SOS: a re-analysis of ERS wind stress observations
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Are-analysis of the 1992-2001 ERS scatterometer wind stress measurements
has been performed using the latest retrieval algorithms. Two different sur-
face layer schemes yield very similar results. Using triple collocations with
TAO/PIRATA buoys and ERA-40 analyses, the error was found to be less than
1m/s per direction at TAO/PIRATA buoy sites. The low coverage means that
data gaps are larger than decorrelation lengths and cannot filled in. The data
are freely available at the KNMI Climate Explorer web site.

1. Description

Wind stress forces most of the ocean circu-
lation, and plays a crucial role in coupled at-
mosphere ocean phenomena such as ENSO.
Only recently have wind stress measurements
achieved the high accuracy needed to study
these. We have re-analysed the ERS scatterom-
eter observations over 1992-2001 using the
best algorithms available to provide uniformly
high-quality wind stress measurements over
the entire period. This re-analysis uses the
fact that the scatterometer measures the wind
relative to the ocean surface, which moves with
the ocean currents, leading naturally to wind
stress.
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Figure A. The difference between Quickscat and observed surface
winds compared with observed ocean currents (Kelly et al, 2001)
2. Surface layer models

Triple collocation of scatterometer wind stress,
TAO/PIRATA buoy 4m wind measurements
and ERA-40 1om wind estimates were used to
calibrate the SOS wind stress and to estimate
the errors in each of these datasets. The col-
locations were mostly within 12.5km and 10
minutes of each other. Only the year 2000 was
used. Wind was converted to wind stress us-
ing the LKB and ECMWF surface layer models
and is shown as u2 = 7/p.
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Figure B. Two-dimensional histogram of LKB estimated u ver-
sus ECMWF SL estimated u* for two different input datasets:
TAO/PIRATA buoys and ERA-40 re-analysis

A 5% bias at high u, values is visible in Fig. B.
The main difference between the two models
is in the roughness length (2;) and the sta-
bility (L) parameterizations. LKB uses a con-
stant Charnock value, ECMWF uses a substan-
tially larger and sea-state dependent Charnock
value; LKB has larger instability than ECMWE.
These differences compensate up to medium
wind speed. At high winds though, the stabil-
ity term is much smaller than the roughness
term resulting in some small stress bias be-
tween the two surface layer models.

3. Wind stress calibration

The error on the scatterometer dataset can be
estimated in the tropical points where buoy
(TAO/PIRATA) and re-analysis (ERA-40) data
are available. This has been performed at all
points within 25km and 3ominutes in 2000.
The scatterometer wind stress is seen to be the
most accurate measurement.
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Figure C. Full standard deviation and estimated error of the scat-
terometer (ERS), buoy (TAO/PIRATA) and re-analysis (ERA-40)
wind stress

4. Coverage
Fraction of 6hr fields with data (1999)
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Figure D. Fraction of 6-hourly grids in 1999 with data

As can be seen from Fig. D, coverage of the ERS
scattermometers is not complete: on the syn-
optic time scale only about 10% of the oceans
have valid measurements, 20% in the South-
ern Ocean and less near coasts.
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Figure E. Decorrelation scales (in degrees and days) from a fit to
a 3D gaussian distribution to the cross-correlations of high-pass
filtered data. The off-diagonal elements are not shown.

The decorrelation scales shown in Fig. E are
smaller in space and time than the gaps be-
tween the data, so interpolation without ex-
tra information is impossible. We are con-
sidering merging other scatterometer and re-
analysis data.

Asaself-contained firststep the data have been
averaged to longer time scales without interpo-
lation or the usage of other data sources.

5. Comparisons

corr monthly KNM| ERS tx anomalies
with  TAO zonal windstress anomalies

-s ‘

150E 180 1500 1200 90w

corr monthly KNMI ERS tx
with  ERA40 ‘taux anomalies

corr monthly KNMI ERS tx
with ERS zonal wind stre:

60E 120€ 180 1200 60N [

Figure F. Correlation of SOS wind stress with the TAO observa-
tions, ERA-40 reanalysis and Ifremer/CERSAT ERS analysis

6. Conclusion

We present a re-analysis of ERS scatterome-
ter wind stress observations. These have been
validated against the ERA-40 re-analysis and
TAO/PIRATA buoy observations. Coverage is
on average 10% per 6 hours. The global 6-
hourly wind stress and wind fields are avail-
able on a 0.5° grid at the KNMI Climate Ex-
plorer in avariety of formats. Daily, pentad and
monthly averages of these and higher moments
are also available. The fields can be compared
with other wind (stress) estimates inside the
Climate Explorer web site.
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