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Figure 2.11: Gl H -. n caa€nergy 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 (10%2))
During 1955-2003 (from Levitus, Antonov and Boyer, 2005, GRL)
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EN3: quality controlled subsurface ocean temperature and salinity data

Information about this dataset: a new version (EN4) is now available. There will be no further updates to EN3.

Brief description of the dataset
The EN3 dataset consists of two products:

v Observed subsurface ocean temperature and saliniy profiles with data qualty information, and,
v Objective analyses formed from the profile data,

Data are available from 1950 to the present and there are separate files for each month. The sources of the data used to produce the
most recent version of the EN3 dataset were WODOS, GTSPP, Aran and the ASBO project, Please see the data sources page for more
information (including details of the sources of the Arctic data collated by the ASBO project) and acknowledgements.

Obtaining the EN3 dataset

The current version of the EN3 dataset is EN3_v2a. This can be downloaded by following the link below:

Download the current version of El3

The data can be obtained without charge for private study or scientific research, but please do read the terms and conditions before
Use. Same previous versions of the dataset are also availzble from the download page.

More information

v Description of il formats

v History of the dataset: Informatian about the origins of the dataset and the differences between versions.

v Dats sourtes and acknowledaements

v Description of quality tests and data processing: The data quality control checks and praduction of the abjective analyes are
deseribed in Ingleby and Huddleston (2007). Although this documents EN2 (3 previous release of the dataset), the data
processing methodology remains braadly unchanged. The latest version of EN3 used a list of suspect Arga floats identfied using
altimetry data, which was downloaded from ftp://ftp.ifremenfr/fremer/argo/ete/arao-astd-tem13-AltimsterComparison/, The
method used to produce this it is described in Guineht et al. (2009).

+ Versions of the EN3_v2a profile data vith tme varying expendable bathythermograph (XBT) bias corrections are availzble from
the Download page.

v Files that enable the undoing of the cold water tapering of XBT carrections are providzd for the latest dataset from the Dawnload
EN3 V2 page.

Examples

The figures below show the most recent objective analysi fields minus a climatology far 1971-2000 (crezted from the EN2 objective
analyses) averaged aver the upper 725 m of ocean (corresponding to the top 24 levels of the anglyses).
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Data are available from the download pace without charge for the
purposes of private study and scientific research, but please read the
terms and conditons,

Commercial and media enquiries

You can access the Met Office Customer Centre, any tme of the day or maht by phane, fax
or e-mail. Trained staff wil help you find the information or products that are right for you.
Contact the Met Office Customer Centre

References
Wthen using the data setin a paper, the following is the correct citation to use (pdf fle):

Ingleby, B, and M. Huddleston, 2007: Quality control of ocean temperature and salinity
profiles - historical and real-time data. Journal of Marine Systems, 65, 158-175
10.1016/j.imarsys.2005.11.019

The time varying XBT corrections are described in:

Wirffels, 5., 3. Wills, C. M. Domingues, P. Barker, N, 1. White, A, Granel, K. Ridgway and 1.
A. Church, 2008, Changing expendable bathythermograph fall ates and their impact on
estimates of thermosteric sea level ise, Journal of Climate, 21, 21, 56573672,
DOI:10.1175/20081CL12290.1

The altimetry quality contral methodolagy is described in:

Guinehut, ., C. Coatanoan, A-L. Dhomps, P, Le Traon and G, Lernical, 2008, On the use
of satellite altimeter data in Argo quality control, Journal of Atmospheric and Oceanic
Technolagy, 26, 395-402, DOI: 10,1175/2008ITECHOS48.1.

Dataset produced in collaboration with:

MetOffce
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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
guantifies 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



Look at Uncertainties Due to:

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)



MAPPING METHODS

m Method description

DOM Domingues et al. (2008)
LEV Levitus et al. (2009)

ISH Ishii et al. (2006)

WIL Willis et al. ( 2004)

PMEL_M Lyman and Johnson (2008)
PMEL R Lyman and Johnson (2008)
EN Ingelby and Huddleson (2007)
GOU Gouretski et al. (2012)



XBT Bias Corrections

m Correction Type

Wijffels et al. (2008) depth

LO9 Levitus et al. (2009) temperature

109 Ishii and Kimoto (2009) depth

Gll Good (2011) depth

GO12 Gouretski (2012) depth + temperature

C13 Cowley et al. (2013) depth + temperature



Baseline Climatologies

m

Cl1H Alory et al (2007) Bottle, CTD, Argo
C2 H Alory et al. (2007) Same as C1_H plus XBT all
C3 M Locarnini et al. (2013) All extant 2005-2012
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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



