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Introduction Existing estimates of sea-surface
temperature uncertainties assume that uncertainties
are uncorrelated. This is mathematically convenient
but untrue. A new error model is being developed. It
considers measurement errors as a combination of a
constant offset — the bias of the measurement — which
varies from ship to ship plus a random component that
varies from one measurement to the next. Using this
model, error estimates for in situ SST measurements
have been calculated from comparisons with ATSR
(Along-Track Scanning Radiometer) data. Distributions
of biases and measurement errors are built up and
used to estimate uncertainties on grid-box and area
averages. The correlated part of the uncertainty (the
bias) can lead to uncertainties that are more than twice
as large as was previously assumed. The largest
differences are seen in sparsely sampled regions.

Estimating bias and measurement errors Ship observations were matched to .
co-incident AATSR observations (same day and 1x1 grid box) over 2005. The Figure 4(a) Figure 4(b)
mean difference (as shown in Figure 3) is interpreted as the bias and the

variance of the difference as the sum of the measurement errors for the ship
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This process is repeated
for all ships and drifting

| | buoys with more than 25
=== |\lean Difference = Bias AATSR match-ups in
2005. The results are
shown in Figure 4.
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The distributions of ships and drifting buoys indicate that measurement errors (left) and biases (right) from ships are larger than

for drifting buoys. The distributions change very little from year to year. These distributions can be used to estimate grid box

uncertainties. Because the bias is a constant offset it introduces a correlated component to the error. This information can be

iIncorporated into a more sophisticated error model than that used in e.g. Rayner et al. 2006.

Error model: The uncertainty on a grid-box average SST,
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' v both grid boxes, n, is the number of observations made by
where o, Is the measurement error, o, is the bias error ship kin grid box /, N;is the total number of measurement
o,(1-r) is the sampling error, n;is the number of made in grid boxes i. An example covariance matrix is shown
observations taken by ship /and the subscript / runs over in Figure 5 to the right.

each ship that took measurements in that grid box. It is
instructive to consider the case where each of n,,, ships
takes the same number of observations for a total of n,,,,
observations.
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Figure 5 depicts 1 “latitude x19ongitude SST anomalies for
March 1996 (left) and error covariance matrix for the same
data at 5°x5° resolution (right). The white arrows show
roughly which latitudes correspond to which elements of the
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It is clear that the grid-box average error can only be from a small number of ships. This is particularly obvious
reduced when both the number of observations and the when looking at the bottom right hand corner of the matrix
number of ships increases. The error covariance C; which corresponds to data in the Southern Ocean and South
between two grid boxes i and jis given by Atlantic. Error covariance March 1996
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Global and regional averages Because the errors Figure 6 _ | 1
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the case where the errors are uncorrelated. The 7

Conclusion The assumption that the errors on sea
surface temperature measurements are uncorrelated is
likely to be unjustified and will therefore lead to
underestimates of grid-box average uncertainty.
Regional average SST uncertainties will also be larger
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New techniques will need to be developed to adapt
current interpolation schemes to account for these

ot correlations. When the correlations are not taken into
account, these schemes will tend to underestimate the
uncertainties.
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The correlation of errors tends to increase the
uncertainty grid box and area averages. An
example for March SSTs for some select regions
Is shown in Figure 6.
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However, certain operations on the data, for
example taking the difference of two grid boxes,
may have a lower uncertainty than the equivalent
operation in the case where the uncertainties are
uncorrelated.

The observational uncertainties on area-average March SSTs (every 10 years from 1956-2006)
that arise from measurement and bias errors are shown for the case where the uncertainties are
assumed to be correlated (green) and uncorrelated (blue). The uncertainties in the correlated and
uncorrelated cases can differ by a factor of two or more. The drop in correlated errors in the most
recent data is due to the large number of drifting buoys deployed in the southern hemisphere.
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