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Abstract. Initialized climate predictions are routinely carried out at many global institutions that predict the
climate up to next ten years. In this study we present 30 year long initialized climate predictions and hindcasts
consisting of 10 ensemble members. We assess the skill of the predictions of surface air temperature on decadal
and multidecadal timescales. For the 10 year average hindcasts, we find that there is limited added value from
initialization beyond the first decade over a few regions, but no added value from initialization was found for
the third decade (i.e. forecast years 21–29). The ensemble spread in the initialized predictions grows larger
with the forecast time. However, the initialized predictions do not necessarily converge towards the uninitialized
climate projections within a few years and even decades after initialization. There is in particular a long-term
weakening of the Atlantic Meridional Overturning Circulation (AMOC) after initialization that does not recover
within the 30 years of the simulations, remaining substantially lower compared to the AMOC in the uninitialized
historical simulations. The lower AMOC mean conditions also result in different surface temperature anomalies
over northern and southern high latitude regions with cooler temperature in the northern hemisphere and warmer
in the southern hemisphere in the later forecast years as compared to the first forecast year. The temperature
differences are due to less transport of heat to the northern hemisphere in the later forecast years. These multi-
decadal predictions therefore highlight important issues with current prediction systems, resulting in long-term
drift into climate states inconsistent with the climate simulated by the historical simulations.

1 Introduction

Global and regional climate is changing due to anthropogenic
emissions of greenhouse gases, atmospheric aerosols and in-
ternal climate variability (Chung and Soden, 2017; Bonfils
et al., 2020; Chiang et al., 2021; IPCC, 2023). The ongoing
increase in global temperature is causing devastating effects
on life, ecosystems and important infrastructures requiring
appropriate adaptation strategies to minimize the potential
future effects (Gampe et al., 2021; Naumann et al., 2021;
Brullo et al., 2024). Accurate and reliable information about
the near-term (10 to 30 years) future climate could under-
pin such adaptation efforts, obtained either from historical

and projection climate simulations (hereafter also referred to
as “uninitialized projections”, as these simulations are not
started from observational climate states) or from initialized
decadal climate predictions. The long-term uninitialized pro-
jection simulations experience various types of uncertainties
including the modeled forced response, assumptions about
expected future conditions, and internal climate variability
(e.g. Lehner et al., 2020). In particular for the near-term re-
gional climate projections, internal climate variability can be
the largest source of uncertainty (Hawkins and Sutton, 2009;
Lehner et al., 2020) since these model simulations are started
from different climate states during the preindustrial time.
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The initialized decadal climate predictions are aimed
at aligning the phase and amplitude of variability be-
tween numerical simulations and observations (e.g. Meehl
et al., 2014), and initialization has been shown to cor-
rect forced model responses, by starting the simulations
from observationally-constrained climatic states (Smith et
al., 2007; Keenlyside et al., 2008; Doblas-Reyes et al., 2013).
For the most recent version of the Coupled Model Intercom-
parison Project phase 6 (CMIP6), such model simulations
were typically initialized every year and forecasts were made
up to 10 years after initialization (Boer et al., 2016). On
multi-annual and decadal timescales, the initialized climate
predictions have shown skill in predicting climate over global
regions (Smith et al., 2019, 2020; Delgado-Torres et al.,
2022). In particular for near-surface air temperature predic-
tions, the initialized predictions have also shown added value
from initialization over the uninitialized projection simula-
tions on multi-annual timescales in some regions (e.g. Smith
et al., 2019; Delgado-Torres et al., 2022).

Initialized climate predictions are computationally expen-
sive to run and therefore most prediction systems only fore-
cast up to 10 years after initialization (Boer et al., 2016).
Some recent studies have suggested that there is enhanced
skill beyond 10 years from internal climate variability. This
has been found, for example, by combining information from
decadal predictions and longer-term uninitialized projections
(Befort et al. 2022) and constraining patterns of sea surface
temperature anomalies in large ensembles of the uninitial-
ized projection simulations (Mahmood et al., 2021, 2022;
Donat et al., 2024). Mahmood et al. (2022) demonstrated
added skill over forcing alone for 20-year constrained projec-
tions. Similarly, Donat et al. (2024) found enhanced climate
predictability up to 20 years when constraining climate vari-
ability in large multi-model ensembles from CMIP6, basing
the constraints on either observations or decadal predictions.
While initialized predictions beyond 20 years were con-
sidered during the Coupled Model Intercomparison Project
phase 5 (CMIP5), these simulations were restricted to only
three start dates (Meehl and Teng, 2012), which did not al-
low for robust estimates of skill over such longer forecast
horizons. Düsterhus and Brune (2024) recently produced ini-
tialized predictions out to 20 years with the MPI-ESM model,
and concluded that the information from initialization may
not necessarily be lost even up to 20 years after initialization,
resulting in skillful predictions of surface air temperature be-
yond 10 forecast years over a few regions. Recent work by
Deser et al. (2025) with idealised experiments further sug-
gests that initialized internal variability can constrain surface
climate variability for multiple decades, highlighting the po-
tential for extended predictability when key modes of vari-
ability are properly captured.

Motivated by the prospect of multi-decadal predictability
from model initialization and with the aim to understand the
model dependence in a previous study (Düsterhus and Brune,
2024), in this study we performed a set of initialized cli-

mate predictions with the EC-Earth3 model with a forecast
horizon of 30 years. These predictions build on and extend
decadal predictions produced with the same model (Bilbao
et al., 2021). These experiments allow us to further study cli-
mate predictability on multi-decadal time scales, and more
generally to assess initialized climate predictions and unini-
tialized projections as complementary sources of climate in-
formation for near-term climate change estimates beyond the
next decade.

The primary goal of the current study is to introduce the
initialized 30-year long predictions, which were performed
with a state-of-the art forecast system and involve a large
number of hindcasts, considering together the forecast range,
number of initialization years and number of members per
forecast. Additionally, we address several specific research
questions related to the scientific relevance of the multi-
decadal predictions, from whether the initialized predictions
can be skillful in predicting surface temperature beyond
10 years after initialization, whether and when the spread in
initialized predictions and the uninitialized projection simu-
lations converge and if the drift in Atlantic Meridional Over-
turning Circulation (AMOC) continues after the first decade
of forecasts which was discussed in Bilbao et al. (2021).

2 Data and Methods

We performed a new set of multidecadal climate predic-
tions with the Barcelona Supercomputing Center (BSC)’s
decadal prediction system (Bilbao et al., 2021), which uses
the CMIP6 version of the EC-Earth3 climate model (Döscher
et al., 2022). This hindcast consists of a 10-member ensem-
ble of 30-year predictions initialized on the first of November
of every 5th year starting from 1960 to 2020 (i.e a total of 13
start dates predicting 30 years). Since the simulations start
from November, the final forecast year (i.e. the 30th predic-
tion year) finishes in October and therefore only 29 full years
are available for analysis.

This new hindcast uses the initial conditions from the cur-
rent operational BSC decadal prediction system, which have
been updated with respect to those from Bilbao et al. (2021).
The new system uses interpolated initial conditions from the
ERA5 atmospheric reanalysis (Hersbach et al., 2020; Soci
et al., 2024), and ocean and sea ice initial conditions from
a 5-member NEMO3.6-LIM3 simulation forced with histor-
ical ERA5 surface fluxes that assimilates ORA-S5 (Zuo et
al., 2019) ocean temperature and salinity at the surface using
a standard surface nudging approach with restoring coeffi-
cients of −200 W m−2 K−1 and −750 mm d−1, respectively.
Below the mixed layer, a Newtonian relaxation term is also
applied to assimilate three-dimensional EN4 (Good et al.,
2013) temperature and salinity fields. For this, a relaxation
timescale that increases monotonically with depth is used,
which takes approximate values of 30 d at the subsurface,
700 at 1000 m and 3300 at 5000 m. The spread in the 10-
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member ensemble was generated by adding a small (i.e. on
the order of 10−5 K) perturbation to the 3-dimensional atmo-
spheric air temperature, combined with the five ocean and
sea ice initial conditions.

While decadal predictions using EC-Earth3 have been pro-
vided with annual initializations as a contribution to CMIP6
and to the WMO Lead Centre for Annual to Decadal Predic-
tion (Hermanson et al., 2022), the new multi-decadal predic-
tions presented in this study are initialized at reduced fre-
quency (every fifth year) primarily for computational cost
reasons. Given the high auto-correlation of the time se-
ries when predicting decadal to multi-decadal averages, this
somewhat reduced initialization frequency does not affect the
degrees of freedom for skill evaluation. Initializing only ev-
ery five years, as opposed to every year, may however lead
to missing potential windows of opportunity when the pre-
dictability is enhanced in relation to specific initial climate
states (e.g. Liu et al., 2023) and to a certain level of aliasing
(García-Serrano and Doblas-Reyes, 2012).

For reference and to evaluate added value (and possi-
bly deteriorating effects) from initialization, we also use in
this study a 10 member ensemble of CMIP6 historical and
scenario simulations performed using the EC-Earth3 model.
Both the transient climate simulations and initialized predic-
tions use observed historical forcings up to the year 2014
and afterwards the estimates of forcings based on theSSP2-
45 (“middle of the road”) emissions scenario (O’Neill et al.,
2014).

For skill evaluation, all model simulations were converted
to a uniform five-degree grid in order to minimize effects
from small-scale noise in the identification of large-scale pre-
dictable signals, recommended practice for evaluating the
initialized climate predictions (e.g. Goddard et al., 2013).
The skill of the predictions is evaluated based on anomaly
correlation coefficient (ACC) and the residual correlations
following Smith et al. (2019). The ACC assesses the common
variability (both from internal and forced origin) between the
observations and the simulations. The residual correlations
indicate added value from initialization and are computed by
correlating the residuals obtained after removing an estimate
of the forced signal from predictions and observation using
the ensemble mean of the historical simulations (Smith et al.,
2019). We evaluate here the skill of the mean predictions for
10, 20 and 29 years after initialization. Specifically, we fo-
cus on averages of forecast years 1 to 10 (FY1–10), 11 to 20
(FY11–20), 21–29 (FY-21–29), 1 to 20 (FY1–20) and 11 to
29 (FY11–29). The observed surface temperature data used
for evaluating the skill is from HadCRUT4.6 (Morice et al.,
2012). The sea surface temperature observations used were
obtained from the Met Office Hadley Center’s sea ice and sea
surface temperature data (HadISST1.1; Rayner et al., 2003)

Evaluation of the initialized predictions is performed in
anomaly space, with anomalies calculated based on forecast-
time dependent climatologies to minimize the impacts re-
lated to the climate drift inherent in these systems (Meehl et

al., 2014). We note that anomalies computed for initialized
predictions with a reduced number of start dates (as it is the
case in the current study) are subject to uncertainties given
the small sample used for computing the climatologies. Here
we compute anomalies for each forecast month based on
their respective climatologies from the seven start dates (ev-
ery fifth start date from 1960 to 1990). The observed and his-
torical simulation climatologies are computed for the same
temporal period used to define the hindcast climatology. The
statistical significance of the correlations and temperature
differences is estimated by using a two tailed student’s t-test.
We apply the false detection rate (FDR) proceedure to test
for multiple testing (Wilks, 2016) using αCDR = 0.1.

3 Results

3.1 Evaluating the skill of the initialized predictions

We first evaluate the skill of the initialized multi-decadal pre-
diction system in predicting surface air temperature anoma-
lies for different forecast periods (Fig. 1). The initialized pre-
dictions are generally skillful in simulating observed surface
air temperature anomalies over most regions globally. For the
first decade (i.e. FY1–10), the ACC over the Atlantic, Indian
and parts of the Pacific ocean and many land areas is posi-
tive and statistically significant suggesting overall good cor-
respondence with observations. These results are generally
consistent with the ACC values computed from an updated
version of the previous decadal hindcast system (Bilbao et
al., 2021) that was initialized every year (Fig. S1a and b in
the Supplement), and using every 5th start-date (Fig. S1c and
d). When subsampling the system to use every 5th start-date
(Fig. S1c and d) the ACC loses significance in several re-
gions in which also the new 30 year prediction system has no
significant ACC. These results suggest that while overall pat-
terns of skill remain similar in reduced initializations com-
pared to annual initializations, however, there may be sam-
pling uncertainties induced by the reduced number of initial-
izations. For the second and the third decades (i.e. FY11–20
and FY21–29) the correlations between predictions and ob-
servations are generally higher than 0.7 over most regions
of the globe. Over the eastern Pacific, however, the skill of
the initialized predictions degrades after the first decade. We
note that some of the differences in ACC between the three
decadal forecasts are related to the fact that their evaluation
periods are different (i.e. 1961–2000 for FY1–10, 1971–2010
for FY11–20 and 1981–2019 for FY21–29). Using the com-
mon analysis period (i.e. 1981–2020) for the three decadal
mean predictions show ACC skill over similar regions in
all three forecast periods with relatively more significant re-
gions in the Atlantic ocean for the first decade (Fig. S2). We
note here that using the common analysis period for skill as-
sessment also introduces uncertainties since different initial-
izations are used for different forecasts. The multi-decadal
forecast times (i.e. FY1–20 and FY11–29) show high cor-
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relations with the observations over the globe especially for
FY1–20.

Since the ACC for temperature is strongly influenced by
the model response to forcings such as e.g. the increase in
GHG forcings, we use residual correlations following Smith
et al. (2019) to evaluate the added value from initializa-
tion. We find here that the added value from initialization is
largest in the first ten-year average hindcasts (i.e. FY1–10),
but a few regions show added value for the second forecast
decade (i.e. FY11–20). For the FY1–10 we find significant
added value over the Atlantic ocean and parts of the Pacific
and over land regions including northwest Canada, central
USA, the Middle East and northern Australia. For the sec-
ond decade, the added value from initialization is found only
over a few regions in the Pacific ocean. The residual corre-
lations are generally not statistically significant over global
land areas for FY11–20. For the third forecast decade (i.e.
FY21–29), almost no added value from initialization is found
in any of the three main ocean basins, suggesting that the
information from initialization is lost over time especially
after the first decade of the forecasts. When using a com-
mon analysis period (i.e. 1981–2020), the added value even
for the first decade (i.e. FY1–10) is also limited to parts of
the Atlantic ocean, Eastern USA and southern Indian ocean
(Fig. S2) indicating sampling uncertainties due to using dif-
ferent forecast analysis periods. The multi-decadal forecast
times show added value from initialization for FY1–20 while
a widespread detrimental value is found for FY11–29. For
FY1–20 most of the added value is in similar regions as the
added value for the first decade although parts of tropical re-
gions in the Pacific and Indian oceans seem to show signifi-
cant added value only in 20-year mean predictions.

3.2 Time series analysis of the initialized predictions
and the uninitialized projection simulations

To understand how the 30-year predictions compare with the
corresponding (uninitialized) historical/scenario simulations,
we evaluate here the time evolution of their regionally aver-
aged sea surface temperature (SST). For this we focus on two
regions of well-known multidecadal variability such as the
Subpolar North Atlantic (SPNA: 45–60° N, 50–20° W) and
the northeast Pacific (NEP: 40–55° N, 140–122° W). Previ-
ous studies have shown that the decadal predictions can be
highly skillful in forecasting temperature over SPNA region
(e.g. Yeager et al., 2018; Delgado-Torres et al., 2022). This
is also a region strongly influenced by forecast drifts asso-
ciated with the Atlantic Meridional Overturning Circulation
(AMOC) in initialized predictions. initialized decadal predic-
tion systems have also shown skill in predicting climate over
NEP region (e.g. Kataoka et al., 2020; Choi and Son, 2022).

As expected from small differences in the initial condi-
tions, the spread in the initialized predictions is small at
the beginning and grows over the course of the simulations
(Fig. 2). In the SPNA region, the SSTs tend to drift towards

a lower (i.e. cooler) mean state a few years after initializa-
tion resulting in larger biases (Fig. 2). Interestingly, while
the mean SSTs for both the initialized predictions and unini-
tialized projections are close to each other at the beginning
of the predictions, however, the drift in initialized predictions
leads to a different mean state after ∼ 10–15 years which is
completely outside the ensemble spread of the uninitialized
projection simulations. We also note that the spread tends to
be narrower at the end of the forecasts than for the unini-
tialized projection ensemble, in particular for the earlier start
dates (i.e. 1960 to 1995). For the NEP region, the mean SSTs
in the initialized predictions follow the observations closely
at all forecast years while the uninitialized projection simu-
lations tend to be biased high (i.e. warmer than observations
and predictions) (Fig. 3). The ensemble spread in the predic-
tions is generally similar to the spread in uninitialized projec-
tions for this region (Fig. 3). Compared to the SPNA region,
the predictions do not show a strong drift after initialization
for the NEP region.

The SST anomalies show that the initialized and uninitial-
ized ensemble spreads overlap (Figs. S3 and S4). The corre-
sponding plots also nicely illustrate that the ensemble spread
for the SPNA region is generally smaller in the initialized
predictions compared to the uninitialized projections while
similar for the NEP region (Figs. S3 and S4). Due to the non-
stationary drift in individual prediction simulations (i.e., the
different start dates in Fig. 2), the temperature anomalies for
the SPNA region tend to be higher than the projection ensem-
ble in the most recent initializations (cf. Figs. 2 and S3). For
the NEP region, which is not strongly affected by the drift,
the temperature anomalies remain similar for all start dates
(Fig. S4). All these results suggest that the climate informa-
tion from different experiments (i.e. initialized predictions
and the uninitialized projections) of the same model may not
converge even after several years of predictions, depending
on the region.

3.3 AMOC

The AMOC is one of the main drivers of decadal-to-
centennial variability in the Atlantic Ocean and it is thought
to be strongly predictable due to its slowly evolving modula-
tions (e.g. Zhang et al., 2019). Previous studies have shown
that, even though decadal prediction systems exhibit vari-
ous AMOC errors associated with initialization shocks and
model drift (Polkova et al., 2023), the effects of initialization
on the AMOC can persist for longer than the length of the
predictions, which are typically of 10 years (e.g., Bilbao et
al., 2021).

We analyse the AMOC at 45° N, defined here as the over-
turning streamfunction value at 45° N and at 1000 m depth.
The EC-Earth3 model produces a shutdown in Labrador Sea
convection (and associated AMOC slowdown) also in some
of the historical runs (Bilbao et al., 2021). We compare the
predictions to the EC-Earth3 historical simulations run by
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Figure 1. ACC (left column) and residual correlation (right column) of the near-surface air temperature hindcasts for different forecast
horizons. The first three rows show ACC and residual correlations for 10 year mean hindcasts while the last two rows are for 20 year mean
hindcasts. Stippling indicate regions where ACC and residual correlations are not statistically significant at 95 % confidence level.

BSC as part of CMIP6 simulations (a total of 15 members)
for which we define two ensembles formed by members with
(12 out of 15) and without (3 out of 15) deep ocean convec-
tion in the Labrador Sea region. These differences in histor-
ical simulations originate from the AMOC multi-centennial
variability in the EC-Earth3 pre-industrial simulations (Mec-
cia et al., 2023), from which the initial states are taken to
initialize these runs.

Figure 4a shows that the 30-year predictions start from
the reconstruction and then follow a similar evolution of
the AMOC at 45° N (AMOC45) across all start-dates. This

evolution is characterized by an initial strengthening in the
first 2–3 years, followed by a rapid weakening, stabilizing at
around 14 Sv within the first 25 forecast years, as shown by
the climatological values (Fig. 4b). Comparing AMOC45 in
the 30-year predictions with the current decadal prediction
system shows that the climatology is well constrained, de-
spite the different sampling of initial states. By contrast, the
comparison with the previous forecast system shows differ-
ences in the AMOC45 during the first few years, since the re-
construction used in that system produces a stronger AMOC.
Another difference is that the drift in the current system is
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Figure 2. Comparison of mean SST time series in SPNA in initialized predictions (in pink) and the uninitialized projections (in blue). The
colored polygons show spread in 10 ensemble members (i.e. based on minimum and maximum values of the 10 members). Observations are
shown by the black lines. The monthly mean time series were smoothed using a 36 months running average. The yellow lines (right y axis)
represent spread ratios between initialized and uninitialized ensembles.

rather consistent across start dates, which did not occur in
the previous system (see Fig. 6c in Bilbao et al., 2021), for
which there was a different behavior pre and post-2000. De-
spite the updated initial conditions, the current system also
suffers from the same initialization problem of the previous
system (described in detail in Bilbao et al., 2021) where the
model drift causes a progressive increase in Labrador Sea
density stratification that ends up suppressing the mixed layer
depth and weakening the AMOC. This effect persists be-
yond the first decade in these new predictions with updated
initial conditions, and the AMOC does not recover within
the 30 forecast years to the historical mean state. We note
that this systematic shutdown of convection in the forecasts
is an artefact from initialization, as observational records in
the Labrador Sea show instead intermittent deep-convection

events, closely tied to interannual–to–decadal variability in
the North Atlantic Oscillation, whose positive phase en-
hances winter mixed-layer deepening (Yashayaev and Loder,
2016).

Consistent with Bilbao et al. (2021), the predictions tend
to drift towards a state closer to the historical simulations
with suppressed convection in the Labrador Sea (purple), in
contrast with those members that exhibit convection (green).
However, the longer predictions also reveal that the decadal
forecasts stabilize at an even weaker AMOC state (i.e.
∼ 14 Sv) which is lower than the historical mean AMOC (and
lower even than the mean of those historical runs with sup-
pressed Labrador sea convection). Therefore, in contrast to
previous expectations (i.e. based on 10 year predictions), we
find here that the AMOC45 does not converge to the state in
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Figure 3. Same as Fig. 2 but for the northeast Pacific (NEP) region.

the historical simulations. This conclusion supports the pre-
vious findings of Düsterhus and Brune (2024) in their 20-
year predictions in which the AMOC in initialized predic-
tions tends to drift towards much lower values than the his-
torical simulations albeit using a different climate model.

We find that surface temperature responses during the
course of the simulations are strongly influenced by the
prominent drift in the AMOC. The climatological mean
surface air temperature differences between the later fore-
cast years compared to the first forecast year (Fig. 5a–d)
are negative in the northern hemisphere while positive in
the southern hemisphere, a pattern that is consistent with
the reduced northward heat transport that follows an AMOC
weakening. These bipolar temperature differences persist un-
til decades after initialization and are consistent with the

AMOC drift towards lower mean state. The temperature dif-
ferences between forecast year 29 and 19 (Fig. 5e) are rela-
tively small and symmetrical in both hemispheres, consistent
with the stabilization of AMOC after the first two decades of
initialization. The interhemispheric asymmetrical responses
of surface air temperature due to AMOC decline has been
found in previous studies (e.g. Orihuela-Pinto et al., 2022).

4 Summary and discussion

The initialized climate predictions are designed to synchro-
nize the model variability with that of observations and thus
can provide potentially more skillful climate information for
the next few decades than the forced-only climate projec-
tions. Most of the current initialized climate prediction sys-
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Figure 4. (a) Evolution of the AMOC at 45° N in the 30 year prediction ensemble mean (blue to red every five start dates), the histori-
cal+ projection ensembles with and without Labrador sea convection (green and purple, respectively) and the ocean reconstruction used to
generate the initial conditions (black). (b) The climatological values as a function of forecast time. DP and DP_30yrs in (b) represent decadal
and the muliti-decadal (i.e. 30 year long) prediction systems respectively, both both of which use the same updated initial conditions. DP_Old
represents the previous decadal prediction system from Bilbao et al. (2021).

Figure 5. Differences in mean near-surface air temperature between different forecast years of the initialized predictions. Stippling indicates
regions where the differences are not statistically significant at 95 % confidence level.

tems generally forecast up to ten years after initialization
(e.g. Boer et al., 2016). Here we performed a new set of mul-
tidecadal climate predictions with the BSC’s decadal predic-
tion system using updated initial conditions. Ten-member en-
sembles of 30-year long hindcasts and predictions were per-
formed using the EC-Earth3 model by initializing every fifth
year starting from 1960 to 2020.

The evaluation of the multidecadal predictions suggest that
the predictions are skillful for the different forecast periods
considered (up to 30 years), however the added value from
initialization was primarily found for the first 10 year average
forecasts after which very limited added value from initial-
ization is found. In particular for the third decade (i.e. FY21–
29) we did not find added value from initialization over the
uninitialized projection simulations, and identify even some
detrimental effects associated with long-term model drift af-

ter initialization. Similar issues pointing to long-term drift
in AMOC were found in a previous study which presented
20-year initialized hindcasts with a different decadal predic-
tion system based on the MPI-ESM climate model (Düster-
hus and Brune, 2024). While the skill evaluations are subject
to large uncertainties related to the limited sample size rela-
tive to the forecast times, an important result of this 30-year
prediction experiment is the indication of long-term model
drift into a different climate state characterised by weakened
AMOC, that does not recover within the 30 years of the sim-
ulations.

As a consequence of this long-term drift the initialized pre-
dictions and the uninitialized projections may not necessarily
provide consistent information for near-term climate change
estimates. Also the ensemble spreads for the two types of
simulations are non-stationary (especially for the SPNA re-
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gion, Fig. 2) and generally smaller in initialized predictions
than the uninitialized projections. Besides the inconsistent
near-term climate estimates from the initialized and uninitial-
ized simulations, these results also imply that caution must
be taken when combining climate information from these
two types of model simulations. For example, these inconsis-
tencies will challenge approaches to concatenate data from
decadal predictions and climate projections (Befort et al.,
2022).

Similar to the findings by Bilbao et al. (2021), we find that
the climate predictions do not converge to the model attrac-
tor characterized by the historical ensemble, a deviation that
is particularly evident for the AMOC. Indeed, the AMOC
drifts in the first ∼ 22 forecast years and then tends to stabi-
lize at ∼ 14 Sv which is lower than the mean AMOC state in
non-initialized simulations. A similarly lower AMOC mean
state in initialized predictions compared to historical simula-
tions was also found by Düsterhus and Brune (2024) using a
different climate model. This suggests that both models can
experience different stable AMOC states, with initialization
from observations playing a pivotal role to move from one
state to the other.

The progression in the AMOC drift is found to have a
strong influence on the predicted global surface air tempera-
ture anomaly pattern. The climatological mean temperatures
in later forecast years compared to the first forecast year, tend
to be cooler in the northern hemisphere and warmer in the
southern hemisphere, as expected in response to an AMOC
weakening, in line with results in idealized experiments en-
forcing an AMOC shutdown (Orihuela-Pinto et al., 2022).

One side effect of long prediction time horizons and using
multiple ensemble members is the need for large amounts
of computational resources for running simulations, post-
processing data and the storage space requirement. Due to
these reasons, the current prediction system was only initial-
ized every fifth year which makes it challenging for comput-
ing anomalies and also evaluating the skill of the predictions.
Alternative approaches for providing climate information on
10 to 20 year mean timescales have been developed which
require a fraction of computational costs as compared to the
state-of-the-art initialized climate predictions. These alter-
native approaches make use of existing climate simulations
and constrain them according to the similarity of their SST
variability patterns with observations at a given initializa-
tion time. The climate predictions based on these variability-
constrained projections (e.g. Mahmood et al., 2022; Donat
et al., 2024) even show higher and more widespread added
skill, compared to the initialized predictions presented in this
study, for both 10 and 20 year mean predictions. The skill
in these constrained projections suggests that the decadal
and multi-decadal predictability of climate might be higher
than what is achieved with the new initialised prediction us-
ing EC-Earth3. This warrants further in-depth comparison of
the different modelling and the constraining approaches in

predicting climate over multidecadal timescales, ideally in a
multi-model context.

While our results show very limited added predictive skill
from initialization beyond the first decade, they highlight im-
portant issues often affecting initialized prediction systems.
The model drift following an initialization shock can cause
the model to adjust into a different climate state compared
to uninitialized simulations for an extended time period. Our
results show that even after 30 years there is no sign of con-
vergence between the initialized and uninitialized climate
simulations. This highlights important challenges in the use
of initialized predictions for estimates of near-term climate
changes, that should be taken into account in the further de-
velopment of both the climate models and the initialization
approaches.

Data availability. The data from these simulations are freely avail-
able at the ESGF archive (https://esgf-node.ipsl.upmc.fr/search/
cmip6-ipsl/, last access: 30 September 2025). The data can be iden-
tified as DCPP from EC-Earth3 model with ensemble member iden-
tifiers as r[1-10]i6p1f1.

Supplement. The supplement related to this article is available
online at https://doi.org/10.5194/esd-16-1923-2025-supplement.

Author contributions. MD, FDR and RM designed the study.
RM performed the climate model simulations. RM and RB anal-
ysed the resultss. RM, MD, RB and PO discussed the results for
presentation in the study. RM and MD wrote the initial manuscript
draft with contributions from all co-authors. VL, RB, and ET gen-
erated initial conditions and also developed capability to perform
initialised predictions with the EC-Earth3 model.

Competing interests. The contact author has declared that none
of the authors has any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibil-
ity lies with the authors. Views expressed in the text are those of the
authors and do not necessarily reflect the views of the publisher.

Acknowledgements. This research has been supported by the
Horizon Europe project ASPECT (grant no. 101081460). We are
also grateful for support by the Departament de Recerca i Univer-
sitats de la Generalitat de Catalunya for the Climate Variability and
Change (CVC) Research Group (Reference: 2021 SGR 00786). We
are also grateful for partial support by the Horizon Europe project
Impetus4Change (grant no. 101081555). RM acknowledges partial

https://doi.org/10.5194/esd-16-1923-2025 Earth Syst. Dynam., 16, 1923–1934, 2025

https://esgf-node.ipsl.upmc.fr/search/cmip6-ipsl/
https://esgf-node.ipsl.upmc.fr/search/cmip6-ipsl/
https://doi.org/10.5194/esd-16-1923-2025-supplement


1932 R. Mahmood et al.: Multi-decadal initialized climate predictions

funding from the National Center for Climate Research (NCKF)
of the Danish Meteorological Institute (DMI). We acknowledge
EuroHPC Joint Undertaking for awarding us access to MeluX-
ina at LuxProvide, Luxembourg with the EuroHPC Regular Ac-
cess computing project EHPC-REG-2023R01-125 “ASPECT-EC”:
Adaptation-oriented Seamless Predictions of European ClimaTe us-
ing the EC-Earth model.

Financial support. This research has been supported by the Hori-
zon Europe project ASPECT (grant no. 101081460).

Review statement. This paper was edited by Gabriele Messori
and reviewed by two anonymous referees.

References

Befort, D. J., Brunner, L., Borchert, L. F., O’Reilly, C. H.,
Mignot, J., Ballinger, A. P., Hegerl, G. C., Murphy, J. M.,
and Weisheimer, A.: Combination of Decadal Predictions and
Climate Projections in Time: Challenges and Potential So-
lutions, Geophysical Research Letters, 49, e2022GL098568,
https://doi.org/10.1029/2022GL098568, 2022.

Bilbao, R., Wild, S., Ortega, P., Acosta-Navarro, J., Arsouze,
T., Bretonnière, P.-A., Caron, L.-P., Castrillo, M., Cruz-García,
R., Cvijanovic, I., Doblas-Reyes, F. J., Donat, M., Dutra,
E., Echevarría, P., Ho, A.-C., Loosveldt-Tomas, S., Moreno-
Chamarro, E., Pérez-Zanon, N., Ramos, A., Ruprich-Robert, Y.,
Sicardi, V., Tourigny, E., and Vegas-Regidor, J.: Assessment of
a full-field initialized decadal climate prediction system with the
CMIP6 version of EC-Earth, Earth Syst. Dynam., 12, 173–196,
https://doi.org/10.5194/esd-12-173-2021, 2021.

Boer, G. J., Smith, D. M., Cassou, C., Doblas-Reyes, F., Danaba-
soglu, G., Kirtman, B., Kushnir, Y., Kimoto, M., Meehl, G. A.,
Msadek, R., Mueller, W. A., Taylor, K. E., Zwiers, F., Rixen, M.,
Ruprich-Robert, Y., and Eade, R.: The Decadal Climate Predic-
tion Project (DCPP) contribution to CMIP6, Geosci. Model Dev.,
9, 3751–3777, https://doi.org/10.5194/gmd-9-3751-2016, 2016.

Bonfils, C. J. W., Santer, B. D., Fyfe, J. C., Marvel, K., Phillips, T. J.,
and Zimmerman, S. R. H.: Human influence on joint changes in
temperature, rainfall and continental aridity, Nat. Clim. Chang.,
10, 726–731, https://doi.org/10.1038/s41558-020-0821-1, 2020.

Brullo, T., Barnett, J., Waters, E., and Boulter, S.: The enablers
of adaptation: A systematic review, NPJ Clim. Action, 3, 40,
https://doi.org/10.1038/s44168-024-00128-y, 2024.

Chiang, F., Mazdiyasni, O., and AghaKouchak, A.: Evi-
dence of anthropogenic impacts on global drought fre-
quency, duration, and intensity, Nat. Commun., 12, 2754,
https://doi.org/10.1038/s41467-021-22314-w, 2021.

Choi, J. and Son, S.-W.: Seasonal-to-decadal prediction of El Niño–
Southern Oscillation and Pacific Decadal Oscillation, NPJ Clim.
Atmos. Sci., 5, 29, https://doi.org/10.1038/s41612-022-00251-9,
2022.

Chung, E.-S. and Soden, B. J.: Hemispheric climate shifts driven
by anthropogenic aerosol–cloud interactions, Nat. Geosci., 10,
566–571, https://doi.org/10.1038/ngeo2988, 2017.

Delgado-Torres, C., Donat, M. G., Gonzalez-Reviriego, N., Caron,
L.-P., Athanasiadis, P. J., Bretonnière, P.-A., Dunstone, N. J.,
Ho, A.-C., Nicoli, D., Pankatz, K., Paxian, A., Pérez-Zanón,
N., Cabré, M. S., Solaraju-Murali, B., Soret, A., and Doblas-
Reyes, F. J.: Multi-Model Forecast Quality Assessment of
CMIP6 Decadal Predictions, Journal of Climate, 35, 4363–4382,
https://doi.org/10.1175/JCLI-D-21-0811.1, 2022.

Deser, C., Kim, W. M., Wills, R. C. J., Simpson, I. R., Yeager, S.,
Danabasoglu, G., Rodgers, K., and Rosenbloom, N.: Effects of
macro vs. micro initialization and ocean initial-condition mem-
ory on the evolution of ensemble spread in the CESM2 large en-
semble, Clim. Dyn., 63, 62, https://doi.org/10.1007/s00382-024-
07553-z, 2025.

Doblas-Reyes, F. J., Andreu-Burillo, I., Chikamoto, Y., García-
Serrano, J., Guemas, V., Kimoto, M., Mochizuki, T., Rodrigues,
L. R. L., and Van Oldenborgh, G. J.: Initialized near-term
regional climate change prediction, Nat. Commun., 4, 1715,
https://doi.org/10.1038/ncomms2704, 2013.

Donat, M. G., Mahmood, R., Cos, P., Ortega, P., and Doblas-Reyes,
F.: Improving the forecast quality of near-term climate projec-
tions by constraining internal variability based on decadal pre-
dictions and observations, Environ. Res.: Climate, 3, 035013,
https://doi.org/10.1088/2752-5295/ad5463, 2024.

Döscher, R., Acosta, M., Alessandri, A., Anthoni, P., Arsouze, T.,
Bergman, T., Bernardello, R., Boussetta, S., Caron, L.-P., Carver,
G., Castrillo, M., Catalano, F., Cvijanovic, I., Davini, P., Dekker,
E., Doblas-Reyes, F. J., Docquier, D., Echevarria, P., Fladrich, U.,
Fuentes-Franco, R., Gröger, M., v. Hardenberg, J., Hieronymus,
J., Karami, M. P., Keskinen, J.-P., Koenigk, T., Makkonen, R.,
Massonnet, F., Ménégoz, M., Miller, P. A., Moreno-Chamarro,
E., Nieradzik, L., van Noije, T., Nolan, P., O’Donnell, D., Ol-
linaho, P., van den Oord, G., Ortega, P., Prims, O. T., Ramos,
A., Reerink, T., Rousset, C., Ruprich-Robert, Y., Le Sager, P.,
Schmith, T., Schrödner, R., Serva, F., Sicardi, V., Sloth Mad-
sen, M., Smith, B., Tian, T., Tourigny, E., Uotila, P., Vancop-
penolle, M., Wang, S., Wårlind, D., Willén, U., Wyser, K., Yang,
S., Yepes-Arbós, X., and Zhang, Q.: The EC-Earth3 Earth system
model for the Coupled Model Intercomparison Project 6, Geosci.
Model Dev., 15, 2973–3020, https://doi.org/10.5194/gmd-15-
2973-2022, 2022.

Düsterhus, A. and Brune, S.: The effect of initialisation on 20 year
multi-decadal climate predictions, Clim. Dynam., 62, 831–840,
https://doi.org/10.1007/s00382-023-06941-1, 2024.

Gampe, D., Zscheischler, J., Reichstein, M., O’Sullivan, M.,
Smith, W. K., Sitch, S., and Buermann, W.: Increasing im-
pact of warm droughts on northern ecosystem productiv-
ity over recent decades, Nat. Clim. Chang., 11, 772–779,
https://doi.org/10.1038/s41558-021-01112-8, 2021.

García-Serrano, J. and Doblas-Reyes, F. J.: On the assessment
of near-surface global temperature and North Atlantic multi-
decadal variability in the ENSEMBLES decadal hindcast, Clim.
Dynam., 39, 2025–2040, https://doi.org/10.1007/s00382-012-
1413-1, 2012.

Goddard, L., Kumar, A., Solomon, A., Smith, D., Boer, G.,
Gonzalez, P., Kharin, V., Merryfield, W., Deser, C., Ma-
son, S. J., Kirtman, B. P., Msadek, R., Sutton, R., Hawkins,
E., Fricker, T., Hegerl, G., Ferro, C. A. T., Stephenson, D.
B., Meehl, G. A., Stockdale, T., Burgman, R., Greene, A.
M., Kushnir, Y., Newman, M., Carton, J., Fukumori, I., and

Earth Syst. Dynam., 16, 1923–1934, 2025 https://doi.org/10.5194/esd-16-1923-2025

https://doi.org/10.1029/2022GL098568
https://doi.org/10.5194/esd-12-173-2021
https://doi.org/10.5194/gmd-9-3751-2016
https://doi.org/10.1038/s41558-020-0821-1
https://doi.org/10.1038/s44168-024-00128-y
https://doi.org/10.1038/s41467-021-22314-w
https://doi.org/10.1038/s41612-022-00251-9
https://doi.org/10.1038/ngeo2988
https://doi.org/10.1175/JCLI-D-21-0811.1
https://doi.org/10.1007/s00382-024-07553-z
https://doi.org/10.1007/s00382-024-07553-z
https://doi.org/10.1038/ncomms2704
https://doi.org/10.1088/2752-5295/ad5463
https://doi.org/10.5194/gmd-15-2973-2022
https://doi.org/10.5194/gmd-15-2973-2022
https://doi.org/10.1007/s00382-023-06941-1
https://doi.org/10.1038/s41558-021-01112-8
https://doi.org/10.1007/s00382-012-1413-1
https://doi.org/10.1007/s00382-012-1413-1


R. Mahmood et al.: Multi-decadal initialized climate predictions 1933

Delworth, T.: A verification framework for interannual-to-
decadal predictions experiments, Clim. Dynam., 40, 245–272,
https://doi.org/10.1007/s00382-012-1481-2, 2013.

Good, S. A., Martin, M. J., and Rayner, N. A.: EN4:
Quality controlled ocean temperature and salinity pro-
files and monthly objective analyses with uncertainty
estimates, J. Geophys. Res.-Oceans, 118, 6704–6716,
https://doi.org/10.1002/2013JC009067, 2013.

Hawkins, E. and Sutton, R.: The Potential to Narrow Uncertainty in
Regional Climate Predictions, B. Am. Meteorol. Soc., 90, 1095–
1108, https://doi.org/10.1175/2009BAMS2607.1, 2009.

Hermanson, L., Smith, D., Seabrook, M., Bilbao, R., Doblas-Reyes,
F., Tourigny, E., Lapin, V., Kharin, V. V., Merryfield, W. J.,
Sospedra-Alfonso, R., Athanasiadis, P., Nicoli, D., Gualdi, S.,
Dunstone, N., Eade, R., Scaife, A., Collier, M., O’Kane, T., Kit-
sios, V., Sandery, P., Pankatz, K., Früh, B., Pohlmann, H., Müller,
W., Kataoka, T., Tatebe, H., Ishii, M., Imada, Y., Kruschke, T.,
Koenigk, T., Karami, M. P., Yang, S., Tian, T., Zhang, L., Del-
worth, T., Yang, X., Zeng, F., Wang, Y., Counillon, F., Keenly-
side, N., Bethke, I., Lean, J., Luterbacher, J., Kolli, R. K., and
Kumar, A.: WMO Global Annual to Decadal Climate Update:
A Prediction for 2021–25, B. Am. Meteorol. Soc., 103, E1117–
E1129, https://doi.org/10.1175/BAMS-D-20-0311.1, 2022.

Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horányi, A.,
Muñoz-Sabater, J., Nicolas, J., Peubey, C., Radu, R., Schep-
ers, D., Simmons, A., Soci, C., Abdalla, S., Abellan, X., Bal-
samo, G., Bechtold, P., Biavati, G., Bidlot, J., Bonavita, M., De
Chiara, G., Dahlgren, P., Dee, D., Diamantakis, M., Dragani, R.,
Flemming, J., Forbes, R., Fuentes, M., Geer, A., Haimberger,
L., Healy, S., Hogan, R. J., Hólm, E., Janisková, M., Keeley,
S., Laloyaux, P., Lopez, P., Lupu, C., Radnoti, G., De Rosnay,
P., Rozum, I., Vamborg, F., Villaume, S., and Thépaut, J.: The
ERA5 global reanalysis, Q. J. Roy. Meteor. Soc., 146, 1999–
2049, https://doi.org/10.1002/qj.3803, 2020.

IPCC: Sections, in: Climate Change 2023: Synthesis Re-
port. Contribution of Working Groups I, II and III to the
Sixth Assessment Report of the Intergovernmental Panel
on Climate Change, edited by: Core Writing Team, Lee,
H. and Romero, J., IPCC, Geneva, Switzerland, 35–115,
https://doi.org/10.59327/IPCC/AR6-9789291691647, 2023.

Kataoka, T., Tatebe, H., Koyama, H., Mochizuki, T., Ogochi,
K., Naoe, H., Imada, Y., Shiogama, H., Kimoto, M., and
Watanabe, M.: Seasonal to Decadal Predictions With MIROC6:
Description and Basic Evaluation, J. Adv. Model Earth Sy.,
12, e2019MS002035, https://doi.org/10.1029/2019MS002035,
2020.

Keenlyside, N. S., Latif, M., Jungclaus, J., Kornblueh, L.,
and Roeckner, E.: Advancing decadal-scale climate pre-
diction in the North Atlantic sector, Nature, 453, 84–88,
https://doi.org/10.1038/nature06921, 2008.

Lehner, F., Deser, C., Maher, N., Marotzke, J., Fischer, E. M., Brun-
ner, L., Knutti, R., and Hawkins, E.: Partitioning climate pro-
jection uncertainty with multiple large ensembles and CMIP5/6,
Earth Syst. Dynam., 11, 491–508, https://doi.org/10.5194/esd-
11-491-2020, 2020.

Liu, Y., Donat, Markus. G., England, Matthew. H., Alexander, Lisa.
V., Hirsch, A. L., and Delgado-Torres, C.: Enhanced multi-year
predictability after El Niño and La Niña events, Nat. Commun.,
14, 6387, https://doi.org/10.1038/s41467-023-42113-9, 2023.

Mahmood, R., Donat, M. G., Ortega, P., Doblas-Reyes, F.
J., and Ruprich-Robert, Y.: Constraining Decadal Vari-
ability Yields Skillful Projections of Near-Term Climate
Change, Geophysical Research Letters, 48, e2021GL094915,
https://doi.org/10.1029/2021GL094915, 2021.

Mahmood, R., Donat, M. G., Ortega, P., Doblas-Reyes, F. J.,
Delgado-Torres, C., Samsó, M., and Bretonnière, P.-A.: Con-
straining low-frequency variability in climate projections to pre-
dict climate on decadal to multi-decadal timescales – a poor
man’s initialized prediction system, Earth Syst. Dynam., 13,
1437–1450, https://doi.org/10.5194/esd-13-1437-2022, 2022.

Meccia, V. L., Fuentes-Franco, R., Davini, P., Bellomo, K., Fabi-
ano, F., Yang, S., and Von Hardenberg, J.: Internal multi-
centennial variability of the Atlantic Meridional Overturning Cir-
culation simulated by EC-Earth3, Clim. Dynam., 60, 3695–3712,
https://doi.org/10.1007/s00382-022-06534-4, 2023.

Meehl, G. A. and Teng, H.: Case studies for initialized
decadal hindcasts and predictions for the Pacific re-
gion, Geophysical Research Letters, 39, 2012GL053423,
https://doi.org/10.1029/2012GL053423, 2012.

Meehl, G. A., Goddard, L., Boer, G., Burgman, R., Branstator,
G., Cassou, C., Corti, S., Danabasoglu, G., Doblas-Reyes, F.,
Hawkins, E., Karspeck, A., Kimoto, M., Kumar, A., Matei,
D., Mignot, J., Msadek, R., Navarra, A., Pohlmann, H., Rie-
necker, M., Rosati, T., Schneider, E., Smith, D., Sutton, R.,
Teng, H., Van Oldenborgh, G. J., Vecchi, G., and Yeager, S.:
Decadal Climate Prediction: An Update from the Trenches, Bul-
letin of the American Meteorological Society, 95, 243–267,
https://doi.org/10.1175/BAMS-D-12-00241.1, 2014.

Morice, C. P., Kennedy, J. J., Rayner, N. A., and Jones, P.
D.: Quantifying uncertainties in global and regional tempera-
ture change using an ensemble of observational estimates: The
HadCRUT4 data set, J. Geophys. Res., 117, 2011JD017187,
https://doi.org/10.1029/2011JD017187, 2012.

Naumann, G., Cammalleri, C., Mentaschi, L., and Feyen,
L.: Increased economic drought impacts in Europe with
anthropogenic warming, Nat. Clim. Chang., 11, 485–491,
https://doi.org/10.1038/s41558-021-01044-3, 2021.

O’Neill, B. C., Kriegler, E., Riahi, K., Ebi, K. L., Hallegatte, S.,
Carter, T. R., Mathur, R., and Van Vuuren, D. P.: A new sce-
nario framework for climate change research: the concept of
shared socioeconomic pathways, Climatic Change, 122, 387–
400, https://doi.org/10.1007/s10584-013-0905-2, 2014.

Orihuela-Pinto, B., England, M. H., and Taschetto, A. S.: In-
terbasin and interhemispheric impacts of a collapsed Atlantic
Overturning Circulation, Nat. Clim. Chang., 12, 558–565,
https://doi.org/10.1038/s41558-022-01380-y, 2022.

Polkova, I., Swingedouw, D., Hermanson, L., Köhl, A., Stam-
mer, D., Smith, D., Kröger, J., Bethke, I., Yang, X., Zhang,
L., Nicolì, D., Athanasiadis, P. J., Karami, M. P., Pankatz,
K., Pohlmann, H., Wu, B., Bilbao, R., Ortega, P., Yang, S.,
Sospedra-Alfonso, R., Merryfield, W., Kataoka, T., Tatebe, H.,
Imada, Y., Ishii, M., and Matear, R. J.: Initialization shock in
the ocean circulation reduces skill in decadal predictions of
the North Atlantic subpolar gyre, Front. Clim., 5, 1273770,
https://doi.org/10.3389/fclim.2023.1273770, 2023.

Rayner, N. A., Parker, D. E., Horton, E. B., Folland, C. K., Alexan-
der, L. V., Rowell, D. P., Kent, E. C., and Kaplan, A.: Global anal-
yses of sea surface temperature, sea ice, and night marine air tem-

https://doi.org/10.5194/esd-16-1923-2025 Earth Syst. Dynam., 16, 1923–1934, 2025

https://doi.org/10.1007/s00382-012-1481-2
https://doi.org/10.1002/2013JC009067
https://doi.org/10.1175/2009BAMS2607.1
https://doi.org/10.1175/BAMS-D-20-0311.1
https://doi.org/10.1002/qj.3803
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.1029/2019MS002035
https://doi.org/10.1038/nature06921
https://doi.org/10.5194/esd-11-491-2020
https://doi.org/10.5194/esd-11-491-2020
https://doi.org/10.1038/s41467-023-42113-9
https://doi.org/10.1029/2021GL094915
https://doi.org/10.5194/esd-13-1437-2022
https://doi.org/10.1007/s00382-022-06534-4
https://doi.org/10.1029/2012GL053423
https://doi.org/10.1175/BAMS-D-12-00241.1
https://doi.org/10.1029/2011JD017187
https://doi.org/10.1038/s41558-021-01044-3
https://doi.org/10.1007/s10584-013-0905-2
https://doi.org/10.1038/s41558-022-01380-y
https://doi.org/10.3389/fclim.2023.1273770


1934 R. Mahmood et al.: Multi-decadal initialized climate predictions

perature since the late nineteenth century, J. Geophys. Res., 108,
2002JD002670, https://doi.org/10.1029/2002JD002670, 2003.

Smith, D. M., Cusack, S., Colman, A. W., Folland, C. K., Harris, G.
R., and Murphy, J. M.: Improved Surface Temperature Prediction
for the Coming Decade from a Global Climate Model, Science,
317, 796–799, https://doi.org/10.1126/science.1139540, 2007.

Smith, D. M., Eade, R., Scaife, A. A., Caron, L.-P., Danabasoglu,
G., DelSole, T. M., Delworth, T., Doblas-Reyes, F. J., Dunstone,
N. J., Hermanson, L., Kharin, V., Kimoto, M., Merryfield, W.
J., Mochizuki, T., Müller, W. A., Pohlmann, H., Yeager, S., and
Yang, X.: Robust skill of decadal climate predictions, npj Clim.
Atmos. Sci., 2, 13, https://doi.org/10.1038/s41612-019-0071-y,
2019.

Smith, D. M., Scaife, A. A., Eade, R., Athanasiadis, P., Bellucci, A.,
Bethke, I., Bilbao, R., Borchert, L. F., Caron, L.-P., Counillon, F.,
Danabasoglu, G., Delworth, T., Doblas-Reyes, F. J., Dunstone,
N. J., Estella-Perez, V., Flavoni, S., Hermanson, L., Keenly-
side, N., Kharin, V., Kimoto, M., Merryfield, W. J., Mignot,
J., Mochizuki, T., Modali, K., Monerie, P.-A., Müller, W. A.,
Nicolí, D., Ortega, P., Pankatz, K., Pohlmann, H., Robson, J.,
Ruggieri, P., Sospedra-Alfonso, R., Swingedouw, D., Wang, Y.,
Wild, S., Yeager, S., Yang, X., and Zhang, L.: North Atlantic cli-
mate far more predictable than models imply, Nature, 583, 796–
800, https://doi.org/10.1038/s41586-020-2525-0, 2020.

Soci, C., Hersbach, H., Simmons, A., Poli, P., Bell, B., Berris-
ford, P., Horányi, A., Muñoz-Sabater, J., Nicolas, J., Radu,
R., Schepers, D., Villaume, S., Haimberger, L., Woollen, J.,
Buontempo, C., and Thépaut, J.: The ERA5 global reanaly-
sis from 1940 to 2022, Q. J. Roy. Meteorol. Soc., qj4803,
https://doi.org/10.1002/qj.4803, 2024.

Wilks, D. S.: “The Stippling Shows Statistically Significant
Grid Points”: How Research Results are Routinely Over-
stated and Overinterpreted, and What to Do about It, Bul-
letin of the American Meteorological Society, 97, 2263–2273,
https://doi.org/10.1175/BAMS-D-15-00267.1, 2016.

Yashayaev, I. and Loder, J. W.: Recurrent replenishment of
Labrador Sea Water and associated decadal-scale variability:
2015 Convection in Labrador Sea, J. Geophys. Res.-Oceans, 121,
8095–8114, https://doi.org/10.1002/2016JC012046, 2016.

Yeager, S. G., Danabasoglu, G., Rosenbloom, N. A., Strand, W.,
Bates, S. C., Meehl, G. A., Karspeck, A. R., Lindsay, K.,
Long, M. C., Teng, H., and Lovenduski, N. S.: Predicting Near-
Term Changes in the Earth System: A Large Ensemble of Ini-
tialized Decadal Prediction Simulations Using the Community
Earth System Model, Bulletin of the American Meteorologi-
cal Society, 99, 1867–1886, https://doi.org/10.1175/BAMS-D-
17-0098.1, 2018.

Zhang, R., Sutton, R., Danabasoglu, G., Kwon, Y., Marsh, R.,
Yeager, S. G., Amrhein, D. E., and Little, C. M.: A Re-
view of the Role of the Atlantic Meridional Overturning
Circulation in Atlantic Multidecadal Variability and Associ-
ated Climate Impacts, Reviews of Geophysics, 57, 316–375,
https://doi.org/10.1029/2019RG000644, 2019.

Zuo, H., Balmaseda, M. A., Tietsche, S., Mogensen, K., and Mayer,
M.: The ECMWF operational ensemble reanalysis–analysis sys-
tem for ocean and sea ice: a description of the system and as-
sessment, Ocean Sci., 15, 779–808, https://doi.org/10.5194/os-
15-779-2019, 2019.

Earth Syst. Dynam., 16, 1923–1934, 2025 https://doi.org/10.5194/esd-16-1923-2025

https://doi.org/10.1029/2002JD002670
https://doi.org/10.1126/science.1139540
https://doi.org/10.1038/s41612-019-0071-y
https://doi.org/10.1038/s41586-020-2525-0
https://doi.org/10.1002/qj.4803
https://doi.org/10.1175/BAMS-D-15-00267.1
https://doi.org/10.1002/2016JC012046
https://doi.org/10.1175/BAMS-D-17-0098.1
https://doi.org/10.1175/BAMS-D-17-0098.1
https://doi.org/10.1029/2019RG000644
https://doi.org/10.5194/os-15-779-2019
https://doi.org/10.5194/os-15-779-2019

	Abstract
	Introduction
	Data and Methods
	Results
	Evaluating the skill of the initialized predictions
	Time series analysis of the initialized predictions and the uninitialized projection simulations
	AMOC

	Summary and discussion
	Data availability
	Supplement
	Author contributions
	Competing interests
	Disclaimer
	Acknowledgements
	Financial support
	Review statement
	References

