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1. Executive summary
Here we present a summary of the activities of each contributing centre to the SPECS activity to
investigate the interannual evolution of selected events with a view to understanding the sources of
skill in s2d forecast systems.
As part of the SPECS cross cutting themes, two case studies were identified: the recent slowdown in
global surface warming, which also has implications for regional climate including Europe; and the
mid-1990s rapid warming of the north Atlantic, which has climate impacts in Europe and other regions
including Africa, North and South America, and Atlantic hurricane activity. Work has also focussed on
the predictability of interannual variations of Arctic sea ice and impacts on European climate.
The key results are:
• The recent slowdown in surface warming was potentially predominantly externally forced,
initially by the recovery from the eruption of Mount Pinatubo, and more recently by regional
changes in the distribution of anthropogenic aerosols which likely influenced the Pacific
Decadal Oscillation (PDO).
• The over-estimation of recent warming trends by models is potentially largely explained by
their over-estimation of surface cooling following volcanic eruptions.
• Models project an imminent reversal of the PDO and increased global surface temperature
trends in response to aerosol reductions over China which are anticipated in the CMIP5
scenarios.
• The link between global temperatures and variability in the Pacific and Atlantic Oceans is not
robustly simulated by all models. Further work is needed to understand the reason for this.
• The evolution of the north Atlantic sub-polar gyre (SPG), including cooling in the 1960s and
rapid warming in the mid-1990s, is predicted well by initialised climate models. Initialisation of
ocean dynamics is key for achieving skill. However, the mechanisms controlling the SPG are
not robust amongst models, highlighting the need for model improvements.
• The sign of the North Atlantic Oscillation (NAO) response to Arctic sea ice depends on the
model background state via the refraction of planetary waves. This could help to resolve
differences in previous studies, and potentially provides an “emergent constraint” to narrow the
uncertainties in the NAO response, highlighting the need for future multi-model coordinated
experiments.
• Dynamical models show some skill for predicting September Arctic sea ice extent from May.
There is some evidence that skill could be improved by representing the effects of melt ponds.
• The probability of European summer heat waves has been increasing since 1990 in both
observational analyses and seasonal forecasts.
These results show that some of the key processes are represented in models, but highlight the need
for further improvements. In particular, anthropogenic aerosols potentially play a key role in driving
near term climate, but the response to aerosols is uncertain. This is partly because some of the
important processes are not implemented in many of the current generation of models, highlighting the
need for improved representation of aerosols for CMIP6. Further work is needed to better understand
the links between global temperature and variability in the Pacific and Atlantic Oceans. Experiments to
address this are planned as part of the Decadal Climate Prediction Project (DCPP) contribution to
CMIP6 (Boer et al 2016). Coordinated multi-model experiments are needed to further assess the role
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of model biases in their response to Arctic sea ice. These are planned as part of the EU H2020
APPLICATE project.
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. Objective
Yes
No
1. To achieve an objective exhaustive evaluation of current forecast quality x
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

X

4. To facilitate the integration of multidimensional observational data of the x
atmosphere-ocean-cryosphere-land system as sources of initial
conditions, and to validate and calibrate climate predictions
5. To achieve an improved forecast quality at regional scales by better x
initialising the different components, an increase in the spatial resolution
of the global forecast systems and the introduction of important new
process descriptions
6. 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

X

7. 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

X

8. 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 peerreviewed publications, e-based dissemination tools, multi-media,
examples for specific stakeholders (energy and agriculture), stakeholder
surveys, conferences and targeted workshops

x

9. 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 forecast-based products for the GPCs
and participating in their transfer to worldwide RCCs and NHMSs.

x
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3. Detailed report on the deliverable
3.1 METO contribution

The recent slowdown in global surface temperature warming has been linked to important regional
climate anomalies, including changes in European climate (Cohen et al 2012, Ding et al 2014,
Trenberth et al 2014). METO have investigated the causes of the slowdown and identified a potentially
important role for volcanic and anthropogenic aerosols (Smith et al 2016a). The main conclusions are:
•

The recent slowdown in surface temperature warming is clearly seen in observed time series of 15
year global mean surface temperature (GMST) trends which reached a peak in the 15 year period
1992-2006 followed by a sharp decline (black curves in Fig. 1a).

•

A similar peak and decline is also simulated by coupled models from the 5th Coupled Model
Intercomparison Project (CMIP5, coloured curves in Fig. 1a, with thick red curve showing the
ensemble mean).

•

The sharp peak in the trend in the period 1992-2006 is caused by natural factors (Nat, green curve
in Fig. 1b), and in particular the eruption of Mount Pinatubo. The reason is straightforward: the
eruption of Mount Pinatubo in 1991 caused simulated global temperatures to cool in 1992, leading
to a peak warming trend for the period following this cool year (1992-2006), and hence a
subsequent reduction in trends for more recent periods.

•

Importantly however, anthropogenic aerosols have also contributed to the simulated GMST
slowdown, shown by increasing cooling trends in the Aero simulations for 15-year periods ending
after about 2000 (blue curve in Fig. 1b).

•

The impact of anthropogenic aerosols during the slowdown is not through globally averaged
radiative forcing but rather through dynamical changes in the atmosphere and ocean driven by
regional changes in aerosol emissions. In particular, models simulate a trend resembling the
negative phase of the Pacific Decadal Oscillation (PDO) during 1998-2012 in response to
anthropogenic aerosols (see Smith et al 2016, Figs. 2, S3 and S4). The negative PDO has
previously been shown to play a key role in the slowdown, hence understanding its cause is
important. Although variations in the PDO can occur through internal variability, these results show
that internal variability was likely modulated by anthropogenic aerosols in this case. This potentially
provides an alternative explanation to the prevailing view that internal variability played a key role
in the GMST slowdown.
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•

These results imply that the slowdown could have been predicted (assuming regional changes in
anthropogenic aerosols could have been anticipated), but although the models simulate a
reduction in trends they over-estimate the magnitude of warming (compare red and black curves in
Fig. 1a,b). However, the models may not perfectly simulate the response to the different forcing
factors. Using detection and attribution analysis to rescale their response produces a forecast in
much better agreement with observations (dotted red curve in Fig. 1c). This suggests a potential
over-estimation of volcanic cooling by models (Nat scaling factor β significantly less than one, Fig.
1b), and highlights the need for improved understanding of external forcing even for near term
predictions.

•

Further reduction of anthropogenic aerosol emissions, especially from China, are likely to promote
a positive PDO and increased warming trends in the near term (blue dashed curve in Fig. 1b).
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Figure 1: Time series of 15 year trends (oC per decade) in global mean near surface temperature. (a)
Observations (black) compared to CMIP5 coupled model simulations (coloured, with ensemble mean in thick
red). Observations are shown from the 3 leading datasets. The year represents the end of the 15 year trend
period. Vertical grey lines indicate major volcanic eruptions. (b) Observations (black, average of the 3 datasets)
compared to CMIP5 model simulations of the effects of all external forcing factors (All, red), greenhouse gases
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(GHG, magenta), natural factors (volcanoes and solar variations, Nat, green) and anthropogenic aerosols (Aero,
blue). The green and blue dashed curves show the HadGEM2-ES ensemble mean. (c) As (b) but rescaled
based on total least squares multiple linear regression between observations up to 1998 and the three predictors
GHG, Nat and Aero. The 95% confidence interval of the resulting scaling factors (β) is shown inset. Dashed and
solid red curves show the unscaled and scaled combinations respectively. Dotted red curve (with shading
representing the 95% confidence interval) shows the prediction that would have been made in 1998.

METO have also investigated the influence of Arctic sea ice on the atmospheric circulation (Smith et al
2016b). The experimental design allows the impacts of ocean-atmosphere coupling and the
background atmospheric state to be assessed. The modelled response can be very different to that
inferred from statistical relationships, showing that the response cannot be easily diagnosed from
observations. Reduced Arctic sea ice drives a local low pressure response in boreal summer and
autumn. Coupling enables surface temperature responses to spread to the ocean, amplifying the
atmospheric response and revealing additional impacts including warming of the north Atlantic in
response to reduced Arctic sea ice, with a northward shift of the Intertropical Convergence Zone and
increased Sahel rainfall. The background state controls the sign of the North Atlantic Oscillation (NAO)
response via the refraction of planetary waves. This could help to resolve differences in previous
studies, and potentially provides an “emergent constraint” to narrow the uncertainties in the NAO
response, highlighting the need for future multi-model coordinated experiments.
3.2 UREAD contribution

The North Atlantic sub-polar gyre (SPG) is thought to drive important climate impacts including rainfall
over Europe (Sutton and Dong 2012), the African Sahel (Sheen et al 2016) and North and South
America (Smith et al 2012), and Atlantic hurricane activity (Caron et al 2015, Smith et al 2010). At the
University of Reading we have built on our work analyzing case-studies of decadal variability and
prediction in the North Atlantic in three ways. First we have extended our analysis of case-studies of
decadal time-scale changes in the North Atlantic subpolar gyre (SPG) by building on our original work
looking at the rapid warming of the 1990s (Robson et al, 2012a;2012b). In particular, we have
undertaken a process based analysis of initialized prediction of the 1960s cooling event (Robson et al,
2014a), and a potentially analogous cooling of the North Atlantic since 2005 (Robson et al, submitted).
Second, we have furthered analysis of the observations of the 1960s and post 2005 cooling of the
North Atlantic in order to understand the important processes involved (Hodson et al, 2014; Robson et
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al, 2014b, Robson et al, 2016). This understanding is used to better understand the predictability of
the real world. Thirdly, as the mechanisms of variability can change in high-resolution models, we
have been testing the sensitivity of the results to model resolution. This has primarily been through
analysis of high-resolution control simulations (Menary et al, 2015; Ortega et al, submitted), but also
with initialized decadal predictions with the high-resolution HiGEM model (Shaffrey et al, 2016;
Robson et al, submitted).

Figure 2 shows the predicted trend in winter sea level pressure in DePreSys hindcasts initialised between 1963-1967 (left) and over the same period in the observations (right).

Previous results had shown that the rapid warming of the North Atlantic SPG in the mid-1990s was
captured in the UK Met Office Decadal Prediction System (DePreSys, Robson et al, 2012). However,
if we are to be confident that future events can be captured it is important to establish whether the
improvement is robust across different events. With this in mind, the analysis of DePreSys was
extended to the cooling of the SPG in the 1960s. It was found that the 1960s cooling of the SPG was
also predicted by DePreSys (Robson et al, 2014a). Furthermore, the processes that lead to the
successful prediction of the SPG temperatures were also largely related to the initialization of the
ocean circulation and ocean heat transports. In the case of the 1960s cooling, the initialization of a
weak Atlantic Meridional Overturning Circulation (AMOC) and, hence, weak ocean heat transports
were the primary driver of the cooling. The importance of the weak AMOC also appears to be
supported as an important driver of the cooling, among other important climate drivers (such as
anthropogenic aerosol emissions), by the analysis of only observations (Hodson et al, 2014).
Furthermore, not only was there skill in predicting ocean heat content in the SPG, but DePreSys also
captures the observed changes in the atmospheric circulation (see figure 2). DePreSys predicts a
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shift in the North Atlantic Oscillation towards more positive values, and hence stronger winds across
the North Atlantic.

Although DePreSys showed substantial skill at capturing the large changes in subpolar gyre in the
1960s and 1990s, there are still large uncertainties. For example, analysis (including systems other
than DePreSys) has usually only focused on a single low resolution model, or has only considered one
single event. Moreover, recent analysis has further highlighted the large spread in model climates in
the North Atlantic, which can have an impact on the simulation of SPG variability (Menary et al, 2015).
Therefore, we further built on UREAD’s earlier work by performing process focused analysis of casestudies of North Atlantic decadal change in high resolution climate model, HiGEM. HiGEM has an
ocean resolution of 1/3 degree and an atmospheric resolution of ~90km and so is substantially higher
resolution than HadCM3 (ocean resolution 1.25 Degree, and atmospheric resolution of 250km), and
improves many aspects of the North Atlantic climate (Shaffrey et al, 2009). HiGEM decadal prediction
(HiGEM-DP) hindcasts follow the CMIP5 protocol for initialized predictions, with 10 start dates in the
initial hindcast set.

Figure 3 shows, from left to right, the contribution of ocean advection (advec), surface fluxes (SFlux) and
convection (Convec) to the total 0-500m heat budget (all in degrees C) in the 1965 HiGEM-DP hindcast, and its
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comparison with the observed linear trend over the same period. Middle and bottom row show the same but for
the 1995 and 2005 hindcasts, respectively.

Initial analysis of the HiGEM hindcasts showed that the simulation of past changes in North Atlantic
sea surface temperature is significantly improved due to initialization (Shaffrey et al, 2016), similar to
previous systems. HiGEM-DP also was found to have substantial skill in predicting the SPG heat
content (Robson et al, 2016a), which further suggests that the prediction of ocean heat content in the
SPG is important for achieving improved skill in the North Atlantic sea surface temperatures. To
understand the improved skill in HiGEM-DP we undertook a novel heat budget analysis, which
computes the contribution of different processes to the overall changes in ocean temperature at each
grid point (Figure 3). We found that for the whole SPG the ocean advection played an important role in
HiGEM-DPs both of the 1960s cooling and the 1990s warming (not shown). Ocean advection
contributed to and dominated the 1960s and 1990s events, respectively. In the 1960s event, surface
fluxes also played an important role in cooling the SPG in HIGEM-DP. The importance of the surface
fluxes in the 1960s event in HiGEM-DP is somewhat different to the previous analysis of predictions of
this event (i.e. Robson et al, 2014a), where surface fluxes played a minor role.

But why is there skill in predicting the SPG in DePreSys and HiGEM? Another part of our work has
focused on understanding how changes in deep ocean density affect the ocean circulation and,
hence, upper ocean heat transport in the North Atlantic. The density in the deep Labrador Sea is a
particularly useful proxy of ocean circulation changes in the North Atlantic in models (Robson et al,
2014; Ortega et al, submitted). A decline in deep density leads a weakening of the North Atlantic
Ocean circulation, and a delayed cooling of the SPG; anomalously high values leads a warming via
the opposite mechanism (Robson et al, 2016; Ortega et al, submitted). Over the past 50 years the
evolution of the observed deep Labrador Sea density has also been a good predictor of ocean heat
content in the North East Atlantic. Deep Labrador Sea density is shown in figure 4 (red line), which
shows clear multidecadal variability and has led the temperatures in the North East Atlantic (black
line).
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Figure 4 time series of observed 0-700m heat content and salinity (black and blue, respectively) in the North
East Atlantic (50-10W;35-65N). The deep Labrador Sea density index (red) is proposed as an important proxy of
the strength of the Atlantic Meridional Overturning Circulation (AMOC), and hence the strength of Northward
ocean heat transport.

Analysis of hindcasts (DePreSys and HIGEM) has suggested that the large decadal timescale
changes in the North Atlantic are predictable due to the initialization of the deep density anomalies
(i.e. Hermanson et al, 2014; Robson et al, 2014a). Therefore, this highlights the importance of
initializing correctly the density anomalies in the deep Labrador Sea in multi-year predictions.
However, it was also shown in Robson et al, 2014a that DePreSys didn’t predict well the evolution of
the density anomalies in the deep ocean in the 1960s. If these deep densities are important for
predicting the upper ocean, then understanding why the anomalies in the deep ocean were so badly
predicted could have important implications for improving decadal time-scale predictions.

Finally, the results presented here, such as the large biases in Atlantic climate models, and the
relative disagreement for the main driving mechanism of the 1960s cooling in DePreSys and HiGEM
suggests that there needs to be further work on putting these results into a multimodel context. Work
is now underway to compare predictions of the SPG across SPECS models, many of which show
good skill at capturing changes in the SPG. However, it is important to continue to understand the
processes behind improved predictions to guide the development of models and prediction systems.
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3.3 BSC contribution

The potential for changes in Arctic sea ice to influence the North Atlantic Oscillation and hence
European climate is an active research area, and has been investigated in SPECS (Smith et al
2016b). Here we investigate an extreme aspect of sea ice forecast skill in a suite of the state-of-the-art
coupled climate models: EC-Earth2.3, CNRM-CM (a successor of CNRM-CM5), MPI-ESM, CanCM3
and CanCM4. Specifically, we focus on predictions of the northern hemisphere (NH) sea ice extent
(SIE) in September, monthly summer minimum, in seasonal forecasts initialized, full-field approach, on
1st of May every year from 1979 to 2012.

The left panel in Figure 5 shows the ensemble-mean forecast skill of September NH SIE after
application of the mean bias correction method (b.c.m.) using NSDIC NASA Team satellite data as the
observational reference. The Arctic SIE in September experienced substantial negative linear trend
over the period of interest (not shown). The mean-adjusted forecast skill is therefore represented
through the absolute distance of model forecasts from NSIDC observations (y axis) as a function of
the absolute distance of observed NSIDC values from the 1979-2012 linear fit of NSDIC data (x axis).
This metrics enables us to stratify ensemble-mean forecast skill with respect to how far was the
observed Arctic state, in a particular year, away from the observed trend line. We can see, in general,
that forecast skill decreases as the deviation of observed state from the trend line increases (i.e., as
observed state becomes more extreme). Among selected models CNRM-CM (green points) shows the
best skill in predicting extreme states. In each of used coupled models there is a relevant differences
between the model trend and observed trend of September NH SIE over the 1979-2012 period (not
shown). Hence the right panel in Figure 5 shows the ensemble-mean forecast skill of September NH
SIE after application of the trend b.c.m. The trend-adjusted forecast skill shows significant
improvements with respect to the mean-adjusted skill (compatible with the results of Fučkar et al.,
2014, GRL: Figure S6) especially for years with extreme values of September NH SIE.

SPECS (308378) D22.4

- 14 -

Figure 5. Left (right) panel shows the absolute error of adjusted or post-processed ensemble-mean forecast of
September NH SIE by the mean (trend) bias correction method, with respect to NSIDC observations, in our set
of coupled climate models as a function of the absolute distance of observed NSIDC values from the 1979-2012
linear regression of NSDIC data. Grey points show a simple statistical forecast: a cross-validated linear
regression that uses April NH SIE as predictor.

Figure 5 does not differentiate between the positive and negative extremes, with respect to the
observed trend line, of the NH SIE in September, so Figure 6 shows trend-adjusted ensemble-mean
coupled model hindcasts along with a simple linear-regression statistical hindcast (using April NH SIE
as the predictor - grey points). Dynamical models have higher anomaly correlation coefficients (using
NSIDC observations) than the statistical model, but we see that both extreme negative (e.g. very
strong melting conditions marked by the red oval) and extreme positive (e.g. very weak melting
conditions marked by the blue oval) states are not properly captured by our set of coupled climate
models or statistical model. 2012 prediction by CNRM-CM is an exception (this is the only model in
our set that has parameterized effect of melt ponds on albedo). These results are compatible with the
SIPN Sea Ice Outlook results covering only the 2008-2013 period (Stroeve et al., 2014, GRL: Figures
1 and 3).
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Figure 6. The trend-adjusted (trend b.c.m.) ensemble-mean forecast of September NH SIE of a set of coupled
climate models and a simple statistical model (grey points).

3.4 CNRS contribution

The so-call Hiatus is a recent period centred on the 2000s where the global temperature has
increased less rapidly than the decades before. This slowdown has raised lots of concern in the
media, since some “climate contrarians” used this fact to question the validity of anthropogenic global
warming.

This pause has been mainly explained by internal variability of the climate system (Kosaka & Xie
2013; Mcgregor et al. 2014; Huber & Knutti 2014; Marotzke & Forster 2014) as well as by modulation
of the natural external forcing (Santer et al. 2014), with role of anthropogenic aerosols as well (Smith
et al. 2016a). Thus lots of potential factors may have played a role in this phenomena, but the exact
amplitude and dynamics induced by each of them still need to be quantified. In particular, it has been
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proposed that the Pacific decadal variability is a key driver of the Hiatus, itself driven by decadal
variability in the Atlantic Ocean (Mcgregor et al. 2014), but this result was only based on one climate
model.

In this study, we use the IPSL-CM5A-LR climate model to estimate the amplitude and dynamics
induced by these diverse drivers, with a specific focus on the large scale mode of variability and the
dynamics implicated. When analysing global temperature from HadCRUT4, we find that the period
1998-2012 is showing the lowest 15-year trend over the last few decades, so that we focus on this
specific period.

We consider simulations where nudging in sea surface temperature has been applied to different
regions of the Earth and compare them with simulations only including external forcings (cf. Table 1).
This so-called pacemaker experiments are designed to try to correctly phase the decadal variability of
large-scale modes in the Atlantic and the Pacific. We found that phasing the tropical Pacific is dividing
the trend of the historical simulations by around two, thus helping to reproduce the amplitude of the
Hiatus (Fig. 7), but is still twice too large as compared to observations, while other model found a
better agreement (Kosaka & Xie 2013), questioning the strength of the large-scale teleconnections.
On the contrary, nudging the Atlantic is not inducing any Hiatus, and is leading to the opposite
signature in the Pacific contrary to results from other models (Mcgregor et al. 2014). This highlights
that the link between the Atlantic and Pacific is maybe not as clear as previously thought, or that some
models, like IPSL-CM5A-LR, is clearly not reproducing it correctly. Given the short time frame
available to analyse this multi-decadal link in the observation, it is very difficult to evaluate the
significance of such a link between Atlantic and Pacific basins in the real system (Marini & Frankignoul
2014). Thus, we conclude that the exact mechanisms at play during the Hiatus period are still not all
entirely unclouded, and that a multi-model analysis, as planned within CMIP6, and a longer time frame
in the observation, for robust statistical analysis, will be necessary to make progress on this question.

Simulations

Forcing

Restoring

Historical+rcp45

All but background volcanic eruptions

No

without bg Vol.

from 2006

Nudged Glob.
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Simulations
Nudged Pac.

Nudged Atl.

Forcing

Restoring

All but background volcanic eruptions

Tropical East Pacific SST

from 2006
All but background volcanic eruptions

Whole Atlantic

from 2006

Historical +rcp45

All including background volcanic

with bg Vol.

eruptions in 2006

No

Table 1 : Description of the 5-member ensemble simulations performed using IPSL-CM5A-LR.

Figure 7 : Trend in global temperature over the period 1998-2012 in the observation HadCRUT4 and in the
different simulations considered (Table 1). The error bar is computed from the five members considered in each
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ensemble of experiments. To compare correctly HadCRUT4 and the simulations, we apply the same spatial
mask in the simulations from that available for the data, and we consider SST when over the ocean and 2-meter
temperature when over the land as surface temperature, following what has been done in HadCRUT4 dataset.

3.5 MeteoF contribution

The picture below shows for each year the number of days in JJA when ERA-interim daily maximum
temperature is above its 80 percentile. The percentiles are calculated at each location with the 19932012 ERA-interim data. On average, there are 18 such days by definition. One can see that these
extreme events are more frequent in the second half of the 20-year period. A similar picture (not
shown) is obtained with daily minimum temperature. In Europe, 2003, 2010 and 2012 appear as
« heat waves » summers.
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The same procedure has been applied to seasonal forecast with Météo-France model (Eurosip
system5). The percentiles are those of the model. There are 90 members in each forecast, so the
original numbers are generally close to the average of 18. So this number has been re-calibrated by
quantile mapping to have the same distribution as for ERA-interim. One can see that the forecast skill
of this quantity is very low. Anomaly correlation is about 0.30 for seasonal mean temperature, but
close to zero for the number of hot days. However, one can notice that the number of warm events
(red color) increases with time, with almost no event before 1997.
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