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MEAN SEA-LEVEL AS AFFECTED BY
SHORELINE CHANGES

IT seems to have been quite generally assumed that
carefully made tidal observations, extending over a
period sufficiently long to eliminate the disturbing
effects of meteorological and astronomical causes, will
give a value for mean sea-level which at any given
place will remain essentially constant. As mean sea-
level determinations afford the only satisfactory
basis for detecting slow elevation or subsidence of the
continent, the validity of the assumption noted is a
matter of no small importance.

A number of years ago the writer became convinced
that the mean sea-level surface bordering an irregu-
lar shore is itself an irregularly warped surface,
and that its elevation changes appreciably with
changes in the form of the shoreline. Special studies
of this problem are now in progress, and a full dis-
cussion will be published at an early date. It is
desired here to indicate briefly some of the facts upon
which the theory of a fluctuating mean sea-level sur-
face is based. The facts are not novel, but their
consequences seem not fully to have been appreciated,
especially by those citing records of mean sea-level
observations as proof of slow continental subsidence
or elevation.

We may begin with the simple and obvious ease of
a bay connecting with the open sea by a narrow inlet
and receiving the waters of inflowing rivers. It is
known that under such conditions the influx of river
water will raise the mean level of the bay. A strik-



ing example of this phenomenon is presented by
Kennebecasis Lake or Bay, which receives the waters
of the St. John River and connects with the sea at
St. John, New Brunswick, by the very narrow tidal
channel famous for producing the “reversible falls”
—from the sea into the embayment when the tide
outside is high; from the embayment back into the
ocean when the tide outside is low. According to the
Canadian hydrographic authorities, the mean level
in the embayment is at least two feet higher than
the mean level outside. There can be no doubt that
many such embayments along our coasts have abnor-
mally high mean levels, the excessive elevation gen-
erally amounting at most to but a few inches, but
in some cases rising as high as a foot or more.
"What would happen if storm waves, tidal currents,
or other agencies widened or deepened the inlets be-
tween sea and embayment, or created additional in-
lets, so that better egress of waters from the em-
bayment to the sea would be insured? Obviously
the ponding of the river waters would be less effec-
tive, and the mean level of the embayment would
fall. Thus would be created, within the embayment,
fictitious indications of an uplift of the land. Or
suppose that the inlet were gradually narrowed or
shallowed through the deposition of débris by wave
or tidal currents, so that the escape of the river
waters was more and more obstructed. In this case
the mean level within the embayment would gradu-
ally rise, and one would find there fictitious indica-
tions of a gradual subsidence of the coast.

Let us consider next the case of mean sea-level as
affected by prevailing wind directions. It is not
difficult to understand that if the wind blows con-
stantly in a given direction, the level of a water body
over which it blows must be permanently distorted
with an abnormally low level toward the windward
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shore, and an abnormally high level along the lee
shore. A land mass separating two water bodies so
affected will have distinctly different mean water
levels on its two sides. If one of the water bodies
be the ocean, and the other a bay or lagoon separated
from the ocean by a bar through which a very nar-
row inlet permits restricted ebb and flow of the
waters, the difference in mean levels on the two sides
of the bar will persist. If, however, the inlet be
widened, or if new inlets be broken through the bar,
the water levels will approach equality; and this will
result in a fictitious indication of land elevation on
one side of the bar, and a fictitious indication of
subsidence on the other.

It can be shown that tidal conditions alone, un-
affected by either river inflow or wind direction, will
produce local inequalities of mean sea-level which are
subject to fluctuations with changes in the form of
beaches and inlets. To take a single example, imagine
a bay or lagoon separated from the sea by a bar
through which a narrow inlet admits the rising ocean
so slowly that high tide in the lagoon never rises as
high as high tide in the ocean. When the ocean waters
fall, the waters in the lagoon will flow back into the
ocean, but so slowly that before the lagoon is emp-
tied the ocean waters begin again to rise. Thus low
tide in the lagoon is always higher than low tide in
the ocean, just as high tide in the lagoon is always
lower than high tide in the ocean. Now such tidal
inlets are usually broader at the top, and narrower
below, with the result that the waters enter and leave
the lagoon most freely when the tide is high. As a
consequence, the discrepancy between high tide levels
in the two water bodies is not so great as that be-
tween the low tide levels; and the mean level of the
lagoon is therefore higher than the mean level of the
ocean. Changes in the number or breadth of inlets
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much cause changes in the mean level of the lagoon;
and such changes are of common occurrence.

The shallowing or deepening of inlets; the growth
of bars across the mouths of bays formerly free from
such shore features, or the destruction of bars by
storm waves; the narrowing of inlets by sand-spit
growth, their widening by wave or current action, or
the breaching of bars by new inlets formed by storm
waves or by the outburst of impounded land waters;
any and all of these must be potent causes of local
changes in mean sea-level in harbors, bays or lagoons
where are found conditions approximating those
described above. Nor do the conditions described ex-
haust the list of those which may give rise to local
differences in mean sea-level. They are merely ex-
amples intended to illustrate the fundamental prin-
ciple that local changes in the form of the shore may,
under appropriate conditions, produce local changes
in mean sea-level. Such changes in mean sea-level
may be gradual or sudden, depending on the nature
of the shore changes responsible for them; and they
may amount to fractions of an inch or to a number
of inches, depending on the form and size of inlets
and bays and on the range of the tides. Where
gradual and imperceptible, yet of significant amount,
they are apt wrongly to be attributed to progressive,
slow coastal subsidence or coastal elevation.
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