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AN UPDATED COMPARISON OF SURFACE WINDS ON THE GREAT
LAKES AS REPORTED BY BUOYS AND SHIPS

N. ARTHUR PORE

1. INTRODUCTION

The Data Buoy Program of the Great Lakes was established to provide
environmental information in data sparse areas. The NOAA Data Buoy Office
started its Great Lakes Program in May of 1979 with the establishment of a
station (45001) in central Lake Superior; the second station (45002) was
activated in northern Lake Michigan in September of that year (NOAA Data Buoy
Office, 1980a). The buoy system uses 6-m boat-shaped NOMAD buoys. The
meteorological variables recorded include wind speed, wind direction, air
temperature, and barometric pressure. Characteristics of the lakes which are
measured are surface water temperature, significant wave height, wave period,
and wave spectra. Observations from the buoys are transmitted via the GOES
satellite to Wallops Island, Va. and then to the National Meteorological
Center from where they are disseminated over Weather Service communication
circuits.

The buoy observations are useful at Weather Service Forecast Offices (WSFO's)
to supplement the observations available from Great Lakes ships. A problem
was encountered (wWsFo, Cleveland) in using the buoy observations for this
purpose; the wind speeds measured on the buoys are usually significantly less
than wind speeds observed on nearby ships. This might be 'expected, as buoys
measure wind speed at a much lower level of the atmosphere than do the ships.
Most of the ship anemometers are about 15 meters (49 feet) above the water,
whereas the buoys report the wind speed at the 5-m (16-ft) level. ‘Another
factor is the different period of record between the 'ship and buoy observa-
tions. Ship wind speed observations are 1-min averages and ‘the buoy wind
speeds are 8.5-min averages. 5

By using the 1979 buoy and ship observations, an adjustment factor to
estimate ship wind from buoy wind was determined by compariﬁg the buoy wind
observations to wind observations from nearby ships (Pore, et al., 1981}« I%
was found that the wind at ship anemometer height could be estimated by multi-
plying the buoy wind speed by 1.5 and that no adjustment in wind direction
between the two levels is needed. These results were based on the meager data
sample obtained from the first two buoys during 1979. A total of 125 matched
sets of observations were available for that year.

With the addition of three buoys to the Great Lakes program in 1980, many
more sets of matched observations became available for analysis. The three
additional buoys were located in northern Lake Huron (4500%), eastern Lake
Superior (45004), and western Lake Erie (45005) (NOAA Data Buoy Office,
1980b). Over 1100 sets of matched observations are available from the 1980

data. These data were combined with the 1979 data and the total set was
analyzed. This report is on the analyses of the combined 1979-1980 data.



A. Wind Speed

A plot of ship wind speeds against buoy wind speeds is shown in Fig. 2. In
this type of figure ithe number of cases is represented by alphabetical
characters. Tor example, the letiter A represents one case, B represents two
cases, and so forth. It is quite evident that the wind uncedv reported by the
ships are significarntly higher than thoss reported by the buoys. The correla-
tion coefiicient bevween the two types of wind zpeed cbservations is 0.78; the
associated least squares regression line is shown in ¥ig. 2. The root~mean-
sgquare error (RNSE) of the regression line is 4.7 kt. This line does not very
yell it the higher wind speeds.

The data were then stratified into three classes~-stable, unstable, and
neutral. Regression lines were derived for each of the three classes (Fig. 3).

The derived regression lines for neutral and unsiable cases avre almost
identical, whereas the regression line for sisble cases is quite different.
Above a buog wind speed of about 10 knots, the ships report higher wind speeds
for the stable casses. This stability effect, which has been referred to as
the "blanket o?feci" by Strong and Bellalre {1965}, nas to do with momentum
tranzfer from upper level winds to levels near the water surface, During
stable conditions mcmentum trensfer from higher levels to the waler surface is
retarded, whereas during uvnstable conditions momentum is readilly trancferred
from the higher levels to the water surface.

Bxpenential type curves were also fit to thess data. The curve, fit to all
the data, was determined by least sguares regrsssion and logavithmic trans-
formation of the buoy and ship wind speeds and is shown ir Fig. 4. This type
of curve was also derived for each of the three stability classes; they are
shown in Fig. 5. %These exponesntial type curves do not it the hlgher wind
speeds well Jjust as the giraight line relationships did not, a8 shown in
Figs., 2 and 3., In fact, for high wind speed cases the deriv ed rel atlonshlps
call For the ship wind speeds to be less than the buoy wind speeds; this of
course is quite unsatisfactory. . )

o

In order to find & relationship that does fit the data'ﬂair]y well,
inciuding the higher wind speed cases, the mean ratic of ship wind speed to
buoy wind speed was considered. 'The mean ratio for all data combined was 1.60.
This relationship is shown in Fig. 6. The mean ratio of ship wind speed to
buoy wind speed varisd from 1.5 to 1.7, being 1.5 for unstable cases, 1.6 for
neutral cases, and 1.7 for siable cases. These relationships are shown in
Fig. Ts

Comparisen of Tigs. 2, 4 and 6 show the relationship based on the mean ratio
of ship wind speed to buoy wind speed (Fig. 6) to be better for the higher wingd
speed classes. The root-mzan-square error of the mean ratioc method is only
0.8 knot greater than that for the linear relationship of best fit (Fig. 2).
Tor these reasons it is recommended that the relationship based on the mean
ratio be used for operations. This means sinmply multiply the buoy wind speed
by 1.6 for an estimate of the eguivalent ship wind., A minor refinement can be
made for stability as shown in Fig. 7. VWhen considering stability the
multiplication factors to use, as shown in Fig. 7, are 1.5, 1.6, and 1.7
respectively for unstable, neuiral, and stable conditions. :



B. Wind Direction

In an effort to determine the average shift in direction between the 5-m
wind observation of the buoys and the 15-m ¢bservations ¢f the ships, the wind
dirvections at the bucys and ships were compared. We might not expect fo find
2 clear-~cui variation of wind divection btelween the buoys and the ships as the
buoys and ships are not exactly at the same location and the two types of
observations are of different durations. Also, the wind cbservations of the
ships way be affected by disrvuption of the flow by the ship.

The frequency distridbution of the direction difference for all stability
classes combined is shown in Fig. 8. This distridbution is very symmetrical.
The most prevalent direction differvence between the wind cbserved on the ships
and the buoys is 09; this difference accounts for aboui 18% of the cases.
About 5% of the cases are for a 100 differerce veering with height; arother
15% is for a 100 difference bhacking with height. Similar graphs were made
for each of the three stability classes. They are net shown here as the
distvibutions were not much different than that for all stability classes
together. It seewrs best to consider no shift of direction between the buoys
and ships for operational use of the buoy data.

5. SUMIMARY

In attempting to supplement the regular ship wind observations on the Great
Lakes, problems have been encountered in using buoy observations as the wind
speeds reported by the buoys are usually considerably less than winds reported
by nearby ships. This is probably becsuse the buoy observations are at a lower
level than the ship observations and the huoy chservations are averaged over
much longer time periods. Based on the combined observations for 1979 and
1880, it appears a good vay to adjust the buoy wind speed to represent ship
anemometer~level wind speed is to multiply the buoy wind speed by. 1.6+ The
direction reported by the buoys can be used with no change. -
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Figure 1. Locations of the five data buoys used on the Great Lakes during
1979 and 1980. The boxes show the areas in which ship observations were
used for comparison to the buoy observations,
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Figure 2, Plot of observed wind speeds at Great Lakes data bucys and the
corresponding wind speeds observed on nearby ships. The regression line shown
was determined by the method of least squarves; it gives the ship wind speed (8)
as a function of the bucoy wind speed (B). The asscciated correlation
coefficient is 0.78 and the root-mean-square error is 4.7 kt,
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Figure 3, Regression lines for stable, neutral, and unstable conditions.,

The regression lines were determined by the method of least squares; they

give ship wind speed (S) as a function of buoy wind speed (B), The assoclated
correlation coefficients are 0,75, 0.78, and 0,77 for stable, neutral, and
unstable cenditicons respectively,
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Figure 4, Plot of observed wind speeds at Great Lakes data buoys and the

corresponding wind speeds observed on nearby ships, The exponential curve
shown was determined by the method of least squares and logarithmic trans-—
formation of the buoy and ship wind speeds., The curve gives the ship wind
speed (S) as a function of the buoy wind speed (B). The associated root-

mean-square error is 4,9 ke,
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Figure 5, Exponential curves for stable, neutral, and unstable conditions
which give ship wind (S) as a function of buoy wind speed (B). The curves
were determined by the method of least squares and logarithmic transforma-
tion of the buoy and ship wind speeds, Associated root-mean-square errors
are 5.1 kt, 4.8 kt, and 4.9 kt for stable, neutral, and unstable conditions
respectively.
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Figure 6. Plot of observed wind speeds at Great Lakes data buoys and the
:orresponding wind speeds observed on nearby ships, The line shown has a
slope of 1,60, which is the mean ratio of ship wind speed to buoy wind speed,

The line gives the ship wind speed (8) as a function of the buoy wind speed (B).
The associated root-mean~square error is 5,5 kt.
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Figure 7, Lines which give ship wind speed (S) as a function of buoy wind
speed (B) for stable, neutral, and unstable conditions. The lines have
slopes of 1.67, 1,62, and 1.51, which are the mean ratios of ship wind speed
to buoy wind speed for stable, neutral, and unstable conditions respectively,
Assoclated root-mean-square errors are 5,1 kt, 5,5 kt, and 5.4 kt,
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