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A Question

What will the climate of 
Europe be like in 2020?



There are significant variations in climate on 
decadal timescales…

Thanks to: Martin Visbeck & Heidi Cullen
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These variations matter…



Impacts of Anomalous Weather in 1995 on 
the UK Economy

Source: Subak et al, 2000

+ 54% from 1994Fires
+ £27 (food poisoning)Health
- £50-125 (insured losses)Burst pipes
+ £150-200 (insured losses)Subsidence

Building insurance:

- £383Clothing and Footwear

+ £24Fruit and veg

- £87Retail (total sales)

Estimated costs (£m)Sector/activity



Key Science Questions

q Why does the climate vary on 
decadal timescales?

q To what extent is climate 
predictable on these 
timescales?



q Changing external forcings, e.g.:
Ø Rising levels of greenhouse gases
Ø Variations in solar output

q Internal variability of the climate system
Ø In the atmosphere alone
Ø In the atmosphere-ocean system
Ø In other components of the climate system,

e.g. the biosphere.

The Causes of Decadal Climate 
Variations



The Importance of Decadal Climate 
Prediction

q Forecasting of climate change has focused 
on time horizons of 50-100 years.

q The longest time horizons considered in strategic
planning are generally much shorter: 1-30 years.
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Northern European temperatures

observations forecasts

Uncertainty on decadal timescales in 
current climate forecasts



q To assess the predictability of decadal 
fluctuations in Atlantic-European climate

q To improve understanding and modelling of 
the causes of decadal climate fluctuations 

q To improve the European capability for 
forecasting decadal climate fluctuations by 
developing forecasting systems 

q To work with targeted user groups to assess 
the potential benefits from future decadal 
forecasts

PREDICATE Objectives



Work Packages

WP1: Mechanisms and predictability of 
decadal fluctuations in the atmosphere

WP2: Mechanisms of decadal fluctuations in 
the Atlantic ocean

WP3: Decadal climate predictability and 
prediction

WP4: Interaction with user community



WP1
Mechanisms and predictability 

of decadal fluctuations in the 
atmosphere



Methodology

q Ensemble simulations with 4 atmospheric GCMs 
forced with historical variations in global sea 
surface temperatures

q Ensembles enable separation of oceanic 
influence from internal variability

q Additional experiments with idealised Atlantic 
SST anomalies
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• PP higher on decadal timescales than interannual
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Space-time structure of ocean 
forced variability 

The leading mode of ocean forced
variability in wintertime MSLP 
derived from an ensemble of 6 
simulations with HadAM3 model 
forced by HadISST 1871-1999
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HadAM3 ECHAM4 ARPEGE ECHAM5



Leading mode of 
SST-forced low 
frequency variability 

Timescales and SST 
pattern suggest THC 
is likely driver

SON DJF



Multidecadal modulation of the NAO by 
Atlantic SST

Linear 
regression on 
index of low 
pass filtered 
North Atlantic 
wintertime SST

Sutton and Hodson 
(2003)

SST

Observed MSLP

Ensemble Mean MSLP



Key Findings

q Evidence that multidecadal variations in 
Atlantic sea surface temperatures are a cause of 
variations in Atlantic-European climate

q SST variations may be a manifestation of 
variability in the oceanic THC

q Atmospheric response to Atlantic SST projects 
on the NAO pattern

q Mechanism involves impact of tropical Atlantic 
SST anomalies on local precipitation, and a 
subsequent Rossby wave response 
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• Isolate role of Atlantic SST

• Seasonally varying SST forcing derived from 
observations

• 20 year experiments

• 6 different models



Key Findings
q Significant response in all seasons
q High level of consistency between the models
q Magnitude of response sufficient to have a    

significant impact on decadal timescales
q Influence of tropical SSTs dominates, but 

extratropical SSTs play a role



WP2
Mechanisms of Decadal 

Fluctuations in the Atlantic 
Ocean



Methodology

q Simulations of the Atlantic Ocean evolution with 5 
ocean GCMs forced with daily NCEP reanalyses 
(1948-2000)

q Additional experiments to investigate sensitivity 
to initial conditions and sensitivity to resolution

q Key Issue: 
How has the Atlantic 
Thermohaline Circulation 
varied in the recent past?
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Simulated AMOC (Sv) at 30 °N
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Source: Helmuth Haak, MPI 

OGCM Simulations of Atlantic MOC

MOC at 30N in 
9 simulations 
forced with 
daily 
NCEP/NCAR 
reanalysis



Source: Helmuth Haak, MPI 

Common variability within ensemble

EOF1 of Gulf Stream position 
(Frankignoul et al, 2001)



Source: Helmuth Haak, MPI 

Sensitivity to initial conditions

Departures 
from ensemble 
mean



OGCM Simulations of Atlantic MOC

Ø Interannual-decadal variability in Atlantic 
MOC largely determined by surface forcing 
(=> expect low predictability)

Ø Multidecadal variability sensitive to 
oceanic initial conditions (=> potentially 
predictable?)

Ø Analysis suggests that in the MPI model
conditions in Arctic Ocean and GIN seas 
provide long term memory

Conclusions :



Importance of 
NAO in forcing 

Gulf Stream 
Variability

Source: LODYC 



Impact of higher resolution

Mean mixed layer 
velocity at 80km 
resolution

… and at 40km 
resolution



Skill of high resolution simulations

Observed and 
simulated 
temperature 
anomalies of 
Atlantic water 
flowing into the 
Nordic Seas 
through Faroe-
Shetland Channel

(res 20km) 

Source: NERSC 



WP3

Decadal Climate Variability 
and Prediction



Methodology

q Multicentury control simulations with four 
coupled GCMs

q Analysis of mechanisms of decadal variability 
(especially role of THC)

q Decadal predictability experiments



Climate Impacts of THC variability

HadCM3 Correlation of Decadal THC with Surface Air Temperature

Source: Mat Collins, CGAM



Decadal Predictability Experiments

q Assume perfect model, and perfect knowledge 
of oceanic initial conditions

q Individual experiments involve:
– a) specified ocean initial conditions 
– b) an ensemble of atmospheric initial conditions

(samples uncertainty associated with atmospheric 
internal variability)

q Results (probably ) provide an upper bound on 
realistic levels of predictability



Predictability of the THC

Control 
simulations

Perturbed 
runs

Source: Mat Collins, CGAM



Sensitivity of climate change predictions to 
oceanic initial conditions

Source: Mojib Latif, MPI Scenarios forced with 1% CO2 p.a.



Decadal Predictability of Climate

Decadal mean 
ensemble mean 
SAT anomalies 
(MPI model)

Probabilistic forecasts of 
decadal mean SAT for 
Europe (HadCM3)

51%<1%14%50%33%

#3#2, d2#2, d1#1clim

Probability of warm tercile:

Source: Mat Collins, CGAM



What will the climate of 
Europe be like in 2020?

q PREDICATE results suggest answer 
may be quite sensitive to present state 
of the Atlantic THC

q More research needed to:
– Better observe THC (critical obs? RAPID?)
– Better understand how current state of 

THC constrains its future evolution
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