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We present initial results on ocean heat content (OHC) from the CLIVAR Global
Synthesis and Observations Panel (GSOP) and Global Ocean Data Assimilation
Experiment (GODAE) intercomparison project. Data from a total of twenty ocean state
estimate products from twelve production centres have been submitted for the
comparison, although only about half of these have been processed so far.
Time series of global OHC show best agreement for the upper few hundred metres, with
substantial divergence among products for the deeper layers. The largest divergence occurs
during the 1990s and appears to result from model “spin-up” with some products showing
unphysical rates of ocean heat uptake.
The recently reported increased rate of deep ocean heat uptake between 2000-2010 for the
ORAS4 product is qualitatively supported by our ensemble. There are some similar patterns of
deep ocean heat uptake for the Atlantic ocean, but patterns seem less consistent elsewhere. It
is possible that for some regions ocean model spin-up is problematic, as suggested by the
global OHC time series. It is not clear which products might be suitable for monitoring of global
OHC and many products are not designed for this purpose.
Differences in the time mean OHC for the 0-1500m layer are largest in the North Atlantic and
Southern Oceans. The seasonal cycle in OHC for this layer is greatest in the western
boundary current regions, which are also places in which the spread among products tends to
be largest. Further work will consider a number of different levels to better document which
areas can be robustly constrained by the ensemble.

Figure 1: Time
series of global
ocean heat content
anomaly, relative to
a baseline period of
1993-2007. Note that
SODA only includes
grid boxes that span
the full column and
therefore will tend to
underestimate the
changes the depth
of integration
increases.
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Figure 3: a) the ensemble mean time-averaged ocean heat content for 0-1500m; b) the ensemble standard deviation of a); c) the ensemble
mean amplitude of the seasonal cycle in ocean heat content for 0-1500m; d) the ensemble standard deviation of c). Units are Kelvin
metres. All values computed for the period 1993-2009 based on ARMOR3D, CFSR, GLORYS2V1, ECCOJPL, GODAS, MOVEC, MOVEG2,
ORAS4 and SODA.

Time mean ocean heat storage in the 0-1500m layer (Figure3a+b) shows the largest differences in coastal
regions. This could be genuine differences in the model bathymetry but might also arise simply from the way in
which different products are interpolated onto the regular 1x1 degree grid used for the comparison. Away from the
boundaries, the largest differences occur in the North Atlantic and Southern Oceans. While the Southern Ocean
is notoriously poorly observed, the North Atlantic has good historical coverage and differences here may arise
due to different XBT corrections applied to the input data [e.g. Abraham et al., 2013] .
The seasonal cycle in ocean heat storage (Figure 3c+d) shows the largest amplitude in the western boundary
current regions and also large values in the tropical Pacific and Indian Oceans. As one might expect, the
ensemble spread is greatest in areas associated with western boundary currents, which may be sensitive to the
representation of these features in the models. In general, the “signal-to-noise” looks poorer at the high latitudes.
Future analysis will break the water column into a number of different layers, which may provide greater insight
into differences among the products.

Spatial patterns of OHC change for 2000-2009 show that products are fairly consistent for the 0-300m layer
with model-based products showing stronger signals than ARMOR3D. At the deeper levels there are large
differences among products, with some signals in the Atlantic ocean perhaps showing the greatest robustness, at
least qualitatively.

Time series of global ocean heat content (Figure 1) show best agreement for the upper
levels and the products start to diverge as the integration is carried out to deeper levels.
The largest rates of 0-4000m OHC rise during the 1990s exceed 3 Wm-2 (expressed
relative to Earth’s surface area) and cannot be considered physical. Trends over the period
2000-2009 result for 0-4000m OHC change give values between about 0.1 and 0.8 Wm-2.
Note that the statistical products EN3 and ARMOR3D are both near the upper end of this
range.
Heat uptake in the deep ocean (> 300m) appears to increase markedly in the early 2000s
for most products (Figure 2), qualitatively supporting the results of Balmaseda et al. [2013].
Note that it is the trend or change signal for each layer that is important, rather than the
curves position on the y-axis, which is somewhat sensitive to the choice of baseline period.
EN3 and ARMOR3D both a similar signal of deep ocean heat uptake to ORAS4, illustrating
that this signal is inherent to the observations and can be captured without a dynamic
model. The very large signals of deep ocean heat uptake seen in the MOVE products
appear to be confined below 700m. The spatial patterns of ocean heat uptake for the period
2000-2009 are show in Figure 4.

Figure 4: Spatial patterns of ocean heat content change for the period 2000-2009 expressed in Kelvin metres per year. Note that the
ARMOR3D statistical product covers only the 0-1500m layer, using the World Ocean Atlas 2009 values for deeper levels.

Closing remark..
One of the major hurdles has been dealing with a wide variety of NetCDF formats. It would be of great benefit to
future intercomparisons for a standard format to be agreed such as the Climate and Forecast (CF) Metadata
Convention [http://cf-pcmdi.llnl.gov/] adopted by CMIP5.
Figure 2: Time series of global ocean heat content anomaly for a number of depth intervals, relative to a
baseline period of 1993-2000.
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