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Figure 2.11: | Global mean energy budget under present-day climate conditions. Numbers state magnitudes of 
the individual energy fluxes in W m–2, adjusted within their uncertainty ranges to close the energy budgets. 
Numbers in parentheses attached to the energy fluxes cover the range of values in line with observational 
constraints. (Adapted from Wild et al., 2013.) 
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Changes in Earth’s Heat Balance Components (1022 J) 
During 1955-2003 (from Levitus, Antonov and Boyer, 2005, GRL)

83% or 
0.5 W/m2



1934 : Nansen Cast

1960 : MBT

1985 : XBT

2009 :
Argo

Temperature Data During Peak of Different
Observing Systems

Red=Nansen Cast /CTD[1890s/1964]
Light Blue=MBT [1939]
Dark Blue=XBT [1967]
Green=Argo float [2001]
Orange=Tropical buoy [1984]
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Sparse data leads to many 
methods to calculation of 
Ocean Heat Content

From IPCC AR5

Josey, A. Kostianoy, C. Mauritzen, D. Roemmich, L.D. Talley and 
F. Wang, 2013: Observations: Ocean. In: Climate Change 2013: 
The Physical Science Basis. Contribution of Working Group I to 
the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, 
S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. 
Midgley (eds.)]. Cambridge University Press, Cambridge, United 
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The Experiment: Yearly OHCA values can give a good 
measure of the Earths Energy Imbalance, but there are many 
sources of uncertainty in OHCA calculations.  This study 
quantifies some of the uncertainties in OHCA estimation.  The 
same data and quality control(ENv3.2a, 
http://www.metoffice.gov.uk/hadobs/en3/ plus Argo data 
(Barker et al., 2008) were used throughout to eliminate 
data/quality control choice differences 

Barker, P. M., J. R. Dunn, C. M. Domingues, and S. E. 
Wijffels, 2011: Pressure Sensor Drifts in Argo and 
Their Impacts. J. Atmos. Oceanic Technol., 28, 1036–
1049.  
doi:http://dx.doi.org/10.1175/2011JTECHO831.1 



1) Mapping method – differences due to technique for projecting 
irregular data to full geographic coverage, smoothing, etc. 

2) XBT bias corrections – the main ocean observing system 1970-2001, 
systematic biases with different published methods for correcting.

3) baseline mean climatology – reference for anomalies; geographic, 
time period differences in chosen baselines

Chosen study years are 1970-2008 and 1993-2008 (1970 near start of 
widespread use of XBT, 2008 is two years into the near-full global 
coverage of Argo floats, 1993 is the start of the altimeter era)

Look at Uncertainties Due to:



MAPPING METHODS



XBT Bias Corrections



Baseline Climatologies
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Heat Content for year 2008 
Red=warm anomaly
Blue=cool anomaly

1981 Data Distribution 2008 red= to 300m, black= to 700 m



Fractional Coverage: Data distribution within mapping radii



Difference due to mapping method: W08 XBT correction, C1_H  Baseline Climatology



Standard Deviation for each Year due to mapping method (for different XBT corrections)



XBT Bias Correction Differences: DOM mapping method C1_H baseline



Standard deviation for each year due to XBT bias correction



Differences due to Baseline Climatology Used (normalized to year 2008):
ISH mapping method, W08 XBT correction



Standard Deviation for each year due to Baseline Climatology



Summary of Uncertainties:
For perspective – Average Ocean Heat Content Anomaly over the 1970-2008 period is ~80 ZJ
Average year to year increase in ocean heat content is ~4 ZJ



Conclusions: From an XBT Science Team Perspective

Larger uncertainty due to mapping method than due 
to XBT bias correction, with baseline climatology 
uncertainty smaller in most cases.

The XBT bias uncertainty can be lessened as a 
consensus in the XBT community coalesces around a 
single correction or at least a set of 
recommendations for best corrections, and an 
adoption in the Ocean Heat Content community


