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There are no predictions 
without observations!

Observations are needed for:
1. prediction initialization



� Atmosphere loses its “memory” after two weeks – any 
predictability beyond two weeks residing in initial values must 
arise from slow components of climate system – ocean, 
cryosphere, soil moisture…

Decadal prediction lies between initialised weather  
or ENSO forecasts, and forced future climate change  

projections

Meehl et al. 2009



Number of Temperature Observations per Month as a F unction of Depth 

Hurrell et al. 2009

A major challenge for climate analysis and prediction:

� uneven observational coverage in both space and time
� deep ocean and ice covered regions poorly observed

Climate observing system



Impact of observations on AMOC predictability

Dunstone & Smith 2010

Idealized predictability experiments suggest that:

� Monthly temperature and salinity 
observations taken globally in the top 2000m 
of the ocean are potentially capable of 
initialising the AMOC.

�The additional assimilation of atmospheric 
variables improves skill in the first year but 
has little impact beyond that (at least in 
HadCM3).

� Assimilation of sea surface temperature 
(SST) alone does not sufficiently constrain 
the ocean and can lead to spurious AMOC 
strengths.



Sub-surface ocean observations

19801960 2007

• Need historical tests to assess likely skill of 
forecasts

• Far fewer sub-surface ocean observations in 
the past

Courtesy of Doug Smith
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Pick start dates from control and subsample at 1990/2008

Dunstone et al. (2012, in preparation)

� Compare modern subsurface
observations (e.g. with the Argo 
array) to that available twenty 
years ago.



2008 obs 1990 obs persistence

Dunstone et al. (2012, in preparation)

The current observing system (2008), that includes the 
Argo array of profiling floats, gives better forecasts of 
the AMOC than previous (1990) observing networks. 

RMSE of AMOC potential predictions

The strength of the SPG 
barotropic streamfunction is 
found to be better predicted 
using 2008 type observations 
than 1990 at all lead times

KNMI OSSE experiments
(Wouters et al. 2012)

SPG strength             
potential predictability



There are no predictions 
without observations!

Observations are needed for:
2. prediction evaluation



Forecast skill of Subpolar Gyre SST
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Matei et al. (2012 a)

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

�Decadal hindcast skill for the North Atlantic SST an d European SAT 
arises from upper ocean heat content persistence du ring the first pentad 
and the initialization of AMOC during the years 6-1 0. 



Pohlmann et al. 2012 (in revision)   

� 10 recent model analyses provide a consistent signal of 
AMOC@45ºN: an increase AMOC from the 1960s to the 
1995, decrease thereafter. 

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

Potential predictability of mid -latitude AMOC



Observing the Atlantic Circulation
RAPID-WATCH/MOCHA:  A Purposefully Designed Array for Sustained 

Observations of the Atlantic Meridional Overturning Circulation and Heat Flux

http://www.noc.soton.ac.uk/rapidmoc/

Courtesy of Stuart Cunningham



… and the climatologically more relevant 
meridional heat transport

Courtesy of Stuart Cunningham



Observations and hindcasts 
of the AMOC at 26.5ºN

Climate model initialised from 
NCEP-forced ocean model

RAPID observations
Individual hindcasts
Ensemble -mean hindcasts
Individual 20C runs
Ensemble -mean 20C runs

Matei et al. 2012b
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Significant hindcast skill for AMOC at 26.5 °°°°N

Matei et al. 2012b

The initialized hindcasts outperform the CLIMREF in 16 out of 22 cases



Predictions of the AMOC at 26.5 °°°°N – validation

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. 2012b



data from Jochumsen et al. (2012) and B. Hansen

Nordic Seas Overflows



Potential Predictability of DEN and FBC 
overflows                                

� Multi-year potential predictability for both DEN and FBC 
overflow transports

Matei et al. 2012 (in preparation)



� The role played by observational uncertainties in both 
forecasts initialization and verification/calibration.

� What is the role played by sea-ice, soil-moisture, snow 
cover observations in the seasonal prediction of land 
surface quantities?

� New generation of models could make better use of 
observations (representation of stratosphere; eddy-
permitting horizontal resolution).

Issues/Questions:

THANK YOU!


