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ABSTRACT

A numerical model based on the impulse response function method is used to hindcast and forecast
storm surges on Lake Erie. The impulse response function method is more efficient than numerical
integration of the dynamic equations when results are required at only a few grid points. Hindcasts
use wind observations from seven weather stations around Lake Erie. The surge phenomenon depends
on the two-dimensional structure of the wind field and on the stability of the atmospheric boundary
layer over the lake. The overall correlation coefficient between computed and observed water level
deviations for 15 five-day hindcast cases is 0.83 at eight water level recording stations. Operational Great
Lakes wind forecasts are used to drive the model for water level forecasts at Buffalo, NY, and
Toledo, OH. The accuracy of the water level forecasts is currently limited by the accuracy of the fore-

cast winds.

1. Introduction

Based on hourly water levels recorded from 1940
to 1972, Pore et al. (1975) determined that the re-
corded Lake Erie water level at Buffalo, New York,
exceeded the monthly mean level by at least 1.4 m on
the average of once a year. The water level at
Toledo, Ohio, dropped by at least 1.4 m with the
same frequency. This abnormal departure of the
water level from the mean is known as a storm surge
as it is generally associated with the passage of an
extratropical storm through the Great Lakes region.
Storm surges are especially pronounced on Lake
Erie because of its shallow depth and geographical
orientation. High water caused by storm surges can
cause flooding and contribute to shoreline erosion.
Low water can be a hazard to navigation and may
disturb hydroelectric power generation.

‘The purpose of this paper is to describe a method
for hindcasting and forecasting storm surges on Lake
Erie. This method must 1) take into account the two-
dimensionality of the lake and the wind field over it;
2) resolve wind and water level changes on an hourly
basis; 3) be applicable to any point on the shore of the
lake; 4) incorporate the minimum dynamics required
to explain observed surges; and 5) be readily appli-
cable to operational forecasting. The method to be
described is based on a hydrodynamic model of the
lake. This method can be applied with the simplicity
of statistical regression methods and meets all of the
above constraints.

Storm surge dynamics are governed by long-wave
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theory, wherein the horizontal scale is much larger
than the depth. By specifying wind stress on the lake
surface as a time-dependent boundary condition,
the mass and momentum conservation equations of
long-wave theory can be integrated numerically to
simulate storm surge episodes. Platzman (1963) used
the dynamical method to simulate nine storm surges
on Lake Erie. Wind stress over the lake was inter-
polated from six weather stations around the lake
and taken as proportional to the square of the wind
speed. The correlation coefficient between observed
and computed Buffalo-minus-Toledo peak setup was
0.88. The dynamical method is useful for simulation
but somewhat cumbersome for routine forecasts.
Platzman (1967) designed a method for operational
prediction of storm surges at Buffalo and Toledo on
Lake Erie to be carried out manually at the Chicago
Forecast Center. This procedure involved simpli-
fication of the dynamical theory and integration
mechanics. The wind field was taken as uniform
over the lake and was only allowed to change at
3 h intervals. :
Platzman (1963) pointed out that the correlation
between Buffalo-minus-Toledo water level setup
and the square of the.component of wind along the
axis of Lake Erie was not much smaller than the
correlation between observed and calculated setup.
The implication is that a simple empirical statistical
model can provide satisfactory simulation of surges.
Harris and Angelo (1963) developed such an em-
pirical model based on recorded wind and pressure
at six weather stations around Lake Erie and water
level data for 19 storm surge episodes. They made no
assumptions about the dynamics of surges. Water






