uncertainties as one moves backwards
in time, for the periods 1900-2010 and 1900-1950. Since the
obtained correlation coefficients for these two periods are al-
ways larger than +0.97 and +0.92 respectively, differences
in SST forcing are negligible for the Niño 3.4 region even
during the first half of the twentieth century.

To measure the strength of the ENSO-teleconnection, the
seasonal-mean time series of the spatially averaged SST in
the Niño 3.4 region is correlated with the concurrent predic-
tand time series on the grid-box scale (geopotential heigth at
500 hPa, precipitation, 2-meter air temperature and mean
sea level pressure are considered) using the Pearson correla-
tion coefficient (r). Prior to calculating r, both the predic-
tor and predictand time series are linearly detrended. For
a given predictand, grid box and season of the year, this is
done separately for each of the ten members of the ERA-
20CM ensemble [Hersbach et al., 2015], thereby obtaining a
sample of ten r-values representing pseudo-empirical varia-
tions in the teleconnection to ENSO due to internal atmo-
spheric variability (“pseudo” because they are surrogates
for the real world taken from a numerical model [von Storch
et al., 2004]). Assuming that this sample follows a cumu-
lative Student t-distribution with nine degrees of freedom,
the two z-scores corresponding to a probability of 2.5 and
97.5% (z = ± 2.262) are transformed to r-values using the
mean (µ) and standard deviation (σ) of the above sample,

rlower = −2.262 × σ + µ (1)

rupper = +2.262 × σ + µ (2)

and represent the lower and upper bounds (rlower and
rupper) of the 95% confidence interval for variations in the
teleconnection due to internal atmospheric variability. If
both bounds are either smaller than the critical value for
a significantly negative correlation (indicating an inverse
ENSO-predictand relationship) or larger than the critical
value for a significantly positive one (indicating a positive
relationship), then the corresponding teleconnection is said
to be “robust” (in the sense of “robustly significant”), mean-
ing that its sensitivity to internal atmospheric variability is
negligible. Otherwise, the teleconnection is said to be “not
robust” to this kind of variability. The critical values are
obtained from a two-sided t-test corrected for the effect of
serial correlation. The correction consists of calculating the
t-statistic upon the effective sample size [Bretherton et al.,
1999] (n∗) instead of using the nominal sample size (n):
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n∗ = n
1 − l1 × l2

1 + l1 × l2
(3)

where l1 and l2 are the lag-1 autocorrelation coefficients
of the Niño 3.4 and predictand time series respectively. Note
that l1 and l2 are assumed to be identical for each run of the
ERA-20CM ensemble and are obtained from run 0. Critical
values are for a significance level of 95%, unless otherwise
stated.

As the forcing exerted by SST variations in the Niño 3.4
region propagates through the atmosphere, it is not only per-
turbed by internal/unforced atmospheric variability alone
but also by atmospheric variability originating from other
external forcing agents. By design of the ERA-20CM ex-
perimental set-up, these are SSTs in other regions, sea-ice
cover, greenhouse gases, ozone, aerosols and solar activity
[Hersbach et al., 2015]. Although this set-up does not al-
low to completely filter out the effect of SST variations in
the Niño 3.4 region, such a limitation would be unrealistic
given that other external forcing agents cannot be “turned
off” in the real world (in alternative model experiments, this
is usually done by setting them to their long term climato-
logical mean value). Hence, the more complete the list of
external forcing agents considered in the experiment, the
higher the “power” of the robustness test proposed here.
For the sake of simplicity, both, unforced atmospheric vari-
ability and atmospheric variability originating from external
forcing agents others than SST variations in the Niño 3.4 re-
gion will be here jointly referred to as “internal atmospheric
variability”.

3. Results

3.1. Teleconnections During the 1900-2010 Period

The 1900-2010 results for the geopotential height at 500
hPa (Z500) are shown in Figure 1. The lower end of the 95%
confidence interval for variations in r due to internal atmo-
spheric variability is displayed in the panels on the left and
the upper end is shown in the panels on the right. The four
rows refer to the four standard seasons of the year. To keep
the figures simple, only the regions exhibiting a robust re-
sponse to ENSO are displayed. Accordingly, when referring
to “negative” or “positive” correlations in the forthcoming,
these are robust unless otherwise stated. Results for the
regions exhibiting a non robust response to ENSO are pro-
vided in Supplementary Figures 4 to 8.

For Z500, positive correlations are found in the entire
tropics, indicating above-normal geopotential height fields
due to the tropospheric warming induced by El Niño events
and opposite conditions during La Niña (for the sake of
conciseness, only the El Niño dynamics will be described
hereafter). In the extratropics, robust teleconnections are
found in an area reminiscent of the Pacific-North Ameri-
can pattern (PNA) in the Northern Hemisphere [Wallace
and Gutzler , 1981] and the Pacific-South American pattern
(PSA) in the Southern Hemisphere [Mo and Paegle, 2001].
Notably, the dipole of robust teleconnections located in the
extratropical south Pacific is stable throughout all seasons
whereas the PNA-like pattern in the Northern Hemisphere
exhibits a pronounced seasonal cycle, i.e. is robust during
the boreal Winter and Spring but not so during the boreal
Autumn. During the austral Summer, robust teleconnec-
tions are found in the South Atlantic, thereby completing
the PSA-like tripole pattern. In the remaining regions of
the extratropics, teleconnections are not robust irrespective
of the season of the year.

Correlations for precipitation (see Figure 2) are positive
along the equatorial Pacific ranging from South America in

the East to the eastern tip of the Maritime continent in the
West. This is flanked by a “boomerang” [Trenberth et al.,
1998] of negative correlations at both sides of the equator
which converges over the central part of the Maritime Conti-
nent and, during JJA and SON, extends well into the Indian
Ocean basin.

In central America and northern South America (Colom-
bia, Venezuala, Guyana, Suriname and French Guinea) neg-
ative relationships are found for each season except MAM,
during which such a relationship is found in northeastern
Brazil. In North America, precipitation results reflect those
obtained for Z500 mentioned above. During DJF, positive
correlations are found over Mexico and the U.S. sunbelt (ex-
cluding California), which is contrasted by negative values in
the northwestern United States and southwestern Canada.
During MAM, negative correlations disappear in this con-
tinent and the belt of positive values shifts to the North,
covering California, Arizona and parts of Utah and Nevada.
During JJA and SON, results are not robust in virtually the
entire continent.

During the JJA and SON seasons, the robust teleconnec-
tion dipole found for Z500 over the South Pacific is also
visible in the results for precipitation. Remarkably, positive
correlations are obtained for MAM precipitation in parts of
West Antarctica, which is due to above-normal advection
of oceanic air masses from the North during El Niño events
that can be deduced from the respective results for mean
sea level pressure (see Supplementary Figure 1).

The negative relationship found for Z500 over the South
Atlantic during the austral Summer (DJF) is associated with
a positive relation for precipitation over parts of Argentina
and Uruguay. In spite of its relatively coarse resolution,
ERA-20CM is able to reproduce the opposite sign of the pre-
cipitation teleconnections on either side of the Andes [Gar-
reaud et al., 2009].

Teleconnections over the equatorial Atlantic and sub-
Saharan Africa clearly follow the seasonal march of the In-
tertropical Convergence Zone and are negative along this
line, indicating that reduced convective rainfall activity dur-
ing El Niño events is a robust ENSO teleconnection. Impor-
tantly, during the core of the West African monsoon (JJA),
negative r-values are observed over a large fraction of sub-
Saharan Africa including the Sahel. However, teleconnec-
tions to the South of the equator are not robust in Africa
[Diaz et al., 2001]. Around the Horn of Africa, positive r-
values are found during the DJF and MAM seasons. During
the former season, these extend well into the northwestern
Indian Ocean.

Over the Indian subcontinent, a core of negative r-values
moves southward as the monsoon season passes, i.e. appears
over the Himalayas during the JJA season and over southern
India during the SON season.

Further to the East, positive r-values are obtained over
eastern China, the Yellow-Sea and South Korea during the
dry season (DJF). During MAM, when seasonal precipita-
tion amounts are generally more copious implying that mod-
ifications by ENSO can have a greater effect on society [Diaz
et al., 2001], positive values are found in southern China.

For 2-meter air temperature (see Supplementary Figure
2), results are similar to those obtained for precipitation, but
the area of robust teleconnections is larger. Thus, the re-
sponse to ENSO is robust in the tropics and in the PNA and
PSA regions, but generally not so in the remaining regions
of the extratropics. During DJF and MAM, a robust cor-
relation dipole is found in Alaska/northern Canada on the
one hand and Mexico/the U.S. Gulf coast on the other. Un-
like for precipitation, temperature teleconnections are not
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robust over Argentina and Uruguay but robust over New
Zealand during any season.

3.2. Teleconnections During Specific Time Periods

In previous studies, the observed ENSO teleconnections
to North America were found to be particularly strong after
the Great Pacific Climate Shift in 1976/77 [Mantua et al.,
1997] and this enhancement was attributed to external forc-
ing from (multi)decadal SST oscillations in the North [Ger-
shunov and Barnett , 1998] and/or Tropical Pacific [Diaz
et al., 2001]. Comparing the periods 1948-76 and 1977-
99, during which the PDO was in its negative and positive
phase respectively, Diaz et al. [2001] found a strong correla-
tion dipole in the Z500 field over North America during the
late period which is much weaker in the early period (see
their Plate 5). Applying the robustness test proposed here
to the same temporal configuration (the February-March-
April season is considered) reveals that, during the late pe-
riod, the southern centre of the dipole (i.e. the negative
correlations in the southern U.S./Mexico and to the South
of Aleutian Islands) is robust to internal atmospheric vari-
ability whereas the northern centre over Canada is not (see
first row in Figure 3). During the early period, no robust
teleconnection to the extratropics is found at all (see sec-
ond row). This is remarkable since the late period is shorter
than the early one, meaning that the magnitude of r must
be larger to yield significance.

Similarly, Mariotti et al. [2002] found that ENSO telecon-
nections to September-October-November (SON) precipita-
tion in southern Europe were significant during the second
half of the twentieth century (1948-1996) but spurious dur-
ing the first half (see their Figures 1 and 6). The analyses
conducted here reveal that this teleconnection is not robust
during both time periods (see third and fourth row in Figure
3).

Supplementary Figure 3 is a replicate of Figure 3, but
using 90% confidence intervals for calculating 1) the signif-
icance of r and 2) the confidence interval describing vari-
ations in r due to internal variability (in this case, z = ±
1.833 in Equations 1 and 2). This relaxation leads to similar
results, except to the South of the Aleutian Islands, where
teleconnections for Z500 during FMA 1948-77 pass the ro-
bustness criteria in a much larger area.

Furthermore, Figure 6 in Mariotti et al. [2002] was repli-
cated with the methods of the present study. To this aim,
confidence intervals for variations in the correlation coeffi-
cient between the Niño 3.4 index and areal average precip-
itation in the western Mediterranean (30◦N - 45◦N,10◦W -
20◦E) were computed for a sliding 20-year period running
forward from 1900-19 to 1991-2010 by one year in each step.
This was done for the MAM and SON seasons. As can be
seen from Figure 4a and b, a robust ENSO response as de-
fined here is not yielded in any of the 92 subperiods. Rather,
individual r-values (blue dots) have such a large spread that
the confidence limits (black lines) frequently range from sig-
nificantly negative to significantly positive (dashed red lines
= critical values). As for the observed teleconnections in
Mariotti et al. [2002], results from individual model runs
(light green lines) can indeed break through the critical val-
ues in specific time periods. For comparison, computations
were repeated for SON areal average precipitation in Indone-
sia (10◦S - 5◦N,90◦E - 140◦E, see Figure 4c). Except during
1932-51 to 1954-73, the corresponding confidence intervals
are entirely below the critical value for a significantly in-
verse relationship, indicating that this tropical precipitation
regime is generally well constrained to ENSO. Plotting the
standard deviation of the concurrent seasonal mean Niño 3.4
index in the same panel (grey boxes) reveals that the afore-
mentioned non-robust response period coincides with weak
ENSO activity. Plotting this activity (x-axis) against the

width (panel c1) and centre (c2) of the confidence interval
further shows that increased ENSO activity is clearly associ-
ated with reduced uncertainty and stronger teleconnections
in this region. Figures 3 and 4 underline that internal at-
mospheric variability becomes more important when shorter
time periods are considered.

4. Discussion

For a proper interpretation of the results, the assump-
tions and limitations of the approach proposed here should
be shortly discussed. First, results only hold under the “per-
fect model” assumption, commonly made in this kind of
study [Schubert et al., 2016].

Second, in idealized numerical model experiments such
as those applied here, the ensemble mean response (or sig-
nal) to a prescribed external forcing is commonly chosen to
test the presence or absence of a teleconnection [Ineson and
Scaife, 2009]. Here, however, it is assumed that each single
member, and not the ensemble mean, is a surrogate of the
real atmospheric response to external forcing and that all
members are equally probable [Hersbach et al., 2015]. These
methodological differences might partly explain why some
of the observed extratropical ENSO teleconnections docu-
mented in previous studies [Mariotti et al., 2002; Shaman
and Tziperman, 2011] could be confirmed by model studies
focussing on the ensemble mean approach [Shaman, 2014],
whereas they are here found to be inconsistent in the sense
that they largely vary from one execution of the twentieth
century climate to another.

Also, the AMIP-like external forcing configuration used in
ERA-20CM is of “global” nature meaning that the AGCM
is not solely forced by SST variations in the Niño 3.4 region.
Hence, what is here assumed to be caused by SST variations
in the Niño 3.4 region might have been caused by other, co-
varying, external forcing agents. Likewise, the strong ENSO
teleconnections during late twentieth century might not have
been caused by the PDO but by other modulators having a
similar phasing [Diaz et al., 2001]. One possibility to clarify
this is to apply the method proposed here to more specific
AGCM experiments [e.g. Lopez-Parages et al., 2016].

Finally, a more accurate estimation of internal atmo-
spheric variability may be obtained by using an AGCM en-
semble with more than 10 executions.

5. Concluding Remarks

The results of the present study are an update to the cur-
rent state of knowledge about ENSO teleconnections that
takes into account internal atmospheric variability. The
first take away message is that ENSO teleconnections to the
extratropics during the period 1900-2010, with the excep-
tion of the PNA and PSA regions, southern Australia/New
Zealand and the Yellow-Sea, are generally not robust to in-
ternal atmospheric variability, no matter which season of the
year is considered. On the contrary, many teleconnections
within the tropics found in observations [e.g. Ropelewski and
Halpert , 1996] were here found to be robust to this kind
of variability, giving confidence in their predictability. Sec-
ond, the particularly strong ENSO teleconnections to North
America observed during the positive phase of the PDO
[Diaz et al., 2001] were here found to be robust in the south-
ern U.S. and Mexico as well as to the South of the Aleutian
Islands, but not at high-latitudes. Likewise, the observed
teleconnections to precipitation in southern Europe found
in specific seasons and subperiods of the twentieth century
[Mariotti et al., 2002], are not robust by the analyses applied
here, pointing to the fact that they were either not caused
by ENSO or materialized only because the unique devel-
opment of internal atmospheric variability was favourable
during these short periods. In either case, the timing of
future favourable conditions is essentially unpredictable for
ENSO teleconnections to southern Europe.



BRANDS S.: ROBUSTNESS OF ENSO TELECONNECTIONS X - 5

Acknowledgments. I appreciate the public availability of
the ECMWF ERA-20CM dataset at http://apps.ecmwf.int/
datasets/data/era20cm-edmm/levtype=sfc/, acknowledge the
AGU data policy and would like to thank Dr. Juan J. Taboada,
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Garćıa for conducting an auxiliary data analysis.

References

Bjerknes, J. (1969), Atmospheric teleconnections from the equa-
torial Pacific, Mon. Weath. Rev., 97 (3), 163–&, doi:{10.1175/
1520-0493(1969)097〈0163:ATFTEP〉2.3.CO;2}.

Branstator, G. (1985), Analysis of general-circulation model sea-
surface temperature anomaly simulations using a linear model.
1. Forced solutions, J. Atmos. Sci., 42 (21), 2225–2241, doi:
{10.1175/1520-0469(1985)042〈2225:AOGCMS〉2.0.CO;2}.

Bretherton, C., M. Widmann, V. Dymnikov, J. Wallace, and
I. Blade (1999), The effective number of spatial degrees of
freedom of a time-varying field, J. Clim., 12 (7), 1990–2009,
doi:{10.1175/1520-0442(1999)012〈1990:TENOSD〉2.0.CO;2}.
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Figure 1. 95 % confidence interval (CI) for variations
in the correlation coefficient between the seasonal mean
Niño 3.4 index and the geopotential height at 500 hPa
due to internal atmospheric variability. The lower and
upper bounds of the CI are shown in the left and right
column respectively. Only those grid boxes where the
response to ENSO is robust are shown, otherwise grid
boxes are blanked out. The considered time period is
1900-2010.
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Figure 2. As Figure 1, but for precipitation.
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Figure 3. As Figure 1, but for the shorter time periods
and seasons indicated on the left of each row. These time
periods coincide with the positive (1977-99, first row) and
negative (1948-76, second row) phase of the PDO and
with periods during which the observed teleconnections
to southern Europe were found to be significant (1948-
96, third row) or insignificant (1900-48, fourth row) in
previous studies (see text for more details).
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a) MAM precipitation in the western Mediterranean

b) SON precipitation in the western Mediterranean

c) SON precipitation in Indonesia

c1) Niño 3.4 activity vs. width of the CI c2) Niño 3.4 activity vs. centre of the CI

Figure 4. Running robustness analysis for the Pearson
correlation coefficient between the Niño 3.4 index and
areal average precipitation for the indicated regions and
seasons, using a sliding 20-year window. Blue dots =
results from the individual ERA-20CM members. Black
lines = limits of the confidence interval for variations due
to internal atmospheric variability. Dashed lines = crit-
ical values for a significant correlation. 95% significance
levels are assumed. Light green lines = results for a single
model run. Grey boxes: Standard deviation of the con-
current Niño 3.4 index indicating ENSO activity. For In-
donesia, ENSO activity (on the x-axis) is plotted against
the width (c1) and centre (c2) of the confidence interval;
the respective rank correlation coefficients are shown in
the upper right corners.


