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Decadal prediction skill: what to expect?

IPCC AR5 Chapter 11

 Significant internally generated multi-year
predictability over the Northern-hemisphere
mid-to-high latitudes. Not so much in the
Southern Hemisphere.

 However, substantial forced predictive
potential over the Arctic!
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Decadal prediction skill: where are we?
Multi-year predictive skill in CMIP5 MME

 Robust multi-year predictive skill for the global mean surface
temperature and over the North Atlantic region

 Global warming hiatus captured by the initialized hindcasts

 Very limited multi-year predictability over the North Pacific region

Doblas-Reyes et al. 2012 (Nat. Com.)

Increase in Model Resolution
ECHAM6 T63 LRMR

Coupled model used for MPI prediction systems
ECHAM6/MPI-OM
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Jungclaus et al.; Giorgetta et al.; Stevens et al. (2013, JAMES)
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 MPI-ESM-LR/MPI-ESM-MR

 Initial conditions: assimilate 3-D ocean T&S anomalies

 CMIP5 system: from MPI-OM ocean experiments forced with NCEP-

NCAR atmospheric reanalysis.

 MiKlip system: from ECWMF ORA-S4 (NEMOVAR) ocean reanalysis.                  

In addition: 3-D temperature, vorticity, divergence and surface pressure from 

ERA40 (1960-1989)/ERAinterim (1990-2010).

 Initialised coupled model (yearly Jan 1961-Jan 2012) and let model

run free for 10yr (retrospective predictions, 3 members)

 Ensemble generation by lagged-initialisation (atm & oc perturbation)

1961

I x x x x x x x x
I x x x x x x x x

I x x x x x x x x
I x x x x x x x x

1963
1962

yr2yr1 yr3 … etc

Design of the MPI decadal prediction systems

Forecast skill improvement SST/SAT yr2-5:
impact of model resolution

RMSE_skill= 1-(RMSEHIND/RMSE20C)

MPI-ESM-LR MPI-ESM-MR
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Annual AMOC variations in observations and 
assimilation experiments
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CMIP5 hindcasts MPI-ESM-LR
Forecast skill improvement SST/SAT yr6-10
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Obs.: SST (HadISST), SAT (GHCN-CAMS )
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Near term predictive skill can arise:
 from the warming trend associated with 

increases in anthropogenic greenhouse 
gases;

 from internally generated multiyear-to-
decadal variability;

Observations: HadISST
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Skill reemergence in the second pentad

 North Atlantic Subpolar Gyre region stands out as the region with the
highest predictive skill beyond the warming trend

 Decadal hindcast skill for the North Atlantic SST and European SAT
arises from upper ocean heat content persistence during the first
pentad and the initialization of AMOC during the years 6-10.

Robust North Atlantic multi-year predictive 
skill in individual models (pre-CMIP5& CMIP5)

NCEP COR skill SST yr2-5 D

Matei et al. 2012 (J. Climate)

Pre-CMIP5 system

Most predictable model pattern
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 Decadal hindcast skill for the North Atlantic SST and European SAT
arises from upper ocean heat content persistence during the first
pentad and the initialization of AMOC during the years 6-10.

Matei et al. 2012 (J. Climate)

Possible cause for long-term skill:             
correlation between AMOC and SPG SST/OHC?

NCEP GECCO

Pohlmann et al. 2013 (Clim. Dyn.)   

 10 recent model analyses provide a consistent signal of
AMOC@45ºN: an increase AMOC from the 1960s to the mid
1990s, decrease thereafter.

 Multi-model ensemble predictions are skilful up to about 5
years.

Potential predictability of mid-latitude AMOC
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Predictions of the AMOC at 26.5N

The updated observational estimate 
(McCarthy et al., GRL 2012) confirms 
our prediction that the wind-induced 
weakening of AMOC in early 2010 is a 
short-lived phenomenon.

Initialisation on 1 Jan 
2010 predicts:

– March 2010 AMOC minimum 
is caused by extreme 
negative NAO  

– AMOC minimum is short-lived

Forecasts initialised 

2008, 2009, 2010, 2011
Obs.

Matei et al. 2012 (Science) 

Predictability of subpolar gyre strength 

Lohmann and Matei 2015

 Oceanic dynamical quantities (AMOC, SPG strength, LSW and
overflow transports) exhibit multi-year mean (potential) predictability
in the range of 3-to-5 years.
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HT potential predictability
CMIP5 MPI-ESM-LR HT MiKlip MPI-ESM-LR HT MiKlip MPI-ESM-MR HT

HT_GYRE HT_MOC HT_MOC

HT=HT_MOC+HT_GYRE

Matei et al. (in preparation)    

Robson et al. 2012, see also Yeager et al. 2012 for a similar study

Are abrupt strong climate shifts predictable? 
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Lohmann and Matei 2015

Predictability of subpolar gyre strength: mid 1990s weakening

Subpolar gyre index: assimilation run, individual hindcasts, mean of hindcasts 

Decadal predictability of winter SST in the 
Nordic Seas and Barents Sea in a subset of 

CMIP5 decadal predictions ensemble

Langehaug, Matei, Eldevik, Lohmann, Gao ( 2015)
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Langehaug, Matei, Eldevik, Lohmann, Gao ( 2015)

Any predictive skill for of winter Nordic Seas 
SST in the MPI-ESM-LR hindcasts ? 

Any predictive skill for of winter SST in the 
Nordic Seas and Barents Sea? 

Langehaug, Matei, Eldevik, Lohmann, Gao (2015)
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Skillful North Atlantic predictability 
extends beyond decadal time scale

 Robust decadal predictive skill and statistically significant added-value from the
ocean initialization over the North Atlantic Subpolar Gyre, eastern subtropical
North Atlantic and Western Mediterranean basin.

 The skilful extended range predictability is achieved not only for surface
quantities such as sea surface temperature and sea level height, but also for
subsurface integrated quantities.

 The dominant mechanism that extends the predictive skill of North Atlantic and
Nordic Seas SST in the second pentad, beyond the skill of persistence, is of
dynamical origin and can be attributed to the initialization of the AMOC.

 Oceanic dynamical quantities (AMOC, SPG strength, LSW and overflow
transports) exhibit multi-year predictability in the range of 3-to-5 years. Abrupt
shifts (e.g. strong mid1990s SPG weakening and warming) are well predicted.

 Robust cooling tendency of the North Atlantic Subpolar Gyre over the next five
years driven by a decrease in the heat transport convergence. However, no
multi-decadal phase change transition is foreseen by our ensemble predictions
for the next two decades.

 Past and future North Atlantic climate variations shaped by an interplay
between AMOC and Gyre circulation changes.

THANK YOU!


