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t now appears technologically and economically fea-

sibleto obtain reliable and reasonably accurate all-
weather wave observations for critical areas (e.g. ,
harbor entrances) along the Pacific Northwest coast
of the U.S. in winter, through the use of seismic sen-
sors. In the past it has been found that the traditional
sea -based sensors (e.g., pressure transducers on
the sea floor) could not cope with the late fall, winter,
and early spring wave and surf conditions. During
these periods, either the bottom sensor was covered
over through seasonal shifting of sand or the cables
were broken as a result of turbulent surf conditions.
* With such systems, outage time could be large and
replacement costs high. In the search for a more re-
liable and less expensive way of obtaining wave in-
formation, the use of a land-based seismometer to in-
fer wave height and period was considered; and, at
least at those sites so far tested, it appears that this
method is quite effective.

In retrospect, this sensing method was a by-prod-
uct of earlier research efforts. From 1969 to 1972
Oregon State University was involved in the develop-
ment of a technique forforecasting wave and surf con-
ditions over the treacherous Columbia River Bar, un-
der a NOAA-National Weather Service contract. From
1971 on, the base for these studies was broadened
through NOAA-Sea Grant support to develop a sea and
surf forecasting capability for the Pacific Northwest
coastal zone of the U.S. Earlier attempts to verify
and improve wave forecasting techniques over the
more turbulent regions, such as this, relied heavily
on hindcast data. In other words, forecasts relied on

preliminary analyses and prognostic inputs and the _

hindcasted verifications on finalized analyses. How-
ever, the fallacy of this rather universal approach to
verification is that it assumed the forecast technique
to be perfect if the input was perfect. Improving the
basic forecasting system required routine wave meas-
urements for verifications. All attempts to instru-
ment sites along the Oregon coast with traditional bot-
tom sensors ended in failure. (The U.S. Army Corps
of Engineers attempted to instrument the mouth of the
Umpqua River and the University attempted to instru-
ment the mouth of the Yaquina River.) This resulted
in a search for a less vulnerable and more reliable
method of obtaining wave measurements.

Itwas decidedto investigate the utility of measure-
ments made with a long-period vertical seismometer,
based on the assumption that the theory of Longuet-
Higgins (1950) could be applied in this situation, and
realizing that others (Darbyshire, 1950) had found
certain correlations long ago. Theory predicts that
ocean waves impinging on a sloping beach will exper-
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ience some reflection, that the interaction of incident
and reflected ocean waves will result in the formation
of standing waves, and the standing waves will produce
a pressure field on the ocean bottom which in turn will
generate seismic waves propagating in the horizontal
plane. It is assumed that the amplitude of the seismic
motion is linearly related to the  pressure field, and
it is expected to have twice the frequency of the ocean
wave which generated it.

Based on the discussed theoretical considerations,
a long-period vertical seismometer with a self-timed
recorder was installed at the Marine Science Center,
Newport, Ore., in May 1971. The initial system was
automatically programmed to produce 12-min records
on a strip chart at 6-hr intervals. For calibration
tests on the system, visual observations were made
against a 4-m-high buoy located in 20 m of water a-
bout 2 km offshore (fig. 5). An observer located on a
hill about 40 m above sea level and 3 km from the bu-
oy, observed the buoy through binoculars; and by know-
ing the height of variousfeatures of the buoy, estimat-
ed the height and period of the highest 10 percent of
the waves passing the buoy. On other occasions, test
wave data were also obtained from a portable bottom-
mounted pressure sensor system and a sensitive fa-
thometer operated from the University ship
PAIUTE near the buoy. Using 1971-72 data, the re-
gression of visually observed wave heights (Hy) on
seismometer inferred wave heights (Hg) was found to
be Hp=1.07 Hg~0. 87 (ft) with a correlation coefficient
of 0.87 and a standard error of estimate of 1.61 ft.
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Figure 5. --Location of calibration site.
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Figure € is a scatier plot of the data. Data for 1873
and 1974 confivm this corvelation. A similar com-~
parison of ocean wave periods confirmed the 2:1 re
lationship discussed ea tl'er. After calibration, a me-
ter was designed from which wave height and period
could be O}J,amcd (f}g. 1).

The 2 yr of data from the Yaguwina River mouil,
one winter's data from near the Columbia River mouth,
and recent data from the mouth of the Umpgua River
indicate that wave height and pericd can be inferred
from the cutput of a properlv located vertical seis~
mometer. If an earthguake occurs uring the record-
ing period, it shows up on the recorder chari as ex-
tremely large amplitude ﬂnc*u ations with a period of
about 18 see, which is m h longer than the half-pe~
ricds of waves (2-8 sec ) sensed by this system

Hence, it is easy to screen OA(Z disturbances of this
nature,
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CEY
summarized as follows:

2. ILa mlbtyi
or weathey conditions.

C“pi,l"dt]()}";%i characieristics do not appear fo be
affected by the sizeable tidal vaviations along
the OUregon coast.

s not iy mtec (lh'-“ng e‘cu*n o8

[
N

ering a 12, 5-{t wa

68




30+ Figure € is a scatter plof of the data. Data for 1873
and 1974 confivm this corvelation. A similar com~
parison of ocean wave periods confirmed the 2:1 re-
osh ) lationship discussed earlier. After calibration, a me-

' ’ ter was designed from which wave height and period
couid be obiained (fig, 7).

The 2 yr of data from the Yaguwina River mouil,
one winter's data from near the Columbia River mouth,
and recent data from the mouth of the Umpgua River
indicate that wave height and period can be inferred
from the output of a properly located vertical seis~
mometer. If an earihquake occurs during the record-
ing period, it shows up on the recorder chari as ex-
tremely large amplitude fluctuations with a period of
about 18 see, which is much longer than the half-pe-
riods of waves (2~ sec) as sensed by this system.
* Visucl observation Hence, it is easy to screen out disturbances of this
® Ross fathomerer natuyre,
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# Pressure sensor The advantages of this wave sensing svstem are
summarized as follows:
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the Oregon coast.

Figure &.~-Relationship between ochserved wave hei
and seismometer~inferred wave he
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Figure 8.--Chart showing proposed flow of wave information from seismometer sensing sites to users. Data
will be transmitted via telephone data links to U.S. Coast Guard and National Weather Service.

4. Equipmentis not subject to loss, since it is not
exposed to ocean currents, turbulent surf, shift-
ing sands, etc.

5. Initial cost of system procurement and installa-
tion is relatively small in comparison to costs
for traditional wave sensing systems.

6. Maintenance and servicing costs are small.

Figure 8 shows a currently proposed flow of coast-
al wave information under Oregon State University's
Sea Grant developmentprogram. Present plansunder
the Sea Grant program are:

1. To test this system at additional sites along the
coast of the northwestern U.S. (e.g., the Cape
Disappointment Coast Guard Station at the Co-
lumbia River mouth, the Grays Harbor C.G.
Station at Westport, Wash., and the Coos Bay
C.G. Station at Charleston, Oreg.).

2. To establish permanent wave sensing sites a-
longthose parts of the northwestern U.S. coast

which are of most critical interest to mariners.

3. To make wave information readily available on
areal-time basis to the U.S. Coast Guard, Na-
tional Weather Service, ships at sea, and the
marine community in general.
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