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1. Introduction
This short note has the main objective to synthesize a few of the major ENSEMBLES
advances about the mechanisms involved in the predictability from intra-seasonal to
interannual and decadal timescales. Here we mainly focus over the North Atlantic
European sector. We first present some results illustrating the fundamental role of
tropical-extratropical connections in predictability. In particular, we show some
observational evidence of the links between the Madden-Julian Oscillation (MJO) and
the North Atlantic Oscillation (NAO) leading to medium-range predictability over the
North Atlantic and Europe. We then describe new results regarding the influence of
various parameters of the land surface component onto the North American and
European climate. We finally briefly comment on recent developments in the field of
decadal prediction.
The context
Interest in weather/climate fluctuations has been rapidly growing over the last two
decades or so, following the recent recurrence of meteorological extremes and the
more pressing evidence for anthropogenic influences on climate. In such a context,
demand for predictability of climate variability logically emerged from the decisionmakers sphere. The estimation of the predictability relies on deeper understanding on
the physical processes that controls both intrinsic and externally forced climate
variability. To address those issues within ENSEMBLES RT4, a dual approach based
on a large variety of observational and modelling studies has been followed with the
aim of improving climate forecasts as well as impact studies from intra-seasonal to
decadal time scales.
2. Physical mechanisms underlying predictability at various time scales
a. Tropical-extratropical connections
A special attention within ENSEMBLES has been devoted to tropical-extratropical
connections leading to potential predictability over a broad North Atlantic European
region. At intraseasonal timescale, observational evidence has been provided for a
lagged relationship between some specific phases of the MJO in the tropics (Fig.1)
and the occurrence of the North Atlantic weather regimes in winter (Fig.2). For the
eight MJO phases and for lags up to +15 days (MJO in advance), we count the
number of occurrence of each weather regime and compare this number to its
respective mean appearance (Fig.3). The relationship between phase 1 of the MJO
and the occurrence of the four weather regimes is marginally significant. By contrast,
the other MJO phases strongly suggest a significant tropical forcing upon the North
Atlantic dynamics. For instance, phase 3 is not discriminative for the NAO regimes at
lag 0, while ~10 days later, chances for NAO- to occur are reduced by ~40% and are
mostly compensated by increased NAO+ by ~60%. The opposite is found for phase 6
showing enhanced NAO- occurrence building up to ~+70% for lags greater than 10
days, while NAO+ regimes are less present. Other regimes such as AR and BL seem
to be less affected by the march of the MJO.
This contingency table thus provides evidence that phase 3 and phase 6 of the MJO
can be interpreted as precursors for NAO+ and NAO- regimes, respectively. It has
been further shown that forced Rossby waves initiated by the MJO either in the

western Pacific (NAO+ precursors) or in the eastern Pacific (NAO- precursors) could
be interpreted as a modification of the background flow, or catalysts for the full
development of NAO regimes. The NAO regimes are thus the most affected in
response to low-frequency Rossby waves that are initiated in the North Pacific by the
MJO-related bursts/suppression of convection, and that propagate eastward towards
the NAE domain along the circumpolar jet waveguide. They then go through a strong
interaction with transient eddies via wave breaking in the NAE domain which is
concurrently altered and appears to act as a relay prior to the full development of the
NAO regimes.
These findings have a direct application in terms of monthly prediction and have been
compiled in a Nature paper (Cassou 2008). Collaborations with weather forecasts
centres (ECMWF and Météo-France) have been initiated following these results with
the aim of assessing whether this mechanism is present in operational monthly
forecasts.

Figure 1: Wintertime composite of OLR (color) and streamfunction at 300 hPa (STF300,
contour) for the eight MJO phases. Only strong MJO cycles are retained corresponding to the
attached number of days for each phase. Bluish (reddish) colors correspond to enhanced
(reduced) convection activity and wetter (drier) conditions. Shading interval is 4 W m-2 for OLR.
Contour interval is 1e6 s-1 for STF300 starting at +/- 2e6 s-1. Positive (negative) values in solid
(dashed) lines in the Northern (Southern) hemisphere represent an anomalous anticyclonic
circulation. From Cassou 2008

Figure 2: Centroids of the four weather regimes obtained from daily anomalous geopotential
height at 500 hPa from NCEP-NCAR reanalysis. Contour interval is 25 m. The percentage
corresponding to the attached number of days represents the mean frequency of occurrence of
the regime computed over 1974-2007 from November 1st to March 31st. From Cassou 2008

Figure 3: Table of contingency between the MJO phases (rows) and the NAE weather regimes
(columns). For each MJO phase, the anomalous percentage occurrence of a given regime is given
as a function of lag in days, with regimes lagging MJO phases. The 0 value means that the MJO
phase is not discriminative for the regime whose occurrence is climatological. 100% would mean
that this regime occurs twice more frequently than its climatological mean, -100% means no
occurrence of this regime. The presence of a slope as a function of lag is suggestive of the MJO
forcing. White bars mean that either the change in the distribution between the four regimes is
not significant based on chi statistics at the 99% significance level, or the individual anomalous
frequency of occurrence is lower than the minimum significant threshold tested at 95% using a
Gaussian distribution (approximation for binomial distribution because of the sufficiently large
sampling). Orange (green) color indicates that regimes occur significantly more (less) frequently
than their climatological distribution. From Cassou (2008)

These ideas have also been applied to different time scales. A dedicated study of the
2003 climate dynamics also suggests that tropical-extratropical connections are
important in summertime for NAE seasonal variability. Combining observational
results and model experiments (Cassou et al 2005), it has been demonstrated that
anomalous convective activity over a broad tropical Atlantic basin alters the
occurrence statistics of the North Atlantic European weather regimes and
consequently modify the associated probability of heat waves to occur.
Tropical-extratropical connections are also found to be a relevant actor at decadal
timescales. It has been shown through coordinated model experiments recently carried
out that the observed warming of the Indo-Pacific warmpool favours the occurrence
for positive NAO regimes and could explain in part the NAO positive trend observed
at the end of the last century. Two mechanisms have been proposed for the remote
tropical-NAE relationship: the direct route through the North Pacific following the jet
waveguide, and the indirect route through the modification of the Walker cells
between tropical Atlantic and Indo-Pacific basins leading to the excitation of Rossby
waves that propagate towards Europe from the western part of the tropical Atlantic.
Such an altered balance between tropical Atlantic and Indo-Pacific basins has been
also found within ENSEMBLES to be responsible for part of the observed Western
African Monsoon low-frequency fluctuations among other factors (Caminade and
Terray 2009).

b. The seasonal to interannual time scales and the influence
of the land components
Increasing the skill of seasonal climate forecasting is intimately related to two
different factors: the first one is the possibility of accurately predicting the slowly
evolving boundary conditions (for instance, oceanic thermal structure and currents,
soil moisture and snow depth). The second one relies on our ability to understand and
correctly simulate both the transient and equilibrium atmospheric response (and/or
coupling mechanisms) to these anomalous boundary forcings. The latter can also be
viewed as a signal to noise ratio problem where one has to precisely quantify the
signal defined as the response to the boundary conditions versus the characteristics of
the noise (the intrinsic natural variability).
Seasonal climate predictability and seasonal forecasting thus rely on the atmospheric
sensitivity to its lower (ocean and land) and upper (stratosphere) boundary forcings
and on the possible predictability of these boundary forcings. The development of
operational dynamical seasonal prediction systems has been motivated by the
increasing ability of coupled ocean-atmosphere general circulation models to simulate
and predict El Niño Southern Oscillation (ENSO) events in the tropical Pacific and
their global teleconnections. Nevertheless, the episodic nature of the ENSO events
and their limited impact on extratropical climate are limiting factors for providing
useful seasonal forecasts on a regular and global basis. Besides improving the coupled
ocean–atmosphere models, it is therefore important to look for other potential sources
of long-range atmospheric predictability. Land parameters are appropriate candidates
as soil moisture and snow depth also show significant persistence at the monthly to
seasonal timescale. Although it is less justifiable to consider these properties as pure
boundary conditions for the atmosphere, they are in closer proximity (than SST) to the
land weather variables we wish to predict. Land properties may, therefore, represent
another potential source of seasonal predictability in addition to the oceanic
component (Fig.4 and table 1). Though land surface anomalies are generally less
persistent than tropical SST anomalies, they have significant impacts on regional
climate that may be easier to capture than the remote SST effects. Soil moisture (SM)
and snow depth (SD) may increase the forecast skill and thus be relevant for seasonal
prediction particularly in regions and seasons where and when the atmospheric
response to SST forcing is weak. The evaluation of the SM and SD based
predictability has been delayed because of the lack of reliable global reanalysis or
observations and partly because of the implementation of the land surface models.
The land contribution to the predictability problem is conditioned by two questions:
how predictable are the land anomalies themselves? How strong is the atmospheric
response to a land parameter forcing?
A very detailed model study performed within ENSEMBLES provided some answers
to these questions (Conil et al. 2007, Conil et al. 2008, Douville 2009). It particularly
compared the relative contribution of soil moisture and snow mass to seasonal climate
predictability. Though the focus was mainly on the Eurasian continent, similar results
were obtained over North America. It used a large number of simulations of the
AMIP type and the Global Soil Wetness Project GSWP-2 dataset. Global estimations
of land parameters can now be derived from operational land surface data assimilation
systems or by driving land-surface models with analyses of precipitation and solar
radiation (the latter is the technique which has been used in GSWP).

Table 1 summarizes the various experiments. Most ensembles consist of ten
integrations from 1st September 1985 to 31st December 1995. The different initial
conditions are derived from 10 consecutive years of a preexisting AMIP-type
experiment. The first 4 months of each member are considered as a spin-up and no
attention is paid to the impact of atmospheric initialization on seasonal predictability.
In the control simulation (FF), there is no nudging so that soil moisture and snow
mass are fully coupled to the atmosphere. In a first pair of sensitivity experiments
(GG and HH), soil moisture and snow mass, respectively, are nudged towards the
GSWP-2 reanalysis interpolated onto the model grid and averaged on a monthly basis.
Then, parallel experiments (GC and HC) have been performed with climatological
SST (mean annual cycle averaged over the 1986–1995 period) to evaluate the
robustness of the results and the additivity of the oceanic and land surface
contributions to seasonal predictability. Finally, two ensembles of seasonal hindcasts
using an interactive LSH and prescribed observed SST (GF and HF) have been
performed to assess the impact of initial rather than boundary conditions of soil
moisture and snow mass. Each of the ten integrations for each of the 10 years (1986–
1995) starts from GG and HH initial conditions, respectively, either at the end of May
(GF, impact of soil moisture initialization on boreal summer hindcasts) or at the end
of March (HF, impact of snow mass initialization on boreal spring hindcasts).

Fig 4:

Zonal mean annual cycle of land surface air temperature: interannual standard
deviation (left column, in K), potential predictability (central column, in %) and effective
predictability against the CRU2 climatology (right column, dimensionless Anomaly Correlation
Coefficient) in ensembles of simulations FF, GG, HH, GC and HC, respectively. Potential
predictability is defined simply here as the ratio of external versus total variability and is
provided by a simple ANOVA analysis. The total variance is estimated from the 100 seasonal

integrations each experiment consists of, while the externally forced variance ignores the
contribution of the atmospheric initial conditions and is computed from the ten ensemble mean
seasons (from 1986 to 1995). From Douville 2009

The main findings of this very exhaustive study can be summarized as follows:
• Soil moisture and snow mass anomalies can be predicted a few months ahead when
they show a sufficient magnitude and spatial extent (Fig.5). While in the tropics SST
anomalies clearly maintain a potentially predictable variability throughout the annual
cycle, in the mid-latitudes the SST forced variability is only dominant in winter and
soil moisture plays a leading role in summer. In a similar fashion, the annual cycle of
the hindcast skill (evaluated as the anomalous correlation coefficient of the ensemble
mean with respect to the "observations") indicates that the SST forcing is the
dominant contributor over the tropical continents and in the winter mid-latitudes but
that soil moisture is supporting a significant part of the skill in the summer midlatitudes. (See figure 4)
• The contribution of soil moisture to boreal summer predictability is not only found
over North America, but also over Europe in line with recent observational and
numerical studies.
• The contribution of snow cover to boreal spring predictability is also potentially
relevant, but is less clear than for soil moisture and deserves further analysis given the
possible remote impacts of snow anomalies.

Figure 5: June to August (JJA, left panels) and July to August (JA, right

panels) soil moisture anomalies (kg/m2) averaged over Central Europe from 1986 to 1995.
Ensemble mean anomalies (black squares) simulated in the control (FF, upper panels) and
seasonal hindcast (GF, lower panels) experiments are compared to GSWP-2 anomalies (red
disks). For each experiment, R is the 10-year correlation of the ensemble mean values with the
observations, triangles show ±1 standard deviation and solid lines correspond to the minimum
and maximum anomalies. From Douville 2009

Which are the mechanisms involved in SM and SD related seasonal predictability:
• Both contributions (from SM and SD) are not confined to simple changes in surface
evaporation (soil moisture) or surface albedo (snow), but involve changes in the
various components of the surface energy budget.
• Both contributions also involve large-scale dynamics and cloud feedbacks that
deserve more detailed validation studies. For instance, within this study, the
temperature sensitivity to the soil moisture forcing is not confined to the land surface
and the precipitation sensitivity is not limited to a simple evaporation feedback. When
looking at the simulated differences in temperature and wind vectors at 850 hPa, as
well as the eddy component of the 500 hPa geopotential height, the comparison of GC
and FF first suggests that the soil moisture forcing is as strong as the SST forcing in
the free troposphere (above the planetary boundary layer). The maximum correlation
with ERA40 is obtained in GC rather than in GG, emphasizing the dominant and
more useful soil moisture forcing in the model. Similar findings also apply to the
snow forcing. For instance, winter 1988/1989 experienced a large shift in the northern
hemisphere extratropical circulation that has been partly attributed to snow cover
anomalies observed in early winter over Eurasia. The study results (HC and HH vs.
FF, not shown) are consistent with this study and suggest a strong Eurasian snow
forcing of the winter 1988/1989 extratropical circulation. The atmospheric response
found in spring 1989 over North America may therefore be related not only to the
regional snow anomalies, but also to a remote influence of the winter Eurasian snow
cover. Such teleconnexions induced by snow anomalies have been documented both
in winter and summer. Several mechanisms have been proposed for the delay between
the snow anomalies and their atmospheric impact: a tropospheric-stratospheric
pathway involving the excitation of Rossby waves and their interaction with the mean
flow from fall to winter, a land hydrology pathway involving soil moisture anomalies
and their impact on the land–sea temperature contrast from spring to summer. It
would be extremely useful to perform similar sets of experiments with a large variety
of atmosphere-land coupled models. This is absolutely mandatory if one wants to
confirm the reality of the physical influences described above.
It then can be suggested that a realistic representation of the land-atmosphere
feedbacks is indeed necessary to produce accurate/reliable seasonal prediction, but
will not be necessarily sufficient if soil moisture anomalies are themselves poorly
predictable. The lack of soil moisture observations and reliable atmospheric forcings
over long periods (decades) is so far slowing down progress on the study of the land
surface influence upon decadal variability and predictability. Seasonal and decadal
forecasts skill improvement can be achieved by developing more elaborated
assimilation techniques of observational data into global oceanic and land surface
models, both from in-situ and space-borne sensors. Another very important aspect is
to pursue the improvement of the various components of the coupled models used in
dynamical prediction, with a focus onto the air-sea feedbacks involving SST and heat
fluxes, the interaction between the diurnal cycle and the oceanic mixed layer
evolution as well as on the coupling between the land surface and the atmospheric

boundary layer. All these processes play an important role on the ocean and land
surface memory represented by the persistence of tropical and extratropical SST and
soil moisture and snow depth land surface anomalies.

c. The interannual and (multi-)decadal scale
In sharp contrast to seasonal forecasting, interannual to (multi-)decadal climate
predictions are at a very initial stage. Decadal predictions gain recently increased
interest, both scientifically and in society. They fill the gap between the seasonal
forecasts and climate change projections. The next few decades internal climate
variations, in particular at regional scales, are expected to have similar amplitude
compared to regional expression of the anthropogenically forced global warming. The
premise of decadal predictions is that the decadal internal fluctuations in the earth
system are partly predictable. The basis for this are observed long-term climate
fluctuations, such as Pacific Decadal Variability and Atlantic Multidecadal
Variability. Potential predictability studies, either diagnostically by looking at the
variance of climate fluctuations or prognostically by performing idealized twinexperiments with models, indicate that over large parts of the ocean and land areas
skilful predictions at the decadal time scales may be possible. For instance, many
observational and modelling studies have described pronounced decadal and
multidecadal variability in the Atlantic Ocean. Mechanisms that generate ocean
memory are slow adjustment times (advective, Rossby waves,..),
subduction/stratification (anomalies shielded from atmosphere), salinity advection and
the large ocean heat capacity in general. However, it still needs to be quantified to
which extent these variations in the ocean drive low-frequency variations in the
atmosphere and over land.
There is also now the strong recognition that in addition to develop appropriate
methodologies for initialization, perturbation and verification, a better understanding
of the physical mechanisms involved and better monitoring systems are needed to
make real progress. In terms of understanding the physical processes involved in
decadal variability, we still significantly suffer from a lack of adequate data (in terms
of space-time coverage), and we shall have to wait a long time to get it. While models
have been helpful in identifying possible mechanisms, the true mechanisms for
decadal variability are still not known. Other practical issues such as dealing with
model bias, homogeneity questions related to limited observations in the analyses and
ensemble generation methodologies are also very important. Indeed, some initial
decadal predictions initialized from estimates of the true climate state have now been
performed and published (the reader is referred to the following paper for a very
detailed review about recent work on decadal variability and predictability: Anderson
et al. 2009)
ENSEMBLES has allowed for the first time to launch a multimodel decadal
predictability study (Fig. 6). This pioneer study will be pursued within CMIP5 and the
EU-COMBINE project. It has been suggested that a lot of skill in current decadal
prediction exercises comes from global warming. However, the ENSEMBLES results
show that regarding global mean temperature, North Atlantic and some areas of the
Indian and Pacific oceans, skill can be found at decadal time scales (in addition to
skill from global warming alone and tested against a statistical model). The lack of
time and the imminence of the CMIP5/AR5 exercise have prevented us to perform a

detailed analysis of the mechanisms underlying decadal predictability in the
ENSEMBLES simulations. This is likely to require additional simulations, for
instance forced atmospheric ones with SST patterns characteristic of large-scale
oceanic fluctuation. These will likely be realized in the near future by many teams
within the framework of the CMIP5 short-term exercise.
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Figure 6: Decadal prediction skill. Ensemble-mean correlation for decadal forecasts (2-5 year
average) of near-surface temperature for the ENSEMBLES multimodel (Courtesy of F. DoblasReyes). The far right plot is from the DePreSys model with one start date per year (different
from the ENSEMBLES protocol).

Many issues and challenges are still ahead of us in terms of decadal prediction. There
is now an urgent need to perform some exploratory basic research and set up a
specific protocol for coordinated decadal prediction experiments in order to address
initialization, verification and perturbation issues. In this regard, the CMIP5 protocol
may not be the optimal one and more work is needed to define what the appropriate
contours of such an exercise are. Another key issue for future progress is to maintain
and extend the observing system of the earth system, with emphasis on ocean and sea
ice observations, aiming at a better initialisation and verification of decadal
predictions.
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