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ABSTRACT

A study was done to investigate the differ-
ences between the observed wave heights at
two buoys on Western Lake Erie and the
automated Great Lakes wave forecasts for
July through November 1983. The study
showed that the forecasted wave heights were
generally too high.

1. INTRODUCTION

During the summer and autumn of 1983 two
buoys were located on the western third of
Lake Erie. Buoy Number 5, a Nomad type
buoy (Figure 1), was located in open water
(water beyond 5 miles of the shore). An
experimental E buoy (Figure 2) was located in
the nearshore waters (water within 5 miles of
the shore). A study was made to verify the
observed significant wave heights at the buoys
versus the automated Great Lakes wave
height forecast guidance (2) for a specific
forecast point near each buoy. Figure 3
shows all wave forecast points on Lake Erie
and the locations of the buoys.

Automated Great Lakes wave height forecasts
have been operationally produced by the
National Meteorological Center (NMC) since
January 1975. The wave height {forecasts
depend upon the automated Great Lakes wind
forecasts. The wave height is the signifi-
cant wave height which is the average
height of the highest one third of the waves
during the sampling period. The significant
wave height calculations are based upon the
Bretschneider Method (3, #4). This method uses
wind speed, fetch length and duration time to
determine significant wave height.

Wave height guidance is available from NMC
twice daily several hours after 0000 GMT and
1200 GMT under the AFOS (Automation of
Field Operations and Services) heading
MRPGLW. The NMC program computes
significant wave heights at 12-hour intervals
out of 36 hours starting with the 00 hour.
Forecasts are to the nearest foot and are
valid for that spe- cific hour. A sample
forecast is shown in Figure 4.

Each hour the buoys transmit, via satel-
lite, significant wave height in addition to
other data. The two Lake Erie buoys were
operational during most of the 1983 boating
season, but this study is confined to the

period July-November 1983. Both buoys were
taken out of service for the winter by the
middle of December.

2. METHOD AND RESULTS

The wave forecast point closest to the
location of the buoy was assumed to repre-
sent the respective buoy location. As shown
in Figure 3, Forecast Point & is rel-
atively close to Buoy 5 and Forecast Point 7
is close to Buoy 9. A comparison was done
between the observed significant wave heights
at Buoy 5 and the significant wave height
forecasts for Point & The same comparison
was done between Buoy 9 and Wave Forecast
Point 7. If the buoy data were not available
for the specific hour, data for the previous
hour were used; if that data were missing,
the data for the hour after the specific time
were used. If none of the data were
available, then that wave forecast was not
used in the study.

The buoys measure wave heights to the near-
est half meter, while the wave height fore-
casts are to the nearest foot. The buoy
observations were converted to the nearest
foot for verification purposes. As a re-
sult, the verification categories are calm (C),
1-2, 3-4, 5, 6-7, 8-9, 10 and 11-12 feet.

The data for this study are summarized in
Tables 1 and 2. To the left of each table is
a ratio of observations available to the total
possible. Tables 3 and 4 present, in a
quantitative way, the percentage of time the
automated wave forecasts were correct versus
being too "high (overforecasting) or being too
low (underforecasting).

A look at the data, especially Tables 3 and &,
shows the tendency for the automated wave
forecasts to be too high. Pore (5) concluded
after looking at a sample of wave forecasts
versus wave observations that the wave
forecasts were "generally a little too high".
He also stated that those results were
expected as the Bretschneider wave height
forecast equation was developed from wind
speeds at the 10 meter level, while the winds
that presently go into the NMC wave forecast
program are from the 20 meter level. With
the stronger winds the automated wave
forecasts are higher.
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2a. WAVE HEIGHTS OF 5 FEET OR LESS

As can be seen in Tables | and 2 the wave
height guidance does not usually forecast calm
because automated wind guidance rarely
forecasts calm winds.

Tables 3 and 4 show the Great Lakes wave
forecasts have around a #45% chance of being
correct for Point 8 (Buoy 5) for waves of |
to 5 feet. The results are comparable for
Point 7 (Buoy 9) with the automated wave
forecast being right around 40% of the time
for 1 to 2 foot and 5 foot waves. However,
the guidance is correct only 20% of the time
for 3 to 4 foot waves.

A close look at the observations for Buoy 9
and the forecast wave heights for Point 7
indicates most of the misses for waves of 3
to 4 feet occurred when there were strong
southerly winds. Since the fetch is a little
shorter from land to buoy 9 with a south
wind than the distance from land to Point 7
that should account for the lower waves
observed at Buoy 9.

The tables show guidance overforecast by 40
to 50% for point & and 50 to 70% for point
7. Underforecasting was slight for each
forecast point, less than 15%.

2b. WAVE HEIGHTS OF 6 FEET OR
GREATER:

The tables show for waves of 6 to 7 feet
forecasts are correct about 20% of the time
while overforecasts occur 65 to 75% of the
time and underforecasts around 10%.

For waves of 8 feet or greater the amount of
data are limited, less than & cases for each
category, so the data may not be
representative. However the trend of the
guidance to overforecast continues.

A key reason why the wave guidance may
really overforecast waves of 6 feet or higher
is probably the shallowness of  West-
ern Lake Erie. Even though waves can build
rapidly in shallow water, the height they
attain is reduced.

2c. WAVES OF ALL HEIGHTS:

For all automated wave forecasts no period
(00-h, 12-h, 24-h or 36-h) showed a defi-
nite trend at being better than other
periods. The wave height forecasts were not
significantly better at point 7 or 8.  Also,
when the automated wave forecast was either
too high or too low its error was generally by
I or 2 feet. This is not too bad for higher
waves, but it is a more serious error for
smaller waves.

2d. THE GLERL FACTOR:

The Great Lakes Environmental Reserach
Laboratory (GLERL) conducted research in
1981 (6) which suggested observed waves from
Buoy 5 were too high by a factor of l.4.
Table 5 compares the observations from Buoy
5 with the automated forecasts for October,
while Table 6 provides the same information
except the latter table reduces the wave
heights from Buoy 5 by Ll.4. Comparing
Tables 5 and 6 shows that reducing the wave
heights accentuates the differences between
the observed and forecast waves. The result
of such an adjustment gives further support to
the supposition that the automated wave
height forecasts are on the high side.

3. LIMITATIONS OF THE STUDY

There are several factors that could have
influenced the study either in a positive or
negative way:

1. The wave forecast points were not
exactly at the buoy locations. This
would mean for certain  wind
directions the fetch lengths would
be different. So waves could be
higher than observed or vice versa.

2. Lake Erie is relatively shallow,
especially at the west end. Be-
sides the wave heights being more
variable, the shallower depth tends
to  reduce  the wave heights
achievable for a given fetch. This
is not considered in the wave height
forecast.

3. If the wind forecasts were in error
the wave  forecasts would be
incorrect. The wave height fore-
cast equations require input of
winds from the 10 meter level.
However, the winds that are used in
the equations are from 20 meters.
As a result the wave heights tend
to be high.

4, The fetch is reduced with a south-
west wind for Point & because of
some islands. This would tend to
reduce the observed wave heights,
which would not be reflected in the
wave forecast.

S If the wave sensing equipment on
the buoys were not calibrated pro-
perly or any other engineering
problem existed there would be
errors in the wave measurements.
Also, the buoys have different hull
designs which is a factor.

4, CONCLUSIONS
This study shows automated Great Lakes wave

forecasts for the western end of Lake Erie
have a tendency to be too high. Calm is



seldom forecast by the wave height equa-
tions, For waves of | to 5 feet the auto-
mated wave height forecasts are correct
around 40% of the time for forecast points 7
and 8. Overforecasting for the same
locations occurred 40 to 60% of the time.
For waves of 6 feet or higher the guidance is
correct less than 20% of the time and
overforecasting is observed over 50% of the
time. For all wave heights underforecast-
ing is slight.

Wave guidance overforecasts are largely due
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to the fact that the wind forecasts are for
the 20 meter level while the wave forecast

equations are designed for winds at the 10
meter level. Also, the shallowness of Lake

Erie and the fact that the buoys were not
exactly at the forecast points
contributing factors.

may also be

Figure 1. Nomad Buoy - .

Figure 2. Experimental E Buoy

LAKE
ST. CLAIR

A Buoy 5
O Buoy 9

Figure 3. Wave Forecast points on Lake Erie
and the location of the buoys.
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Figure 4. A sample output of the automated
Great Lakes wave forecast. It is stored in
AFOS under MRPGLW.

Pa-h 3b=h
260/306 POl ¢ 1-2 3-4 5 4=7 8-9 10 11-17 |aAll 258/306 F\o C 1=-2 3-4 5 4&-7 8-9 1@ 11-12 | All
c |0 7] ® [ [7) 7] 7] 7] [7) [ [4] ] [} [} 4] 0 5] 1} [}
1-2 (45 47 14 1 @ (4] (4] [} 1@7 1-2 |42 48 18 1 0@ o o 109
34 g8 40 44 g @ @ [0} 102 3-4 15 35 41 12 2 [} [} @ 105
5 | o @ 11 13 =z [ 0 ) 2 5 0 3 1@ 18 oz 1 ) ] 26
6=7 | @ 2 4 9 6 3 0 ) 23 &=7 ] ) 4 B 4 1 0 2 17
8-9 |0 2 2 1 1 o ) [ z 8-9 ] ] 6 1 0 ] 0 i
10 |0 0 2 o o [ @ 1] ] 1@ ] o 6 o 0 ) 0 [ )
11-12 | @ 0 B 0 0 ] 0 ] ] 11-12 o 4] @ ©o 0 0 o] ]
All |53 89 75 32 9 2 @ ] 260 All | s7 B& 73 32 8 2 ] ) =58
12-h All Periods
256/306 FQ| ¢ 1-2 3-4 5 4-7 8-9 1@ 11-12| A1l 1e3z/12z4 BQ| ¢ 12 3-4 5 6-7 B9 1@  11-12 | All
C ] @ B 0 o 2 ] [ 2 C ) ] B 6 0 @ @ [ @
1-z [ 43 58 18 © 0 a 2 0 109 1-z [171 191 59 O ) ] 2 423
3-4 [1@ 33 50 13 0 ] 2 ] 106 3-4 | 45 145 195 45 6 1] 0 0 436
5 4 4 9 3 1 0 0 0 z 5 4 1z 33 38 7 1 ] 2 95
6-7 2 z & 7 0 1 [ 2 18 6-7 = 4 17 3t 1z 5 ] 71
8-9 0 o @ 1 1 ] ) ) 2 8-9 2 1] t 4 oz ) ) ] 7
10 @ ] 2 © 0 [ o o [ 10 a o @ o 0 0 o 1] )
11-12 0 0 B @ 0 0 ) @ ) 11-12 0 0 2 o o 0 2 ) o
All |59 89 81 24 =z 1 ] @ 256 All |22z 352 305 1z@ 27 b a @ o3z
24—h
z58/306 P9 ¢ 12 3-4 5 4-7 8-9 10 11-12 | All Table 1. Contingency tables of wave height
w8 len 4 5 - = - . oo observations(O) (ft) at Buoy 5 versus wave
—a o . . .
3-4 |12 37 88 12 4 s s 2 123 height forecasts (F) (ft)at Point 8 in Lake
5 ] 5 T 1E B ) 0 0 o Erie for each period (00-h, 12-h, 24-h, 36-h)
&~ (8 @ I 7 =2 ! e o 13 and all periods from July through November
. - B ) 2 = & = 2 = 1983. The ratio of observations available to
10 o @ a o o o 0 ) 0 o : 2 K
11-12 0 0 B o 0 o @ 0 ) the total possible is given to the left of each
All |53 88 74 32 B 1 3 ] 58 contingency table.

28




Volume 10 Number 1

Q@~-h BR-h
258/306 FNQ| ¢ 1-2 3-4 5 46-7 B-9 10 11-12 | All Over Under
[ [%]) 1] @ [7)] @ @ %] @ (%] Category | Hits Forecasts Forecasts
1-2 | 98 46 I 00 0 ) ) ) 139 T ) ) 2
3-4 6 53 17 5 1 @ @ gz 1=z A 4 14
5 @ 4 = =] 1 @ @ @ 18 3-4 45 47 B
6=7 4] 1 2 8 3 i @ [} 15 5 50 42 g
g§-9 @ @ (%] ()] 1 @ 1 @ 2 a&=7 nl a5 9
10 i) ) I ) ) o 1 5-9 a 100 o
11-1% 0 i) w o o ) i @ 1 18 8 o 2
All | 96 1@4 37 2t 7 1 Z [ 58 e 7 5 o
S All 43 47 10
¥ e b}
¥59/306 O 1-2 3-4 5 6=7 §-9 1@ 11-12 | All Yl
c g 4 o o u 2 4 z Over Under
-z |8 4 5 0 0 0 ) ) 133 .
54 A 5; 1; & 1 ! B 2 Categor‘u Hits Forecasts Forecasts
5 4 9 z B B D . R . oo
6=7 T s = ) 1 o = 3 E
-9 o o0 =z 1 [} 3-;: 47 41 1z
10 2 o o 0 1 2 - 14 HiL a
11-12 @ @ ®© © @ 0 ik 9 74 &
ALl o217 1 z 0 ¥ g 1“'2 3
P 11-1% 0 ® )
ALl 40 48 12
253/306 F~Q| ¢ 1-2 3-4 5 4-7 B8-9 10 11-12] All .
c [ [ v o o [ [ [ 4] Zh4=h
1-2 | 88 48 5 0 0 0 ) [} 133 )
3-4 | 1B 53 1@ 8 = o ) 91 — Over Under
5 @ 1 5 9 @ o @ 1) 164 atugur‘u Hits Forecacsts Forecacts
=7 ] o 4 4 z o ] 2 o 2 e Z
8-9 ® o @ o 1 B o 0 1 = P 2 11
12 | 2 @8 © 0 e o o 2 . - Ha 13
11-12 o 2 2 o o o 2 @ 8 .- = :757 9
All | 5@ 1er 31 =1 7 z ] [ 253 ey 5 ol g
. 10 ) ) @
menl 11-12 o ] [}
257/306 F~Q| ¢ 1-m 3-4 5 -7 8-9 1@ 11-12| All Al &5 it L1
c ) o B o o [ ® ? ) i
-z | 80 51 7 @ 0 ) [} ® 138 '
3-4 | 13 47 16 1m  Z @ ) ) 90 S iy e
5 i) 3 g8 3 = ) 1 0 17 ) e
Cateao 3 recacts zcasts
— @ @ a 5 = 1 o 2 10 a egur‘u ngtg For ecmw t Forc;n. i
B-9 ) ) e o 1 @ 1 ] 7 T o 26 e
%) o ) ® 0 0 i) ) @ [} n = als s
11-1% 1) 0 b o 0 ) ] [} : o o o
All | 93 181 31 22 7 1 z ] 257 i % o 2
o o
All Periods 9;; g mg ‘5’
toz7/1224 Q) € 1-2 3-4 5 4-7 B-9 10 11-12 | All “:}; ;,g 42 1?
e 4] 7] 4] [1] [} 7] @ [} [} iz
1-2 (332 191 0 O 0 i) ] ) 543 N
3-4 | 42 @B 68 31 6 @ © @ |55 All Periods
5 ® 11 3 29 05 0 1 1) 69 — s
6=7 0 z 6 75 11 4 1 @ 49 i i e el
8-9 2 2 a 2 5 1 5 2 8 '(Q:Dr"\_—i 1@5 Foreca_.t_. l‘Dr‘&;n_;tS
10 ) ) 0 B 1 ] 1 ) Z 1-3 45 i 1%
11-12 ® ) v o o 2 1 ] 1 -4 45 43 1%
ALl [374 412 117 95 =28 5 b B [1027 5 4n ey a
&-7 17 76 7
8-9 0 100 o
10 ) 1) 0
. . 11-12 ) ) ®
Table 2. Contingency tables of wave height All 47 4e 172

observations (O) (ft) at Buoy 9 versus wave
height forecasts (F) (ft) at Point 7 in Lake
Erie for each period (00-h, 12-h, 24-h, 36-h)
and all periods from July through November
1983. The ratio of observations available to
the total possible is given to the left of each
contingency table.

Table 3. Distribution of hits, overfore-
casts, and underforecasts by category in
percent for wave heights observed at Buoy 5
and forecast for Point &8 for each period
(00-h, 12-h, 24-h, 36-h) and all periods from
July through November 1983.
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Table 5. Contingency tables of wave height
observations (O) (ft) at Buoy 5 versus wave
height forecasts (F) (ft) at Point & in Lake
Erie for each period (00-h, 12-h, 24-h, 36-h)
and all periods for October 1983. The ratio
of observations available to total possible is
given to the left of each contingency table.
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Table 6. Contingency tables of wave height
observations (O) (ft) at Buoy 5 versus wave
height forecasts (F) (ft) at Point 8 in Lake
Erie reduced by 1.4 for each period (00-h,
12-h, 24-h, 36-h) and all periods for October
1983. The ratio of observations available to
the total possible is given to the left of each
contingency table.
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