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THE VERTICAL STABILITY OF THE COAST AT BOSTON
IN THE LIGHT OF RECENT TIDE OBSERVATIONS

BY
H. A. MARMER
U. S. Coast and Geodetic Survey
Washington, D. C.

Since August 1921 the U. S. Coast and Geodetic Survey has had an
automatic tide gauge in operation in Boston Harbor. Periodically
the elevation of the tide staff, to which the observations are referred,
has been checked by leveling it to a number of bench marks. These
observations now cover a little over 22 years and furnish definite data
for use in the study of the vertical stability of the coast.
The automatic tide gauge furnishes a record in the form of a continuous curve of the rise and fall of the tide, drawn to a definite scale.
In tabulating this record it is customary to tabulate the times and
heights of each high and low water, as well as the height of the tide at
the beginning of each hour of the day. The heights are referred to a
fixed tide staff, the zero of which is set at some convenient elevation
so that the low waters will not fall below it.
The heights derived from such tabulations for high water, sea level
or low water from any series of observations are thus relative heightsrelative to the elevation of the tide staff used. The essential point is
that the zero of the tide staff be kept at a constant elevation. If any
change in the elevation of the tide staff occurs at any time, the exact
amount of change must be determined accurately, so that the whole
series may be referred to a staff with a constant elevation. This
purpose is served by periodic leveling between tide staff and bench
marks.
In the study of the vertical stability of the coast, any one of the
three tidal phases, namely high water, sea level or low water may be
used. However, the sea level data are the most satisfactory; for as we
shall see, high water and low water are subject to variations from
which sea level is free. In Table I the yearly average values of high
water, sea level and low water are given in feet with reference to the
tide staff of constant elevation. For convenience the data are arranged in two groups of eleven years each.
An examination of the table shows that high water, sea level or low
water may differ by as much as two tenths of a foot from year to year.
(206)
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YEARLY AVERAGE H EIGHTS, BOSTON, MASS.

Year
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932

H.W.
12 .80
12 .79
12 .83
12 .70
12 .70
12 .80
12 . 66
12 . 63
12 .54
12 . 76
12 .74

S. L.
8.09
8 .08
8 . 10
8 .03
8 .06
8.17
8 .07
8 .09
8.08
8 .24
8 .22

L . W.
3. 12
3 . 11
3. 14
3. 11
3 . 18
3 .30
3.25
3 .33
3 .39
3.49
3.46

Means

12.72

8 .11

3 .26

Y ear
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943

H. W .
12 .83
12 .63
12 . 79
12.82
12.93
13.00
13 .05
13.07
13 .04
13 .09
13 .06

S.L.
8 . 30
8 . 12
8 .25
8 . 19
8.28
8 .32
8 .32
8 .34
8 .35
8.39
8.34

L.W.
3 .52
3. 36
3.46
3.32
3 .37
3 .37
3 .34
3.32
3.40
3 .45
3.37

12 .94

8 .29

3.39

For a given year the heights of any one of these tidal datums may be
higher or lower than the preceding year, but it is evident that in
general there has been a more or less progressive increase in height.
Considering the means of the two eleven year groups, high water has
increased 0.22 of a foot, sea level 0.18 and low water 0.13. The
changes in height from year to year, and their relations as betweeen
the different datums, become clearer if the data of the table are represented graphically as in Figure 48. The horizontal line associated
with each of the diagrams represents the average value of the particular datum for the 22 years of observations. For convenience the
yearly values for each datum are given with reference to the average
value, rather than with reference to the tide staff. The significance
of the light sloping line associated with the sea level diagram will be
discussed later.
The yearly values of sea level in Figure 48 indicate quite clearly a
more or less regular rise from the beginning of the series. However,
the high and low waters appear to give contradictory indications.
T he high waters show a gradual decrease in height to 1930 and then a
rapid increase, while the low waters show a rapid increase to 1933 and
then a gradual decrease.
Taken at face value, the diagrams of Figure 48 might be interpreted
as follows: the sea level data indicate a more or less progressive rise of
about a quarter of a foot during the period 1922 to 1943; the high
waters indicate a fall from 1922 to 1930 of about a quarter of a foot,
after which there is a rise of more than half a foot; the low waters
indicate a rise of nearly half a foot from 1922 to 1933 and then a slow
fall amounting to less than a quarter of a foot .
T he seemingly contradictory evidence shown by t he high waters
and low waters arises from the fact that in the use of the yearly values
of these data no account is taken of the periodic variation in the rise
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Figure 48.

Yearly values of high water, sea level and low water at Boston.

and fall of the tide dependent on the variation in the longitude of the
moon's node, which has a period of 18.6 years. The yearly heights of
high and low water can be corrected easily for this variation (2) .
When this is done the yearly values of high and low water are as
shown in Figure 49. The horizontal line associated with each of the
diagrams represents the average value of the datum from the 22 corrected yearly values. Figure 49 shows that, after correction for the
18.6 year variation, the high and low waters both indicate approximately the same increase through the years as do the sea level heights
in Figure 48.
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Figure 49. Yearly values of high water and low water at Boston, corrected for the longitude of the moon's node .

In the use of high or low waters in the study of coastal stability
it is also necessary to investigate whether any change in the range of
the tide occurred at the place of observation during the years in
question. Such a change may occur from changes in local hydrographic features due to natural or man-made causes. Taking it all
in all, the sea level data are much more satisfactory for the purpose.
The high water and low water data have been included in the present
paper to direct attention to the necessary procedures in their use, and
to show that they corroborate the evidence from the sea level data.
The relatively large variations in the height of sea level from year
to year shown in Figure 48 must be ascribed primarily to the effects
of wind and weather. Heavy winds may raise or lower the level of
the water in Boston Harbor by several feet. For use in the study of
coastal stability it would be highly desirable to correct the yearly
values of sea level to normal weather conditions. But at the present
time this appears to be, practically, an unattainable ideal. However,
we may determine the general trend of sea level for the 22 years of
observation by fitting a straight line to the yearly values of sea level
by the method of least squares. This is shown graphically in Figure 48
by the light sloping line associated with the sea level diagram, the
calculation giving a rise of 0.0159 of a foot per year, or one-third of a
foot for the 21-year interval from 1922 to 1943.
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There is nothing in the data that permits extrapolation either
beyond 1943 or before 1922. But light on the probable change in sea
level at Boston prior to 1922 may be derived from a comparison of the
Boston data with the sea level data at Baltimore, Maryland, for
which place there are available tide observations since July 1902.
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Figure 50.

Yearly values of sea level at Baltimore and Boston.

In Figure 50 are shown the yearly sea levels at Baltimore and Boston
for the years of observation at these places through 1943. By comparing the changes in sea level from year to year at the two places for
the 22 years of simultaneous observations it will be seen that these
changes are not exactly the same, although there is a rough parallelism.
If we compute the rise in sea level for the period 1922-1943 at Baltimore by the method of least squares we derive a value of 0.0157 of a
foot per year, as against the value of 0.0159 at Boston. Therefore, it
appears reasonable to assume that the change in sea level, in recent
years, has been practically the same at the two places.
For the 40-year interval from 1903 to 1943 a least-squares calculation gives for Baltimore a rise in sea level at the rate of 0.0086 of a
foot per year. Hence, on the assumption that sea level at Boston
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during the years 1903 to 1922 behaved in much the same way as at
Baltimore, it must be concluded that the rise in the past 22 years has
been at a more rapid rate than previously.
The change in sea level from year to year, as shown by the yearly
values, is obviously very largely a reflection of the disturbing effects
of wind and weather. The straight line fitted to the yearly values by
the method of least squares completely ignores changes in the rate of
rise of sea level. A curve giving an approximation to the probable
change in sea level from year to year, freed from the larger effects of
wind and weather, may be derived by smoothing the yearly values;
but a much better approximation can be secured by smoothing the
monthly values of sea level.
In a study of the sea level data at Baltimore the writer attempted
to derive a curve for the most probable change of sea level from year to
year by the use of a step-by-step smoothing of the monthly values of
sea level. (3) This curve, revised slightly and brought up to 1943, is
shown in Figure 51. For the purpose in view only five months, June
to October, were used, since the sea level during these months is
generally less disturbed by wind and weather than during the other
months of the year.
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Figure 51.
values.

Yearly change in sea level at Baltimore, derived from smoothed monthly

In smoothing the monthly values of sea level, personal judgment
enters as a factor, and therefore the method is not a rigorous one.
Different investigators may derive curves differing somewhat in detail. But in its larger features this curve may be considered as a much
better approximation to the real change in sea level from year to year
than is given by the yearly values. On the assumption that at Boston
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the change has been much the same as at Baltimore, Figure 51 may
be considered as giving approximately the change in sea level at
Boston for the period 1902-1943.
The least-squares calculation of the yearly sea level at Baltimore
from 1922 to 1943 gave a yearly rise of 0.0157 of a foot, or a net rise
for the 21-year period of 0.33 of a foot. From the curve in Figure 51
the net rise for the same period is 0.23 of a foot. The discrepancy
between the two values is relatively large and emphasizes the caution
necessary in the use of naked sea level values from observations
covering periods of even 20 years duration.
A glance at the diagram of yearly sea level for Baltimore in Figure
50 shows that for the period 1922 to 1930 sea level as a whole was
relatively low as compared with the preceding 5 years. Therefore the
least-squares calculation for the period 1922 to 1943 gives a greater
rate of rise than if the preceding years had been included. Hence,
we may conclude that the value of 0.23 of a foot for the rise in sea
level from 1922 to 1943, derived from the smoothed values in Figure
51, is a closer approximation to the real rise than is the value of 0.33
given by the least-squares calculation.
Now the relatively low sea level for the period 1922 to 1930, as
compared with the immediately preceding years, is featured also by
tide observations at Portland, Me., New York, N. Y., and Atlantic
City, N. J. Therefore it is safe to assume that this was also the case
at Boston, and that the yearly rate of rise of 0.0159 of a foot, derived
from the least-squares calculation, is greater than the true rate if
we take into account the immediately preceding years.
Considering Figure 51 as giving an approximation to the true change
in sea level at Boston from 1902 to 1943, it is reasonable to conclude
that sea level at Boston has been rising for the past 40 years, but at
varying rates. Roughly we may divide the period into two intervals:
1902 to 1926 when sea level was rising at the rate of about 0.003 of a
foot per year, and 1926 to 1943 when the rise was at the rate of about
0.013 of a foot per year. For the 41-year period the net rise was about
0.3 of a foot.
The sea level data at Boston do not distinguish whether this rise of
sea level has been due to a subsidence of the coast, a general rise in
sea level the world over, or a combination of the two. There can be
no question that it is due partly at least to a world-wide rise of sea
level. (1) As soon as careful sea level studies for various parts of the
world become available it should be possible to determine how much
is due to a rise in sea level and how much to local or regional subsidence of the coast.
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