
Background
In the event of marine disasters due either to natural
events such as severe storms, or human-induced
occurrences such as an oil spill, there is a need to have
accurate reconstructions and predictions of ocean cir-
culation and sea-state. A prime requirement for the
accurate prediction of ocean waves, currents and sea
level is the availability of reliable surface wind pre-
dictions.

The main aim of this present study is to document
the reliability of predictions of surface winds in the
Australian coastal region from existing operational 

forecast systems, for use in coastal ocean models
which can predict surface currents, storm surges,
wind waves, and other relevant oceanic variables. It
was motivated initially by concerns of the Australian
Marine Safety Authority, whose brief deals with all
aspects of safety issues in the coastal waters of
Australia. Analogous studies have been reported by
Busalacchi et al. (1993) and Rienecker et al. (1996)
which compare satellite-derived surface wind analy-
ses obtained inter alia from the special sensor
microwave imager (SSM/I) with operational wind
products, notably those delivered by the European
Centre for Medium-range Weather Forecasts
(ECMWF), for the tropical and north Pacific Ocean
respectively.

Aust. Met. Mag. 49 (2000) 23-35

23

Comparison of model and observed
surface winds in the Australian region

Yong Ming Tang
Special Services Unit, Bureau of Meteorology, Australia

and
Neville Smith and Diana Greenslade

Bureau of Meteorology Research Centre, Australia

(Manuscript received February 1999; revised July 1999)

The modelling and prediction of marine disasters, due either to
natural events (e.g. severe storms) or human-induced occur-
rences (e.g. oil spills), require an accurate prediction of ocean
currents and sea-state, which in turn requires surface wind pre-
dictions. The primary purpose of this study is to obtain reliable
estimates of surface winds in the Australian coastal region from
currently available operational forecast systems, in this case the
Bureau of Meteorology of Australia's Limited Area Prediction
System (LAPS). The study involves an intercomparison of the
operationally derived surface winds and observed surface
winds obtained both from automatic weather stations and ERS-
2 altimeter data. Although overall the correlations between the
operationally derived and the observed surface winds were sat-
isfactory, some potentially significant discrepancies were found.
These discrepancies varied quite markedly by region, and were
most noticeable for the open ocean sites. While the correlations
for time-scales greater than three days were reasonable, there
was less agreement for the one to three-day time-scales.
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A recent study, more closely related to the present
study reported here, is that by Wang et al. (1998).
They made a comparison of in situ measurements of
surface winds in the Gulf of Mexico with ERS-1 scat-
terometer winds, and with the output of the predic-
tions from the National Centers for Environmental
Prediction. However, with the exception of Stanton
(1998), we are not aware of any similar studies to ours
for coastal zones in the Australian region.  Stanton
(1998) compared predictions from the ECMWF with
in situ data off the west coast of New Zealand.

The first stage in this study was the creation of an
archive of surface winds derived from the Bureau of
Meteorology's Limited Area Prediction System
(LAPS) (Puri et al. 1998) over a period of one year. At
the same time a dataset of observational surface
winds was obtained from in situ automatic weather
stations (AWS) maintained by the Bureau of
Meteorology.

The second stage was a comparison of the opera-
tionally derived LAPS surface winds and the
observed AWS surface winds, in order to identify sys-
tematic and/or regional differences. In addition, a
comparison was made between both these datasets
and surface winds derived from ERS-2 altimeter data.

The third stage was to examine any such systemat-
ic differences with the twin aims of detecting possible
errors in the in situ data, and of providing recommen-
dations for the improvement of operational surface
wind products.

These three stages form the subject of this article.
Future studies may be needed to determine the precise
sources of any possible systematic discrepancies
found.

Methodology: LAPS and AWS
datasets
In situ data were obtained from 19 AWSs around the
coastal waters of Australia (Fig. 1). Table 1 gives
details of the locations (latitude and longitude) of
these stations as well as their height above sea level.
For each station, daily surface winds were obtained
from the ADAM (Australian Data Archive for
Meteorology) database over a one-year period (1 Mar
1997 to 28 Feb 1998) at three-hourly intervals.

For the purpose of this analysis, it is assumed that
the winds are measured at 10 m above the sea sur-
face. Note that because the sites are located at vary-
ing heights this may introduce systematic errors into
the results, an aspect which will be discussed later.
At some AWS sites there were missing data seg-
ments, and these were filled by interpolation.
The LAPS output is at a set of grid-points with a

0.75° spacing. We used interpolation from the grid-
points surrounding each AWS site to determine a
LAPS value at the AWS site. Surface winds obtained
from the operational model LAPS were archived at
the grid-points of the model. In fact the lowest level
of the LAPS model is at about 70 m, and then this is
extrapolated to 10 m using a parametric boundary-
layer model (McIntosh and Hubbert 1992). LAPS
routinely provides 48-hour forecasts at three-hourly
intervals with analyses every 12 hours. This pro-
vides the opportunity to compare the AWS data with
LAPS output at the analysis times and at a range of
forecast times.

In this study, we used LAPS output at the analy-
sis times of 0000 UTC and 1200 UTC. For each of
these analysis times we also examined the LAPS 12-
hour forecast so that we could directly compare the
LAPS analysis at 1200 UTC with the 12-hour fore-
cast from 0000 UTC, and the LAPS analysis at 0000
UTC with the 12-hour forecast from 1200 UTC. At
intermediate times we used the three-hour, six-hour
and nine-hour LAPS forecasts from the 0000 UTC
analysis, and the three-hour, six-hour and nine-hour
forecasts from the 1200 UTC analysis, correspond-
ing to the 00, 03, 06, ... 21 hour AWS data. Thus both
the AWS and LAPS datasets form a yearly time
series with eight points per day. This dataset was
exploited in a number of different ways, each of
which is set out below. The full dataset, and the
reductions we obtain from it, are large enough to
give confidence to the statistical analyses. The
results from our various analyses will be presented
later. In the remainder of this section we describe the
analysis methods.
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Fig. 1 Locations of automatic weather stations
(AWS) listed in Table 1

Text :Text   2/6/09  12:01 PM  Page 24



Monthly mean analyses
First, to provide a broad overview of the available data
for both the AWS and LAPS datasets we computed
monthly mean surface wind speeds by averaging the
full datasets for the surface wind magnitude over each
calendar month. We also carried out analogous analy-
ses for the reduced datasets of just n points (n is the
number of days per month), obtained by considering
for each day just the data at 00 hours, or 03 hours, and
so on to 21 hours. These gave broadly similar results
to the full datasets and so are not shown here.

An alternative method of determining a monthly
mean surface wind magnitude is to first compute the
monthly mean vector winds and then use these to
determine a mean magnitude. It was found that the
mean magnitude determined in this way was not sub-
stantially different from the mean magnitude deter-
mined by the method described in the previous para-
graph. The mean vector fields also allow the possibil-
ity to compare mean directions, but because of possi-
ble uncertainties in the observed directions, this
dataset was not regarded as being as significant as the
mean winds. However, a comparison of the modelled
and observed direction fields is presented later by a
different analysis method (see ‘Analyses of smoothed
datasets’ below).

Monthly correlations
Next, we examined the dataset for each of several
months in order to obtain a comparison of the vari-
ability on shorter time-scales. Diurnal variability in
the wind fields can be important for the forcing of sur-
face gravity waves. For each month to be examined,
we extracted the monthly mean, and then calculated
linear correlation coefficients. However, it turned out
that this approach could not be implemented for all
stations, and for the whole year, due to gaps which
occurred in the AWS data at some stations for some
periods of the year. For this reason this analysis was
confined to the period July 1997 to February 1998,
and was limited to a few representative sites.

Analyses of smoothed datasets
Here we first removed the effects of any diurnal vari-
ations by using each daily three-hour dataset to form
a daily average. Then we used these monthly datasets
to again calculate linear correlation coefficients. Note
that whereas the full monthly datasets have either 240
or 248 points (according to whether the month has 30
or 31 days) these daily-averaged datasets have only
30 or 31 points.

Next we applied a further smoothing filter to
remove variability on time-scales of only a few days.
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Table 1. Location of automatic weather stations (AWS). Ht is the height of the anemometer above sea level. Negative lat-
itude values indicate degrees south of the equator. Note that ‘WMO’ is the World Meteorological Organization
(WMO) index number, while ‘Site’ is the local (Australia) index number.

Station Name WMO Site Lat. Long. Ht

NE I. (NE) 94151 200782 -13.60 136.90 17.4
Coconut I. (CC) 94182 027054 -10.00 143.00 9.0
Willis I. (WI) 94299 200283 -16.30 150.00 6.1
Holmes Reef (HR) 94289 200732 -16.50 147.90 1.9
Marion Reef (MR) 94298 200704 -19.10 152.40 2.0
Lady Elliott I. (LA) 94388 039059 -24.10 152.70 3.9
Norfolk I. (NO) 94996 200288 -29.00 167.90 113.0
Lord Howe I. (LH) 94995 200839 -31.50 159.10 5.0
Ulladulla (UL) 94938 069138 -35.20 150.20 35.7
Flinders I. (FL) 94980 099005 -40.50 148.00 9.0
Flinders Point (FP) 95892 086373 -38.50 145.30 13.4
Cape Grim (CG) 94954 091245 -40.40 144.40 94.0
Cape Otway (CO) 94842 090015 -38.50 143.30 82.0
Abrollos I. (AB) 94405 008290 -28.30 113.60 10.0
Cape Leeuwin (CL) 94601 009518 -34.37 115.13 13.0
Rottnest I. (RO) 94602 009193 -32.01 115.50 43.1
Legendre I. (LE) 94307 004095 -20.40 116.80 29.0
Cocos I. (CS) 96996 200284 -12.20 96.80 3.0
Macquarie I. (MA) 96998 300004 -54.50 159.00 6.0
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This was achieved by using an 11-day running aver-
age, with a 4th order Savitzky-Golay smoothing filter
(Press et al. 1994). Thus we obtain a smoothed daily
dataset for both the LAPS and AWS fields. These
smoothed monthly datasets were again used to calcu-
late linear correlation coefficients. In this case we also
calculated the monthly bias and rms differences.
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Fig. 2 The monthly mean time series of the surface
winds from March 1997 to February 1998. The
solid line indicates AWS winds and the dashed
line the LAPS forecast.
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Further, to make comparisons of the wind direc-
tion, we also carried out analogous analyses of the
smoothed daily-averaged vector wind field (U, V)
where these are the easterly and northerly compo-
nents respectively (i.e. U points to the east, and V
points to the north).

Results
Monthly means
The monthly means are obtained in the manner
described above and results for each station are pre-
sented in Fig. 2. In each diagram, the solid line is the
AWS data and the dashed line is the LAPS forecast.

The most obvious feature to emerge is that there is
generally quite good agreement overall, but that
where substantial differences occur, the LAPS winds
usually exceed the AWS winds.

Correlation between LAPS and AWS data
Next we compared the instantaneous fluctuations about
the monthly mean value. This was done for a selection
of sites: NE, WI, NO, FL, RO, CS and MA. For each
of these we examined the eight-month period 1 July
1997 to 28 February 1998. We considered each calen-
dar month in this period, and calculated the linear cor-
relation coefficients between the AWS and the LAPS
data using the full monthly time series, as described
above. These datasets have either 240 or 248 data-
points which is amply sufficient for the linear correla-
tion coefficients to be reasonably reliable indicators of
whether the two time series are significantly correlated.

The results are shown in Table 2. It is evident that
in all cases the correlation coefficients can be regarded
as indicating significance. Recall that a correlation
coefficient of one indicates that a plot of LAPS data
versus the AWS data would produce a straight line. In
contrast, a correlation coefficient near zero indicates
that there is a large scatter in such a plot. We infer that
as well as the overall reasonable agreement in the
monthly mean values described above, there is also
reasonable agreement between the variability of the
LAPS and AWS winds about the monthly mean values.

For each of these sites we display, in Fig. 3, the full
time series of the surface winds for both the LAPS data
(dashed line) and the AWS data (solid line) for the
month of September 1997. These are the time series
from which the correlations in Table 2 are calculated.

We see that while the two time series are general-
ly similar, occasionally there are periods of several
days where significant discrepancies occur, for exam-
ple around day 13 at Macquarie Island (MA). It is
these ‘bursts’ of deviations that are largely responsi-
ble for any discrepancies in the monthly mean values,
and for the reduction of the correlation coefficients.
However, it should be noted that the time series for
Norfolk Island (NO), in particular, shows a systemat-
ic bias throughout most of the monthly time series.
Also, we note in passing that we found that the LAPS
12-hour and 24-hour forecasts are in reasonably good
agreement with LAPS analyses at the corresponding
time. This is discussed in more detail in our BMRC
report (Tang et al. 1998).

Smoothed LAPS and AWS data
Here, we examine the smoothed daily time series in
the manner described in the section ‘Analyses of
smoothed datasets’. First, we consider the
unsmoothed daily-averaged datasets, and then, in
more detail, results from the smoothed daily-averaged
datasets.

Daily-averaged winds. Table 3 shows the correlation
coefficients of the daily-averaged LAPS data versus
the AWS data. Note that the correlation coefficients
are significantly lower than those in Table 2. This
could be an indicator that the diurnal component,
which is contained in the dataset used in Table 2, is
quite strong and well correlated.

Smoothed daily-averaged winds. First we made a
comparison between the time series for the
unsmoothed and smoothed data for seven representa-
tive sites. These demonstrated that the effect of the
smoothing is to filter out fluctuations on the one to
three-day time-scale (for more details, see Tang et al.
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Table 2. Monthly correlation coefficients (from July 1997 to February 1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE 0.769 0.725 0.624 0.509 0.322 0.624 0.569 0.524
WI 0.631 0.755 0.884 0.881 0.801 0.621 0.694 0.551
NO 0.760 0.854 0.770 0.735 0.649 0.733 0.615 0.533
FL 0.737 0.729 0.629 0.776 0.760 0.799 0.614 0.718
RO 0.708 0.783 0.760 0.630 0.553 0.446 0.569 0.442
CS 0.668 0.803 0.491 0.614 0.540 0.541 0.699 0.372
MA 0.780 0.719 0.703 0.726 0.670 0.816 0.655 0.850
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(1998)). Then the full set of results for the smoothed
daily-averaged datasets is presented in a set of dia-
grams for each station in Fig. 4. Overall it is clear that
this dataset has the same general features as the
monthly means shown in Fig. 2. The discrepancies
between the LAPS and AWS winds can occur both at
times of strong and weak winds. Recall that now the
period covered is only July 1997 to February 1998
and not the whole year (only July 1997 to December
1997 for MR).

The linear correlation coefficients for the same
seven representative sites as before are shown in
Table 4(a). In all cases the correlation coefficients can
be regarded as indicating significance. Further, the

correlations are now much better than the
unsmoothed results shown in Table 3, and an
improvement on those shown for the full dataset
shown in Table 2. This would seem to indicate that it
is the shorter time-scale variability, particularly that in
the one to three-day period range, which is largely
responsible for the discrepancies between the data.
We also show the corresponding bias (LAPS-AWS)
and rms difference in Tables 4(b) and 4(c). In general
these are consistent with the discrepancies seen in the
monthly mean values shown in Fig. 2.

Smoothed daily-averaged wind components U
and V. To detect analogous effects in the wind direc-
tion, we computed the linear correlation coefficients,
the bias and rms differences for the vector wind com-
ponents U and V.  These are shown in Tables 5 and 6.
In general, the results for U and V are comparable,
and also comparable to those for the wind magnitude,
although overall we can see that the correlations for U
are slightly more significant than those for V.  This is
presumably due to the overall dominance of east-west
winds over north-south winds.

Altimeter data
The existence of the ERS-2 satellite altimeter dataset
(made available by the European Space Agency) also
provides the opportunity to examine the accuracy of
LAPS wind speeds over the open ocean away from
land. The ERS-2 altimeter can determine wind speeds
(but not directions) over the ocean surface to a stated
accuracy of approximately 2 m s-1. Along-track data
are averaged into segments providing data at approx-
imately one-second time intervals.

The first step is to compare the ERS-2 wind speeds
with the AWS wind speeds to ensure that the two dif-
ferent methods of observation give similar results. For
each AWS site, ERS-2 data were averaged over a
region ± 0.5° (lat., long.) around the AWS site. (i.e. a
1° box).  The sparseness of the altimeter data over the
ocean surface (and especially close to the coast)
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Fig. 3 Time series of the surface wind speed for both
the LAPS data (dashed line) and the AWS data
(solid line) for the locations: NE, WI, NO, FL,
RO, CS and MA (from top to bottom).

Table 3. Monthly correlation coefficients of daily-averaged winds (from July 1997 to February 1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE 0.732 0.728 0.800 0.420 0.405 0.757 0.770 0.655
WI 0.574 0.777 0.849 0.608 0.772 0.576 0.655 0.581
NO 0.403 0.509 0.527 0.164 0.213 0.549 0.624 0.327
FL 0.302 0.553 0.142 0.551 0.395 0.479 0.179 0.287
RO 0.198 0.337 0.242 0.430 0.592 0.276 0.395 0.652
CS 0.583 0.650 0.446 0.488 0.580 0.658 0.800 0.294
MA 0.584 0.416 0.546 0.085 0.415 0.509 0.262 0.421

Text :Text   2/6/09  12:01 PM  Page 28



means that the altimeter passes over the AWS sites
only 337 times in this year-long period. Each over-
pass takes less than one minute to traverse the 1° box
and altimeter overpasses were only included in the
dataset if there were at least four wind speed estimates
contributing to the average within the AWS box and
the standard deviation of the estimates was < 2 m s-1.
The AWS data at three-hourly intervals were then
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Fig. 4 The smoothed daily-averaged surface winds from July 1997 to February 1998. The solid line indicates AWS
winds and the dash-dot line the LAPS forecast.
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interpolated to the altimeter overpass times for com-
parison. These 337 data points are shown in Fig. 5.

It can be seen that there is good correlation between
the two observed data types (r = 0.83) and we can be
reasonably confident of the altimeter estimates over
the open ocean. The rms difference here is 2.0 m s-1

which agrees very well with the stated accuracy of 2 m
s-1 for the ERS-2 altimeter. A small portion of this
error is due to a systematic bias (bias (AWS - ERS-2)
= 0.46 m s-1), i.e., the altimeter generally underesti-
mates the wind speeds at these locations.

Now for the same time period, we compare the
ERS-2 altimeter winds with the modelled winds.
Since the LAPS output grid-points are at 0.75° inter-
vals, the ERS-2 data were averaged over a 0.75° by
0.75° box surrounding the LAPS grid-point. As
before, strict criteria were applied to the averaged
ERS-2 overpasses. LAPS output times used were the
0000 UTC analysis, the 1200 UTC analysis and the
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Table 4(a).  Monthly correlation coefficients of smoothed daily-averaged winds (from July 1997 to February 1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (r) 0.853 0.854 0.874 0.718 0.687 0.927 0.896 0.737
WI (r) 0.653 0.887 0.917 0.866 0.878 0.754 0.780 0.722
NO (r) 0.694 0.814 0.722 0.616 0.602 0.700 0.885 0.636
FL (r) 0.540 0.767 0.670 0.815 0.726 0.690 0.485 0.569
RO (r) 0.465 0.676 0.770 0.512 0.729 0.532 0.674 0.777
CS (r) 0.728 0.824 0.536 0.631 0.712 0.805 0.872 0.433
MA (r) 0.909 0.686 0.826 0.452 0.618 0.878 0.702 0.800

Table 4(b).  Monthly bias (m/s) of smoothed daily-averaged winds (from July 1997 to February 1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (bias) 1.879 1.592 2.133 2.308 1.776 1.200 1.714 1.184
WI (bias) -0.282 0.942 0.742 0.267 -0.055 -0.004 -1.251 -1.258
NO (bias) 3.177 3.377 2.908 2.717 1.622 2.555 2.101 2.588
FL (bias) 2.107 1.860 1.970 1.774 0.756 -0.210 0.602 0.785
RO (bias) 0.167 -0.369 -0.325 -0.096 -0.012 -0.666 0.013 -0.004
CS (bias) 0.306 0.842 0.563 -0.013 0.139 -0.226 -0.072 -0.464
MA (bias) 2.452 1.944 2.593 1.288 1.953 1.510 2.035 2.115

Table 4(c).  Monthly rms (m/s) difference of smoothed daily-averaged winds (from July 1997 to February 1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (rms) 2.146 1.815 2.241 2.378 1.924 1.414 2.045 1.996
WI (rms) 1.583 1.384 1.500 0.884 0.839 0.909 2.344 1.656
NO (rms) 3.493 3.724 3.096 2.992 2.122 3.076 2.271 2.767
FL (rms) 3.210 2.867 2.199 2.653 1.816 2.256 1.628 2.447
RO (rms) 2.164 1.771 1.356 1.951 1.013 1.284 1.194 0.960
CS (rms) 1.287 1.312 1.469 1.058 0.669 0.779 0.784 1.344
MA (rms) 2.860 2.748 2.906 2.145 3.289 2.120 2.421 2.611

Fig. 5 Comparison between ERS-2 altimeter wind
speed estimates and AWS observations.
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three-hour, six-hour and nine-hour forecasts from
these analyses as before, thus providing a three-
hourly time series of wind speeds at each grid-point.
These modelled winds were then interpolated to the
altimeter overpass times for comparison. Due to the
large number of data pairs over the year (N =
192,580), the results for just one month (November
1997) are shown in Fig. 6. An important aspect of this
figure is the noticeably poor performance of the
altimeter at high wind speeds. Note that there are
many LAPS wind speeds > 20 m s-1 whereas ERS-2
detects very few. For this month, r = 0.85, rms = 2.45
m s-1 and bias (LAPS - ERS-2) = 1.02 m s-1.

Statistics for all months are plotted in Fig. 7. It can
be seen that there is a slight seasonal variability here,
with the highest rms errors occurring in August.
Overall, the rms difference is approximately 2.5 m s-1.
There is a substantial (almost 1 m s-1) overprediction
of wind speed by LAPS compared to ERS-2. This
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Table 5(a). Monthly correlation coefficients of smoothed daily-averaged U wind component (from July 1997 to
February     1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (r) 0.771 0.787 0.899 0.476 0.643 0.745 0.833 0.839
WI (r) 0.875 0.790 0.942 0.641 0.816 0.832 0.834 0.764
NO (r) 0.787 0.844 0.887 0.925 0.818 0.820 0.636 0.863
FL (r) 0.835 0.846 0.779 0.899 0.961 0.730 0.751 0.688
CS (r) 0.801 0.830 0.854 0.458 0.348 0.964 0.869 0.551
MA (r) 0.832 0.767 0.897 0.825 0.554 0.813 0.815 0.543

Table 5(b).      Monthly bias (m/s) of smoothed daily-averaged U wind component (from July 1997 to February 1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (bias) -2.081 -1.568 -2.286 -2.509 -2.324 -0.880 1.147 -0.492
WI (bias) 1.991 0.244 0.267 0.954 0.362 -0.060 0.687 1.474
NO (bias) 0.535 0.268 1.334 -0.433 -1.055 -1.833 -1.594 -2.233
FL (bias) 1.687 0.476 0.408 0.720 0.639 -0.800 0.412 0.180
RO (bias) -0.178 0.567 0.551 -1.110 -0.324 -0.918 0.289 0.626
CS (bias) 1.497 0.382 -0.274 0.384 -0.610 1.009 0.862 0.488
MA (bias) 0.991 -0.267 1.004 0.105 1.563 -0.185 1.052 0.439

Table 5(c). Monthly rms (m/s) difference of smoothed daily-averaged U wind component (from July 1997 to February
1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (rms) 2.345 1.777 2.436 2.694 2.462 1.727 1.830 1.901
WI (rms) 2.168 1.634 1.093 1.561 0.868 0.973 3.455 1.825
NO (rms) 2.831 3.218 2.172 1.955 2.360 2.328 1.873 2.886
FL (rms) 2.675 2.216 2.086 2.353 2.378 3.233 2.344 2.351
RO (rms) 2.817 2.264 1.877 2.939 1.585 1.739 1.753 2.161
CS (rms) 1.872 1.239 0.885 1.175 1.297 1.160 1.394 1.216
MA (rms) 2.993 2.627 2.388 2.082 3.593 2.811 1.949 3.300

Fig. 6 Comparison between ERS-2 altimeter wind
speeds and LAPS wind speeds during
November 1997.
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overprediction may be less pronounced, however,
when one considers that ERS-2 underestimates the
wind speeds compared to the AWS observations.

Due to the temporal irregularity of the satellite
data at any particular location, it is difficult to make
data comparisons on time-scales shorter than one
month. In fact, for a small area such as Bass Strait,
even the month-long time period can present a prob-
lem. This is discussed further in an analysis of the
regional variations presented in the next section.

Regional effects
We now turn to an examination of possible regional
effects. The stations (Table 1, Fig. 1) were grouped
into several regional sets:  the North Australian coast,
the North-Eastern Australian coast, the Tasman Sea,
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Table 6(a). Monthly correlation coefficients of smoothed daily-averaged V wind component (from July 1997 to
February 1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (r) 0.791 0.668 0.713 0.616 0.616 0.597 0.942 0.343
WI (r) 0.709 0.657 0.898 0.794 0.889 0.654 0.850 0.464
NO (r) 0.586 0.860 0.914 0.704 0.721 0.919 0.944 0.918
FL (r) 0.780 0.649 0.500 0.873 0.509 0.768 0.830 0.482
RO (r) 0.752 0.743 0.647 0.868 0.835 0.651 0.803 0.796
CS (r) 0.605 -0.080 0.431 0.452 -0.163 0.138 0.693 0.668
MA (r) 0.737 0.791 0.805 0.750 0.537 0.781 0.836 0.788

Table 6(b).     Monthly bias of smoothed daily-averaged V wind component (from July 1997 to February 1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (bias) 0.691 0.483 -0.309 -0.721 -1.851 -2.747 -1.212 -2.233
WI (bias) 1.464 1.797 2.798 2.177 1.090 1.103 0.413 0.720
NO (bias) 2.358 1.391 -0.051 1.346 0.560 1.136 1.563 1.152
FL (bias) -1.462 -1.993 0.989 -1.460 -1.156 -1.448 -0.551 -2.218
RO (bias) -0.067 -0.038 -0.338 -1.011 -0.008 -0.957 -0.318 -0.268
CS (bias) 3.369 2.403 0.728 0.760 -0.231 0.746 0.753 0.036
MA (bias) -1.606 -2.317 -2.136 -0.824 1.183 -1.055 -0.382 -0.863

Table 6(c). Monthly rms (m/s) difference of smoothed daily-averaged V wind component (from July 1997 to February
1998).

Jul 97 Aug 97 Sep 97 Oct 97 Nov 97 Dec 97 Jan 98 Feb 98

NE (rms) 1.377 1.705 1.845 1.458 2.205 3.000 1.760 2.812
WI (rms) 2.305 2.389 3.133 2.485 1.701 1.746 2.601 1.518
NO (rms) 2.920 2.354 2.240 2.682 2.448 2.362 2.173 2.280
FL (rms) 3.243 3.359 2.266 2.976 2.016 2.205 2.194 2.823
RO (rms) 2.215 2.083 1.647 2.252 2.144 2.107 1.570 1.146
CS (rms) 3.638 2.880 1.910 1.643 1.368 1.568 1.214 0.921
MA (rms) 3.178 3.711 3.631 2.341 3.218 2.812 2.479 2.923

Fig. 7 Monthly averaged rms error (bold line) and
bias (dashed line) for the ERS-2 and LAPS
wind speeds.
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Bass Strait, the West Australian coast, the North-West
Shelf and the Southern Ocean. The altimeter dataset
was similarly broken down into these seven regions -
the extent of each region is listed below. Figure 8
shows the monthly averaged rms difference and bias
for the ERS-2 and LAPS wind speeds for each of
these seven regions.

1. North Australian coast (NE), 125°E < long. <
140°E, lat. < 20°S
Here there is just a single AWS site available, and the
LAPS winds generally exceed the AWS winds
throughout the year. The bias is in the range 1-2 m s-1

while the rms values are around 2 m s-1. There is little
evidence of any seasonal variation. It is noticeable
here that, unlike most other sites, the bias and rms are
greatest at the times of the weakest winds, while at
these same times the correlations are lowest. When
compared with the ERS-2 data, the bias is quite vari-
able over the year, ranging from ~0.3 m s-1 to almost
2 m s-1. The rms values are a little higher, particularly
during the winter months (Jun 97 to Sep 97).

2. North-Eastern Australian coast (CC, WI, HR,
MR, LA), long. > 140°E, lat. < 25°S
The comparisons with the five AWS sites are quite
similar, and this region has overall good agreement
between LAPS and AWS winds. The most significant
discrepancy is at the southernmost site (LA). The bias
is less than 1 m s-1 although the rms values are larger,
in the range 1-2 m s-1. Here it is apparent that the
main discrepancies occur at times of strong wind
bursts. There is little evidence of any seasonal varia-
tion. The ERS-2 data for the extended region shows a
similar pattern, with the rms values around 2 m s-1

and the bias < 1 m s-1. Highest rms differences occur
in August and January.

3. Tasman Sea (NO, LH, UL), long. > 150°E, 25°S
< lat. < 40°S
The first two of these (NO, LH) are open ocean sites,
but the third coastal site (UL) is included as it appears
to show a similar pattern. The LAPS winds exceed the
AWS winds quite significantly throughout the year.
The bias is in the range 2-3 m s-1, and the rms values
are around 3 m s-1. Here again the main discrepancies
occur at times of strong wind bursts, although there
are significant differences throughout the whole time
series. The correlations, while significantly high for
the full monthly time series, and for the smoothed
daily-averaged time series, are correspondingly quite
low for the daily-averaged time series. There is some
indication that the discrepancies are a bit larger in
winter (months 3-6). However, comparisons with the
altimeter data over the larger area show less of a dis-

crepancy all year round. LAPS generally exceeds the
altimeter winds by between 0.5 to 1.5 m s-1 and the
rms error is closer to 2 m s-1.

Note also that the results from the three AWS sites
are very similar even though the anemometer heights
vary markedly (NO = 113 m, LH = 5 m, UL = 35.7
m). From this, we infer that the fact that the wind is
not measured at 10 m above sea level does not present
a significant problem here. A possible explanation for
the large discrepancies between the LAPS and AWS
winds at these three sites could be that each is an
island site, and there may be a sheltering effect at the
actual location of the AWS stations.

4. Bass Strait (FL, FP, CG, CO), 140°E < long. <
150°E, 35°S < lat. < 42°S
The major discrepancies here occur at the eastern end
of Bass Strait (FL, FP) where the LAPS winds signif-
icantly exceed the AWS winds. The bias is in the range
1-2 m s-1 and the rms values are about 2.5 m s-1. As for
regions 2 and 3, the main discrepancies occur at times

Tang et al.: Comparison of model and observed surface winds 33

Fig. 8 Monthly averaged rms error (bold line) and
bias (dashed line) for the ERS-2 and LAPS
wind speeds for each of the seven regions
described in the ‘Regional effects’ section.
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of strong wind bursts, although there are discrepancies
throughout the whole time series. Also, as in region 3,
there is some indication that the discrepancies are a bit
larger in winter. Again, as in region 3 the correlations
are noticeably low for the daily-averaged time series,
but much improved for both the full monthly time
series and the smoothed daily-averaged time series. It
would seem that in both regions 3 and 4 the diurnal
wind variability and the variability on time-scales
greater than three days dominate the overall signal and
are well correlated, while the variability on the 1 to 3-
day time-scale is not well correlated.

The comparisons between ERS-2 and LAPS for this
region show large variations from month to month with
the bias ranging from 0 to 2 m s-1 and the rms error
ranging from 1-3 m s-1. Since this is only a small area,
there were few altimeter estimates here (about 100 for
most months). In particular, in June and April 1997,
there were less than 20 ERS-2 overpasses included in
the analysis. The ERS-2 comparisons are therefore
considered less reliable for this region.

5. West Australian coast (AB, CL, RO), long. <
125°E, 25°S < lat. < 40°S
The data from these three sites are quite similar, and
all show good agreement between the LAPS and
AWS winds, with no apparent seasonal trend. The
bias is less than 0.5 m s-1, although the rms values are
in the range 1-2 m s-1, indicating that there are some
discrepancies in the variability. This is borne out by
the correlations which are no more significant than
those in regions 3 and 4. Similarly, the ERS-2 and
LAPS comparisons show little seasonal trend but with
somewhat higher bias (~ 1 m s-1) and rms difference
(2 - 2.5 m s-1).

6. North-West Shelf (LE, CS), long. < 125°E, lat. <
25°S
Although Cocos Island (CS) is an open ocean site, the
winds there are quite similar to those at Legendre Island
(LE) and we infer that these are representative of the
whole shelf region. At both sites there is good agree-
ment between the LAPS and AWS winds, with no
apparent seasonal trend. The bias is less than 0.5 m s-1

and fluctuates in sign. But like region 5 the rms values
are in the range 1-2 m s-1, indicating again that the vari-
ability is not in such good agreement. Indeed the corre-
lations are similar to those of region 5. The ERS-
2/LAPS comparisons are also very similar to those in
region 5, although the bias shows some seasonality with
higher values during winter (Jun 1997 - Sep 1997).

7. Southern Ocean (MA), lat. > 40°S
Here there is just a single AWS site available. Overall
the LAPS winds significantly exceed the AWS winds,

with no indication of a seasonal dependence, although
the most significant discrepancies occurred in periods
of strong winds. The bias is in the range 1.5-2.5 m s-1

and the rms values are in the range 2-3 m s-1. The cor-
relations are comparable with those in regions 3 and 4,
and as for both of those regions, there is a marked
degradation for the correlations of the daily-averaged
winds compared to the correlations for the full month-
ly time series, or the smoothed daily-averaged time
series. Similarly the LAPS winds exceed the ERS-2
winds by ~1 m s-1 over the entire Southern Ocean
region, with an rms difference of ~3 m s-1. This high
rms error is not surprising because most of the highest
wind speeds occur in this region, and the altimeter is
known to perform poorly for high wind speeds.

Discussion and conclusions
From the results reported here it seems clear that, in
general, there is satisfactory agreement between AWS
surface winds and the LAPS-derived surface winds.
Overall the LAPS winds tended to exceed the AWS
winds (i.e. the bias was usually positive), but in spite
of this, the two datasets were usually significantly
correlated. The discrepancies found in both the
monthly mean winds and in the smoothed daily-aver-
aged time series vary quite markedly by region, and
much less noticeably by season. In many cases it is
apparent that the major discrepancies occurred in
times of strong wind bursts over periods of several
days, although we caution that this was not the case at
all sites. The most significant discrepancies between
the LAPS and AWS wind speeds occurred in the
Tasman Sea (region 3), and to a lesser extent in Bass
Strait (region 4) and the Southern Ocean (region 7).

However, the variability of the LAPS and AWS
winds about the monthly mean value, or the instanta-
neous (smoothed) daily variability, as measured by
the correlation coefficients and the rms values, show
correspondingly little regional or seasonal variation.
It is pertinent to note that the best correlations overall
were obtained from the full monthly time series
(Table 2) and the worst correlations from the daily-
averaged time series (Table 3). However, the correla-
tions from the smoothed daily-averaged time series
(Table 4) are comparable with those from the full
monthly time series. A possible explanation for this is
that the diurnal wind variation and the variability on
the time scales greater than three days dominate the
overall signal and are well correlated. On the other
hand it would seem that variability on the time-scales
of one to three days is not well correlated.

The availability of the independent ERS-2 altime-
ter dataset provides useful information on the reliabil-
ity of both methods of obtaining surface wind obser-
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vations. Further, the comparison between the ERS-2
dataset and the LAPS output provides independent
confirmation that the LAPS-derived surface winds are
generally in satisfactory agreement with observed
winds, with a tendency for LAPS to overestimate the
wind speeds. The largest bias between LAPS and
ERS-2 occurred in the tropical region (regions 1 and
6) in the austral winter, while the highest rms values
all year round occurred in the high wind areas of the
Southern Ocean.

Further study is needed to determine the precise
source of any discrepancies, with the ultimate aim of
finding what correction factors, if any, should be
applied to LAPS-derived surface winds to bring them
into better agreement with the actual surface winds.
There are two aspects to this. First, there is a need to
re-examine the reliability of the boundary layer
schemes used in the LAPS model, and also the
method used to extrapolate the lowest LAPS level (70
m) to the 10 m level. It would also be useful to com-
pare AWS winds with surface winds derived from a
regional atmospheric circulation model with much
finer resolution than the current version of LAPS.
Second, there needs to be an examination of factors at
each AWS site which may contribute to the possibili-
ty that the AWS winds at that site are not in fact rep-
resentative of surface winds over the nearby coastal
ocean. These include processes such as topographic
sheltering or the effect of sea-breezes. Neither of
these effects is well-resolved, if at all, in the LAPS
model. However, on the basis of this study, we note
that the possible effect of an AWS site being well
above the 10 m level appears not to be a major factor.
It would also be desirable to supplement the AWS
data with other open ocean data. A start on this has
been made with the analysis of altimeter data.

In the interim, we see that only in the Tasman Sea
region, and to a slightly lesser extent in the eastern
end of Bass Strait and the Southern Ocean, is there an
immediate need to apply a correction factor to the
LAPS winds to bring them into line with actual sur-
face winds. A possible simple remedy here is to obtain
such a correction factor for each month and each
region by averaging the LAPS and AWS monthly
mean winds.
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