
Climate change in the ocean

1.  Exploit historical data
    heat content changes
     implied overturning changes

Observed  Surface Temperature Highlighting 
the Gulf Stream (2002 to 2006)

Prof. Ric Williams, Research Centre for Marine Sciences and Climate Change

2. Carbon emissions
    long-term effect of ocean   
    chemistry



• upper 2.5 m of ocean holds as 
much heat as overlying 
atmosphere

Why care about the ocean?

• oceans have absorbed more than 
80% of the heat added to the 
climate system (IPCC, 2007)   
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Observations: Oceanic Climate Change and Sea Level Chapter 5
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Figure 5.1. Time series of global annual ocean heat content (1022 J) for the 0 to 700 m layer. The black curve is updated from Levitus et al. (2005a), with the shading repre-
senting the 90% confi dence interval. The red and green curves are updates of the analyses by Ishii et al. (2006) and Willis et al. (2004, over 0 to 750 m) respectively, with the er-
ror bars denoting the 90% confi dence interval. The black and red curves denote the deviation from the 1961 to 1990 average and the shorter green curve denotes the deviation 
from the average of the black curve for the period 1993 to 2003. Time series of upper ocean heat content 

(1022J) for the upper 700m. IPCC (2007)
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data from NODC World Ocean Atlas (2001) 
and WOCE programme

1950-1974 1975-2000

1. Historical data

analysed by Susan Lozier, Duke University

data



How has ocean warmed over last 50 years?  
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Figure 1

(a) Observations

Change in ocean heat content (1020J) 
between 1980-2000 and 1950-1970 

Lozier, Leadbetter, Williams et al. (2008) Science

data

Equivalent to 
surface heat flux 
+/- 4 Wm-2

 basin change 
only 0.4 W m-2



regions of strongest variability, and the movement of those
regions through the annual cycle is reflected in Figure 6.  

The NAO is the only teleconnection pattern evident
throughout the year in the NH [Barnston and Livezey, 1987].
During the winter season (December-February), it accounts
for more than one-third of the total variance in SLP over the
North Atlantic, and appears with a slight northwest-to-south-
east orientation. In the so-called positive phase (depicted),
higher-than-normal surface pressures south of 55ºN combine
with a broad region of anomalously low pressure throughout

the Arctic to enhance the climatological meridional pressure
gradient (Figure 1). The largest amplitude anomalies occur
in the vicinity of Iceland and across the Iberian Peninsula.
The positive phase of the NAO is associated with stronger-
than-average surface westerlies across the middle latitudes
of the Atlantic onto Europe, with anomalous southerly flow
over the eastern U.S. and anomalous northerly flow across
the Canadian Arctic and the Mediterranean (Figure 7).  

The NAO is well separated (and thus less likely to be
affected by statistical sampling errors) in all seasons from

HURRELL ET AL. 9

Figure 7. The difference in boreal winter (December-February) mean sea level pressure and 1000 hPa vector winds between
positive (hi) and negative (lo) index phases of the NAO. The composites are constructed from winter data (the NCEP/NCAR
reanalyses over 1958-2001) when the magnitude of the NAO index (defined as the principal component time series of the
leading empirical orthogonal function of Atlantic-sector sea level pressure, as in Figures 6 and 10) exceeds one standard
deviation. Nine winters are included in each composite. The contour increment for sea level pressure is 2 hPa, negative val-
ues are indicated by the dashed contours, and the zero contour has been excluded. The scaling vector is 3 m s-1. 
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Figure 3.31. Normalised indices (units of standard deviation) of the mean winter 
(December–March) NAO developed from sea level pressure data. In the top panel, 
the index is based on the difference of normalised sea level pressure between 
Lisbon, Portugal and Stykkisholmur/Reykjavik, Iceland from 1864 to 2005. The aver-
age winter sea level pressure data at each station were normalised by dividing each 
seasonal pressure anomaly by the long-term (1864 to 1983) standard deviation. In 
the middle panel, the index is the principal component time series of the leading EOF 
of Atlantic-sector sea level pressure. In the lower panel, the index is the principal 
component time series of the leading EOF of NH sea level pressure. The smooth 
black curves show decadal variations (see Appendix 3.A). The individual bar corre-
sponds to the January of the winter season (e.g.,%1990 is the winter of 1989/1990). 
Updated from Hurrell et al. (2003); see http://www.cgd.ucar.edu/cas/jhurrell/indices.
html for updated time series.
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Property changes

1980 to 2000
minus
1950 to 1970

clear gyre contrast in T/S

data
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average overturning from model+data overturning change from model+data

Overturning estimates using MIT model relaxed to historical data model
/data
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80 ensemble 
integrations 
using 
Baysian 
approach

Over last 50 
years, overturning 
changes:
    
subtropical 
weakening  
-1.6+/- 0.9 Sv
    
subpolar 
strengthening   
1 +/- 0.5 Sv 
Not a weakening over the entire basin

model



2. Carbon emissions 
and ocean chemistry

• 1/3 of the recent 
industrial 
emissions of 
carbon has gone 
into ocean

• Ocean holds ~ 50 as 
much carbon as in the 
atmosphere

Remotely-sensed picture of 
surface chlorophyll (NASA)

• Ocean takes up less carbon dioxide as 
it becomes more acidic

What is the problem?



What happens if we burn all our fossil fuels?
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radiative forcing varies linearly with C emissions
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partial pressure of CO2 varies 
exponentially with C emissions  
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Climate sensitivity to carbon: for the past IMPLICATIONS

PCO2 from paleo data (grey 
dots, mean black line)

The present day has a high climate sensitivity

Sensitivity of radiative forcing
to carbon emissions

data/
theory
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Legacy for future generations
if release all the carbon in conventional fossil fuels,            
~ 5 x present anthropogenic heating lasting for millennia

This joint research centre is engaged in providing climate briefings to 
local civic leaders (Bishop James, Archbishop Kelly, local politicians) 

Our institutional response, Liverpool is setting up an Energy Institute  
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1. Science
North Atlantic Ocean is taking up 
heat, but much larger decadal 
variability

Conclusions

2. Implications
Need to take long term and ethical 
perspective

Personal : Institutional : National :  
International

N. Atlantic overturning is not 
collapsing.

Carbon emissions exacerbated 
by ocean acidification.
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