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1. INTRODUCTION

Accurate wave forecasts are very important to shippers, coastal
industries, commercial fisheries, coastal residents, and recreational
boaters and bathers. Lake activities are often interrupted by the
destructive action of severe storms and waves. For example, in a
storm on November 9, 1913, ten ships were sunk and 20 others were
driven ashore with the loss of more than 250 lives. Lakes Huron and
Superior were hardest hit. More recently, April 1979, the 315 ft
ship LABRADOC, with a crew of 20, foundered on Lake Erie in 20 ft
seas and 45 kt winds. Fortunately all hands aboard LABRADOC were

rescued by helicopter.

To aid marine forecasters in preparing wave forecasts, auto-
mated wave height forecast guidance for the Great Lakes has been
generated at the National Weather Service's (NWS) National Meteoro-
logical Center since January 1975. These torecasts are made with an
empirical wave forcast method developed by NWS's Techniques Develop-
ment Laboratory (TDL). Wind input to the method is from NWS auto-
mated wind forecasts. Recently NOAA's Great Lakes Environmental
Research Laboratory (GLERL) and Canada's National Water Research
Institute have developed a dynamical wave prediction model for the
Great Lakes. This model, which may also be driven with NWS auto-

mated wind forecasts, is available to NWS Forecast Offices.
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An opportunity to compare and verify wave height forecasts
generated by the two forecast methods presented itself when two sets
of Lake Erie wave data were collected in September and October 1981.
The first set of measurements is from a NOAA buoy, reporting real-
time wave data via satellite, that is moored in the western part of
Lake Erie (Fig. 1). The second set consists of nearly continuous
measurements of wave height at a GLERL tower located 6 km off the

southern shore of the Lake. See Fig. 1.

Before we present the results of our comparison and verifica-
tion, we will briefly discuss wave generation and automated wind
forecasts for the lake. This will be followed by a description of
the two wave forecast methods and a comparison and evaluation of
24-h significant wave height (average height of the one-third high-
est waves of a given wave group) forecasts generated by these methods.
The evaluation will include a look at measured data, plots of mea-
sured and forecast wave heights, and objective verification statis-
tics. Conclusions and future plans based on this evaluation will

also be presented,
2. WAVE GENERATION

Wave height and period are a function of fetch (distance over
water that wind has essentially constant direction and speed), wind
speed, and duration (length of time the wind has blown over the
fetch). Waves are generated not only in the direction of the wind,
but at various angles to the wind. The effect of a narrow fetch
width, such as found on Lake Erie, is to enhance the contribution of
wave growth by wave components from the maximum fetch direction,

which may be different from the wind direction (Donelan, 1980).

Shallow water will also affect the height of the individual
wave form. At a depth of about one-half the deepwater wave length,
waves start to "feel" the bottom, and their height, length, and
velocity begin to change. The height ¢f the shoaling wave first
decreases slightly and then increases until reaching the breaking

point. As waves enter shallow water, they also undergo height



changes due to refraction (bending of wave due to bathymetry).

Since a typical period for a wave on Lake Erie is 4 s, a wave will
begin to interact with the bottom in approximately 40 ft of water.
As can been seen in Fig. 1, the NOMAD buoy and GLERL tower are
located in less than 60 ft of water. Therefore, the larger waves
measured at these locations have certainly been modified by the lake

bottom.
3. AUTOMATED WIND FORECASTS

Input tc both wave forecast methods are the automated Great
Lakes wind forecasts. These forecasts, which have not been adjusted
by inflation for either wave forecast method, are based on the Model
Output Statistics (MOS) technique (National Weather Service, 1980).
The predictors of the wind are various forecast elements computed by
NMC's Limited-area Fine Mesh model. Wind forecasts, based on sepa-
rate equations for summer and winter, are available twice daily to
48 h in advance at 6-h intervals for 12 areas of the Great Lakes.
Figure 2 shows the two Lake Erie sectors for which wind forecasts

are made. Forecasts are made for the center of each sector.
4, TDL WAVE FORECAST METHOD

The TDL method is based upon the work of Bretschneider (1970
and 1973). This method requires the estimation of such variables as
fetch length and wind duration time. The following is a brief

description of the method. For a complete write-up see Pore (1977).
A, Forecast Points

The selection of the specific forecast points (Fig. 3) was
necessary so that fetch lengths could be measured and made part of
the input data teo the forecast program. TDL consultations with the
NWS Eastern and Central Regions led to the decision to produce wave

forecasts at the 19 points indicated in Fig. 3. Some of these



points were chosen to be along the axis of the lakes but most were
chosen to be 5 mi from U.S. shore. This distance was used so that

the points were not in the shallowest water very close to shore.

B. Fetch Lengths

Fetch lengths for each of the forecast points were determined
for 24 directions at 15° intervals. These were found by direct
measurement of fetch lines drawn on maps. Some of the fetch lengths
were corrected for fetch width by the method of Saville (1954),

This method recognizes that waves are generated not onlv in the

direction of the wind but at various angles to the wind.

€x Duration Time

In the automated wave forecast method, duration time is deter-
mined by checking the wind direction at 6-h intervals before the
time of the wave forecast valid time. A search is made for a shift
of 45° or more from the wind at forecast valid time. With wind
directions available at 6, 12, 18, 24, 30, and 36 h before forecast
time, the duration is therefore estimated to be 3, 9, 15, 21, 27, or
33 .

D. Effective Wind Speed

The wind speed used is an effective wind speed, which is deter-
mined by weighting the winds over the duration time such that the
winds closest to forecast time are weighted the heaviest. Each wind
value is weighted in such a way that it counts as much in the wave
generation process as all the previous winds that occurred in the

duration time. For example, duration equal to 15 h is determined

]

EWS = 0.5 §p + 0.25 5, + 0,125 8 ;) + 0.125_;
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where EWS is the effective wind speed over the duration time and S
is the wind speed at a particular time. The subscript of the wind
speed is the time in h of the wind before the valid time of the wave
forecast., This method was adapted from the TDL Ocean Wave Forecast

Program, where it works successfully.
E. Effective Fetch

The wave height for a particular wind speed can be limited by
either the fetch length or duration time unless both of these are
great enough for fully developed wave conditions to exist. An
effective fetch is calculated for each of the duration times.

The smaller of two fetches, the actual fetch or the effective fetch,
is used in the wave forecast egquation for the calculation of wave
height and periocd. 1In this manner, wave generation is being limited

either by fetch length or duration time.
F. Forecast Equations

The wave forecast equation programmed for the automated Great

Lakes forecasts are those as revised by Bretschneider (1970, 1973).

They are:

2 0.42

H = U 0.283 tanh [0.0125 ( gF ) 1
g u?
0.25

T = 2WU 1.20 tanh [0.077 ( gF )
g Ul



where H is significant wave height in feet,

is significant wave period in seconds,
is acceleration of gravity (32.2 ft/sz),
is wind speed in ft/s, and

is fetch length in ft.
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In the automated application of the method to the Great Lakes,
the effective wind speed is used for U and the smaller of the real

fetch or the effective fetch is used for F.

5. GLERL WAVE FORECAST METHOD

The GLERL method is based on a method originally proposed by
Donelan (1977). It is a parametric type that numerically solves a
local momentum balance equation on a numerical grid covering the
lake. Schwab et al. (1984) modified the model to conform with the
GLERL two-dimensional lake circulation modeling system (Schwab et

al., 1981),
A. Forecasts Points

The computational grid used by the model is shown in Fig. 4.

The Pelee Island in western Lake FRris (the largest one) is treated

as a land square in this 1¢ km grid. This figure shows the relation
between the artificial computational grid boundary and the actual
shoreline of the lake. The grid size for the interactive version of
the model was chosen as an acoeptabls compromise between the realis-
tic resclution of the shoreline and computational speed. The computa-
tional effort involved in the numerical model increases very rapidly

with decreasing grid size.



B. Wind Input

The interactive version of the model needs values of wind
direction and speed at the chosen interval of 1, 2, 3, 4, 5, or
6 h. If some values are not available, the programs will inter-
polate between values. Although the model has the capability to
incorporate spatially variable wind fields, the interactive version
uses a uniform wind over the entire lake. Special versions of the

model have been developed to incorporate spatially variable winds.

The program also has the capability to adjust wind measurements
for height and stability, but, again, these features are not used in
the operational model. It is assumed that the winds are representa-
tive overwater winds at 5 m above the water surface under neutral
conditions (air temperature equal to water temperature). If the
available wind measurements are from a different height above the
water, the winds are overland winds, or the overlake air temperature
is gquite different from the water temperature, the wind speed input

to the wave prediction system should be adjusted accordingly.
C. Model Formulation

The basic model equations relate the time rate of change of
wave momentum and the divergence of the wave momentum flux to input

from the wind:
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The x and y momentum components are:

o 27
i F(£,9) e0 do df
0

® 27
Hy-gc{r{ E((%%g—)sinﬂdedf
Here F (f,¥) is the wave energy spectrum as a function of
frequency, £, and direction, €. C(f) is the phase speed and g is
the acceleration due to gravity. If we assume that deepwater linear
theory applies and that wave energy is distributed about the mean
wave direction as cosine squared, Schwab et al., (1984) show that the

momentum fluxes can be expressed as:
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where 8° 1is the variance:

= = 2

i
o = [E(f)df = [ [ F(f,q) dgdf
c 0 0
and 0O is the mean wave direction.

These equations also provide relationships between group velocity or
peak energy {(frequency), variance, and momen*um that allow (1) and
(2), on the previous page, to be sclved for Hxﬁ MvianéQT once the
right-hand side of the eguation is specified. In this model the

momentum input, the right-hand side of {1} and (2), is given by:
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where Df is a form of the drag coefficient defined as:

D, = [0.4 In (50/)]°

Where <& 1is in meters. The factor 0.028 is the empirical fraction
of the stress that is retained by the waves. The important features
of the momentum input formula are that the drag coefficient
increases for higher waves and that the momentum input depends on
the sgquare of the difference between wind speed (T )and 0.83 times

-..’
the phase velocity (Cp).

The main assumption in the present formulation of the model
that would be of concern to a forecaster is that the waves are
assumed to be governed by linear deep water theory. This means that
shoaling, refraction, and breaking are ignored so that even in the
grid boxes nearest to shore, the waves are assumed to be unaffected
by finite water depth. This limitation may be of some importance in
certain parts of Lake Erie., The fossil wave field (swell) is not

considered.
6. COMPARISON AND VERIFICATION

For compariscn and verification purposes TDL wave forecasts at
the forecast points closest to the buoy and tower (points 8, approxi-
mately 15 km from the buoy, and 13, about 25 km from the tower
respectively, shown in Fig. 3) were used. Referring to the grid for
the GLERL method (Fig. 4), forecasts for grid square (10,5) were
compared to buoy measurements while forecasts for grid square (28,

9) were compared to tower measurements. Each grid square is about 5

km from the respective measurement platform.

Let's briefly look at the wave data at the buov and tower.
There were a 109 buoy measurements, during the two month period,
that could be compared to the Z4-h forecasts. The mean measured
buoy wave height was 0.84 m. Heights ranged from 0.1 m to 2.2 m.
Approximately 95 percent of the measurement were within the 0.1 m to

1.7 m range.



Measurements at the tower were similar, ranging from 0.2 m
to 2.4 m with an average value of 0.74 m. However, there were only
about half as many measurements at the tower as there were at the

buoy.

It is important to keep in mind that forecast winds are used as
input for both wave forecast methods. If we assume that all our
wave measurements are error free, then the difference between the
measured and forecast height is either due to the wind forecast or
the wave forecast method. Because we are interested in evaluating
the forecast wave height and not the specified (hindcast) height,
wind forecasts rather observed winds were used as input to the wave

models,

Before we present wave verification statistics it may be help-
ful to look at plots of the measured and 24-h wave height forecast
at the buoy and tower. Fig. 5a shows plots of the buoy measurements
and the 24-h GLERL significant wave height forecasts. The correspond-
ing TDL 24-h forecasts are shown in Fig. 5b. TDL forecast are only
made to the nearest foot. GLERL forecasts are plotted to the near-

est 0.1 m.

s designated by the

@l

The location of each pair of heights i
letter "A". If two pairs of height have the same values, their
location is denoted with a “B", three pairs "C", and so on., A line
of "perfect f£it" ig indicated in each {igure. For both sets of
forecasts there is scatter about the line of *perfect fit". The
GLERL method tends to underforecast wave height at the buoy (more

EARY

above than below the line of “perfect fit"). However, the TDL

methed overforecasts the wave height at the buov,



The extreme wave measurement 2.2 m is forecast reasonablely well by
both methods. The GLERL method underforecasts this height by 0.2 m
while the TDL method overforecasts by 0.2 m.

Plots of measurements and forecasts for the southern portion
of the Lake (the tower) are shown in Figs. 6a and 6b. Like the
plots for the buoy, there is scatter about the line of "perfect
fit". However, the scatter is not as great as at the buoy. Keep
in mind that there are only half as many measurements at the tower
as there are at the buoy. The TDL method tends to over forecast.
The GLERL method greatly overforecasts one of the larger wave

heights.

For a more objective verification we have computed a number of
verification statistics. Correlation coefficients, mean
algebraic errors, root-meansquare errors (RMSE), weighted RMSE,
and threat scores have been computed for forecasts generated by

both methods.

The weighted RMSE (WRMSE), a new verification score introduced
by Richardson and Gilman (1983), is calculated in the same manner
as the RMSE when the measured significant wave height is 1 m or
less. For heights greater than 1 m, the error (observed minus
forecast) is weighted by multiplying the error by the measured

wave height. The mathematical expression for WRMSE is:

o\1/2
i=t N\ o

n = number of observations,

where:

Oi = i-th measured wave height,
F, = i-th forecast wave height, and
W, = i-th weight without units, where

Té |= llif ,Oil{: 1, or w,_o, if
il 7 =
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This statistic gives a heavier weight to an error that occurs
when the measured height is greater than 1 m. Errors associated
with high wave heights are more critical and are therefore given

more weight.

# hits
The threat score # forecasts + # measured - # hits is the

relative frequency of correctly forecasting the event when the event

was a threat. Threatening situations are those in which a wave
height of 1.5 m occurred or was forecast to occur. A perfect threat

score is 1.

Scores in the upper part of Table 1 are based on all buoy
data. The scores shown in the lower part of the table were
computed from peak (measured wave height equaled or exceeded 1 m)

data, which was approximately 37 percent of the total data.

For all data (109 sets) the correlation coefficient, and
threat score associated with both methods are approximately the
same. The RMSE, weighted RMSE, and mean algebraic error
associated with the TDL method are a little lower (better) than
the corresponding scores associated with the GLERL method. These
same comments also hold for the peak data, shown in the lower
part of the table. Note that the threat score associated with
the TDL forecasts is a little better {nearer to 1) than the

corresponding GLERL score.

Verification scores (Table 2) associated with tower data, in
the Southern portion of the Lake, look a little different., The
correlation coefficient associated with both methods are much
larger for forecasts at the buoy. ®eep in mind that correlation
coefficients associated with the teower are basad on only 68 sets of
data. The weighted RMSE associated with the TDL method is lower
(better) that the weighted RMSE assocciated with the CLERL methced,

However, the mean absolute error favors the GLERT method.



For peak data at the tower (lower part of Table 2) all verifi-
cation scores except the mean algebraic error point to the TDL
method as the better method. Also, the threat score associated
with the TDL method is -about 30 percent higher (0.67 compared to
0.50) than the corresponding GLERL score. Peak data account for

only about 20 percent of the tower data.
7. HIGH WAVE EVENT

The highest wave event, which occurred during the two months
of collected data, was associated with a low pressure system on
October 18, 1981. This system moved from central Canada to the
Great Lakes area. At 0700 A.M. EST October 18 the low was centered
over Saulte Ste. Marie with a central pressure of 980 mbs. See
Fig. 7. During the 18th Lake Erie was under the influence of
southwesterly winds. Windes along the shores of the western and
central portion of the Lake averaged 20 kts. Winds at Buffalo
averaged about 25 kts with gqust to 45 kts.

The measured significant wave height and the 24-h forecasts
generated by the GLERL and TDL methods for the buoy and tower
locations are plotted in the upper and lower part respectively of
Fig. 8. Both forecasts are in reasonable agreement with the
measured heights. However, both methods overforecast the maximum
wave heights measured at the tower. Maximum wave height of 2.2 m

and 2.4 m were measured at the buoy and tower respectively.

8. CONCLUSIONS

Verification scores for all data indicate little difference
between the accuracy of the two methods. However, verification
scores associates the peak data sample show that the TDL method
gives the more accurate forecasts. Based on this study and keeping
in mind the small sample size, we recommend that the TDL method

continue to be used as the forecast guidance for Lake Erie.
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We also recommend that the two methods be verified and
compared on a larger sample of data such as used by Kieltyka
(1985). This sample of data consisted of measured data at two
buoys in the western end of the Lake for the period July through
November 1983. 1In this study wave forecasts generated by the TDL
method were compared and verified with data measured at the two
buoys. Kieltyka concluded that overforecasts are largely due to
the wind forecasts. Wind forecasts are based on 20-m level
winds, while the TDL wave method is designed for winds at the
10 m level. With regard to winds, the TDL method has a built in
wind smoothing operator in that winds are weighted and averaged.
It might be interesting to weight and average the winds used in
the GLERL method.

Forecasts appear to be better for the southern portion (tower)
than they are for the western end (buoy) of the Lake. This could
be attributed to smaller sample of data at the tower and the lack
of complications due to the small islands located to the

northwest of the buoy.

A final point which should be emphasized is that the TDL
method forecasts for discrete points. The GLERL methods allows a
forecast at any grid point and therefore gives a better picture
of wave conditions on the lake. TFor this reason marine forecasters
should be encouraged to use the interactive wave forecast method
(Schwab et el., 1984) developed by GLERL and where possible

compare the forecasts from this method to the TDL guidance.
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Figure 1.

Configuration of Lake Erie and the location of the
NOMAD buoy (western end) and the GLERL tower (eastern engd).
Depth contours are shown at 10-fathom intervals (1 fathom =
6 ft).

The location of the buoy and tower are depicted by a
filled triangle and circle respectively.
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Figure 2. Two locations on Lake Erie for which MOS wind fore-
casts are made.
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Figure 3. Location of 19 points where significant wave
height forecasts are made by the TDL method. Points closest to
locations of measured data are circled. A filled triangle and
circle indicate the location of the buoy (western portion) and

tower (southern position).

] rLl )
P
y ~ - >
e = f
o[ . R . //" A

{ - i
s / . ] :
/’ [
H A ;
- o :
i ¢ s H '
! A : :
¥ T i 3
T ; ;
1 10 20 3

Figure 4. Computational grid used by ¢t
Forecasts are made at the center of =
location of the buoy and tower are de
triangle ard circle respectively,

he GLERL method.
ach grid sguares. The
picted by a filled

18



tabotejetatobotodotatrtodatototobadadotat

sermescsacssscasssnaa b butepabatadatad

0‘0*00‘fo‘****"‘f"”’***++‘0<(<‘<<<<

DO DF- O N N OO D oy s
SE 0SS PE OO0 ODOE000C0E000R000BE

MO0 OMNUESA-HOZ OF Lisdid

) a0
o odh
N e
LB
N =0
o =0
o~ e
[V
N ey
N e
-]
i ofh
- @
-~
- =g
- o
e
-
- e
e
-l D
o o
© -0
o o
Qo w0
o =N
@ ez
o -
o -
Q eed
o =0

(meters)

24-h GLERL Forecast

L 0w
-0 32AQ
Mmoo &
e i)} oA
[} H o~
U HH-A
o] + g
E e o
I g 0
s 0= 0O -
NHLAHA G
+ = o]
[ 1]
L 0D H-HO
<4 00U ow
~ O
e} + g
g 00 =
Mo ~d
=) n
0] Qo -~
+ L d=
0 e HD
O w M =
E+ NP
o w0 [ I
H o U H O
J0OmWEA 3
0novdaoo
g 44+ n oo
¢ Od ]
EWO 0O
[o ) R Ie]
> A W Hon
[ORE=i)] ol
S0 o+ d
QA" >
[ g ~-u
Hownwos oA
0 - [as]
qQ mh= =
n > nP +
el IR S =R I |
Oz W
— oA O
AP QPP
£ 004 0
o o 30
= D Y '
d-—"AH O M
nwH 0 [OR)]
o n 4P
O g HHOE
H DA A O
S @ OW
[oAN BT e T e M0}
Bl
<8

LS d=1-1-:1..]

-4.¢-‘-+-0-$-+-+-+-4-+-+-¢-Q-.-+-+-¢o+.+-0

dd d@ 4 LUK{NDLELUOL U

4 dagLOOUONOLOO

ecmcemrematencsnnsscandndatobndobobabadad

AL E L L R R R R R LR R R o N IV TP v T

OO @P- WD I o 100 ot O 0 - DD 2 S D™~ B o
40 FeOeB0s0ENE00BABRescDRNBOBDGS

MO0 DOVNWESAOZ OF Wikl

n o
o ofh
™ e
N e~
N =9
N e
o et
N 0
&N =ty
o et
L =]
- oth
vd o0
- e~
- =
Ll 1]
Lol
Lol
ey
e
- D
S =th
o =0
o =~
(=)
2 =N
2 e
(=3 ]
o -ty
L= ]
S e

(meters)

Z24-h TDL Forecast

M
n
0}
¥
~ .
o wn
P
[EFRT)}
o
n o
o o
M
(]
B W
(L]
wn 4
No
o
e
Q0
N o
[ )]
H >
b B
o2
-
By

except for 24-h TDL significant

19




MeDM Z0 ON-BIIMMADO DIMLIO-

WERMERID

1AAAAAAAAL L4+ 0002220420220 2 24200000

P L R LR R E L A

edadednpedtoded

133334
SEr b8

crpmmsemsrresecena .4-}-&-0-0-0-4-4—4-4-0.1;-4--4.-0-+-0-+-0-4-+-0-+-+-+-+~0-+-4~-4—0-+
onnaunnuonxll11111112222222222333
(meters) bl3dadePdspidsaasrassiadadasdie

24-h GLERL Forecast

(ue f &
e W &

[
e

Figgre 6a. Plots of tower measurements and the 24-h GLERL
significant wave height forecasts. The location of each pair
of heights is designated by the letter "A"., If two pairs of
heights have the same values, their location is denoted with
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is also shown.

8
i
4
o8
M

1

i
37
s

:
3
4
30
i
8

[
3
i3

K RO ECSHMOBDD RO~

B EEEBOON

TV

Anﬁhﬂﬂhﬂ##,&.#&ton%#0¢+0¢0¢0¢0++0++000

+.¢e&n¢-¢-¢t#w¢=‘m&m&u#m‘-#n}ulnSuﬁaie&-Qo‘-#.#o#-Q'+-¢a‘-¢-§-0-‘
PoO0OEUPO2UB 111145331123 22822222223332
3123688988312 883 3331538388854 23%

L]
[l
[
13
L]
1
L
“
13
1]
L]
1]
1
§
Ll
Ll
3
]
(]
L
¥
1]
4
L]

{meters)

24~ TDL ¥Forecast

h
i
b
e
n
P
o
:
rh
0
-

Figure 6b., Same as Figure
&

: 24-h TDL significant
wave height forecasts, ’ .



*jusas aasem ybty
1861 ‘81 I2q031D0 @Yl Y3 TM pelerdosse ulojljed iayzesMm -, o1nbrd

I 1t ey

—r 1S3 WY 00L LY
< r—— e HIHLVIM NOILVLS ON¥
T 1], d¥N H3IHiVIM 3Dvdun:

:.3.2
Ve AV 11/

7

b
7

: ona “a
Zi01 8001 $00| 0001 986

Al

R it P v i, il Zu sl s,

21



' 24
Buoy
@
Western End @ ® A e : ® a A
o 4 o ° e A A
o}
A AAANA o ® g e o
| I I | | I T I ]
4=
(8] .
x
Tower -
L,
Southern Portion o ®
for A o 8
R o 9 ‘
e o i
~0 o ® @
o ) I | | ] i i i | i
(meters) ooe, 16 19 18 19 200 21 22 23 2%
LEGEND

“Yeagured Height . . . .
24~h GLERL Forecast . . g
24~h TDL Forecast . ., . ‘ﬁ

Figure 8, The measured gigniificant wave heights and the 24-h
forecasts generated by the GLERL and TDL methods for the buoy
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Table 1. Verification scores associated with the TDL and GLERL

24-h Lake Erie wave forecasts at the buoy.

All Data TDL Forecast GLERL Forecast
Correlation Coefficient 0.53 0.52
Mean Algebraic Error (meters) -0.09 0.18
RMSE (meters) 0.42 0.48
Weighted RMSE (meters) 0.54 0.63

Peak Data
Correlation Coefficient 0.38 0,40
Mean Algebraic Error (meters) 0.15 0.40
RMSE (meters) 0.52 0.66
Weighted RMSE (meters) 0.75 0.95
Threat Score 0.30 0.25

Table 2. Same as Table 1 except for the tower at the eastern end

of Lake Erie.

All Data TDL Forecast GLERL Forecast
Correlation Coefficient 0.79 0.81
Mean Algebraic Error (meters) - 19 -0.03
RMSE (meters) 037 0.37
Weighted RMSE (meters) 0.47 0.59

Peak Data
Correlation Ceoefticient 0.79 0.7k
Mean Algebraic Error (meters) 0.06 -0.04
RMSE (meters) 0.38 0.58
Weighted RMSE (meters) 0.74 1.17
Threat Score 6. 67 0.50

23



