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TRENDS AND VARIABILITY OF YEARLY MEAN SEA LEVEL, 1893-1972 

Steacy D. Hicks 
and 

James E. Crosby 
National Ocean Survey, NOAA 

Rockville, Maryland 

ABSTRACT. Sea-level trends, their standard 

errors, and variability are presented in 
tabular form for 50 locations along the coasts 

of the United States. The values are given 
for the entire series length at each station, 
the oldest dating from 1893 at New York. For 
intrastation comparisons, values also are 
given for the longest length of series common 

to 46 of the stations, 1940-72. Graphs of 
yearly mean sea level, upon which the calcu- 
lations were performed, are plotted for 44 
stations. 

1. INTRODUCTION 

This Technical Memorandum is directed toward the manage- 
ment fields of wetlands preservation, pollution abatement and 
control, conservation, coastal zone management, and global 

energy; the engineering fields of beach erosion, harbor and 
waterway construction, shore and sea boundaries, and coastal 

inundation; and the scientific fields of glaciology, physical 
and geological oceanography, meteorology and climatology, 

tectonics, and geodesy. Since the uses of the calculations may 
vary greatly, no interpretive text is included. This publica- 
tion will be issued annually; each issue will incorporate the 

new yearly mean sea level values in each tabulated calculation 

and graph. 



2. EXPLANATION OF TRENDS AND VARIABILITY 

Yearly mean sea level is the arithmetic mean of hourly sea 
level heights obtained from an analog tide gage over a period 

of one calendar year. The tide gage, often located on a pier, 
continuously measures sea-level heights relative to the land 
adjacent to the station location. The gage is connected to 
bench marks on the adjacent land by precise first-order lev- 
eling. If possible, the bench marks are located in bedrock. 

One table and nine illustrations show the trends and 
variability of yearly mean sea level at permanent tide stations 
operated by the National Ocean Survey (NOS). Column 1 of the 

table lists all of the NOS-operated stations that were in opera- 
tion by 1939 and that had very few and short breaks in measure- 
ment. In addition, all permanent stations in the greater New 
York Bight area are included. The inclusive dates of each 

station series are given in column 2. Where the length of a 
break in the series is sufficient to invalidate a yearly mean, 
the missing year is shown in column 3. 

If a series of yearly mean sea level values is plotted on 
a graph of height against date, an apparent secular trend and 
yearly variability become evident. ''Secular'' means nonperi- 
odic; "apparent'' means it is not known whether the trend is 

nonperiodic or is merely a segment of a very long oscillation. 
Apparent secular trends in sea level result from glacial- 

eustatic, tectonic, and climatological and oceanographic appar- 
ent secular trend effects. Columns 4 and 7 show the apparent 
secular trend as the slope of a straight line mathematically 
fitted through the yearly mean sea level values (see note a on 
table). About two-thirds of repeated calculations of the ap- 
parent secular trend will differ from the true apparent secular 
trend by less than the standard error of slope listed in col- 
umns 5 and 8 (see note b on table). About 95% of repeated 

calculations of the apparent secular trend will differ by less 
than two times the standard error of slope, and practically 

all repeated calculations will differ by less than three times 
the standard error of slope. 



Yearly variability is caused by variations in the mete- 
orological and oceanographic parameters of wind, direct atmos- 
pheric pressure, river discharge, currents, salinity, and 
water temperature. About two-thirds of the yearly mean sea 
level values will differ from the straight line slope by less 
than the variability given in columns 6 and 9 (see note e¢ on 

table). About 95% of the yearly mean sea level values will 
differ from the line by less than two times the variability, 
and practically all the values will differ by less than three 
times the variability. 
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PORTSMOUTH, N.H. 
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HEIGHT, cm 
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0 

NEWPORT, R.I. 

NEW LONDON, CONN. 

Figure 1.--Change in sea level with respect to adjacent land 

for stations from Maine to Connecticut. Straight-line 

segments connect yearly mean sea level values. Curved 
lines connect yearly values smoothed by weighting array. 



TIME, years 
1930 1910 1920 1940 1950 1960 1890 1900 
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NEW YORK, N.Y. 

HEIGHT, cm SANDY HOOK, N.J. 

20 

ATLANTIC CITY, N.J. 

15 
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ANNAPOLIS, MD. 

BALTIMORE, MD. 

Figure 2.--Change in sea level with respect to adjacent land 

for stations from New York to Maryland. 



TIME, years 
1920 1930 1940 1950 1960 1970 

WASHINGTON, D.C. 
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20 
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Figure 3,--Change in sea level with respect to adjacent land 
for stations from the District of Columbia to Georgia. 
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Figure 4.--Change in sea level with respect to adjacent land 
for stations in Florida. 
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Figure 5.--Change in sea level with respect to adjacent land 
for stations from Louisiana to California. 
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Figure 6.--Change in sea level with respect to adjacent land 

for stations in California. 
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Figure 7.--Change in sea level with respect to adjacent land 
for stations from Oregon to Alaska. 



13 

TIME, years 

1930 1940 1950 1960 1970 

SITKA, AK. 

HEIGHT, cm 

20 JUNEAU, AK. 

15 

SCALE, cm 

SKAGWAY, AK. 

Figure 8.--Change in sea level with respect to adjacent land 

for stations in Alaska. 
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Figure 9.--Change in sea level with respect to adjacent land for 

Yakutat, Alaska, Honolulu, Hawaii, and Cristobal, C.Z. 
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