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Real-time multi-model decadal climate predictions
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Abstract We present the first climate prediction of the
coming decade made with multiple models, initialized with
prior observations. This prediction accrues from an inter-
national activity to exchange decadal predictions in near
real-time, in order to assess differences and similarities,
provide a consensus view to prevent over-confidence in
forecasts from any single model, and establish current
collective capability. We stress that the forecast is experi-
mental, since the skill of the multi-model system is as yet
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unknown. Nevertheless, the forecast systems used here are
based on models that have undergone rigorous evaluation
and individually have been evaluated for forecast skill.
Moreover, it is important to publish forecasts to enable
open evaluation, and to provide a focus on climate change
in the coming decade. Initialized forecasts of the year 2011
agree well with observations, with a pattern correlation of
0.62 compared to 0.31 for uninitialized projections. In
particular, the forecast correctly predicted La Nifia in the
Pacific, and warm conditions in the north Atlantic and
USA. A similar pattern is predicted for 2012 but with a
weaker La Nifa. Indices of Atlantic multi-decadal
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variability and Pacific decadal variability show no signal
beyond climatology after 2015, while temperature in the
Nifo3 region is predicted to warm slightly by about 0.5 °C
over the coming decade. However, uncertainties are large
for individual years and initialization has little impact
beyond the first 4 years in most regions. Relative to
uninitialized forecasts, initialized forecasts are significantly
warmer in the north Atlantic sub-polar gyre and cooler in
the north Pacific throughout the decade. They are also
significantly cooler in the global average and over most
land and ocean regions out to several years ahead. How-
ever, in the absence of volcanic eruptions, global temper-
ature is predicted to continue to rise, with each year from
2013 onwards having a 50 % chance of exceeding the
current observed record. Verification of these forecasts will
provide an important opportunity to test the performance of
models and our understanding and knowledge of the
drivers of climate change.

Keywords Decadal climate prediction - Multi-model
ensemble - Forecast

1 Introduction

It is very likely that climate has already changed in
response to human activities, with much larger changes
expected by the end of this century if greenhouse gas
concentrations continue to rise (IPCC 2007). However,
many sectors of society now require climate forecasts of
the coming decade in order to make decisions on how to
respond to a changing climate, for example, for land
management and crop productivity (Mendelsohn et al.
2007), energy usage, tourism and public health (Khasnis
and Nettleman 2005). To address this need there is a
growing international effort to develop decadal climate
predictions (e.g. Meehl et al. 2009).

Climate in the coming decade is likely to be influenced
both by external forcing factors, including greenhouse
gases, anthropogenic aerosols, volcanic aerosols and chan-
ges in solar irradiance, and also by natural internal vari-
ability. External forcing factors are included in simulations
and projections of centennial-scale climate change using
dynamical climate models (IPCC 2007), and are an
important source of decadal predictability (e.g. Hoerling
et al. 2011). However, uncertainties would be narrowed by
additionally predicting internal variability. This requires the
current state of the climate system to be taken into account,
and the development of decadal predictions has therefore
focused on additionally initializing dynamical climate
models with observations (e.g. Smith et al. 2007; Keenly-
side et al. 2008; Pohlmann et al. 2009; Mochizuki et al.
2010). In addition to predicting some aspects of internal
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variability, initialization may also improve the skill of near
term climate predictions by correcting the model’s response
to previous external forcing factors. Decadal forecasts have
also been developed using empirical approaches (Lean and
Rind 2009; Hawkins et al. 2011; Ho et al. 2012).

The growing need for decadal climate predictions is rec-
ognized by the inclusion of a protocol for historical tests in
the latest climate model inter-comparison project (CMIP5,
Taylor et al. 2012) for informing the upcoming IPCC fifth
assessment report. These historical tests consist of a number
of retrospective forecasts (hereafter referred to as hindcasts)
with climate models initialized with observations that would
have been available at the start of each hindcast. By com-
paring the hindcasts with subsequent observations it is pos-
sible to estimate the likely skill of actual forecasts (e.g. Kim
et al. 2012; van Oldenborgh et al. 2012).

The latest start date of the core CMIP5 experiments is 2005
(Taylor et al. 2012); these simulations are therefore of limited
utility for assessing climate in the coming decade. However,
having developed the capability to perform the CMIP5 hind-
casts many forecasting centers are now also producing dec-
adal forecasts in near real-time. Recognizing this, the 15th
session of the WMO Commission for Climatology (http://
www.wmo.int/pages/prog/wcp/ccl/cclxv/index.php) recom-
mended action to start the coordination and exchange of
decadal forecasts. At this stage decadal forecasts are regarded
as experimental, and our effort is primarily a research exercise
aimed at assessing differences and similarities between the
forecasts and identifying a consensus view. Nevertheless,
there is a need to publish forecasts so that they can be evalu-
ated openly. Assessing discrepancies between forecasts and
subsequent observations can reveal weaknesses in initializa-
tion strategies, model simulations of internal variability,
model responses to external forcing, and uncertainties in
future forcing factors, all of which are invaluable for
improving future forecasts. Conversely, recognizing agree-
ment between forecasts and observations helps build confi-
dence in future forecasts and longer range climate projections.
Here we document the activity to exchange decadal forecasts
in near real-time, and present the first multi-model decadal
forecast. We also assess the impact of initialization on this
forecast, and compare to empirical forecasts. The paper is
organized as follows. In Sect. 2 we describe our approach, and
provide further details of the different prediction systems in
the Supplementary Information. Forecast results are presented
in Sect. 3, with a summary and conclusions provided in Sect. 4.

2 Approach
To facilitate an on going exchange and assessment of dec-

adal climate forecasts, the UK Hadley Centre has inaugu-
rated a “Decadal Exchange”, in which decadal forecasts
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(a) CCCMA

(b) IC3/KNMI

(c) MIROCS

Fig. 1 Forecast and observed temperature anomalies for 2011. a—
Jj Ensemble mean forecast from each prediction system, showing the
first calendar year of forecasts starting between 1st September 2010
and Ist January 2011. Average forecasts (k, 1) are for those systems
for which uninitialized projections are available (see Table 1 for
further details). The stippling in these indicates where the 5-95 %

provided by participating international scientists are upda-
ted and exchanged annually. To date two exchanges have
taken place, and are summarised in Table 1 with further
details of each prediction system provided in the Supple-
mentary Information. The first (2011) exchange consists of
forecasts from eight dynamical climate models starting
between Ist July 2010 and Ist January 2011, plus two
empirical forecasts. The second (2012) exchange consists of
nine dynamical model forecasts starting between 1st July
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forecast confidence range (diagnosed from the spread of the
individual ensemble members) is warmer (red/white) or cooler
(bluelblack) than the observations. Observations (m) are taken from
HadCRUT3 (Brohan et al. 2006). All anomalies are degrees
centigrade relative to the average of the period 1971-2000

2011 and 1st January 2012, plus three empirical forecasts.
Each dynamical model forecast consists of ensembles of
between 3 and 10 members, each with slightly different
initial conditions. In this way the effects of unpredictable
noise and, to some extent, observational uncertainty, are
sampled. The multi-model ensemble additionally samples
modelling uncertainties, and the overall ensemble spread
provides an estimate of forecast uncertainties. Future
external forcing factors were prescribed according to the
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Table 2 Skill of forecasts of 2011

Name Pattern correlation Global mean bias® (°C)
Initialized Uninitialized Initialized Uninitialized

CCCMA 0.54 0.01 —0.04 0.30
IC3/KNMI 0.55 0.29 0.02 0.29
MIROCS 0.57 0.44 0.06 0.19
MOHC 0.47 0.22 0.06 0.38
MPI 0.54 0.13 —0.06 0.38
MRI 0.55 0.08 —0.04 —0.04
RSMAS —0.10 0.04
SMHI 0.53 0.17 0.15 0.27
Dynamical 0.62 0.31 0.02 0.25

ensemble

mean®
Reading 0.48 0.19

(AR1)

4 Averaged over those systems for which uninitialized forecasts are
available (see Table 1 for further details)

® The area weighted mean of forecast minus observation at each grid
point

RCP4.5 pathway of the CMIP5 protocol (Meinshausen et al.
2011). Our ensemble does not currently sample uncertain-
ties in future emissions. With the possible exception of
sulphate aerosols, emission uncertainties are thought to
have little impact for the coming decade.

Currently, global fields of annual mean temperature
anomalies for each calendar year of the forecast and each
ensemble member are exchanged, although this may be
extended to other variables, including rainfall, in future.
All anomalies are computed to be relative to the period
1971-2000, with each forecasting centre applying adjust-
ments to correct for model biases before exchanging the
data. The procedure for bias adjustment depends on the
initialization approach, and interested readers are referred
to ICPO 2011 for full details.

In order to assess the impact of initialization, eight
uninitialized dynamical model projections of the effects
of external forcing factors have also been exchanged.
These are obtained from simulations starting around 1850
with initial conditions taken from simulations of pre-
industrial climate, so that any internal variability would
not be expected to be in phase with reality. Such sim-
ulations are conventionally analysed in terms of anoma-
lies from a fixed period (e.g. IPCC 2007). However, here
we remove biases in these simulations in exactly the
same way as the initialized forecasts (ICPO 2011), so
that the impact of initialization may be diagnosed as
the difference between initialized and uninitialized
simulations.

3 Results

Users of climate forecasts ideally require accompanying
skill and reliability estimates (e.g. Goddard et al. 2012).
These metrics are typically determined by performing
hindcast experiments, and have been assessed to some
extent for most of the prediction systems included here (see
citations in Table 1). In general, decadal hindcasts of sur-
face temperature show high skill at predicting the warming
trend due to external radiative forcing, with modest
improvements through initialization especially in the north
Atlantic and to some extent the tropical and north Pacific
(e.g. Smith et al. 2010; van Oldenborgh et al. 2012; Kim
et al. 2012; Chikamoto et al. 2012). However, we have not
yet assessed the expected skill of the multi-model forecast
developed under the Decadal Exchange activity, which we
present here, and stress that our results are experimental at
this stage. We also note that hindcasts do not necessarily
provide an accurate estimate of forecast skill. For example,
hindcasts may underestimate the skill of current forecasts,
which benefit from greatly improved observations of the
sub-surface ocean provided by the Argo array, but may
overestimate forecast skill due to unintentional use of
observations that would not have been available in a real
forecast situation.

Maps of temperature anomalies for the first calendar
year of the 2011 exchange are presented in Fig. 1 for each
prediction system, the initialized and uninitialized multi-
model means (averaged over those systems for which
uninitialized forecasts are available, see Table 1), together
with verifying observations. Temperature anomalies for
2011 are dominated by La Nifia conditions in the Pacific
(with a tongue of cool temperatures in the tropical Pacific
and a horseshoe pattern of warm temperatures to the north,
west and south), a cool Australia, warm high latitudes and
USA, and a warm north Atlantic sub-polar gyre and trop-
ical Atlantic. With the exception of RSMAS, all the fore-
casts capture this pattern well (with pattern correlations
around 0.5 for each system, increasing to 0.62 for the
multi-model mean, Table 2) and much better than the
uninitialized projections (multi-model pattern correlation
of 0.31). Furthermore, for all systems the bias is less than
or equal to that of their uninitialized counterpart (Table 2),
even though the uninitialized projections have been bias-
corrected in the same way. Indeed, the multi-model bias is
reduced from 0.25 to 0.02 °C through initialization. By
definition, the observations are expected to lie outside of
the 5-95 % confidence interval diagnosed from the fore-
cast ensemble spread in 10 % of grid points. This actually
occurs in 18 % of grid points for the uninitialized forecast,
and 14 % for the initialized forecast (stippling in Fig. 1 k, 1),
suggesting that both could be slightly over-confident
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e

(b) GFDL

(c) IC3/KNMI

Fig. 2 As Fig. 1 but for 2012, showing the first calendar year of forecasts starting between Ist September 2011 and 1st January 2012

although we have not assessed the statistical significance of
this.

Forecast temperatures for the first calendar year of the
2012 exchange (Fig. 2) show a similar pattern to 2011,
although La Nifia is weaker and the tropical Atlantic dipole
stronger relative to 2011. Observations for the whole year
are not yet available, but the initial nine months of 2012 are
in reasonable agreement with the multi-model forecast
(pattern correlation 0.58).

Forecasts for the 5-year periods 2012-2016 and
2016-2020 are presented in Figs. 3 and 4 for each system,
and in Fig. 5 in terms of the mean and confidence intervals
diagnosed from those systems for which individual

@ Springer

ensemble members are available (Table 1). In theory,
ensemble members could be weighted depending on their
skill in hindcast experiments. However, evidence from
seasonal forecasts suggests that in the majority of cases
using equal weights for each member performs as well as
more complex schemes (e.g. DelSole et al. 2012). We
therefore assume that all ensemble members are equally
likely. For both periods, the multi-model forecast indicates
with at least a 90 % probability that temperatures will be
warmer than the 1971-2000 mean for nearly all land
regions (the main exception being Alaska for 2012-2016),
the tropical Atlantic, Indian and western Pacific oceans
(Fig. 5b, e). Predictions of the Southern Ocean are
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(a)cccma

(b)GFoL

(c)IC3/KNMI

Fig. 3 Forecast temperature anomalies (as Fig. 2) for the 5-year period 2012-2016

particularly uncertain, with some systems (e.g. GFDL and
RSMAS) forecasting cool anomalies even for the period
2016-2020.

The multi-model mean forecast for both periods
(Fig. 5a, d) shows many similarities with long-term pro-
jections of climate change in response to increasing
greenhouse gases (Meehl et al. 2007), with more warming
of the land than ocean, and the largest warming over the
Arctic. However, a warming minimum over the Atlantic
sub-polar gyre (Meehl et al. 2007) is not evident. Indeed,
the initialized forecasts are significantly warmer than the
uninitialized ones in this region (Figs. 6, 7). Further
investigation is required to determine whether this differ-
ence is related to differences in the Atlantic meridional
overturning circulation, as suggested from analysis of
coupled climate models (Knight et al. 2005; Delworth et al.
2007), and whether there are related differences in climate
impacts such as rainfall over the Sahel, Amazon, USA and
Europe, or Atlantic hurricane activity (Sutton and Hodson

2005; Knight et al. 2006; Zhang and Delworth 2006; Smith
et al. 2010; Dunstone et al. 2011). This is outside the scope
of this preliminary forecast exchange, which is limited to
surface temperature only, but motivates future activity of
the Decadal Exchange.

Outside the sub-polar gyre, initialization of the models
results in cooler forecasts (relative to uninitialized coun-
terparts) in almost all regions (except the Kuroshio exten-
sion), with a significant impact in many regions for
2012-2016 but mainly in the high latitude northern Pacific
for 2016-2020 (Figs. 6, 7). Indeed, ensemble mean
initialized forecasts of globally averaged temperature are
significantly cooler than uninitialized ones until 2015
(Fig. 8a; Table 3), with a concomitant narrowing of the
uncertainty range (red shading in Fig. 8a). This is consis-
tent with the recent hiatus in global warming (e.g. Easter-
ling and Wehner 2009). However, dynamical models and
empirical approaches both predict that global mean tem-
perature will continue to rise. Although uncertainties in
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(a)ccema

(b) GFOL

(c)IC3/KNMI

Fig. 4 Forecast temperature anomalies (as Fig. 3) for the 5-year period 2016-2020

predictions of an individual year are large beyond the first
forecast year, dynamical models predict at least a 50 %
chance of each year from 2013 onwards exceeding the
current observed record of 0.4 °C above the 1971-2000
average (Table 3). This is similar to the forecast published
by Smith et al. (2007) in which years from 2010 onwards
were predicted to have a 50 % chance of exceeding the
warmest year on record. If the recent hiatus in global
warming is natural internal variability (Katsman and van
Oldenborgh 2011; Meehl et al. 2011), current climate
models (Knight et al. 2009) and the forecasts presented
here suggest that it is unlikely to continue for many more
years. Assessment of our forecast climate with actual
observations, as they become available, will help determine
whether other factors that are not well represented in cur-
rent models prove to be important. These include enhanced
anthropogenic aerosol emissions from coal burning, con-
tributions from small volcanic eruptions, changes in solar
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irradiance, and trends in stratospheric water vapor (Lean
and Rind 2009; Kaufmann et al. 2011; Solomon et al. 2010,
2011; Hansen et al. 2011). Either way, the ongoing
assessment of global temperature forecasts and observa-
tions in the indefinite future promises to provide an
important test of the forecasts and of our understanding and
knowledge of the drivers of global warming.

Forecasts of other selected climate indices are presented
in Fig. 8b—d. Dynamical models predict a slight warming
of about 0.5 °C for the Nifio3 region over the decade, with
indices of Atlantic multidecadal variability (AMV) and
Pacific decadal variability (PDV) showing no signal
beyond their climatological distributions after 2015. The
NRL empirical method (which inputs only future anthro-
pogenic and solar influences) suggests that the AMV and
PDV will continue in warm and cold phases, respectively,
throughout the decade. However, forecasts for an individ-
ual year are uncertain, and these signals may be difficult to
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(a) Averoge initiclized

(b) Lower initialized

(c) Upper initialized

Fig. 5 Average initialized forecasts for the 5-year periods 2012-2016
(a—c) and 2016-2020 (d—f). The average, lower and upper values are
diagnosed from the spread of the individual ensemble members
(except GFDL since only ensemble means were provided), such that
there is a 10 % chance of the observations being cooler than the lower
(b, e), and a 10 % chance of the observations being warmer than the

(a) cccma

upper (c, f). Note that the actual anomaly patterns in the lower and
upper maps are unlikely to occur since extreme fluctuations would not
be expected at all locations simultaneously. The upper and lower
confidence limits are diagnosed from the spread of the individual
ensemble members assuming they are normally distributed and all
members are equally likely

(b) GFDL

Fig. 6 Impact of initialization (initialized minus uninitialized ensem-
ble means) on forecasts of the period 2012-2016. Unstippled regions
in i indicate a 90 % or higher probability that differences between the

distinguish amongst large inter-annual variability. Initiali-
zation has little impact on these indices beyond the first
3 years.

initialized and uninitialized ensemble means did not occur by chance
(based on a 2 tailed ¢ test of differences between the two ensemble
means assuming the ensembles are normally distributed)

The lack of impact of initialization on AMV forecasts is
somewhat surprising given that other studies show
improved skill through initialization in the north Atlantic

@ Springer
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(a) cccma

(b) GFDL

(c) IC3 /KNMI _

Fig. 7 Impact of initialization (as Fig. 6) on forecasts of the period 2016-2020

(Keenlyside et al. 2008; Pohlmann et al. 2009; Smith et al.
2010; van Oldenborgh et al. 2012; Garcia-Serrano and
Doblas-Reyes 2012; Matei et al. 2012). We investigated
this ambiguity further by computing for each grid point the
number of years in which the initialized ensemble mean is
significantly different to the uninitialized ensemble mean
(Fig. 9a). This does indeed show a maximum, of
7-10 years, in the north Atlantic but it is confined to the
sub-polar gyre region (consistent with Fig. 7) and is
therefore not included in the AMYV index used here (which
is based on latitudes south of 60°N).

To further investigate the impact of initialization, we
construct an observed estimate of decorrelation timescale,
computed as the number of years for which absolute lagged
correlations of detrended sea surface temperatures are
statistically significant. This can be thought of as the
number of years for which an observation at a particular
location would influence a forecast at that location based
on statistical regression relationships. It is an imperfect
estimate because although detrending will remove most
of the influences of slowly increasing concentrations of
greenhouse gases, it will not remove all of the impacts of
higher frequency external forcing from volcanic eruptions,
solar variability and anthropogenic aerosols. Nevertheless,
this exercise also highlights the sub-polar gyre as a region
with relatively large (10 years or longer) decorrelation
times (Fig. 9b). Interestingly, this decorrelation time shows
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other similarities with the actual impact of initialization
(Fig. 9a), with relatively large values in the tropical
Atlantic and Indian Ocean. In many places, the decorrela-
tion time is longer than the impact time, perhaps suggesting
a potential for greater impact of initialization to be
achieved in the future through a combination of improved
initialization techniques, better models and more observa-
tions. However, the impact time is larger than the decor-
relation time in some regions, notably the eastern tropical
and northern Pacific. Further investigation of these simi-
larities and differences promise to be instructive, and
remain for future work.

4 Summary and conclusions

The growing need for decadal climate predictions is rec-
ognized by the inclusion of a protocol for historical tests in
the latest coupled model inter-comparison project (CMIPS,
Taylor et al. 2012), which will inform the upcoming IPCC
fifth assessment report. The focus of those experiments is
the historical period in order to assess the expected skill of
decadal forecasts. However, many forecasting centers that
have developed the capability to perform the CMIPS his-
torical tests are also making actual decadal climate fore-
casts in near real-time. These forecasts have been collated
in a “Decadal Exchange” as a research exercise, aimed at
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(a) Global temperature

1.0 F Observations
Uninitialized
[ Initialized

1970 1980 1990 2000 2010 2020
(c) AMV

Anomaly

1970 1980 1990 2000 2010 2020

Fig. 8 Forecasts of selected climate indices. a Globally averaged
temperature. b Temperature averaged over the Nifio3 region of the
tropical Pacific (150-90°W, 5°S-5°N). c¢ Atlantic multi-decadal
variability (AMV), computed as the north Atlantic (80°-0°W,
0°-60°N) minus globally averaged temperature between 60°S and
60°N (Trenberth and Shea 2006). d Pacific decadal variability (PDV),
computed as the projection of the forecasts onto the first EOF of
detrended sea surface temperature in the north Pacific (110°E-100°W,
20°-90°N) from HADISST (Rayner et al. 2003) over the period
1900-2001. The dark blue curves and light blue shading show the
mean and 5-95 % confidence interval diagnosed from the individual

Table 3 Annual globally averaged temperature anomaly (as in
Fig. 8a) from dynamical model and empirical forecasts starting
between 1st September 2011 and 1st January 2012

Years Initialized Uninitialized NRL Reading
(ARI)
Mean Lower Upper Mean Lower Upper
2012 032 0.18 0.46 057 027 0.87 052 0.28
2013 042 022 0.61 061 031 0.90 0.60 035
2014  0.54 033 0.76 0.65 035 0.95 0.64 0.38
2015 0.62 036 0.88 0.67 036 0.98 0.63 0.40
2016  0.63 036 091 0.64 032 0.96 0.63 043
2017  0.61 034 0.88 0.62 036 0.87 0.64 045
2018  0.61 032 0.90 063 037 0.89 0.66 0.47
2019 0.64 033 0.94 0.70 041 1.00 0.67 0.49
2020 0.67 038 0.96 072 042 1.02 0.69 0.51
2021 0.72 040 1.04 072 045 0.99 072 0.53

The upper and lower values represent the 5-95 % confidence interval diag-
nosed from the dynamical models ensemble spread. Anomalies are degrees
centigrade relative to the average of the period 1971-2000. Forecast mean
values highlighted in bold indicate a greater than 50 % chance of exceeding the
warmest observed value in the HadCRUT3 dataset (of 0.40 °C occurring in
1998). Initialized mean values that are significantly cooler than the uninitial-
ized means (at the 5 % level based on a one sided # test) are underlined

(b) Nino3
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members of the uninitialized dynamical model ensemble (see
Table 1). The red curves and hatching show the equivalent initialized
forecasts starting between 1st September 2011 and 1st January 2012.
The dark blue shading shows the 5-95 % confidence interval where
differences between initialized and uninitialized ensemble means
could have occurred by chance. Note that GFDL forecasts are omitted
from these plots because only ensemble means were provided. All
anomalies are annual means relative to the average of the period
1971-2000. Observations (black curves) are taken from HadCRUT3
(Brohan et al. 2006)

assessing and understanding differences and similarities
between the forecasts, identifying a consensus view in
order to prevent over-confidence in a single model, and
establishing current collective capability.

Two exchanges have taken place so far: of forecasts
starting on or before 1st January 2011, and on or before 1st
January 2012. Each exchange consists of forecasts from up
to 9 dynamical climate models and 3 empirical techniques.
A potentially important aspect of decadal climate model
predictions is that they are initialized with observations of
the current state of the climate system. In order to assess
the impact of initialization, uninitialized simulations of the
effects of external forcing factors have also been exchan-
ged. Details of the forecasts are presented here, both to
document this activity, and to provide a focus on the
coming decade. We anticipate that this activity will be
ongoing, with participating groups continuing to exchange
annual climate forecasts, followed by validation and
assessment to inform subsequent forecasts.

Forecast temperature anomalies for 2011 agree well
with observations (with an initialized multi-model mean

@ Springer
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1 2 3 4 5

Fig. 9 Timescales of initialization impact. a The number of years for
which there is at leasta 90 % chance that the initialized and uninitialized
ensemble means are different. The plot shows the average of the 2011
and 2012 exchanges. b Observed decorrelation time, computed as the

pattern correlation of 0.62, compared to 0.31 for unini-
tialized simulations). The initialized forecast captures the
La Nifla temperature pattern in the Pacific, together with a
warm north Atlantic sub-polar gyre and tropical Atlantic
and warm conditions in the southern Atlantic and Indian
Oceans. The forecast also correctly captures cool condi-
tions over Australia and Alaska, and very warm conditions
over the USA. Observed cool conditions in central Eurasia
were not predicted in the ensemble mean, but were cap-
tured by the ensemble spread. Forecast temperatures for
2012 show a similar pattern, with a continuing cool Alaska
and warm USA, but with a reduced La Nifia and
strengthened tropical Atlantic dipole.

Considering the 5-year periods 2012-2016 and
2016-2020 and assuming no future volcanic eruptions, the
dynamical models predict with 90 % probability that
temperatures will be warmer than the 1971-2000 mean for
nearly all land regions (the main exception being Alaska
for 2012-2016), the tropical Atlantic, Indian and western
Pacific oceans. Forecasts for the Southern Ocean are
uncertain, with some models predicting cool anomalies for
the entire decade.

Dynamical model predictions of AMV and PDV show no
signal beyond climatological distributions after 2015. How-
ever, the NRL empirical method suggests that AMV and PDV
will continue in positive and negative phases, respectively,
throughout the decade. Dynamical models also predict Nifio3
to warm slightly, by around 0.5 °C, over the decade. Uncer-
tainties for an individual year are large, however, and these
signals may be obscured by large inter-annual variability.

In most regions, and for indices of global temperature,
Nifio3, AMV and PDYV, initialization has little impact
beyond the first 4 years. However, initialization does have
a prolonged impact in the north Atlantic sub-polar gyre and
high latitude north Pacific, with the initialized forecast
significantly warmer and cooler, respectively, than the
uninitialized ensemble mean throughout the decade.

@ Springer
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number of years for which there is at least a 90 % chance that lagged
correlations of detrended sea surface temperatures did not occur
randomly. This was computed from annual mean HadISST data (Rayner
et al. 2003) over the period 1891-2011

Outside the sub-polar gyre, initialization cools the forecast
almost everywhere, especially for 2012-2016. This
includes most land regions, apart from the USA and
Western Europe. Although uncertainties in forecasts for
each individual year are large, significant cooling of the
ensemble mean through initialization is expected to alter
the predicted probabilities of extreme events (Hamilton
et al. 2012; Eade et al. 2012), although this has not been
quantified since only annual mean data have been analysed.

The cooling impact of initialization is consistent with
the recent hiatus in global warming (e.g. Easterling and
Wehner 2009), since initialized forecasts start from
anomalously cool conditions relative to the expected
warming from greenhouse gases. Indeed, initialized fore-
casts of globally averaged temperature are significantly
cooler than uninitialized ones until 2015. However, in the
absence of significant volcanic eruptions, global mean
temperature is predicted to continue to rise. Assuming all
ensemble members to be equally likely, the dynamical
models predict at least a 50 % chance of each year from
2013 onwards exceeding the current observed record.

In future the exchange of decadal forecasts will be
extended to include more models, and other variables,
including rainfall. We reiterate that the forecasts presented
here are experimental. Decadal climate prediction is
immature, and uncertainties in future forcings, model
responses to forcings, or initialization shocks could easily
cause large errors in forecasts. Nevertheless, we believe it
is important to publish such forecasts so that they may be
evaluated openly as verifying observations become avail-
able. Such evaluation is likely to provide important insights
into the performance of climate models and our under-
standing and knowledge of the drivers of climate change as
climate science progresses.
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