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ABSTRACT

Seasonal forecasts performed over a 26 yr period as part of the Historical Seasonal Forecasting Project
(HFP) are used to analyze the influence of North Atlantic sea surface temperature (SST) anomalies
on the atmospheric circulation, its seasonality, and model dependence. The signals related to the El
Nifio events are first removed from both the SST and the atmospheric data. The North Atlantic SST
and the ensemble mean forecast are then correlated over the 26 yr to identify the model response to the
SST forcing. The signal-to-noise ratio shows that in spring there is a significant forecast signal that is
related to the SST anomaly in the North Atlantic. In that season the two models used in the HFP yield
responses to the SST anomaly that are both similar to each other and to the observed response. For the
other seasons the agreement between the responses and the observed atmospheric anomalies is poor.
In winter the response is very sensitive to the model used.

1. Introduction

Predictions beyond about one month depend largely
on signals in the atmospheric variability that are forced
by anomalies in the lower boundary conditions, such
as the sea surface temperature (SST) and sea ice cover-
age. One remarkable extratropical signal correspond-
ing to a sea surface temperature increase (decrease) in
the equatorial eastern Pacific in an El Nifio (La Nifia)
year is the Pacific/North American (PNA) teleconnec-
tion pattern. The latter takes the form of below-normal
(above-normal) geopotential heights in the North
Pacific and the south-eastern United States and above-
normal (below-normal) heights centered over Hawaii
and western Canada (Horel and Wallace, 1981). This
linkage between the tropical SST anomalies and the
PNA pattern is supported by modeling studies (e.g.
Lau and Nath, 1994) and Rossby wave energy dis-
persion theory (Hoskinsand Karoly, 1981; Branstator,
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1985). The signal is relatively strong and can ben-
efit seasonal forecasts (Kumar and Hoerling, 1995;
Derome et al., 2001).

There is also strong interannual variability in the
midlatitude SSTs (e.g. Kushnir, 1994). Observational
studies indicate that the latter are generated largely
by atmospheric variability through fluctuations in the
surface wind, temperature and humidity (e.g. Cayan,
1992). One evidence for this is the observation that
the correlation between the atmospheric and oceanic
temperatures is found to be the strongest when the
atmosphere leads the ocean by 2-3 wk (Deser and
Timlin, 1997). On the other hand, the extent to which
mid-latitude SST anomalies feedback to affect the at-
mospheric circulation is of great interest, since such
a feedback could contribute to some atmospheric pre-
dictability. As the oceans have a relatively large heat
capacity and thermal inertia, SST anomalies have de-
cay time scales of the order of months (Frankignoul,
1985), which is longer than the predictability limit of
the unforced atmospheric flow. Evidence for the exis-
tence of a detectable feedback was provided, in par-
ticular, by Czaja and Frankignoul (1999).
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Numerical modeling studies of the atmospheric
response to mid-latitude SST anomalies have often
yielded conflicting results. The atmospheric responses
differ not only in magnitude but also in structure. For
example, with similar SST anomalies, Palmer and Sun
(1985) find a significant response with a barotropic
structure, while Kushnir and Held (1996) find a re-
sponse that is shallow and baroclinic. Some authors
obtain significant nonlinearity in the response to mid-
latitude SST anomalies (Pitcher, 1988; Kushnir and
Lau, 1992), while others find that the response to a
cold SST anomaly is the opposite of the response
to a warm SST anomaly (Ferranti et al., 1994). Lau
and Nath (1990) find that midlatitude SST anomalies
play a significant role in generating wintertime inter-
annual variability, while in another study (Lau and
Nath, 1994) the result is found to be not reproducible
with a slightly different version of the same GCM. Fi-
nally, Peng et al. (1995; 1997) find that the response
depends on the time of year. A review of previous stud-
ies on the atmospheric response to extra-tropical SST
anomalies was given by Robinson (2000). There are
also diagnostic and modeling studies which suggest
a possible influence on seasonal atmospheric fluctua-
tions by tropical Atlantic SSTs (e.g. Robertson et al.,
2000; Cassou and Terray, 2001).

A variety of factors may contribute to the differ-
ences in the results of the model experiments. Firstly,
the response is weak and embedded in a vigorously tur-
bulent atmosphere, i.e. the signal to noise ratio is low.
Large ensembles of experiments may be needed to ex-
tract the signal. Differences in model resolution and the
ability to resolve transient eddies and their feedbacks
may be another factor (Kushnir and Held, 1996). Peng
and Whitaker (1999) suggest that the sensitivity of the
eddy forcing to the background flow may explain the
difference of the responses in two different months.
Using a simple general circulation model, Hall et al.
(2001) showed how the atmospheric response is influ-
enced by a variety of factors, such as the position of
the SST anomaly with respect to the upper level jet.

The Canadian Climate Variability Research Group
(now the Canadian Climate Variability Research Net-
work) has conducted a project termed the Historical
Seasonal Forecasting Project (HFP). The goal was to
test over a 26 yr period the skill of two global at-
mospheric circulation models in predicting seasonal-
mean atmospheric conditions. Studies such as that by
Zwiers (1996) had looked at the potential predictabil-
ity of the atmosphere, i.e. the predictability level that
can be achieved in a perfect model context when the
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SST and sea ice conditions are assumed known. In
the HFP an operational forecasting environment was
mimicked in that the SST and sea ice conditions were
not assumed known at the start of the seasonal fore-
casts, and the latter were verified against observations.
Starting from the beginning of each season, a set of
six seasonal predictions were performed with slightly
different initial conditions. During the three-month in-
tegrations, persistent SST anomalies were specified as
those of the previous month and added to a monthly
varying climatological SST field. Two numerical mod-
els were used to perform the seasonal predictions with
the same setup. For each of the four seasons, ensem-
bles of six forecasts were produced with each model
for the 26 yr in the period from December 1969 to
February 1995. Some results of the HFP, particularly
those related to SST variability in the tropical Pacific,
are described in Derome et al. (2001).

Because the SST anomalies are specified during the
seasonal predictions in the HFP, the predictions pro-
vide a significant database (2 models x 6 ensemble
members x 4 seasons x 26 yr = 1248 experiments)
to analyze the relationship between the atmosphere
and the SST anomalies in these two models. In this
paper we focus on the atmospheric response to SST
anomalies in the North Atlantic, its seasonality and
dependence on models.

The paper is structured as follows. In section 2, we
briefly introduce the HFP project and the data used
in this study. In section 3, the leading mode of inter-
annual Atlantic SST variability is identified for the
four seasons. In section 4, we calculate the variance
of the atmospheric signal that is related to the lead-
ing mode of Atlantic SST variability, and identify the
areas with a large signal-to-noise (S/N) ratio. In sec-
tion 5, we present the model and observed atmospheric
structures that are related to this leading mode of North
Atlantic SST anomaly. Comparisons are made for the
two models and for the four seasons. Conclusions and
discussions follow in section 6.

2. The Historical Seasonal Forecasting
Project (HFP) and data

2.1. The Historical Forecasting Project (HFP)

A detailed description of the HFP is given by
Derome et al. (2001), so only the hightlights will be
given here. Three-month forecasts were produced for
the period January 1969 to Febuary 1995 with the
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second generation of a General Circulation Model
(GCM2 thereafter) developed at the Canadian Centre
for Climate Modelling and Analysis (CCCma) for cli-
mate studies, as well as with a reduced-resolution ver-
sion of the global spectral model (SEF thereafter) de-
veloped at Recherche en Prévision Numérique (RPN)
for numerical weather prediction purposes.

The GCM2 has been used for a number of climate
simulation studies (e.g. Boer et al., 1984; McFarlane
et al., 1992) that describe its formulation in detail. It
is a global spectral model with a triangular 32 (T32)
horizontal resolution and 10 levels in the vertical. The
SEF has been used in previous studies on global data
assimilation and medium-range weather forecasting
(Ritchie, 1991; Ritchie and Beaudoin, 1994). It is also
a global spectral model, but with a T63 horizontal res-
olution and 23 levels.

Three-month predictions were made for each sea-
son of the 26 yr, winter being defined as December,
January and Febuary (DJF), spring as March, April
and May (MAM), summer as June, July and August
(JJA), and fall as September, October and November
(SON). The reanalysis dataset from the National Cen-
ters for Environmental Predictions (NCEP) and the
National Center for Atmospheric Research (NCAR)
(Kalnay et al., 1996) was used for the initial condi-
tions of the 3-month forecasts. The initial conditions
for the six ensemble members of each model were
taken from the reanalysis dataset at lags of 6 h just
previous to the start of the season. During the fore-
cast the global SST field is specified as the monthly
SST anomaly of the month prior to the forecast period
plus a monthly-varying climatological SST field. The
SSTs are taken from the GISST2.2 dataset (Rayner
et al., 1996). There are some differences in the treat-
ment of sea ice, snow cover and soil conditions in the
two models as described by Derome et al. (2001).

2.2. The data used

The data used in this study include: (a) monthly
mean global SST fields from the GISST2.2 dataset
over the 26 yr of the HFP, (b) the seasonal-mean
500 hPa geopotential height, the 700 hPa temperature
and mean sea level pressure from the NCEP/NCAR re-
analyses and (c) the same variables as in (b) but from
the ensemble-mean of the forecasts produced by the
GCM2 and SEF models. The seasonal means refer to
the averages over DJF, MAM, JJA and SON.
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2.3. Data pre-filtering: removing the trend
and the El Nirio signal

To concentrate on the interannual time scale we first
remove the long-term linear trend from the data at each
grid point using a least-square method. As we are in-
terested in isolating the atmospheric response that is
related to the North Atlantic SST variability, we then
remove from the data the variability that is linearly
related to the El Nifio signal. This is done by first
performing an empirical orthogonal function (EOF)
analysis on the SST data (monthly-mean or seasonal-
mean) over the tropical Pacific region (40°S—40°N,
120°E-90°W). The first EOF, regardless of month or
season, is found to explain about 30% of the SST vari-
ance in that region. The principal component (PC) of
that first mode is then regressed against the data to be
filtered at every grid point in space, and the resulting
global “El Nifio signal” is subtracted from the data.
This process is also applied to the NCEP data used for
comparison with the model. Except where noted oth-
erwise, the PC of the SST and the data to be filtered are
synchronous (same month or same season). It should
be understood that, except where noted explicitly, all
the results presented in what follows were obtained
with pre-filtered data.

3. SST anomalies in the North Atlantic

In the HFP, the SST anomaly is specified during the
entire season to be that observed during the month pre-
ceding the season being forecast, i.e. SST anomalies
in Febuary, May, August and November are used for
MAM, JJA, SON and DJF forecasts, respectively. In
this section we will identify the leading mode of the
interannual variability of SST in the North Atlantic for
each of the four months through an EOF analysis over
the region of 0—80°N, 0-90°W. The effect of unequal
areas represented by different grid points is taken into
account by multiplying the monthly-mean SST by the
square root of the cosine of the latitude at that grid
point.

Figures 1a, b, ¢ and d show the linear regression
patterns of the monthly-mean SST to the PC of the
leading SST mode in the North Atlantic for February,
May, August and November, respectively. The magni-
tude represents the SST anomaly in K corresponding to
one standard deviation of the PC of the leading mode
in the EOF. As can be seen, for both February and
May, the leading mode of the interannual variablity in
the North Atlantic SST anomaly is a tripole pattern as
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a) February

H. LIN AND J. DEROME

-0
=Ny

=

Fig. 1. Linear regression pattern of the monthly mean SST to the leading principal component of SST in the North Atlantic
for (a) February, (b) May, (c) August and (d) November. The contour interval is 0.1°. Negative values are indicated by dashed

lines.

observed in previous studies (e.g. Kushnir, 1994). For
August and November, the pattern is more like a
monopole, centered in the midlatitude North Atlantic.

4. The atmospheric signal related to the
North Atlantic SST variability

Given a large ensemble of seasonal-mean forecasts,
for a given season, over many years, the interannual

variability in the ensemble mean represents the vari-
ability in the signal thatis related to the external forcing
by the SST anomalies. While in our case the ensem-
bles of six members cannot be considered large, we
will use the ensemble mean as an estimate of the SST-
forced anomaly. To identify the signal in the forecasts
that is related to the variability of the leading SST
mode in the North Atlantic, the ensemble-averaged
seasonal-mean of the predicted 500 hPa geopoten-
tial height field is linearly regressed against the PC

Tellus 55A (2003), 3




NORTH ATLANTIC SST ANOMALIES

197

b) GCM JIA

Fig. 2. Signal-to-noise ratio for GCM for (a) MAM, (b) JJA, (c)SON and (d) DJF. The contour interval is 0.1.

of the first SST mode of the previous month in the
North Atlantic. The signal variance is calculated as
the square of the regression averaged over 26 yr, sep-
arately for each season and each model. The noise
variance is obtained as the inter-member variance for
the model and season under study averaged over the
26 yr. The S/N ratio is then the ratio of these two
variances.

Figures 2 and 3 show the S/N ratio for the GCM2
and SEF models, respectively. Both models show sim-
ilar features for spring, summer and fall. In spring, two
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centers of high S/N ratio can be found in the North At-
lantic area, one near Greenland and the other over the
central Atlantic, with a maximum ratio of about 0.5.
This is the only season with a significant S/N ratio in
this region. In summer and fall, the main signals are
in the low latitudes, and the signal in the middle and
high latitudes is negligible compared to the noise. In
winter, the two models give different S/N ratio distri-
butions. The GCM2 shows little notable signal in the
extratropics, while the SEF has a train of centers from
Eurasia to the North Pacific.
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a) SEF MAM

b) SEF JJA

Fig. 3. As Fig. 2 except for SEF.

It is an open question why the SEF alone has these
centers of larger S/N ratio so far away from the North
Atlantic. Model deficiencies may be to blame, as could
the relatively small ensemble of six members available
to estimate the S/N ratio. On the other hand, it will be
seen later (Fig. 9) that the NCEP DIJF data (as well
as the SEF ensemble mean) has a statistically signif-
icant signal over eastern Asia and the North Pacific
associated with the first EOF of Atlantic SST. So the
possibility remains that the maxima seen in Fig. 3 in
these regions is meaningful.

5. The North Atlantic SST anomalies and
the associated atmospheric circulations

A correspondence between the leading mode of the
North Atlantic SST and the atmospheric anomalies
during a given season can be established through a
linear regression map. Since in the HFP the SST
anomaly persists during the forecast season, this corre-
spondence can be viewed as the atmospheric response
to the SST anomaly. We have calculated the response
in the 500 hPa geopotential height, sea level pressure
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and 700 hPa temperature. Due to the highly barotropic
vertical structure in the response, in the following dis-
cussion we will focus on the 500 hPa geopotential
height.

In the following we will show the atmospheric cir-
culation for each season associated with the specified
SST anomalies is identified by its leading mode in the
North Atlantic. Results for the two models will be com-
pared to each other as well as to the observations. The
observed data are represented by the NCEP/NCAR re-
analyses, and the predictions are from the six-member
ensemble-mean forecasts of the GCM2 and SEF
models.

5.1. Spring

Figure 4a shows the linear regression of the GCM2
ensemble-mean and seasonal-mean forecast 500 hPa
geopotential height anomaly in spring (MAM) against
the PC of the leading mode of the Atlantic SST
anomaly in February (Fig. 1a). The values on the map
represent the MAM seasonal mean 500 hPa geopoten-
tial height anomaly associated with the SST anomaly
forcing having the pattern and amplitude presented in
Fig. 1a. In the following we will refer to the above as
the “Atlantic signal”. The shaded areas represent those
regressions with a significance level of 0.05 or better.
The latter was estimated by a Monte Carlo simulation,
in which 500 regressions were computed for each grid
point between the time series of the leading mode PC
of the Atlantic SST anomaly and the randomized time
series of the height anomalies. Significant positive re-
gression values are observed near Greenland and the
North Pole, and negative values are found in the mid-
latitudes from North America to western Europe. The
implication is that a positive phase of the North At-
lantic SST pattern of Fig. 1a tends to be associated in
the GCM2 with a negative phase of the North Atlantic
Oscillation (NAO) in the spring season (MAM). With
one standard deviation of the SST pattern (a positive
SST anomaly of about 0.3° south of Greenland and a
negative anomaly of around 0.7° off the east coast of
the United States), the seasonal-mean 500 hPa height
response is a positive anomaly over Greenland and the
North Pole with a maximum of about 18 m and a neg-
ative anomaly in the midlatitude North Atlantic with a
maximum of about 8 m . The result from the SEF model
(Fig. 4b) is very similar to that of the GCM2 over
most of the hemisphere, but especially over the North
Atlantic, where both models have their maximum S/N
ratios (Figs. 2 and 3).
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Some studies show that in the real world the mid-
latitude Atlantic SST forcing and the atmospheric re-
sponse have a lag of a few months, with the ocean lead-
ing. For example, Czaja and Frankignoul (1999; 2002)
have used maximum covariance analysis to reveal such
statistical relation between atmospheric anomalies and
the oceanic forcing. So to estimate how the atmosphere
responds to SST anomalies in the North Atlantic in
the NCEP/NCAR reanalysis, we computed the regres-
sion between the MAM 500 hPa height and the PC
of the leading North Atlantic SST mode in February,
in the same way as for the models, which allows a
2-month lag between the SST and the mid-month of
the atmospheric averaging period. The resulting re-
gression pattern for the observations, shown in Fig. 4c,
can be interpreted as the atmospheric anomaly that is
associated with the SST pattern of Fig. 1a in February.
We see that the atmospheric pattern is similar to that
produced by the models over a substantial fraction
of the hemisphere, and particularly over the North
Atlantic. This strongly suggests that the mode of SST
variability shown in Fig. 1a provides some predictabil-
ity in MAM that the models are able to capture.

We note by inspection of Figs. 4a—c that the at-
mospheric pattern projects onto the NAO (negative
phase), the main mode of variability in the North
Atlantic. This is another illustration of a time-mean
forced response projecting preferentially onto the main
mode of temporal variability, a feature already noted
by Hall et al. (2001) and Peng et al. (2002).

To get an idea of the relative importance of the At-
lantic signal, we first compute the ratio of its interan-
nual variance to the interannual variance forced by all
modes of SST variability (including ENSO), the latter
being obtained as the interannual variance of ensem-
ble means. In calculating these variances the average
of the two model ensemble means was used (referred
as GCMSEF). It should be noted that because the cal-
culations are based on the ensemble means, the in-
ternal variability is excluded (to the extent that the
12-member ensemble-mean captures the forced vari-
ability). The resulting ratio of the Atlantic signal vari-
ance to the “total forced” variance for the MAM
500 hPa height is shown in Fig. 5a. We see that over the
western North Atlantic up to a little over 30% of the
forced variance is forced by the first mode of Atlantic
SST variability. For comparison Fig. 5b shows the cor-
responding ratio for the El Nifio signal. We see that in
this case up to a little over 45% of the forced variance
is ENSO-related. Not surprisingly, over the North Pa-
cific and northwest North America the ENSO plays a
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a) GCM MAM
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b) SEF MAM

Fig. 4. Linear regression of the seasonal mean 500 hPa geopotential height anomaly in spring (MAM) to the principal
component of the leading mode of the Atlantic SST anomaly in February: (a) GCM2 ensemble mean, (b) SEF ensemble
mean and (c) NCEP observations. The contour interval is 4 m. The shaded areas represent significance level of 0.05 or better

according to a Monte Carlo method.

relatively more important role among forcing agents
than the first mode of North Atlantic SST does any-
where, but the latter, with its 30% of forced variance
in the western North Atlantic, is nevertheless making
a notable contribution.

The total interannual variance in the model simula-

; ; 2 _ 42 2 _ 42 2
tions can be written as o = o + o] = o + oz +

o, where of is the variance forced by the SST vari-
ability and is obtained from the ensemble means, o is
the internal variance, obtained from the inter-member
variability, o, is the part of the forced variance that
is associated with the first mode of Atlantic SST vari-
ability, and o, is the rest of the SST-forced variance.

We will concentrate on the area in the western Atlantic
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a) Atlantic signal
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b) ENSO signal

Fig. 5. Ratio of signal variance to the total variance: (a) Atlantic SST signal, (b) El Niiio signal.

where the MAM signal to noise ratio is a maximum
(Figs. 2aand 3a). From these figures we see that o2, /o
is about 0.52 for either model, while from Fig. 5a we
have that o}, /(o + of%) is about 0.3. This implies
that o3;, 0% and o amount to about 16%, 53% and
31%, respectively, of the total variance. In short, the
forced variance that is related to the first mode of North
Atlantic SST variability accounts for about 16% of the
total interannual model variability in MAM conditions
in the western North Atlantic.

Peng et al. (2002) found significant nonlinearity in
the atmospheric response to their SST anomaly in the
North Atlantic in spring. To see if such nonlinearity is
present here, composites are computed for the MAM
500 hPa height for the years with positive and negative
PC of EOF 1 of February SST. For positive SST PC
we have 11 cases, and for negative we have 15 cases.
Figure 6 shows the result for GCMSEEF. All the main
features of one figure are seen in the other, with the sign
reversed, as would be expected of a linear response.
The amplitude of the response to the positive phase of
the SST anomaly (Fig. 1a) is larger than that of the
negative phase, a reflection of a nonlinear component
to the response.

Since in the HFP the initial condition for each en-
semble member is close to the first day of the season,
it is possible that persistence of the initial conditions
may contribute to the similarity of ensemble members
and so lead to an overestimate of the SST forced signal.

Tellus 55A (2003), 3

To see if this is the case and to assess the contribution
from the initial conditions, a similar regresion analy-
sis was conducted as in Fig. 4 but with the first month
skipped (figure not shown). The resulting patterns are
basically as in Fig. 4, but the amplitude is reduced by
about 30%, indicating that the main structure shown
in Fig. 4 is related to the SST forcing.

5.2. Summer

The results corresponding to Fig. 4, but for JJA,
are shown in Fig. 7. In this case the May SST pat-
tern of Fig. 1b is used and the atmospheric forecasts
and observations are for JJA. For the model responses
(Figs. 7a and b), significant values are observed mainly
over the tropical and subtropical latitudes. This is prob-
ably linked to the strong SST anomaly in the tropical
Atlantic in May off the west coast of Africa (Fig. 1b).
In the extratropics, the response is weak and not as
statistically significant as that simulated in spring. In
the North Atlantic and adjacent areas, the responses
of the two models agree with each other rather well.
Both have a positive height anomaly over the north-
east of North America, a wave train response across
the North Atlantic to central Europe, with a negative
height anomaly over the central Atlantic, a positive
anomaly near the UK and a negative center to the east.

The linear regression of the NCEP seasonal mean
atmospheric circulation in summer (JJA) to the PC of
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b)GCMSEF —phase

Fig. 6. Composites of MAM 500 hPa height for the years with principal component of EOF 1 of February SST: (a) positive,

(b) negative. The contour interval is 5 m.

the same mode of the Atlantic SST anomaly in this
season is shown in Fig. 7c. In the extratropics, though
statistically not so significant, the main features sim-
ulated by the two models shown above also appear,
i.e. a positive height anomaly over the northeast of
North America, and a wave train across the North At-
lantic to central Europe. The SEF model also captures
the positive height anomaly over central Russia. The
agreement between the two models, however, is poorer
than that seen in MAM, and so is the agreement of
the models with observations. We will quantify these
differences after presenting the results for fall and
winter.

5.3. Fall

The results for SON, for which the SST pattern of
Fig. 1cisused, are shownin Fig. 8. Again there are sim-
ilarities in the responses of the two models, especially
over the North Atlantic. A positive height anomaly can
be found in both models in the southwestern Atlantic
and southeastern North America, although weak in the
GCM2. In both models a dipole that projects onto the
positive NAQO is evident, although in both models only
part of it is significant at the 5% level.

The observed 500 hPa geopotential SON height
anomaly, related to a positive phase of the same
mode of the Atlantic SST anomaly, is illustrated in

Fig. 8c. Except for the tropics, the observed 500 hPa
height anomaly is generally weak, especially over the
North Atlantic, and quite different from both model
responses.

5.4. Winter

The results for DJF in Fig. 9 show that the two
models respond in quite different ways to the same
North Atlantic SST anomaly. The response of the SEF
is a significant wave train pattern, with a positive
height anomaly to the east of the SST heat source,
with a maximum value of about 15 m. This pat-
tern is very similar to that observed by Palmer and
Sun (1985) with a model forced by a positive SST
anomaly in the North Atlantic, and to the November
case in Peng et al. (1996). The GCM2 response, on the
other hand, is very different. At 500 hPa, the height
anomaly has only a weak negative area in the eastern
Atlantic. The winter atmospheric response to the SST
anomaly in the North Atlantic is clearly highly model-
dependent.

The observed pattern (Fig. 9¢) is somewhat similar
to a positive phase of the NAO. The negative height
anomaly near the North Pole reaches about 28 m, and
the positive anomaly center over the eastern North
Atlantic reaches about 26 m. The DJF seasonal mean
temperature field (not shown) has a warm anomaly
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a) GCM JJA
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b) SEF JJA

c) NCEP JJA

Fig. 7. As Fig. 4 except for summer (JJA).

over Europe all the way to the east coast of Asia,
reminiscent of the observed positive NAO (Hurrell,
1995) and AO (Thompson and Wallace, 1998). Both
models fail to reproduce this observed atmospheric
pattern.

To quantify the above comparison of the model and
observed results, Table 1 shows the pattern correla-
tions between the regression anomalies for the NCEP
observations and the two models for each season over
the region 20-90°N, 90W-90°E. The agreement be-
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tween the patterns obtained with the NCEP observa-
tions and the two models is seen to reach a maximum
in MAM, with a correlation coefficient of 0.68 for the
NCEP-SEF pair and 0.66 for the NCEP-GCM2 pair.
Next to MAM is JJA, with correlation coefficients of
0.37 and 0.31 for the NCEP-SEF and NCEP-GCM2
pairs, respectively. For SON and DJF, the agreement is
poor. Except for DJF, the agreement between the two
models is good, reaching a remarkable 0.88 in MAM,
but we note that the models agree better with each other
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a) GCM SON
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b) SEF SON

Fig. 8. As Fig. 4 except for fall (SON).

than with observations. The generally good agreement
between the two models is related in part to the fact that
they use exactly the same specified time-independent
SST anomaly in their integrations throughout the sea-
son, whereas the atmosphere “sees” a different, time-
evolving SST. The atmosphere also has other lower
boundary forcing, such as soil conditions, which are
absent in the models (see Derome et al., 2001). This
adds, of course, another source of discrepancy between
the models and the atmosphere. It is interesting to see

that in DJF even though the two models use the same
specified SST anomaly, their responses are uncorre-
lated. This suggests that winter is likely to be the most
difficult season in which to simulate the atmospheric
response to Atlantic SST anomalies. The reason for
this is an open question, but one may speculate that
the transient eddy feedback may be more important
in winter, and difficult to reproduce. The weaker DJF
response of the lower-resolution GCM2 (T32) com-
pared to the SEF model (T63) is consistent with this

Tellus 55A (2003), 3
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a) GCM DJF
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b) SEF DJF

c) NCEP DJF

Fig. 9. As Fig. 4 except for winter (DJF).

speculation. Unfortunately, the model output were
only available in the form of monthly means, which
precluded an analysis of the influence of the transient
eddies.

6. Summary and discussion

The Historical Seasonal Forecasting Project (HFP)
provides a rich database to study the atmospheric re-

Tellus 55A (2003), 3

sponse to specified SST anomalies. In this paper, its
output is used to analyze the influence of North At-
lantic SST anomalies on seasonal forecasts for each
of the four seasons. The atmospheric response to SST
anomalies in the North Atlantic is also investigated.
The leading mode of North Atlantic SST of the HFP
is identified using an EOF analysis for each of the
four seasons. The atmospheric responses to this SST
mode are captured by a linear regression analysis. The
results show that spring is the season with the best
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Table 1. Pattern correlation between regression maps

MAM JJA SON DJF
NCEP-GCM2 0.66 0.31 0.05 —0.01
NCEP—-SEF 0.68 0.37 0.16 0.34
GCM2—-SEF 0.88 0.55 0.61 0.15

agreement between the responses of the two models
used in the HFP, and between the model responses
and observations. For the other three seasons notable
differences exist between the model responses and the
observations.

In a recent study, Peng et al. (2002) produced large
ensembles of GCM experiments in a study of the at-
mospheric response to a North Atlantic SST tripole
anomaly. They found that only in February—April does
the SST anomaly produce a strong NAO pattern. They
related this seasonal dependence to the model’s inter-
nal variability and to the strong NAO projection of
the forced response onto the leading mode in these
months. From a different approach, the present study
also shows that the SST tripole anomaly in the North
Atlantic generates a significant NAO-like pattern in

H. LIN AND J. DEROME

spring. The response is nearly the same for the two
models used. In another study, Rodwell and Folland
(2002) analyzed 1948-1998 observational data, and
their model results suggest some atmospheric sea-
sonal predictability based on a knowledge of preceding
North Atlantic SSTs. Their SVD analysis of February
monthly mean SST and MAM seasonal mean Z500
reveals a tripole SST pattern and atmospheric NAO
response that is very similar to our result.

In spring, summer and fall, the two models agree
better with each other than with the observations. In
winter the two model responses are radically different.
The model-dependence of the results in winter may
explain in part why previous studies based on winter
data yielded inconclusive results for the atmospheric
response to a North Atlantic SST anomaly.
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