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SOME PROBLEMS INVOLVED IN THE STUDY OF STORM SURGES

D. Lee Harris v
Office of Meteorological Research, U. 8. Weather Bureau, Washington, D. C.

ABSTRACT

The various forces which affect the height of the sea’and the response of the
sea to these forces are reviewed. An attempt to clarify the interactions among
the astronomical, climatological, and meteorological forces involved, reveals
that the response to any given force varies from one part of the sea to another,
and that a complete separation of the effects produced by the various forces
is impossible in the present state of knowledge.

Some case studies of the ‘‘storm surge’’, the effect of a storm on sea level,
are presented. A first approximation to the storm surge is obtained by sub-
tracting from the observed sea level accurate predictions of the astronomical
and climatological effects on sea level made by a suitable tide machine, The
resulting curves give clear indication of a reaction between the normal tides
and the storm surge, but this method of treating the data gives a much clearer
picture of the effects of the storm than can be obtained by studying only the
observed sea level data.

INTRODUCTION

unpublished reports and a few of the published ones
also display a lack of understanding of the real mean-

More than half of the fatalities in hurricaneé and
other tropical storms have been drownings - either

in floods from excessive rainfall or in tidal waves
coming in from the sea. A large fraction of the
property loss has been due to the same causes, yet
only a small fraction of the research effort devoted
to the study of hurricanes has been spent on these
problems.

The lack of research on the problem of tidal waves
or storm surges may be explained in part by the
difficulty in obtaining quantitative data concerning
the past storms, and in part by the difficulty of
formulating any reasonably comprehensive theory
of the development of these storm surges.

In spite of these difficulties, several meteorologists,

oceanographers, and mathematicians, and practical-
minded men with little special interest in any of
these fields have studied the problem from time to
time. The best known of these studies in the United
States is that of Cline {2]. Much of the research on
storm surges has never been formally published,
largely because the people performing the work in
relative isolation have not been satisfied with the
results. Much of the material which has been
published contains a number of questionable state-
ients, mainly in the nature of over-simplification
{ those parts of the problem lying outside the
hors’ primary fields of interest. Most of the

ing of the technical concepts used by one or more of
the scientific disciplines concerned in this problem,

After the tremendous losses in the northeastern
United States due to hurricanes in 1954, Congress
directed both the U, S. Army Corps of Engineers
and the Weather Bureau to conduct an intensified
study of the causes, behavior, and methods of fore-
casting of these storms. A large fraction of the
available funds are to be spent in studying methods
of protection against inundations from the sea.
Among the protective measures to be considered is
the development of an adequate forecasting and
warning service, '

This program is not yet sufficiently advanced to
permit us to outline reliable techniques for fore-
casting storm surges. However, the first step in
developing an adequate forecasting system is to
obtain a clear statement of the physical problem we
wish to solve. This requires an examination of the
changes in sea level produced by several storms
and of the principal factors which are believed to be
important in determining the sea level as a function
of time and space.

Figure 1 shows the hourly observed sea level at
several Coast and Geodetic Survey Tide Stations on



gust 21 through September 2, 1954 associated

- other than the record from a recording tide gage.

" The dashed line extending across the maregrams
shows the approximate time at which the storm was
nearest the station. The solid line on the map in the
left hand part of the figure shows the path of the
storm. The enlarged dots along this line indicate
the position of the storm center at the date and time
shown. The tide records are matched with the
geographic position of the gage by means of capital
letters. The vertical scale of the maregrams is
given on an insert near the center of the chart.
It is seen here that the major source of variability
at most stations is the normal semi-diurnal tide.

Figure 2 is a plot of the hourly difference between
the observed and predicted tides at the same
stations. The same convention as described above
is used in identifying the stations and storm track.
These curves are presented here in order to focus
attention on the problem being discussed. The
details of these curves are discussed in a later
gection of the paper,

The storm surge is defined, for the purposes of
this paper, as the short-period rise or fall of sea
level produced by a hurricane or other meteor-
ological disturbance. Although it is recognized
that ground swell and wind-driven waves having
‘periods of less than one minute are an important
part of the hurricane problem, they will not be
considered in any fundamental way in this paper.

With this brief description of the problem being
considered, we shall proceed to a discussion of the
physical phenomena affecting sea level and then to
a more detailed discussion of actual cases.

NATURE OF THE PROBLEM
The level of the sea at any point is affected by:

(1) the gravitational attraction of the sun and moon
(2) the atmospheric pressure at that point relative
to the mean pressure over the entire ocean (the
inverted barometric effect)

(3) variations in the density of the sea water

(4) natural oscillations of the sea.

In shallow water near the coast, the following
additional factors are important:

(5) the piling-up of water by the wind (setup) -
(6) the transport of water by waves and swell
(7) the shoaling of waves formed in deeper water
(8) natural oscillations of the shelf water.

S

vith hurricane Carol, The large dots on the curves,
' indicate interpolated values based on information

rtant inside harbors

and es;uaries o

9 convergence or vergence of waves from the
sea

(10) rainfall and runoff o

(11) wind setup within the estuary

(12) natural oscillations within the estuary.

The observed sea level results from a combination
of all of these effects and perhaps others which are
neglected here. Forecasters and other meteor-

ologists are interested primarily in the changes in
sea level produced by unusually high winds and tight
pressure gradients, 'These will be referred to below

‘‘storm surges.’’ However, the public for whom

we forecast, is interested primarily in how high
the water will rise, or how low it will fall, The

practical importance of any given storm surge will
be greater if it occurs at the time of an already
high natural tide, than if it coincides with the

normal low tide, Moreover, any observations which
we may use to check our theories will give us only
the combined effects of all factors which affect sea
level.

Thus, it is necessary to have some understanding
of all of the factors which influence sea level be-
fore we can proceed very far with our understanding
of the ones in which we are interested. The present
unsatisfactory state of storm surge research in the
Americas is due more to the difficulty of separat~-
ing these various effects than to any other cause.

THE GRAVITATIONAL ATTRACTION OF THE SUN
AND MOON

The most universal and best understood of the
various factors which affect the sea level is the
gravitational attraction of the sun and the moon.
The facts which must be considered in explaining
these forces are the rotation of the earth, the rota-
tion of the moon around the earth, the rotation of
both around the sun, the variable inclination of the
plane of the moon’s orbit with the plane of the
earth’s equator and with the plane of the earth’s
orbit around the sun, and the variable distances
between the earth and the moon and the sun. All
of these variables are periodic in time, and so are
their interactions. Thus, it is quite natural that
the various tide predicting agencies should seek to
express the tide as the sum of a harmonic series
of the form:

~ M
h=h-+ Zl B, cos(Ajt + Dp)

n=

1)

where
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