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1. Executive summary
Summary of the work performed and main results
A wide range of climate processes which influence the predictability of surface climate variables on
seasonal to multi-annual, decadal and multi-decadal timescales has been investigated and
documented leading to 7 new peer-reviewed papers with a further 3 in preparation. The work draws in
part from case studies from CCT3 and has identified potential priorities for improved initialization,
guiding work in RT3 and for process improvement in models, guiding work in RT4. Key results include:


The influence of ENSO on European winter climate has been reproduced in the Met Office
high resolution seasonal prediction system – improving prediction skill for winter and
consolidating understanding of the teleconnection mechanism via the stratosphere.



The remote influence of ENSO and tropical Atlantic ocean variability on rainfall associated with
the West African monsoon is well represented in some (but not all) SPECS state-of-the-art
predictions systems – opening an opportunity to isolate important process and improve model
seasonal predictions.
SST variability in the extratropical North Atlantic influences surface climate of Europe and other
regions on seasonal, multi-annual and multi-decadal timescales. Impacts are seen in timeaveraged surface climate variables and also frequencies of North Atlantic tropical storms. The
processes have been shown to be represented to varying degrees in SPECS models – leading
to potential predictability of surface climate on these timescales. On multi-annual timescales
fluctuations in the Atlantic Meridional Overturning Circulation underpins the SST variability and
initialization of the AMOC is crucial to obtain realistic predictions.
Volcanic aerosol has been found to excite a bi-decadal oscillation in the AMOC – contributing
to potential predictability of surface climate trends up to multi-decadal timescales. Volcanic
aerosol also influences the interannual variability of northern hemisphere winter seasonal
climate for up to 2 years following a major eruption.
The recent pause in the rise of global mean temperature despite continued greenhouse gas
emissions has been shown to be predictable by the EC-Earth (and other) climate models.
Analysis of EC-Earth predictions attribute the slowdown in warming to enhanced heat uptake in
the global oceans.
Arctic sea ice and northern hemisphere snow cover have been shown to influence blocking
frequency and intensity in the Atlantic/European sector and thus the risk of climate extremes in
winter and to a lesser extent in spring and autumn. Influences from autumn sea ice cover are
reproduced in the Met Office GloSea5 seasonal prediction system.
Realistic soil moisture initialization has been shown to improve seasonal predictions of summer
temperature and precipitation over Europe in the EC-Earth system.
Coupled vegetation/climate systems need to resolve initial drift in the vegetation variables
before being useful for improving S2D forecasting
The stratospheric Quasi-Biennial Oscillation (QBO) influences surface climate and has been
shown to be predictable to at least 1-year ahead in the METOFFICE, MPG and ECMWF
systems. The response to the QBO in winter surface climate is partly reproduced by some
systems – but improvement is needed to fully exploit this source of potential predictability.
The proportion of observed surface temperature variability over land explained by predictions
from a large multi-model ensemble system (the ENSEMBLES-CliPAS/APCC MME) is
estimated at 29% with components of 22% and 7% explained by remote ocean forcing and
local forcing respectively.
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A study of the signal to noise ratio in predictions has found that, for relative predictable modes,
models underestimate the “true” level of predictability. Prediction skill can be significantly
enhanced by increasing the ensemble size used or by adjusting the forecast through postprocessing technique.
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2. Project objectives
With this deliverable, the project has contributed to the achievement of the following objectives (see
DOW Section B.1.1.2):
No.
1.

Objective
Yes
To achieve an objective exhaustive evaluation of current forecast X
quality from dynamical, statistical, and consolidated systems to
identify the factors limiting s2d predictive capability

2.

To test specific hypotheses for the improvement of s2d predictions, X
including novel mechanisms responsible for high-impact events
using a process-based verification approach

3.

To develop innovative methods for a comprehensive forecast
quality assessment, including the maximum skill currently
attainable
To facilitate the integration of multidimensional observational data
of the atmosphere-ocean-cryosphere-land system as sources of
initial conditions, and to validate and calibrate climate predictions
To achieve an improved forecast quality at regional scales by
better initialising the different components, an increase in the
spatial resolution of the global forecast systems and the
introduction of important new process descriptions
To assess the best alternatives to characterise and deal with the
uncertainties in climate prediction from both dynamical and
statistical perspectives for the increase of forecast reliability
To achieve reliable and accurate local-to-regional predictions via
the combination and calibration of the information from different
sources and a range of state-of-the-art regionalisation tools
To illustrate the usefulness of the improvements for specific
applications and develop methodologies to better communicate
actionable climate information to policy-makers, stakeholders and
the public through peer-reviewed publications, e-based
dissemination tools, multi-media, examples for specific
stakeholders (energy and agriculture), stakeholder surveys,
conferences and targeted workshops
To support the European contributions to WMO research initiatives
on s2d prediction such as the GFCS and enhance the European
role on the provision of climate services according to WMO
protocols by creating examples of improved tailored forecastbased products for the GPCs and participating in their transfer to
worldwide RCCs and NMHSs.

4.

5.

6.

7.

8.

9.

SPECS (308378) D22.1

No

X

X

X

X

X

X
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3. Detailed report on the deliverable
Processes that contribute to forecast quality in current forecast systems at seasonal to decadal
timescales
3.1 Introduction
Large-scale, slow climate processes frequently have centres of action that are remote from the land
surface, but nevertheless influence regional fluctuations and trends in surface climate variability.
Improved understanding and representation of such processes in climate models, as well as improved
initialization of the relevant climate variables is essential to accelerate seasonal-to-decadal prediction
capabilities. SPECS is pioneering research to better understand, model and predict these processes –
which will lead to improved predictions of surface climate. Here we provide a resume of progress for a
wide range of processes – focusing on contributions to predictability over Europe. Specifically, we
discuss findings on the role of the El Niño Southern Oscillation (ENSO), modes of North Atlantic
variability, volcanic aerosol, Arctic sea ice, land surface, and the stratospheric Quasi-Biennial
Oscillation (QBO). We also discuss the role of increasing greenhouse gases (GHG) and global ocean
heat storage. To fully exploit these sources of predictability, which are in some cases interrelated,
models must also adequately represent their interactions and influence on surface climate variables.
SPECS findings on these issues are also discussed and provide insights into means of further
improving prediction skill.
The large-scale processes considered are grouped under subsections and discussed below.
3.2 Modes of ocean variability and its drivers
3.2.1 Influence of ENSO on European winter climate – seasonal range
Previous studies (e.g. Bronnimann et al., 2007) have shown that ENSO, a climate mode centred in the
tropical Pacific, can drive interannual variations in the winter North Atlantic Oscillation (NAO) and thus
fluctuations in European/Atlantic/North American winter climate. A positive NAO is associated with
westerly wind anomalies in the Atlantic sector bringing mild and wet winters to North Europe, while a
negative NAO is associated with easterly wind anomalies and cold/dry winters. El Niño/La Niña
conditions in November tend to be followed by negative/positive NAO in winter. METOFFICE (Scaife
et al., 2014a) have demonstrated that this observed teleconnection is represented in the METOFFICE
GloSea5 prediction system and contributes to the unprecedented high skill of winter NAO forecasts
from this system (correlation skill from forecasts initialised in November = 0.62). Known teleconnection
pathways involving induction of wind anomalies in the stratosphere that propagate to the troposphere
to effect surface climate are also represented in the model (Figure 1a, b and c).
3.2.2

Influence of the North Atlantic ocean on European winter and summer climate – seasonal and
multi-annual ranges

a) Ocean temperatures in the sub-polar gyre (SPG) region and wider North Atlantic basin
Ocean temperatures in the region of North Atlantic known as the subpolar gyre (SPG, typically defined
as the area 60°W-10°W; 50°N-66°N) are known to influence surface climate in Europe and other
regions and are predictable to multi-annual timescales. Using multi-model hindcasts from 3 versions of
the DePreSys decadal prediction systems, METOFFICE (Hermanson et al. 2014) have shown
correlation skill of 0.87 for 5-year means of SPG temperature (years 1-5 of the hindcasts) averaged
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over the upper 500m (Fig. 2). Forecast skill is underpinned by predictability of the Atlantic Meridional
Overturning Circulation (AMOC) – with initialisation of ocean dynamics crucial (see below and 3.2.2a).
Climate impacts known to be related to decreasing SPG temperature (as currently observed and
forecast to continue) include: fewer North Atlantic hurricanes (see also section 3.2.4); less likelihood of
cold winters and wet summers in Europe, reduced Sahel rainfall (in northern summer) and reduced
risk of drought in southwest USA.
Variability in SPG temperature is strongly correlated with basin wide temperature as measured by
indices of Atlantic Meridional Variability (AMV). Positive phase AMV is associated with warm summers
in central Europe. MPG have demonstrated good skill for year 2-5 forecasts of surface temperature
over central Europe (10°E-30°E; 40°N-55°N) in their decadal prediction system (correlations of 0.8 –
with initialisation crucial, Sienz et al. 2014). The source of skill has been linked back to a quasigeostrophic atmospheric response to AMV: diabatic heating from warm Atlantic temperature induces
anomalous low pressure in the east Atlantic – resulting in anomalous advection of warm tropical air
into Europe on the eastern flank of the low (Fig 3, Gosh et al. 2014).
A study of decadal predictability for the Mediterranean IC3 (Guemas et al. 2014) has also indicated
that predictability of the AMV in initialized retrospective predictions (from the CMIP archive)
contributes to high and significant skill in predicting 4-year averaged annual and summer mean
temperature over the Mediterranean Sea and surrounding land areas – though the largest contribution
to skill comes from the models’ response to external radiative forcings.
For seasonal timescales, METOFFICE (Scaife et al. 2014a) show that the SPG teleconnection to the
winter NAO (influencing European winter temperature and rainfall) is also active in the GloSea5
seasonal forecast system and contributes to skilful predictions of the NAO (Fig. 1d,e and f).
b) The Atlantic Meridional Overturning Circulation (AMOC)
The SPG cooled rapidly in the 1960s, an event that has been associated with important trends in
surface climate in the European/Atlantic region (see below). Research led by UREAD (Robson et al.,
2014), conducted as part of SPECS, and using the METOFFICE’s decadal prediction system
(DePreSys) has indicated that a weakening of the AMOC played a key role in this SPG cooling and
associated impacts and that, with initialization of the AMOC, the event was predictable.
Retrospective forecasts with DePreSys, started between 1963 and 1968, were averaged by lead time.
A sustained cooling of the SPG over the first 5-6 years of lead times is dominated by anomalously
weak meridional heat transport convergence in the SPG arising mainly from a negative anomaly in
meridional heat transport (MHT) across the southern boundary at 50°N (Fig. 4a). This in turn was
primarily the consequence of negative anomalies in AMOC velocities (rather than advection of
negative temperature anomalies - Figs. 4b, c and d). Negative heat transport anomalies are not
present in corresponding integrations with no ocean and atmosphere initialization (“NoAssim
experiments”, Figs. 4e-h) – indicating that initialization of the AMOC is crucial to predict the negative
heat transport convergence anomaly and observed SPG cooling (heat loss to the atmosphere was
found to play a relatively minor role).
The predicted cooling of the annual SPG temperatures and other predicted changes over the North
Atlantic may be seen in Fig. 5a which shows the “in-hindcast” change calculated as the mean over
years 6-9 minus the mean over years 1-4, averaged over all starts 1963 to 1968. In Fig. 5a the impact
of initialization has been isolated by subtracting the equivalent change in the NoAssim experiments –
which removes changes forced by GHGs and anthropogenic and volcanic aerosol. Figure 5b shows
the corresponding observed change – from which an estimate of the forced contribution has also been
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removed (see Robson et al., 2014 for details). The pattern of predicted changes is similar to those
observed, with best correspondence over the North Atlantic – and strongest cooling in the SPG.
Predicted anomalies tend to be weaker than observed – however this may be attributed in part to the
averaging over many (ensemble) realizations. DePreSys also predicts a trend to a more positive NAO
index. This is seen (and verified) in the annual mean NAO and is more pronounced in winter NAO (Fig
5c and d) which dominates the annual trend.
The research indicates strong evidence for the AMOC as a key source of predictability for Europe (and
other regions) on multi-annual to decadal timescales, and points to the importance of optimizing its
initialization. It suggests that, in the case studied, contemporaneous changes in external forcing
(GHG, anthropogenic and volcanic aerosol) played minor roles in the observed changes. The longertimescale influences of volcanic aerosol on the AMOC are discussed in the next section.
3.2.3

Influence of volcanic aerosol on the AMOC and NAO

From results in section 3.2.2 and other research (e.g. Swingedouw et al. 2013, Persechino et al. 2012)
understanding of the mechanisms driving decadal variability in the AMOC are clearly critical for
climate predictability over Europe as well as for the northern hemisphere (NH) as a whole.
North Atlantic paleoclimate proxy records exhibit variance at the bidecadal scale (Chylek et al. 2011;
Sicre et al. 2008) but the drivers of this variability remain poorly understood, although a few model
studies have proposed mechanisms to explain such a bidecadal variability (Escudier et al. 2012;
Frankcombe et al. 2010).
CNRS research has shown that control simulations (with fixed external forcings) with the IPSL-CM5ALR model, as well as a subset of 8 other CMIP5 models, exhibits an oscillation of the AMOC with a
period (~20 years) similar to that observed in paleoclimate records. In historical simulations (using
observed forcings) with these models volcanic eruptions appear to reset the bi-decadal AMOC cycle
and initiate a damped oscillation starting with a maximum 15 years after the eruption (Swingedouw et
al. 2013). Simulated AMOC variability following the Agung (1963) eruption is shown in Fig 6a. A
robust maximum in AMOC strength is simulated 15 years after the 1963 Agung eruption, followed by a
second (damped) maximum in the late 1990s, consistent with the ~20 year period. Simulations with
the IPSL-CM5A-LR model and the ensemble of 8 CMIP5 models that exhibit the bidecadal variability
are similar. The mechanisms at play involve salinity advection from lower latitudes and explain the
timing of Great Salinity Anomalies observed in the North Atlantic in the 1970s and 1990s.
Investigations of AMOC variability of over recent decades, using IPSL-CM5A-LR sensitivity climate
simulations and a conceptual model reveal interference patterns associated with the timing of
subsequent volcanic eruptions. For example, the timing of El Chichon (1982) was such as to interfere
constructively with Agung contributing to the peak in the late 1990s. In contrast Pinatubo (1991) was
timed to produce a peak around 2006, interfering destructively with Agung and El Chichon – and this
may have led to relatively low AMOC variability in the 2000s.
In order to have a longer time scale evaluation of the processes proposed, CNRS have investigated
variability over the last millennium. IPSL-CM5A-LR simulation as well as Greenland and Iceland
paleoclimate records indicate that coherent bidecadal cycles were excited following five Pinatubo-like
volcanic eruptions during the last millennium. This additional confirmation coming from paleodata is
important since it is based on several occurrence of Pinatubo-like eruption and therefore gives
confidence in the results found over the recent period.
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These CNRS results (Swingedouw et al. 2014) imply a long-lasting impact of volcanic eruptions on
AMOC, North Atlantic Ocean and climate, and potentially significant multi-decadal predictability
following the next Pinatubo-like volcanic eruption.
Volcanic eruptions are also a potential source of predictability on seasonal to interannual timescales.
Differential heating resulting from the aerosol injection gives rise to an intensification of the polar
vortex which in turn is associated with an increase in both the frequency and intensity of positive
phases of the NAO during the two winters following the eruption (Stenchikov et al. 2012), contributing
to predictability of NH winter climate at seasonal to multi-annual range.
3.2.4 Influence of ocean modes on weather systems – tropical storms
In addition to being sources of predictability for forecasts of time-averaged variables of surface climate
on seasonal to decadal timescales, predictable ocean variability also serves as a source of
predictability for the frequency of some weather systems, such as tropical storms. On seasonal
timescales, ENSO is the dominant driver of variability in tropical storm frequency for the Western
North Pacific, Eastern North Pacific, North Atlantic, Australian and South Pacific basins (see e.g.
Carmargo et al. 2010). In the Atlantic basin the AMV also has an important role on seasonal
timescales (Kossin and Vimont, 2007). Predictability also extends to multi-annual range – with multiannual predictability of both the SPG and ENSO (see e.g. Knight et al. 2014) contributing to skill in
tropical storm frequency at this range (Smith et al. 2010).
3.2.5 Other global teleconnections
Section 3.2.1 has discussed teleconnections from ENSO and the Atlantic Ocean to European surface
climate. However, there are a great many documented teleconnections linking modes of ocean
variability to regional rainfall variability, most of which refer to links between tropical SST variability
and tropical rainfall. To exploit the potential predictability from these teleconnections – dynamical
models must be able to predict the ocean variability (as discussed above) but also represent
realistically the atmospheric response to the ocean variability and the chain of processes important
along the teleconnection pathways. In general representation of teleconnections in state-of-the-art
dynamical prediction systems requires improvement – as has been demonstrated by Rowell (2013) in
an evaluation of CMIP5 models’ representation of teleconnections from 6 modes of ocean variability in
the tropical Pacific, Atlantic and Indian Ocean to 6 rainfall regions over Africa.
In an investigation to assess how well current dynamical seasonal prediction systems represent
known SST teleconnections to rainfall associated with the West African Monsoon (WAM), IC3 have
compared retrospective 1-month lead seasonal forecasts of rainfall over the Sahel and Guinea Coast
areas from both statistical and dynamical systems. The statistical model, which is based on simple
linear regression and estimated in retroactive mode, uses the Niño3.4 and the Atlantic Niño indices as
predictors for the Sahelian and the Guinean regimes, respectively. The simple statistical model
outperforms several state-of-the-art dynamical forecast systems when predicting the Guinean and
Sahelian regimes. That means that several dynamical forecast systems still do not reproduce well
some of the important teleconnection patterns affecting the WAM summer rainfall, especially the SST
anomalies over the equatorial Atlantic where most dynamical forecast systems have substantial
biases. On the other hand, some of the dynamical forecast systems have skill predicting these two
rainfall regimes. For instance, the ECMWF S4 has skill predicting both rainfall regimes (Sahel and
Guinea) for the full target period June to October period with forecasts initialized in May. This success
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might be explained by S4's improved equatorial Atlantic SST simulations as well as its associated
teleconnections with the intertropical convergence zone, which is a major component of the WAM.
As a general conclusion, improvement of model representation of both SST variability and
atmospheric response to such variability (both local and remote) has good potential for improving
predictions of surface climate on seasonal to decadal timescales.
3.3 Greenhouse gases (GHG), aerosol and global ocean heat content
Predictability on multi-annual to decadal timescales deriving from GHG and aerosol emissions
concentrations as well as from initializing with the current ocean/atmosphere state has been
demonstrated in past studies (see e.g. Smith et al., 2007; Knight et al. 2014) – both for global mean
temperature as well as for temperature and rainfall in some specific geographical regions.
In this context, IC3 have investigated the pause, since 2000, in the rise of the Earth’s mean nearsurface temperature despite a sustained production of anthropogenic greenhouse gases over the
period. To explain such a pause, an increase in ocean heat uptake below the superficial ocean layer
has been hypothesized to overcompensate for the Earth’s heat storage. Contributions have also been
suggested from the deep prolonged solar minimum, stratospheric water vapor, and stratospheric and
tropospheric aerosols. Successful retrospective climate predictions of this warming slowdown at up to
5 years lead time produced by IC3 within the framework of the FP7 SPECS project (Fig. 7) provide a
basis for a robust attribution of the main cause. Guemas et al (2013) conducted a detailed heat
budgets analysis of these successful predictions. The top-of-atmosphere net energy input remained in
the [0.5–1] W m−2 interval during the past decade, and this was successfully captured by IC3
predictions. The heat budget analysis showed that most of this excess energy was absorbed in the
top 700 m of the ocean at the onset of the warming pause, 65% of it in the tropical Pacific and Atlantic
oceans. These results hence pointed at the key role of the ocean heat uptake in the recent warming
slowdown, and the importance of representing the associated processes in prediction of decadal
variability in global warming.
3.4 Arctic sea ice
3.4.1 Influence of Arctic sea ice extent on European climate – seasonal range: spring, summer autumn
and winter
Negative NAO is associated with “blocking” of the mid-latitude westerly flow in the Euro-Atlantic
sector. Intensive and long lasting blocking episodes are in winter related to extremely cold conditions
while in summer they are associated with severe heat waves, for example the heat wave in summer
2003 over central Europe (Schär et al. 2004) and in summer 2010 over the central part of Russia
(Barriopedro et al. 2011). Impact of such intensive blocking events is also felt outside of the European
region as for example the heavy flooding in Pakistan in summer 2010 caused by the same long-lasting
blocking (about 40 days) over central Russia (Lau and Kim 2012). SMHI have investigated possible
relationships on seasonal timescales between blocking events in the Euro-Atlantic sector and
preceding Arctic sea ice extent and (see next section) Northern Hemisphere (NH) snow cover.
Following Tibaldi and Molteni (1990) and Barriopedro et al. (2006) blocking events lasting more than 5
days and with spatial extent more than 10° of longitude were identified - focusing on the Euro-Atlantic
sector, 60°W-60°E. Two measures of seasonal blocking were derived, 1) the total number of blocking
events, “blocking number” and 2) the sum of all blocked longitudes over all days, “blocking intensity”.
Tests showed that the variability in these statistics is not over sensitive to the dataset used (results

SPECS (308378) D22.1

- 11 -

shown here use ERA-interim data (1979-2013). For the winter season, as expected both blocking
measures show positive correlation with MSLP over northeastern Europe with a maximum located
around Scandinavia and negative correlation in southern Europe, correlation patterns for blocking
number and intensity are similar but not identical.
Figure 8 shows the lagged correlation between sea ice concentration in September and blocking
number and intensity in the following winter. Sea-ice cover is from the OSISAF satellite product
(Eastwood et al. 2011). In most areas, the correlations are relatively low and not significant. The winter
blocking intensity is significantly negatively correlated with preceding September sea ice concentration
in the Barents/Kara Sea regions and European Central Arctic (Fig. 8, right) – below normal ice
concentration in September in these regions is associated with above normal blocking intensity over
the North Atlantic/European area in the following winter. This is consistent with METOFFICE findings
using November sea-ice cover (see below). Winter blocking intensity is positively correlated with
preceding ice anomalies in the Beaufort Sea region. Correlations with blocking number show a
different pattern (Fig. 8, left), with sea ice concentration in the East Siberian and Chukchi Seas
showing significant negative correlations with the number of blocking episodes over the North Atlantic/
European area in the following winter.
Significant correlations are also found for September sea-ice extent in some Arctic regions and
blocking number/intensity in the following spring as well as for March sea-ice extent and following
autumn blocking (Table 1). Correlation coefficients do not exceed 0.52. No significant relation was
found between sea ice and summer blocking indices.
Blocking
number/
intensity
Sep-DJF

NH
0-90N, 0360E
-0.35
-0.15
Sep-MAM -0.23
0.01
Mar-SON 0.14
0.19

BAKA
70-82N
15-100E
-0.04
-0.52
-0.24
-0.42
-0.08
-0.28

GREEN
50-75N,
40W-15E
-0.12
-0.08
0.19
0.11
-0.20
-0.08

LAB
55-80N
40-70W
0.01
-0.02
-0.31
-0.26
0.12
0.41

LAPSIB
70-82N
100-180E
-0.40
-0.20
-0.06
-0.15
0.43
0.21

CHUBER
50-82N
170E-160W
-0.41
0.01
-0.06
0.29
0.24
0.28

BEAU
70-82N
90-160W
0.08
0.46
-0.13
0.35
0.50
0.38

CARC
80-90N
0-360E
-0.20
-0.43
-0.49
-0.15
0.25
0.11

Table1: Correlation between sea ice area in Arctic sub regions and blocking in the sector 60°W-60°E. Correlations between
September ice and DJF blocking, September ice and MAM blocking and March ice area and SON blocking are shown,
correlations for blocking number(intensity) are shown in the top(bottom) figures of the rows. Bold (italic) values indicate a
significant correlation at the 95% (90%) significance level.

Results for winter are consolidated by METOFFICE investigations showing Arctic sea ice extent in
November, particularly in the Kara sea to the north of Europe, is also linked to variability in the winter
(DJF) NAO (Scaife et al., 2014a and references therein), with low/high sea ice concentrations
preceding negative/positive NAO. The teleconnection is represented in the Met Office GloSea5
hindcasts from November which include sea ice initialisation and dynamical modelling of sea ice (Figs.
1h and 1i), and this a contributing factor to skilful winter NAO forecasts from this system.
Overall results show that late summer/autumn sea ice affects blocking in the Euro-Atlantic sector in
the following winter and spring. Sea ice extent in March is also correlated with blocking in the following
autumn. Thus, the correct initialization of sea ice is crucial to enhance seasonal predictability. No
significant effect of late winter/ spring ice on summer blocking was found.
IC3 are extending investigations of Arctic sea influence to include impacts on decadal predictability
using a k-means cluster analysis method. Spatially averaged sea ice thickness over specified regions
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including the Greenland and Barents seas from sea ice reconstructions are used as a basis of the
clustering.
3.5 Land surface
3.5.1 Influence of Northern Hemisphere snow cover on European climate – seasonal range: spring,
summer, autumn and winter
SMHI also investigated the impact of NH snow cover on blocking episodes, using similar techniques
as described in Section 3.2.3 and snow depth from the ERA-interim analysis (in autumn and spring
snow depth is highly correlated with snow cover). As for the results for Arctic sea-ice cover, the
highest correlations were found for autumn snow depth and winter blocking, while spring snow depth
was found not to have a significant impact on summer blocking. Results for winter are shown in Fig. 9.
Less than normal autumn snow over NH high latitudes is followed by increased number of blocking
episodes. However, correlation coefficients are small and not much more than 5% of the area show
significant correlations at the 95% level. Winter blocking intensities are significantly correlated with
autumn snow depth in an area north of the Caspian Sea where correlations up to 0.6 are reached.
Thus late summer/autumn snow cover affects blocking in the Euro-Atlantic sector in the following
winter, and correct initialization of snow is important to enhance seasonal predictability. No significant
effect of late winter/ spring snow on summer blocking was found.
3.5.2 The influence of soil moisture – European summer
The land surface plays an important role in determining the structure of the lower troposphere and
affects atmospheric circulation patterns due to land-atmosphere coupling (Schär et al. 2006,
Seneveriatne, et al. 2010, Dutra et al. 2011, Allen, et al. 2010). Of key interest for climate forecasting
are the interactions of the atmosphere with soil moisture and snow cover (see section 3.5.1) as they
are both variables with a large memory that control processes relevant for prediction at the seasonal
to interannual scale (Douville, et al. 2010). In order to estimate the importance of these variables for
the initialization of seasonal forecasts, two types of hindcasts have been carried by IC3 using the ECEarth modelling system. One set of hindcasts uses actual conditions of the land surface prescribed by
the ERA-Land reanalysis, while a second set uses climatological conditions from the same reanalysis.
These paired hindcasts (one with actual and one with climatological soil conditions) have been
generated using 3 model formulations: EC-Earth 2.3, EC-Earth3.1 with the standard resolution
(T255ORCA1) and EC-Earth 3.1 at high resolution (T511ORCA025). A comparison of these hindcasts
allows estimation of the importance of realistic land surface initialisation and the role of model
resolution in realising the benefit. The results of the EC-Earth 2.3 experiments show a clear
improvement of temperature and precipitation skill over Europe during summer.
3.5.3 Vegetation as source of predictability
The role of vegetation in improving the decadal predictability has been explored by KNMI in a coupled
climate-vegetation model (EC-Earth V2.4, coupeld to the dynamic vegetation model LPJ-Guess).
Although hints of improved predictability of surface evaporation and temperature were given, it was
apparent that the coupled system exploits a significant drift in the vegetation leaf area index (Weiss et
al, 2014). This drift is attributed to biases in the precipitation and radiation climate of EC-Earth,
generating too favorable growing conditions in LPJ-Guess. This drift has to be resolved before
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reasonable vegetation contributions to predictability can be expected, and is being explored in the next
version of EC-Earth.
3.6 Stratosphere
Influence of the Quasi-Biennial Oscillation (QBO) on European winter climate – seasonal and multiannual range
The QBO is a quasi-regular oscillation of tropical stratospheric zonal winds with period of about 28
months. Current seasonal-to-decadal predictions systems can predict the QBO with good skill to
several years ahead (see Scaife et al., 2014a and 2014b and references therein). SPECS research
has found correlation scores from METOFFICE and MPG decadal system predictions exceed 0.7 at a
range of 12 months. Example 5-year forecasts showing good correspondence with observations are
shown in Fig.10. Previous studies have identified an apparent extratropical response to the QBO in
winter including over Europe (Scaife et al. 2014b and references therein, and Fig. 1l). The westerly
phase of QBO is associated with positive NAO (mild, stormy and wet northern Europe) and easterly
QBO with negative NAO (cold and dry northern Europe) – with the signal descending from the
stratosphere (Figs. 1j, 1k and 1l). The predictability of the QBO therefore represents a potential source
of skill in seasonal and multi-annual range forecasts of surface climate. In seasonal range hindcasts
the general sense of the observed teleconnection to surface pressure (as measured by differences
between composites of westerly and easterly QBO winters) is reproduced in the METOFFICE, MPG
and ECMWF systems, but the differences are weak and generally insignificant (see the example for
METOFFICE GloSea5 system in Fig. 1k). Thus further work is needed to robustly reproduce what
appear to be sizeable QBO effects on surface winter climate over Europe in seasonal to decadal
predictions.
3.7 Relative contribution of predictability from remote (ocean) forcing and local (land surface)
forcing
The sections above have discussed sources of predictability for (land) surface climate associated with
remote forcing, typically though not always from ocean processes, as well as local forcing from land
surface characteristics. ENEA have investigated the relative contributions from these local and remote
(teleconnection) processes.
A generalized multivariate regression method based on the coupled manifold technique (CMT,
Navarra and Tribbia, 2005) is applied to decompose observed climate anomalies over land into a
predictable component that is a remotely-forced signal from the ocean and a predictable component of
local origin. The analysis uses the grand ENSEMBLES-CliPAS/APCC Multi-Model Ensemble (MME).
Using the coupled manifold approach, the MME retrospective forecasts have been used as predictor
for 2-metre temperature (2mT) observed data (from ERA-INTERIM; Berrisford et al., 2009). The
forecasts are projected through the coupled manifold onto the target observations using a crossvalidation leave-one-out approach. In this way, it is evaluated how much of the observed variability
can be predicted based on the signal present in the ensemble forecasts. The locally generated
predictable manifold is then estimated as the difference between the total predictable manifold and the
remotely forced component. To simplify the computation, following Navarra and Tribbia (2005) the
data are transformed beforehand by calculating the respective EOFs and then using the EOF
coefficients in the analysis.
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Figure 11 shows the ratios of the predictable-manifold variance to the total variance over land. The
predictable component of the observed temperature variability appears to be strongly forced by
remote teleconnections from the ocean (Figure 1a – note different shading intervals in Fig.1 a and b).
Overall, it is estimated that, globally, 22% (see Table 2, first column) of the variability in 2mT over land
is predictable by using surface temperature over the ocean as the predictor. In particular, the
predictable component of the variance exceeds 30% over parts of equatorial Africa, South-East Asia,
Indian Peninsula, north-eastern North America and Amazon basin (Fig. 11a). As summarized in Table
2 (second column), globally, 7% of the temperature predictability originates locally. The strongest local
forcing on the predictable manifold over land is found over central and north-eastern U.S., Nordeste
Brazil, La Plata basin, parts of Europe, South-East Asia, Central Africa and the Sahara (Fig.11b). It is
notable that the local component of the predictable manifold occurs in most of the transition zones
between wet and dry climates that were previously reported as “hot spots” for land-atmosphere
interactions (e.g. Koster et al., 2004, 2006; Alessandri and Navarra, 2008).

Global land variance
North America
Euro-Med
South East Asia
Africa
Australia
South America
EurAsia

REMOTEFORCING

LOCALLY
FORCED

TOTAL

0.22
0.22
0.18
0.24
0.22
0.18
0.26
0.23

0.07
0.08
0.06
0.06
0.06
0.06
0.06
0.06

0.29
0.30
0.24
0.30
0.28
0.24
0.32
0.29

Table 2: Forced variance (fraction over total) on land for specific domains.

The CMT may be used to calibrate forecast from the ENSEMBLES-CliPAS/APCC MME (or other
systems). Figure 12 shows the skill, in the form of time-correlations with observations, of the
predictable manifold obtained from the APCC-ENSEMBLES JJA 2mT forecasts. A considerable
improvement of the performance over land is found relative to the performance of the uncalibrated
APCC-ENSEMBLES forecasts for JJA 1983-2005 (Figure 2b). The CMT is here proposed as a
promising tool for enhancing the skill of seasonal-to-decadal predictions over land.
3.8 Considerations of signal to noise ratio
A common theme in assessing the skill of model predictions of large-scale climate modes/processes is
that the correct teleconnections signals are often achieved but with insufficient amplitude. This is
evident from comparison of the forecast composite differences of Fig. 1 (middle column) with the
observed composite differences (right hand column). METOFFICE (Eade et al., 2014) have shown
that in regions associated with these relatively predictable modes, the dispersion in hindcast
ensembles is often larger than theoretical expectation – suggesting that the model predictions are
under-confident and that the actual (“observed”) predictability is underestimated. Prediction skill for
surface climate can thus be enhanced by increasing the ensemble size and/or by adjusting the
forecast ensemble mean and variance by a post-processing technique – as demonstrated by results in
Fig. 13.
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Figure 1: Predictable teleconnections to the North Atlantic. (a, d, g, and j) Winter (DJF) jet stream winds (m s−1) and (b, e, h,
and k) sea level pressure (hPa) signals in forecasts and (c, f, i, and l) observations, from the El Niño–Southern Oscillation
(ENSO) shown in Figures a–c, North Atlantic Ocean heat content in the subpolar gyre shown in Figures d–f, sea ice area in
the Kara Sea shown in Figures g–i, and the quasi‐biennial oscillation shown in Figures i–k. Resulting winter differences are
shown between upper and lower terciles of each factor measured in November. All factors are highly predictable. Jet stream
winds are composite daily zonal wind anomalies at 60 N for the Atlantic sector (90°W –60°E). Pattern correlations between
predicted and observed sea level pressure patterns were 0.83, 0.14, 0.44, and 0.45, respectively, and significance at the
90% level is shown by hatching. (adapted from Scaife et al. 2014)

Figure 2: Hindcasts, uninitialized forecasts, forecasts and observational analyses or assimilations for 5 year mean (years 1–
5) anomalies of SPG temperature averaged over the upper 500 m. The year indicates the central year in the 5 year mean.
The 90% probability spread of the hindcasts/forecasts is indicated by the vertical lines. A trend correction following Kharin et
al. 2012 is used. (adapted from Hermanson et al., 2014)
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a)

b)

Figure 3: a) Composite of summer (JJA) SLP with respect to the positive-negative phase of the central European SAT Index.
th
The SAT index is the mean surface air temperature over the region 40N-55N; 10E-30E derived from 20 century reanalysis
(1920-2012). b) As (a), but for meridional temperature advection v´(∂ ∂y), after Hoskins and Karoly (1981), where v´ is the
deviation of the meridional velocity from zonal mean and is the zonal mean potential temperature. (adapted from Gosh et
al. 2014).

14

Figure 4: Latitude-time plots of anomalous ocean heat transports and overturning: a) The anomalous MHT [10 W] averaged
over DePreSys hindcasts started between 1963 and 1968, relative to climatology defined as the mean over year 1 from all
NoAssim hindcasts (1960–2005); b) as (a) but for the AMOC [Sv]; (c) and (d) are as (a) but for the contribution to the
transport which is due to anomalous velocity (v′), or temperature (T′) anomalies respectively. (e)–(h) shows the same as (a)–
(d) but for NoAssim hindcasts. Dashed and dotted black lines show where the anomalies are significantly different to
climatology at the p ≤0.05 and p ≤0.01 level respectively, based on a two-tailed Student’s t test. (from Robson et al. 2014)
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Figure 5: Predicted and observed surface (sea level pressure) climate impact of 1960s cooling: (a) shows the difference
between years 6–9 minus years 1–4 (i.e. the in-hindcast trend) of annual mean SAT and SST [∘C] for the DePreSys
hindcasts initialised between 1963–1968, relative to the same difference in NoAssim; (b) the difference between 1972–1977
and 1964–1971 for observations of annual mean SAT and SST after a trend has been removed; (c) and (d) show the same
as (a) and (b) but now for DJF SLP. Stippling shows where the differences are significant at the p ≤ 0.1 level, based on a
two-sided Student’s t test. (adapted from Robson et al. 2014)
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Figure 6: Simulated AMOC changes and radiative external forcing (1960-2005). a) Variations of the AMOC maximum at
48°N for the ensemble of 5 historical simulations performed with the IPSL-CM5A-LR model (black); for the ensemble of 8
CMIP5 models (excluding the IPSL-CM5A-LR simulation) which also exhibit variability in the 10-30 years spectral band (red);
for the ensemble mean of the 10 other CMIP5 historical simulations (blue). The standard deviations of the two CMIP5
ensembles are shown with the red and blue envelopes. All the AMOC indices have been normalized with the standard
2
deviation of the detrended time series over the period 1850-2005. b) External forcing (in W/m ) computed in the IPSL-CM5ALR historical simulation. The black curve is the natural forcing including solar and volcanic eruptions and the red curve
represents the anthropogenic forcing including greenhouse gas changes and the anthropogenic aerosols effects. A 5-year
running mean has been applied to all time series from panel b.
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Figure 7 : Anomalies in mean annual global (60°S-65°N) SST. Red = initialized (Init) ensemble mean climate predictions
from IC3’s EC-Earth system, predictions are initialized each year 1998-2009 and are 5 years in length; blue = uninitialized
(noInit) sensitivity experiments (ensemble mean) containing only external radiative forcings; black = observed ERSST global
anomalies. Anomalies are smoothed with a 1-year running mean. Note that due to the smoothing, the first six months of each
forecast do not appear on the figure. Although the NoInit ensemble-mean is cooler than the observations in 1998 and 2001, it
tends to be about 0.05-0.1◦C too warm afterwards. The Init prediction initialized in 1999 (which appears from 2000 on the
figure because of the smoothing) tracks very closely the observed anomalies with a sharp warming during the first year
followed by a sudden flattening. The predictions initialized earlier also capture the warming slowdown but are too cold. The
predictions initialized later during the warming slowdown tend not to show any warming and even a cooling for some cases
(the ones initialized in 2002, 2003, and 2004) whereas the NoInit ensemble-mean tends to warm up during this same period.

Figure 8: Correlation between September sea ice concentration and the following winter (DJF) blocking numbers (left) and
intensity (right). Correlation coefficients exceeding 0.37 (modulus) are significant at the 95% significance level. Left-hand
panle: blocking number; right-hand panel: blocking intensity.
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Figure 9: As Fig. 8 but for snow depth.

Figure 10: Example of observational analysis and multiannual forecasts of the 30 hPa monthly mean zonal wind (ms−1) near
the equator for the (top) METOFFICE DePreSysv2 and (bottom) MPG MiKlip models. Example forecasts starting in 1965 are
shown against the respective observational analysis. (adapted from Scaife et al., 2014b)
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Figure 11: Ratio of the predictable-manifold variance to the total variance over land forced by (a) Sea and (b) land using
APCC-ENSEMBLES multi-model.
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Figure 12: Correlation coefficients between observation and (a) calibrated (b) non-calibrated seasonal APCC-ENSEMBLES
forecasts for JJA 1983-2005. Dots stand for points where correlations are significant at the 5% level.

Figure 13: Mean squared skill score (MSSS) for decadal hindcasts of 4 year mean MSLP in the North Atlantic for years 2–5
for (a) the ensemble mean, (b) post-processing of the ensemble mean to take account of model underconfidence , and (c)
their difference. Stippling identifies regions where MSSS is significantly greater than for climatology shown in Figures a and b,
or significantly improved by the post-processing (Figure c), at the 95% level (see text for details). (adapted from Eade et al.
2014).
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7. Sustainability
Lessons learnt
A key lesson learnt is the emerging understanding that, for some modes of variability, the intrinsic realworld predictability may be larger than that estimated by climate models. This new area of “signal to
noise” investigation (see section 3.8) was not anticipated ahead of SPECS, but holds real potential to
improve forecast skill alongside work to improve model processes and initialisation.
Links built with other deliverables, WPs, and synergies created with other projects
The work described draws in part from case studies from CCT3 and has identified potential priorities
for improved initialization, guiding work in RT3 and for process improvement in models, guiding work
in RT4.
Quantifying skill and indentifying sources of skill requires verification metrics and software. As part of
WP2.1 UNEXE have developed verification software and documentation for a large number of
forecast skill measures. The software is written in R and has been made available on the
Comprehensive R Archive Network (CRAN) at:
http://cran.r-project.org/web/packages/SpecsVerification/index.html .
Work is in progress to develop techniques to identify skill in the presence of trends. Techniques will
use a Bayesian analysis and will be tested on seasonal NAO hindcasts, using a signal-plus-noise
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model. This statistical framework can be used to quantify the effect of trend, autocorrelation, multimodel ensembles, and other sources of skill.
A new project, DYNAMOC, that builds on and will have synergy with SPECS work on the AMOC has
started (METOFFICE and UREAD are partners). DYNAMOC will conduct sensitivity studies with the
DePreSys system and results will complement those planned within SPECS to expand the analysis of
the subpolar gyre and AMOC to the other SPECS decadal prediction models.
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