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INTRODUCTION

Recent research has led to improvements in European winter seasonal forecasts (e.g. Scaife et al., 2011; Dunstone
et al., 2016) however there has been less of a focus on the
summer season and so summer forecast skill remains relatively low. The European climate is affected by a large
range of influences, including from tropical regions, and better understanding of the mechanisms behind these tropicalextratropical teleconnections can inform our evaluation of
seasonal forecast systems and priorities for model development.

The model used for the hindcasts is version CY41R1 of
the European Centre for Medium-Range Weather Forecasts (ECMWF)’s Integrated Forecasting System model
(IFS), coupled to the Nucleus for European Modelling of the
Ocean model (NEMO). The horizontal spectral resolution
of the atmospheric model (T255) is similar to System 4 and
corresponds to a grid length of approximately 80km with
91 vertical levels in the control run used for the analysis in
section 3.1, with the model top at 0.01 hPa, while the ocean
model has a resolution of approximately 1 degree with 42
vertical levels (Molteni et al., 2011; Weisheimer et al., 2016).
The hindcasts were performed using the ECMWF ERAInterim and Ocean (ORAS4) reanalyses for initialisation.
Seasonal hindcasts over four months were initialised on 1st
May for the period 1981–2014, therefore covering the boreal
summer season of June–August (JJA) and much of the ISM
season, and the analysis presented here uses monthly mean
values for May–August from these hindcast runs. In order
for the relaxation experiments to be carried out, the model
was required to have 60 vertical levels (the same number as
in ERA-Interim) therefore a second control experiment was
also run with this number of levels to enable a fair comparison to be made. However, our analysis has found there to
be little difference between the two control experiments.

The teleconnection mechanism that we examine here
is the circumglobal teleconnection (CGT). This was first
identified by Ding and Wang (2005) as having a major role
in modulating observed weather patterns in the Northern
Hemisphere summer. Figure 1 shows the observed CGT
correlations for August, as defined in Ding and Wang (2005)
as the correlation between the 200hPa geopotential in westcentral Asia (the box on Figure 1) and 200hPa geopotential
height elsewhere. From this correlation pattern, they identified a wavenumber-5 structure where the pressure variations over the northeast Atlantic, east Asia, North Pacific
and North America are all nearly in phase with the variations over west-central Asia. They also showed that the
Indian summer monsoon (ISM) plays an important role in
the maintenance of the CGT through a Gill-type response
(Gill, 1980) to diabatic heating.
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3.1

RESULTS & DISCUSSION
CONTROL EXPERIMENT

We first analyse a control experiment to determine the overall model skill and how well the model represents the CGT.
Figure 2a is equivalent to Figure 1, but for the average of
the correlation maps from all ensemble members. Although
the model has centres of positive correlation in broadly the
right location, the magnitude of these correlations is much
too weak. We also see from Figure 2b that the model has
several areas of no skill, including some with negative correlations, in 200hPa geopotential height. These include over
Europe, and perhaps importantly over west-central Asia,
in the region used for the base point of the CGT correlations. The similarity between the location of the positive correlation in Figure 1 and the areas of reduced model
skill in geopotential height in Figure 2b is one of the main
motivations for the relaxation experiments that have been
performed.

Figure 1: One-point correlation between 200hPa geopotential at
the base point (box, 35◦ -40◦ N, 60◦ -70◦ E) and 200hPa geopotential elsewhere in the ERA-Interim (1981-2014) reanalysis dataset
for August. Correlation values of ± 0.34 are significant at the 5%
level

In this study we examine the model’s representation
of the CGT, and where differences exist examine possible
causes for these through the use of several relaxation experiments.
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the Arabian Sea and the Bay of Bengal. Here, the divergence is much greater in the model than in ERA-Interim,
associated with too much precipitation in the model in these
regions. The associated Gill response to this heating will
therefore be stronger in the model than in ERA-Interim,
and thus the convergence at 40◦ N, 60◦ E is of larger magnitude. The RWS term is dominated by the divergence component, and therefore the convergence in the model (which
is both too strong and located in the wrong place) is likely
to be an important factor in the errors in RWS in the model,
and thus the errors in the CGT.

3.2

We now use relaxation experiments to further understand
the errors in the model representation of the CGT. Figure 4 shows the model 200hPa geopotential height skill and
model CGT pattern in the new control experiment and Experiments 1 and 2. Firstly, we note that the geopotential
height skill map from the new control is very similar to the
one from the original control. There are some differences:
the area of negative correlation over Europe is in a slightly
more eastward location, and there is slightly more skill over
the North Pacific, but the overall pattern of high and low
correlations is very similar. The model CGT also has the
same pattern as the original control, with correlations at
the centres of action that are much too weak.

Figure 2: (a) Same as Figure 1, except the average of 25 ensemble member correlations for the model hindcasts for August. (b)
Model ensemble mean skill for 200hPa geopotential height as defined as the correlation between ERA-Interim and model ensemble
mean for August

The CGT mechanism relies on the generation and propagation of Rossby waves, which are governed by the Rossby
wave source (RWS) term:
RW S = −ζD − vχ · ∇ζ

RELAXATION EXPERIMENTS

Experiment 1 relaxed a region centred over the D&W
region to determine whether correcting the circulation here
led to improvements in the skill over Europe. However,
we see from Figure 4c that the skill over Europe is largely
unchanged. Skill over Asia is generally improved, particularly in east Asia, but elsewhere there is not much change.
There is also little change in the representation of the CGT
(it is actually slightly worse) which suggests that the CGT
is not directly forced from this region. However, the biases
in the jet that are found in the control experiment are still
present in this relaxation experiment (outside of the relaxation region) and so any waves forced in this region will not
propagate in the correct manner, which may partly explain
the lack of improvement in the CGT representation.

(1)

where ζ is the absolute vorticity, D is the horizontal
divergence and vχ is the divergent part of the wind field.
Given the likely interaction between Rossby waves generated by the ISM and the CGT, we compare the RWS in
the model to ERA-Interim to help understand the role of
any errors in RWS in the representation of the CGT in the
model.
The RWS in ERA-Interim and the model ensemble
mean are shown in Figures 3a and 3b. All of the panels
in Figure 3 are for July, which is representative of the patterns seen in both June and August.

Experiment 2 relaxed a region over western Europe to
determine whether the errors in west-central Asia propagate from Europe. From Figure 4e we can see that there
is a large improvement in the geopotential height skill over
most of Asia when compared to the control. This suggests
that the errors in Asia propagate from Europe, and the skill
over Asia in Experiments 1 and 2 is very similar. There is
also some improvement in the CGT in this experiment (Figure 4f), although this is exclusively over Eurasia. The wave
pattern in the correlations from Europe to Asia is much improved and closely resembles observations in this region.

The centre of positive RWS located at approximately
40◦ N, 60◦ E is broader and is located further to the north
in the model than in ERA-Interim. This is associated with
a northward displacement of the model jet stream by several degrees when compared to ERA-Interim. The variance
of the RWS in ERA-Interim (Figure 3c) is also lower than
in the model (Figure 3d). Much of the difference in the
RWS variance can be attributed to the larger magnitude
of the RWS in the model when compared to ERA-Interim.
Generally, the model has greater magnitude of RWS in regions where there is either strong positive or negative RWS
in ERA-Interim.
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While the northward displacement of the jet is likely
to be one reason for the error in the RWS seen in Figures
3a and 3b, an examination of the divergence field provides
another. This is shown in Figures 3e (ERA-Interim) and 3f
(model). The centre of negative divergence (convergence)
located at approximately 40◦ N, 60◦ E (in the same location
as the centre of large RWS in Figure 3a) is both larger in
magnitude and located further to the north in the model
than in ERA-Interim. The northward bias in the jet accounts for the displacement of the centre of convergence in
this region, but the cause of the difference in magnitudes is
likely to due to the difference in divergence seen over both

CONCLUSIONS

From analysing seasonal hindcasts from the ECMWF
model, we have shown that the model has large errors in
200hPa geopotential height and a northerly jet bias. Associated with this are errors in the RWS, and together these
result in a poor representation of the CGT in the model.
Through analysing relaxation experiments we have found
that relaxing in west-central Asia results in no improvement
in the model CGT or geopotential height skill in Europe,
however a European relaxation region does help to improve
the model’s representation of the CGT.
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Figure 3: (a) ERA-Interim and (b) model ensemble mean RWS term (filled contours) and 200hPa zonal wind (black contours). (c)
ERA-Interim and (d) model variance of the RWS term. The model variance is for all members concatenated together. (e) ERA-Interim
and (f ) model ensemble mean divergence. All panels are for July, and the D&W region is marked as a box.
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Figure 4: 200hPa geopotential height skill for August in (a) the new control experiment (with 60 vertical levels) (c) Experiment 1
(D&W region relaxation) and (e) Experiment 2 (northwest Europe relaxation). August CGT pattern (as defined in Ding and Wang
(2005)) in (b) the new control experiment (d) Experiment 1 and (f ) Experiment 2. The boxes marked on c and e are the relaxation
regions, and on b, d and f are the base point used for the CGT correlations (the D&W region). All plots use data filtered to remove
the long term trend and decadal variations with a period of longer than 8.5 years.
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