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FOREWORD

This report was written under Task 36, *Oceanographic Forecasting Techniques’’, to
give the Navy Meteoroiogist and Aerographers mate, especially those attached to amphibious
forces, a basic background in surf forecasting,

Accordingly, the publication presents a discussion of: (1) Waves, their propertiés and
characteristics; (2) surf, its cause and effect; and (3) forecasting surf conditions for the case
of a straight and parallelbeach, The concluding secticn points to the need for further research

in this field,

Lt. Gale M. Griswold, USN, former Task Leader of Task 36, wrote the publication. The
preliminary edit was performed by Mr, René V, Cormier, the firal editby Mr, John M, Mercer.

This report has been reviewed and approved on 15 January 19€5 by the undersigned.

JAMES L. KERR

Cr.nmander, U.S, Navy

Officer in Charge

U.S. Navy Weather Research Facility
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Figure 1-4

normal (perpendicular) toa straight beach, the
wave crests will parallel the beach. If taie
waves are arriving from a direction other than
normal tothe beach, or the beach is not straight
the waves will bend, trying to conform to the
bottom contours., This bending of the waves is
known as refraction and results from the in-
shore portion of the wave having a slower speed
than the porticn still in deep water (fig. 1.5).
This refroction will cause a change in both
wave height and direction in shallow water. The
amount of change is usually determined with
the aid of a refraction diagram (fig. 1.6). This
diagram may be constructed graphically from
hydrographic charts, prepared from aerial
photographs, or calculated by numerical (com-
puter) methods.

A refraction diagram may be considered
to be a map showing the wave crests at a given
time or the successive positions of a particular
wave crest as it moves shoreward. Lines at
right angles to the wave crests, called wave
rays, are constructed to show the direction the
waves are moving and to measure the increase
or decrease in wave energy. The wave energy

between any two rays is considered to remain

constant from deep water to shallow water,

DIRECTION OF WAVE
IN DEEP WATER

Figure 1-5

Wave Refraction on a Straight Beach

Shoaling.

Thus, spreading rays indicate decreasing wave
height and converging rays indicate increasing
wave heighi. For these reasons, only the rays
are often shown on a refraction diagram, since
these can give anindication of both wave direc-
tion and height changes.

The graphical construction of wave refrac-
tion diagrams by e’ther the wave front method,
the ray method, or from aerial photographs is
described in detail in H.O.Pub No.605121. A
refraction diagram indicates the refraction of a
wave of a given period and the deep water wave
direction, A separate diagram must be con-
structed for each wave direction and period
which may arrive at that particular beach, This
could entail up to 600 man-hours or more for
any beach, and thus it is usually impossible for
amphibious forces to construct refract on dia~
grams for assault beaches prior to an amphibi-
ous operation, By ‘he time the actual landing
sites are chosen from the number of possible
beaches, there is insufficient time to construct
even a few of the required refraction diagrams.
For this reason, most surf forecasts for am-
phibious operations are made without the aid of
refraction diagrams,

A computer method, developed at NWRF, is
currently being used at FNWF Monterey to pre-
dict wave refraction, utilizing the most clima~
tologically probable data for a given beach, This
method will allow refraction studies to be made
at many pertinent beaches. The refraction of
any given deep water wave can be accomplished
in minutes, Also, this numerical method can
calculate the relative wave height at any point
along a ray, incorporating both shoaling and
refraction factors, In addition, it is now possi-
ble to calculate a complete refraction diagram
for a given beach with a digital computer; such
as, the CDC 1604,"

1.3 Surf--Couse ond Effect

The breaking of waves, in either single or
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