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Variability of Tidal Datums and Accuracy in Determining 
Datums From Short Series of Observations 

ROBERT LA WREi~CE SW ANSON 

Oceanographic DiviJion, National Ocean Surver, NOAA 

ABSTRACT. Tidal datum planes are used to determine the positions of boundari~, as 
planes of reference for maps and charts, in the design of coastal structures, and to 
delineate the extent of land uses in coastal areas. Even small differences in accepted 
values of datums are significant in low-lying coastal areas. The temporal and spatial 
variability of tidal datums, the length of record used to determine datums, their rela­
tionship to the National Geodetic Vertical Datum of 1929, and two methods of deter­
mining tidal datum! from short series of observations are presented. Statistical analy&eS 
of accuracies of datum planes based on short periods of record are given for the 
Vnited States' East, Gulf, and West Coasts, 

I. INTRODUCTION 

Tidal datum planes are planes of reference derived 
from the rise and fall of the oceanic tide. There are 
numerous datum planes. Each is used for a specific 
purpose or helps describe some tidal phenomena. The 
planes of mean higher high water, mean high water, 
mean !ea kvel, mean tide level, mean low water, and 
mean lower low water are commonly used in the Vnited 
States. 

Tidal datums traditionally have been used as sur· 
faces from which to reference depths on nautical 
charts and elevations on maps. One of the low water 
datum planes generally is used as the chart datum 
because it is a conservative measure of water depth 
and hence a factor of safety in navigation. Datums 
also are needed as reference planes for engineering 
design of structures in coastal regions. 

Of increasing concern is the problem of establishing 
seaward boundaries. The off!hore oil industry has 
brought into focus the need for precisely defining the 
State-Federal boundary, used for determining which 
jurisdiction may claim tax revenues. Private·State 
boundaries are becoming even more critical. Since 
our coastline is constantly changing, boundaries are 
difficult to delineate. To date, the use of tidal datums 
or other planes related to tidal datums is the most 
effective method. Datums relative to o. specific time 
period (epoch) can be determined. located on the 

I 

ground, and mapped. These datums can be redeter· 
mined by oh~rvation when needed {e.g., to settle 
legal di9putes or for use in engineering and ecienri6c 
investigations). 

It is with 'l'espect to boundary requirements that 
datum plane determinations have taken on new sig· 
nificance. In general, tidal datums are vertical refer· 
ence planes. The intersection of a tidal datum plane 
with the coast delineates a shoreline, which of itself 
constitutes the position of a horizontal boundary that 
can be used as a reference from which other horizontal 
boundaries are measured. Depending upon the amount 
of any error in datum determination, and upon the 
slope of the beach, the mapped position of a shoreline 
can vary considerably from the true location. 

Many wetlands are areas of low beach slopes. In 
delineating these valuable areas, it is imperative to 
minimize errors in the datum that could create uncer· 
tainties in boundaries and lead to legal disputes con· 
cerning the protection or development of portions of 
the wetlands. 

The lateral extent of an error in tidal datum is a 
func1ion of thi> cotangent of the angle of the beach 
slope. Th us, a small error in the vertical determination 
can lead to a considerable error in the location of the 
boundary, particularly on beaches with small slopes. 
Table I shows the order of magnitude of horizontal 
displacement in a boundary position resulting from 
an error in the determination of a datum when assum· 
ing a straight sloping beach. 



TABLE !.-Horizontal displacement of boundary posi­
tions resulting from errors in vertical datum determi· 
nations 

Error in datum 

ft 
1.0 ___ ---- - - --- - -
0.5. - - -- - - - - -- - - -0.1 ______________ 

Horizontal displacement of boundary 
for lx>ach slope of: 

30° 10° 1· 

ft ft ft 
1.i3 5.6i 57.29 
0.8i 2.8-l 28.64 
O.li O.oi 5.73 

While it is desirable to keep errors in datum deter­
mination to a minimum, other factors must be con­
sidered. The expense of the survey, the time available 
to accomplish the survey, and the value or anticipated 
value of property to be surveyed must be weighed 
against the value of increased accuracy. 

Marmer (1951) described procedures for computing 
tidal datum planes. This report provides supplemental 
information on the reliability of datum!! dete'rmined 
from short series of observations. Accumulation of 
considerable data over the past two decades permits a 
statistical examination of the accuracy with which a 
datum can be estimated. This report also discusses 
the concept of epoch as used in datum determinations 
and the relationship of a tidal datum to a geodetic 
datum. Appendix I contains a glossary of terms related 
to tidal datum plane determinations. Defined terms 
are italicized the first time they are used in the text. 
Most of the definitions are from Schureman (1949). 

II. TIDAL EPOCH 

The word "epoch'' as related to tides ha!! two mean­
ings. In the more classical sense, it is the phase lag or 
angular retardation of a constituent of the observed 
tide to that of the theoretical tide. In the more literal 
sense, an epoch is a period of time. It is in this latter 
sense that epoch is used in tidal datum determinations. 

The fluctuation of sea level and other tidal datums 
in relation to the land is extremely variable with time. 
Hicks and Shofnos (1965) reported yearly trends of 
mean sea level for geographical groupings of sea·level 
obsenations. These trends indicate, among other things, 
a relative rise of sea level for the northern Atlantic 
Coast of the United States that gradually decreases to 
relative stability along the coast of Florida . South­
eastern Alaska, on the other hand, shows a pronounced 
lowering of sea level with respect to the land; this is 
generally assumed to be associated with glacial 
rebound. Hicks ( l 9i2) has updated these sea-level 
trends. Trends for the East, Gulf, and West Coasts of 
the L"nited States are shown in figures l, 2, and 3. 
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TIME (years) 

1890 1910 1930 1950 

1.0 

£ 
i.J 
...J 0.50 Charleston, S. C. 
< 
~ 

0.25 

0.0 

rl<;UllE !.-Changes in sea level relative to adjacent land along 
East Coast. 

For practical purposes (e.g., engineering design, 
seaward boundary mapping. and nautical charting), 
it is necessary to fix the periodic and aperiodic fluctua­
tions !!hown in figures 1 through 3. Otherwise. there 
would be a lack of permanence in relating and describ· 
ing physical changes in thP area of the coastal zone. 
The mechanism for stabilizing Auctuations for datum 
determinations is by means of averaging techniques 
over a specific time period, which is the tidal epoch 
in the literal sense of the word. 

The epoch used for tide ohservations is 19 yr. Nine­
teen years is used because it is the closest full year to 
the 18.6-yr node cycle, the period required for the 
regression of the Moon's nodes. There is an associated 
change in the inclination of the Moon's orbit relati\e 
to the plane of the Earth's Equator. This motion with 
respect to Earth is manifested in the tides as an 18.6-yr 
periodic fluctuation of the low and high water diurnal 
inequalities. The yearly mean values of diurnal high 
and low water inequalities are shown in figures 4- and 
5 for San Francisco and Seattle. Because seasonal and 
yearly variability is much larger, the epoch is chosen 
as an e\'en 19 yr instead of exactly 18.6 yr. 

In addition to astronomic tidal ,-ariations, there are 
many other periodic or quasi-periodic variations that 
are measured and included in any water leyel record. 
The 19-yr record has the advantage of smoothing these 



TIME (years) 

1910 1930 1950 

Cedar Key, Fla. 

Pensacola, Fla. 

1.0 Eugene t., La. 

0.75 
:;::' 
Cl.> 
Cl.> 

:t:.. 
w 0.50 _J 

< u en Galveston, Tex. 
0.25 

FIGl!J!! 2.-Changes in sea level relative to adjacent land along 
Gulf Coast. 

fluctuations es well es those associated with a purely 
tidal contribution. 

Datums can be computed on the basis of any epoch; 
however, to provide continuity in datums throughout 
the country, the National Ocean Survey selects a spe• 
cific epoch for general use. The selection of an epoch 
has depended upon the data available to provide an 
adequate data base and the magnitude of change that 
would be affected by updating the epoch. 

To change the epoch each year is impractical as 
well as inconvenient. The magnitude of the shift of 
datum caused by a change in epoch, especially yearly 
changes, is usually too small to have any physical or 
practical significance. 

Because of increasing requirements for boundary 
determinations in the coastal zone, the National Ocean 
Survey (1972) has adopted the policy of updating 
the tidal epoch every 25 yr. This is practical con­
sidering the order of magnitude of changes, the cost, 
and the recomputation time. While more frequent 
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TIME {years) 

1890 1910 1930 

San Diego, Calif. 

Los Angeles, Calif. 

San Francisco, Calif. 

Astoria, Oreg. 

Seattle, Wash. 

TIME (years) 

1910 1930 1950 1970 

Ketchikan, Alaska 

1.0 

0.75 

~ 
QJ 

::. 
w 0.50 
-' < u 

"' 0.25 

0.0 Juneau, Alaska 

FIGURE 3.-Changes in sea level relative to adjacent land along 
West Coast. 

changes are possible, current policy requires an update 
approximately once a generation. 

The first tidal epoch ui;ed nationally was that of 
1924.--42. Prior to this time, the procedure for dealing 
with datum plane problems was in the early stages of 
development, and consideration of the epoch concept 
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F1GlJRE 4.-Yearly mean values of diurnal high water inequality 
WHQ) and diurnal low water inequality (DLQ) for San 
Francisco. 

had been confined to a few locations. The present epoch, 
1941-59, was adopted at the time of the first modern 
comprehensive coastal boundary mapping survey, which 
was conducted along the Louisiana shoreline in 1959 
and 1960. Increased emphasis on coastal boundary 
mapping in the United States has stressed the impor· 
tance of developing standard procedures where pos­
sible-hence the adoption of the 25·yr updating of the 
tidal epoch. The next scheduled epoch to be adopted 
is that of 1966-84. 

To indicate the orders of magnitude associated with 
a change in epoch, I have listed in table 2 the dif. 
ferences at selected locations between the values of 
mean tide level for the epochs of 1924--42 and 1941-
59 and also between 1941-59 and 1951-69. By com· 
paring these differences and the appropriate beach 
slopes in table 1, the magnitude of horizontal displace· 
ment in a boundary position-caused by the change 
in value of a tidal datum when a different epoch is 
used-can be estimated. 

III. RELATIONSHIP OF TIDAL DATUMS TO 
THE NATIONAL GEODETIC VERTICAL 

DATUM OF 1929 

Tidal boundaries are defined by local tidal datums. 
The datutn of mean sea level should not be confused 
with the National Geodetic Vertical Datum o/ 1929 
[formerly, Sea Level Datum of 1929 ("mean sea level" 
on U.S. Geological Survey quadrangle maps)] or any 
other similarly derived datums. The name "National 
Geodetic Vertical Datum of 1929" was officially 
adopted in 1973 because the name "Sea Level Datum 
of 1929" frequently was confused with the tidal datum 
of mean sea level fNational Oceanic and Atmospheric 
Administration 1973 I. 
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FIGURE: 5.~Yeorly mean values of diurnal high water inequality 
( DHQ) nnd diurnal low water inequality { DLQ) for Seattle. 

The Nati<>nal Geodetic Vertical Datum of 1929 
( NGVD) is a geodetic datum used as a plane of refer· 
ence for the National Vertical Control Network. The 
datum was derived from a general adjustment of the 
first order level nets of both the United State1< and 
Canada. In the adjustment, sea levels from 21 tide 
stations in the United States and five in Canada were 
held as fixed. The year indicates the time of the last 
general adjustment (Shalowitz 1964). 

The NGVD is fixed and does not take into account 
the ever changing stands of sea level. Because of the 
many variables affecting sea level, the relationship 
between NGVD and local mean sea level is not con­
si5tent from one location to another in either time or 
space. Mean sea level is the average height of the water 
surface over a 19-yr period of observation, This deter· 
mination generally is made by averaging hourly 
heights of the tide O\ler the length of that period. 
Mean tide level, MTL, a plane midway between high 
and low water, is computed by averaging the high and 
low waters o\ler the 19·yr period of record. These two 
planes approximate each other on the open coast. Since 
MTL is calculated more easily" it is generally used 
instead of mean sea level. The relationship between 
local MTL and the NGVD fur various locations around 
the coast of the United States has been tabulated for 
two epochs in table 3. A cursory examination reveals 
the complicated nature of the relationship between the 
two datums. At Port Isabel, Tex., Cre:.cent City, Calif., 
and Neah Bay, Wash., the MTL and the NGVD are 
very close to each other. Philadelphia, Pa., and Astoria, 
Oreg., have the maximum difference between the two 
datum5; in the latter case, it is in excess of a foot. 
At Key West, Fla., and Friday Harbor, Wash., the 
relationship of the datums for these two epochs has 
not changed. MTL (relative to the NGVD) has risen 
the greatest amount over the two epochs at Sandy 



TABLE 2.-Yaluej of mean tide let1el /or tkt 1924-42, 1941-59, and 1951-69 epochJ and chang~ between epochj 

A B c D E 
Station MTL" MTL" !::,, :\ITV !::,, 

1924-t2 1941- 59 A-B 1951- 69 B-D 

ft ft ft ft ft 
Eastport, Maine _______ -- --- __ ----- ____ ---- ____ __ ------- 14.00 l.U7 -0.li H .28 -0.11 
Portland, Maine _______ ---- ____ ----- _________ __________ _ 13.08 13.30 .22 13.35 .05 
Boston, M886. _______________________________ __ ________ _ 8.08 8.32 - .24 8.36 .04 
Woods Hole, ~1888. ____ ___________ ----- •• _____ ___ ------ _ 3.05 3.32 - .27 3.40 .08 
:Sew London, Conn. _______________ ---·. _____ ___ .---- -- ·- 4.46 4i2 .26 4..79 .07 
\\'illets Point, N. Y. __________________________ __ ________ _ 

8.4i 8.i2 .25 8.78 .06 
Sandy Hook, N.J. ______ __ --------- -------- ______ ----·-- 4.27 4.56 .29 4.70 .14 
Atlantic City, N.J. ______ _____ • _____________ ________ • ___ _ 6.34 6.57 .23 6.67 .10 
Philadelphia, Pa. _____ ___ ___ •• _____ • _________ ______ ----_ 6.50 6.65 - .15 6.74 .09 
Baltimore, Md. _____ -- ---- - __ ---·.------. __ .. ___ -------- 4.24 -t.52 .28 4.60 .08 
\\.ashington, D.C, ___________ .• _. __ ---· .. __ .. _ ... ____ . __ _ 5.53 5.69 .16 5.76 .o7 
Hampton Roads, VL ________ ••.• _______ ••.. __ . ___ ·-·. ·-. 4.86 5.14 - .28 5.25 .ll 
Charleston, S.C .• _ .... __ ... _ •• _ ••• _. __ • __ • _______ •• __ . __ 4.89 5.19 - .30 5.23 .04 
Fernandina, Fla. _______ --- ---. __ ------ ____ ____ _________ . 4.26 4.56 - .30 4.59 .03 
Miami, Fla, _____ .• --- - ... __ ---------------- ______ --- --- 3.39 3.60 .21 3.65 .05 
Key West, Fla. ______ _______ ---------------- ___ __ ______ _ 4.97 5.17 - .20 5.17 .00 
Pensacola, F1a. _________ __ -------- _ ------ _____ _________ _ 862 8.8.5 .23 8.83 + .02 

Grand Isle, La.--------- -------------------------------- 4.79 5.02 .23 5.H .12 
Galveeton Bay, Tea. ______ -------------_·-· _____ -- -----. 
Pori Isabel, Tex._ ..• ___ ._ .. __ _ . __ ____________ .. _______ _ 

3.64 4.12 .48 4..20 .08 
3.56 4.07 .51 4.11 .04 

8&n Diego, Cali.I. __ •• -- - - - •••.••• __ -_________ __ _ - ••••••• 6.33 6.47 - .H 6.51 .04 

La Jolla, Calif . • ------ --- --···------------- ___ ------·· .. 6.69 6.80 .11 6.89 .09 
Loe Angeles, Calif ..• ____ __ . _____________ • ______________ _ 6.51 6.57 .06 6.56 .01 
Alanied.a, Calif. ____________ . ____________ • ___ ___ ________ _ 6.69 6.76 .Oi 6.79 - .03 
Crescent City, Calif. _________________________ ___ _______ _ 

7.48 7.54 - .06 7.48 + .06 
Astoria, Oreg. _____ • __ ____ _ • ______________ •. ____ ... ____ _ 0.82 6.87 .05 6.83 + .04 
Neah Bay, Waab. _____ __ ___ • ---- _____________ ... ____ - --· 6.5\l 6.61 .02 6.56 +.OS 
Friday Harbor, Wuh .• ___ __ •• _. ______ •••••• _ ... ________ _ 8.38 8.50 .12 8.50 .00 
Seattle, Wash. _________ .. ------.-----._·-·--- ___ __ .... __ 14.14. H.29 - .lS 14.39 - .10 
Ketchikan, Alaska •••.• - - - - - - - - - - - - - - - - - - - - - - - - - - - •• - - - - 14..30 14.25 + .05 14.27 - .<n 
Juneau, Alaaka _____ ·· ---- -- ·-----------··- --- -----·-·-- H .14 H.Q4 + .10 13.99 + .05 
Sitka, Alaska _______ ____ __________________________ ••. --- 10.21 IO.IO + .ll 10.05 + .OS 
Skagway, Alaska ___ ·· --- . ____ --------- ________ . ___ . --- • 14.H H.02 + .12 13.90 + .12 
Yakutat, Alaska _______ ____ ----·-------- ________ -------- 8.26 8.21 + .05 8.22 - .01 

•Values of mean tide level (MTL) are referred on an individual arbitrary ~talion datum. 

Hook, NJ. MTI. fell the most at Crescent City, Calif. 
Only Port Isabel, Tex., had a value of MTI. below 
theNGVD. 

Often the relationship between the datums changes 
rapidly in a relatively short distance. For example, 
the 1951-69 values at Neah Bay show a difference of 
only 0.02 ft while at Astoria, a distance of approxi­
mately 160 mi, the difference is 1.27 ft. The relation· 
ships between the NGVD, MTI., mean high water, and 
mean low water for several tide stations between 
Montauk, N.Y., and the Battery, N.Y .• are shown in 
hgure 6. 

Examination of table 3 and .figure 6, shows that 
neither the NGVD nor any other geodetic level net 
can be u11ed to transfer tidal datums independently of 
local tidal conditions. Thie, however, does not mean 
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that tide stations should not be tied into the NGVD 
net. The geodetic net establishes continuity between 
the isolated tide stations throughout the country. It 
provides a mechanism for further investigation of geo­
physical processes of the coastal zone. For example, 
through a system of long-term tide stations and fre· 
quent releveling (say every 10 yr) between stations, 
one can monitor and perhaps predict areas of coastal 
stability, subsidence, and emergence. This is extremely 
important for establishing management criteria for 
offshore and alongshore construction, beach stabiliza­
tion, and other coastal activities. For more immediate 
purposes, however, the geodetic network (when the 
relationship between the tide planes and the geodetic 
net has been determined previously) provides a mech· 
anism by which a local tide plane can be reestablished 
if the tidal bench marks have been destroyed. 



TABLE 3.-Relatioruhip between mean tide level 
( MTL) and National Geodetic Vertical Datum 
(NGJID) for the 1941-59 epoch and 1951-69 epoch* 

Station :\ITL-XGVD :l.ITL-::•mvn 
19-11-59 1951-1>9 

ft ft 
wtport, :\laine_ - - - - - - - . 0.00 0.20 
Portland, Maine _________ .22 .27 
Boston, ~lass. ______ --- __ .15 .19 
\\' oods Hole, Maas .• _____ .45 .53 
New London, Conn. ______ .32 .31) 
Willets Point, N.Y. ______ .52 .58 
Sandy Hook, N.J. ________ .51 .65 
Atlantic City, N.J. _______ .34 .H 
Philadelphia, Pa. ________ .85 .9-1 
Baltimore, Md. __________ .41 .49 
Washington, D.C. _______ .5-1 .61 
Hampton Roads, Va. _____ .27 .38 
Charleston, S.C. _________ .26 .30 
Fernandina, Fla. _________ .18 .21 
~liami, Fla. _____________ .29 .34 
Key West, Fla. ... ________ .23 .23 
P!'nsacola, Fla .. __ . ______ .31 .29 
Grand Isle, La, __________ .44 .56 
Galveston Bay, Tell:. __ - __ .17 .25 
Port Isabel, Tex. _____ . __ .13 . 09 
San Diego, Calif.. _______ .17 .21 
La Jolla, Calif. _____ - - - - - .14 .23 
Los Angeles, Calif._ ______ .11 .10 
Alameda, Calif. _________ _ .44 .47 
Crescent City, Calif .. ___ _ .11 .05 
Astoria, ON'g. ______ _____ l.31 1.27 
:-.:eah Bay, Wash, ________ .Oi .02 
Friday Harbor, Wash. __ __ .3-1 .34 
Seattle, Wash. ___________ .33 .43 

•This table may reflect !Orne inconsistencies in relative 
changes betv,·een stations due to local adjw;tments in th" 
National Geodetic Vertical Datum, as well as levels Ill various 
locations not being of the same period. 

IV. RELATIONSHIPS AND TECHNIQCES 
OF TIDAL DATUM DETERMINATION 

Ideally, it would be advantageous to have tidal 
records with close geographical spacing over a 19.yr 
period for use in determining the tidal datums in ques­
tion. This is impractical as well as prohibitively expen­
sive. Methods, however, have been developed by which 
a short series of observations (e.g., 1 mo, 3 mo, 6 mo, 
1 yr} from a subordinate station can be reduced to 
mean values that are representative of a datum derived 
from 19 yr of observation. This procedure is accom­
plished through comparison of simultaneou.t observa­
tions at a control station where observations are avail-
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Fu;uat 6.-Reletionship bet"'een National Geodetic Vertical 
Datum of 1929 and mean tide le~el, mean high water. and 
mean low ,.-ater for tide stations bet,.·een Montauk and the 
Battery. N.Y . 

able for a number of years. The relationship in the 
fluctuation of monthly mean values of a reference 
datum at two stations is shown in figure 7. In this 
case, monthly values of tide level at Sandy Hook, 
N_J., and Atlantic City, NJ., have been selected. The 
time history of monthly mean tide level (MTL) for the 
two stations shows the similarity in fluctuations of the 
monthly means over the 1941-59 epoch. The accepted 
valu.e for the datum of MTL for each station would be 
the mean of these values over the epoch. It is clear 
from this plot that, if the accepted value is known for 
one station, a transformation to estimate the accepted 
value of the datum at the other location is possible. 
The transformation is nearly linear but not nece!l8arily 
at a 1 :1 ratio--hence, the necessity to make transforma­
tions through mean values as well as through simul· 
taneous observations. 

The variability of the monthly mean values of tide 
level shown in figure 7 indicates that, in both cases, 
values fluctuated on the order of 1 ft. At times, how. 
ever, these changes occurred in consecutive months. 
Major seasonal changes resulting from changes in 
direct barometric pressure, steric levels, river di!­
charge, and wind affect the monthly variability. Less 
subtle fluctuations such as climatic conditions lasting 
over a period of several years are also manifest in the 
record. Thus, from examination of the plot, one can 
understand the advantages of long-term averaging and 
the necessity of establishing a datum that can be held 

•.o 



F1cmu: 7.-Time series of monthly mean tide level at Sandy Hook and Atlanti<' City, NJ. 

fixed over a considerable period of time. Otherwise, it 
would be difficult to maintain temporal and spatial 
continuity in the relationship of the datums. It is also 
clear from figure 7 that short-period observations not 
related to a control station can result in an invalid 
estimate of the 19-yr mean value. 

The overall accuracy of the datum on the ground is 
dependent upon: 

1) the data collection system (tide gage and 
staff); 

2) the level connection between the data collec­
tion system and the beach, and 

3) the computational procedures used to deter­
mine the datum from a short series of observa­
tions. 

While the accuracy of the data collection systems is 
not discussed fully herein, a few pertinent comments 
are in order since it is imposi;ible to completely divorce 
the problem of instrumentation from overall datum 
plane accuracy. For more detailed information on 
instrumentation, see Redfield ( 1962) and Lennon 
( 1971 I. As one might imagine, errors associated with 
instrumentation vary considerably between systems 
and are strongly affected by the degree of care talcen 
in the observational program. Generally. by following 
the instructions for observations in the Manual of Tide 
Observations, Publication 30-1, Coast and Geodetic 
Survey, (1965), and by using long-term a,·erages, 
errors caused by the observational program can be 
kept under control. 

Frequent inspections of an installation with com­
parison observations between the gage and a fixed 
tide staff at all tidal stages are essential. Comparison 
readings between the gage and the staff serve to build 
a calibration record that can be used to check instru­
ment drift; relative movements between the recorder, 
stafJ, and ground; and steric changes in sea level caused 
by variability in the density of the water. Time must 
also be checked at these inspections. It is recommended 
that the site be inspected routinely at least three times 
a week to establish a reliable basis for calibration of 
the recorder. 

The error resulting from leveling between the staff 
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end the tidal bench marks is nearly an order of mag­
nitude lower then the error resulting from other causes 
if standard surveying procedures are followed. The 
allowable closure in feet recommended in tidal leveling 
is 0.035 (M) 1'1, which corresponds to second-order 
leveling. The value of M is the distance run in statute 
miles between the staff and the bench marks end return. 
Generally, this distance is less than a mile. 

The relationship between closure and error is com­
plicated although, for the intended purpose here, it 
can be assumed that a second-order closure approxi­
mates a three-sigma (± 3 <T) error (Bossler 1974). 
Since this discussion is based on the <T error, there 
is little significance to the error in datum determina­
tions resulting from level connections. 

Leveling should be done both et the time of instal­
lation end at the time of removal for short:term sta­
tions. Releveling should be done yearly at long-term 
stations, as well as at the time of installation end 
removal. This assures a known relationship between 
the gage end the ground. This also assures tbat any 
movement of the station is not attributed to changes 
in the planes of reference. 

The error due to computational procedures is of 
major concern. Basically, this is a problem that arises 
from estimating a long term ( 19-yr) record from a 
short series of observations. In the case. of a 19-yr 
record, the mean values for the respective datums are, 
by definition, the values of the datums; and the result­
ing error is caused by dependencies 1 and 2. For a 
short data series, all three dependencies contribute to 
the error. 

The approach for examination of the errors is sta· 
tistical rather than theoretical. Because the data used 
include errors caused by the obsen'etionel program 
and leveling techniques, the statistics generated repre­
sent the total error, which can be thought of as 

E total = ± (E12 + E22 + Ea2
) l'I, 

where E1, E2 , and E3 represent statistically independent 
errors caused by the observational program, survey· 
ing, and computation, respectively (Berry 1964). The 
greatest contributor to the total error, Ea, is inversely 



related to the length of the data series. In the sense 
that the study is dealing with large sample sizes, it is 
proper to consider deviations from the mean ( resi­
duals I a!'. errors and to consider precision then becom­
ing a measure of accuracy. Thus, a measure of the 
accuracr of estimating a tidal datum is th!." end result. 

In his 1951 paper, Marmer estimat!."d the accuracy 
of the determination of various tidal datums. Since 
then, there has been an accumulation of considerable 
data on which to derive a bettl"r estimate of accuracy. 

Two methods of estimating tidal datums from a 
short series of observations have been considered. The 
standard method, descrihl"d in detail by Marmer, and 
an alternate method are outlined in appendix II. Mar­
mer also outlines a method of datum determination 
using tidal harmonic constituents. This method. how­
ever. is not consider!."d as reliahle as simultaneous com­
parisons and, therefore, is ignored in the analysis. 

In the standard method. the high and low water 
planes are computed from the tidal rangl" using mean 
tide level ( MTL) as the base. As indicated by its name. 
this procedure generally has been followed in the past 
and will continue to serve as the standard because most 
of the historical records are based on this computa· 
tion. The mean high water IMHW) and mean low 
water ~ MLW) are computed from the mean range o/ 
tide I MR l. Consequently. there can be no discrepancy 
between the computed mean range and the mean range 
as determined by the difference between MHW and 
MLW. 

The alternate method provides flexibility in com· 
putation. The computation of \tTL is identical for hoth 
techniques. The MHW and !\11.W planes are deter· 
mined by direct comparison with the respective high 
and low waters at the reference station. As a result, 
some datums can be determined without having the 
complete tidal record. For example, in some bodies of 
water a sill, or topographic harrier on the bottom, 
prevents transport of water as low tide is approached. 
As a result, low water landward of the sill is limited 
by the sill depth, which prevents what might be con· 
sidered a normal low water in the surrounding area. 
Similarly. cases exist in which a portion of the tidal 
record is distorted or missed because of problems in 
the recording mechanism (e.g., the low waters might 
not be recorded if the float well is clogged with sedi­
ment). On the other hand, in a gas-purging pressure 
tide gage installation, high waters can be missed or 
distorted because of improper calibration of the bubble 
rate as the pressure head builds up at high water. 

In the first two cases, tbe high water datum can be 
computed by direct comparison of high waters at the 
reference station. In the latter case, the low water datum 
can still be computed without having the complete 
tidal record. Under normal conditions, however, little 
is lost by the use of either method. 
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V. ERROR DETER~IL\ATIONS 

A comparison has been made between pairs of con­
trol stations of the tidal net for 19 yr of simultaneous 
ohservations. One station I BI was assumed to be the 
control station used to adjust a short series from sta­
tion A representing a subordinate station. This was 
done for monthly mean values. running means of 
monthly ,·alues over 3 mo. 6 mo. and 1 yr. These 
computations were made. whenever possible, for the 
entire 19 yr of simultaneous observations at the two 
stations. In some cases, 19 yr of simultaneous observa­
tions were not available so a shorter series was used. 
In no case. however, was a series of less than 16 yr of 
simultaneous observations used. 

Since station A has a 19.yr mean. a set of residuals 
was generated by suhtracting the value of the accepted 
19-yr mean (datum) from each computed value assumed 
to be a short series of obsenations adjusted through 
the control station R. The mean and variance of each 
set of residuals (assuming normal distribution) were 
computed for each datum plane for numerous station 
pairings around the United States (see appendix III I. 

The pairings where selected on the hasis of proximity 
and the similarity in type of tide. For all practical pur­
poses, the entire coastlinl" of th!." nmterminous l'nited 
States is included hetween these successive pairings: 
however, for reasons discussed later. the computations 
are grouped re~ionally into East Coast, Gulf Coast, 
and West Coast. 

Both the standard and alternate techniques of com­
puting the tidal datums ha,·e been examined statis­
tically. The t-test was used for each station pairing to 
test the hypothesis that the mean ,·alue of the datum 
computed from a short. sPries of ohser\'ations estimates 
the 19-yr accepted value. The hypothesis is accepted 
when 

-to.o~s < t < to .02~ 

where to 02s is the 2.5% point with n l degrees of 
freedom of Student's t-distrihution and 

t = y-µo/(s2/n)l/Z 

(Li 1957). In the computation. y is the difference 
between the value of the datum computed from the 
short series of oh~ervations (usually meaned over 19 
yr) and the accepted value of the datum. The popula­
tion mean being tested is µo. In the paired t-test, 
µ,0 = 0. The symbols is the standard deviation of these 
differences. and n is the sample size. Both the standard 
and alternate methods of computation have been 
treated in this manner. The percentage of acceptances 
of the pairings on the East Coast. Gulf Coast, and West 
Coast is shown in table 4. Since the computation of 
mean tide level ( MTL I i!' the same in both procedures, 
only results for the standard method are shown in the 
table. Generally. the percentage of acceptance decreases 



TABLE 4.-Percentage of Jtation pairingJ for which the hypotheJiJ that the mean valueJ of the computed range 
and datum are equal to the 19-yr value iJ accepted at the 5% level of sign.ificance 

Percentage of v~ues accepted 

Period• Stande.r<l method of calcule.tion Alternate m1•tho<l 

'.\lTL•• '.\IH '.\ILW '.\IHW '.\ILLW MHHW DLQ DllQ MLW .\lH\\' !\ILL\\' '.\IHHW 

Ea.st Coast 
l_ ___________ 

\10 70 73 77 87 BO 3 ____________ 
83 63 73 67 73 80 

6 ____________ 
70 63 67 Si 73 70 

12 ____________ 43 50 43 43 00 .13 
Gulf Coast 

l__ ----- ----- 100 i5 100 B8 100 100 
3 ____________ JOO 75 100 B8 100 100 
6 ____________ JOO 75 100 75 100 100 

12 ____________ JOO G2 100 62 88 100 
West Coast. 

l__ ._ .. ______ JOO 36 36 36 -15 36 36 36 JOO 73 i3 9J 
3 ____________ 82 36 36 36 45 27 -15 18 JOO 73 i3 ~2 
6 ____________ 82 2i 36 3f> -15 27 36 () !'.2 i3 73 55 

12 - -- -- - - - - - -- S2 36 2i 27 36 18 3f> 0 82 G-t 6~ 55 

• Length o( record in months . 
... MTL, mean tide level; MR, mean range; MLW, mean low water; MHW, mrAn high water: MLL\\, mean lowrr low water; 

MHHW, mean higher high water; DLQ, mean diurnal low water inequality; DHQ, mean diurnal high "·ater inequality. 

with an increase in the period of time over which the 
datum is computed. Examination of the means and 
standard deviations for individual station pairings 
reveals that the mean difference between the computed 
end accepted value does not improve with increasing 
time hut that the standard deviation decreases con· 
i;iderably with time because of a larger number of 
measurements. The valne of t increases with time­
thus there is a more frequent rejection of the hypo· 
thesis. The hypothesis is rejected most frequently when 
the standard method of calculation is used for the 
respective datums on the West Coast. This condition 
is, in part, a result of fewer control stations on the 
West Coast; however, the situation is further compli· 
cated by the large diurnal inequality. Appendix II 
shows that both the diurnal low water inequality 
( DLQ J and diurnal high water inequality ( DHQ) 
must be calculated before computing mean lower low 
water (MLLW) and mean higher high water (MHHW), 
respectively. 

The percentage acceptance of the hypothesis is 
greatest for the Gulf Coast. This is because the standard 
de\·iations for the East Coast are generally smaller 
than for the Gulf Coast. The smaller standard devia· 
tions on the East Coast are a result of the greater 
dem;ity of tide stations. On the West Coast the smaller 
nnmber of tide stations plus the more involved com­
putations lead to the greatest frequency of rejection. 

It ie of interest that, for the East end Gulf Coasts, 
using the standard method of calculating resullll in 

9 

higher acceptance of the hypothesis for MTL than for 
MLW or MHW. This apparently is due to the method 
of calculation where the error occurring in MLW and 
MHW depends in part on the uncertainty in the deter· 
mination of both MTL and mean range (MR). The 
same general trend occurs for the datums on the \Vest 
Coast. 

The alternate method of calculating MLW and MHW 
has a slightly higher percentage of acceptance. This is 
most likely the result of the direct comparison instead 
of computing the respective datums throu~h MTL and 
MR. Further examinations of the individual compari· 
sons, such as Atlantic City and Sandy Hook (appendix 
III), are warranted. For this pair of stations, the mean 
difference decreases from 0.040 ft for the standard 
method to 0.004 ft for the alternate method. The stan· 
dard deviations of the differences are respectively 0.131 
and 0.130 ft. The value of 0.049 ft is the lerp;est mean 
difference occurring on the East Coast. This mean dif· 
ference is large enough so that. statistically, it does not 
represent the true datum. From a practical point of 
view, the difference is still small because we are con­
cerned mainly with errors on the order of tenths of feet 
rather than hundredths of feet. 

On the West Coast, however, there is a clear advan­
tage in using the alternate method of calculation where 
a direct comparison is made between tbe respective 
datums of the control and subordinate stations. Thi~ 
judgment is made using the percentage acceptance of 
the hypothesis a!! a criteria. 



TABLE 5.-Pooled mean and pooled .standard deviation of the difference between computed and accepted t•alues 
of the several tidal datum.J 

( V alue5 are in feet.) 

Standard method of calculation Alternate ml'thocl 

Period• '.\lTL .. '.\IR MLW ;\fHW '.\ILW :'\.IHW 

l'p Sp l'p lp l'p Sp l'p Sp l'p Sp "'P Sp 

E&l;t C'oa:;t 

l _ - - - - - - --- -0.002 0 .115 0.000 0.090 0.000 0 .12i 0.001 0.119 -0.001 0.135 0.001 0 .119 3 ___ ____ ______ ____ 
.002 .089 .000 .074. .000 .098 .002 .094. - .002 .106 .002 .094 

6 ____ _ 
------- ---- .002 .06i .000 .059 .000 .Oi5 .000 .072 - .002 .084 .001 .Oi2 

12 __ _____ __ _____ , __ 
.002 .045 .000 .045 .000 .051 .000 .050 0.000 .058 .001 .050 

Gulf C'oa:;t 
} ___ ___ ___________ 0 .005 O.li2 0.012 0.145 -0.002 0.193 0.012 0.180 0.001 0.183 0.003 0.182 3 ____ ________ ___ __ 

.006 .139 .010 .118 - .001 .15i .011 .145 .001 .149 .003 .147 6 ___ ___ ________ ___ 

.006 .llO .008 .103 0.000 .125 .OIO .117 001 .119 .003 .117 12 ____ __ _________ __ 

.OOG .077 .008 .091 .000 .093 .QlO .086 .001 .08i .003 .083 
West Coast 
! ____________ _____ 

-0.003 0.124 -0.001 0.089 0.004. 0 .133 0.018 0.131 0.000 0.134 -0.004 0 .130 3 ___ ___ ______ ____ _ 
.002 .100 .001 .073 .005 .IOi .019 .105 -0.001 .108 .004. .106 

6. - - - - - - - - - - - - - - - - .002 .Oi8 .002 .056 .005 .083 .019 .083 0.000 .085 .004 .084 
12 _____ ________ ____ .002 .055 - .001 .O« .005 .058 .019 .060 .000 .060 .003 .063 

DLQ DHQ :\ILLW '.\IHHW '.\ILLW '.\IHH\\" 

l'p $p µp s "p s "'p s llp Sp "'p Sp 
W!'st Coast p p p 

1 ___ ____ ___ -0.010 0.039 +0.002 0.037 O.Ql5 0.132 0.021 0.136 -0.004 0.135 -0.003 0.136 
3 ___ __ ___ ____ _____ .Oll .028 + .002 .024 .014 .104 .021 .108 .002 .106 .002 .1Cl9 
& ____ _____ ____ ___ _ - .011 .022 + .003 .017 .016 .081 .022 .083 .004 .082 .002 084 

12 ________ _____ ____ - .011 .017 + .003 .OU .016 .059 .021 .058 - .004 .059 .002 .059 

• Length of record in month,. 
• • MTL, m~an tide le' el: MR, m~an range ; MLW, mean low water; MHW, mean high water; MLLW, mean lower low wa1er; 

'.\lllHW. m.-an hi1d1er high watt'r; DLQ, diurnal low water inequa lity ; DHQ. t!iurnnl high watPr inequality; µp , pooled mean; 
Sp, standard de"iation. 

Generally , one can conclude, on the basis of the 
t-test, that the alternate method provides a better esti­
mate of the datums. However, from practical considera· 
lions for the East and Gulf Coast!!, the computation of 
the value of a datum from a short series of observations 
using either the standard or alternate method of com­
putation is an adequate estimate of the 19-yr accepted 
\•alue of the datum. On the West Coast. the alternate 
method definitely is preferable. 

The pooled mean and standard deviation of the dif­
ferences between the computed and accepted values of 
the datums for individual pairings for each coast have 
been treated as samples from a population of that coast. 
The population mean and standard deviation have been 
estimated respectively by 

n1 µ.1 + 112 µ.2 + .. . + n.... µ,,,. 
µ.,, = - - - --'------ ----

111 + n2 + ... + llm 

and 
1/ 2 

10 

where (from Li 1957) m is the number of individual 
pairings· used in calculation for the respective coast, 
µ 1, µz, . . . , µ,,,. are the sample means; s1, sz, ... , Sm 

are the sample standard deviations; ni, n2, .. • , n,,. are 
the sample sizes; and vi. vz, ... , v,,, are weights equal 
to n - 1. The value for each of these computations is 
shown in table 5 and in appendix 111 (at the bottom 
of the columns for each datum). 

The pooled means are small because the choice of 
which station in a pair was the reference and which was 
the subordinate was random. Re\·ersing the two stations 
changes the sign of the mean. The expected value of the 
pooled mean in thi!1 case is therefore zero. 

The pooled standard deviations decrease with an 
increase in the length of observations--<:ertainly an 
anticipated result. (See figs. 8, 9, and 10.) There is 
little difference in the standard deviation for corre· 
sponding high and low water planes whether computed 
by the standard or alternate method. Also, the magni­
tude of the pooled standard deviations are well grouped 
across the various datums for a given period of obser-
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F1cuu; 8.-Pooled standard deviation of differences between 
computed and accepted valuea of mean low water CMLW) 
and mean hil!h water (MHW) for standard mtthod of com· 
putation on East Coast (E.C.), Gulf Coast (G.C.), and West 
Coast (W.C.). 

vations. As a group, MTL has the smallest values of 
standard deviation, and ML W has the highest. The 
values for MHW are slightly less than for MLW. This 
result probably is due to a combination of the error 
resulting from the recording mechanism and the com· 
putational procedures. If, for example, we assume that 
errors associated at all stages of the tide are equal, then 
one may track. the growth of the error through the 
computation procedure of both the standard and alter· 
nate methods. If this is done, the error associated with 
each datum computed with a given length of record 
should vary approximately in the ratio of 1, 3/2, and 
5/2 for the traditional method of computing MTL, 
MLW, and MHW. For the alternate method, the ratio 
should he constant since the error terms for each datum 
are mutually independent. That the computed standard 
deviations do not follow the above pattern indicates 
there are compensating factors contributing to error 
deterroination11. For example, noise in the records from 
the tide stations is more likely to be greater at low 
water than at other stages of the tide. Intake holes near 
the bottom of the stilling well are likely to become 
clogged, thus causing a degradation of the record. Also, 
as the tide rixs, the stilling well more effectively 
dampens the noise caused by waves. 

11 
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FICURE 9.-Pooled standard deviation of differences between 
computed and accepted value! of mean low water (MLW) 
and mean high water (MHW) for the alternate method of 
computation on East Coast ( E.C.), Gulf Coast ( G.C.), and 
West Coast (W.C.). 

There is little difference between the standard devia­
tion curves for the respective datums computed by 
either the standard or the alternate method-thus, fluc· 
tuations of the computed datums around the mean value 
are roughly the same for either method of computation. 

The pooled standard deviations represent that hand 
around the mean difference between the actual value of 
the datum and the estimated value in which 68% of 
any single estimate will fall. The 95% confidence hand, 
therefore, would he twice the standard deviation. 

The curves in figures 8, 9, and 10 clearly indicate that 
the datums on the East Coast can he determined with 
greater accuracy at this time than those on the West 
or Gui£ Coasts. This is the result of the small inequality 
of the East Coast and the closer spacing of control tide 
stations. One way to improve the West Coast and Gulf 
Coast curves so they approach those for the East Coast 
is to increase the number of reference stations--then, as 
additional data are acquired, the curves will converge. 

VI. SUMMARY 

From the point of view of the coastal engineer and 
the surveyor, one must quantify the accuracy with 
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FIGURE 10.-Pooled standard deviation of differences between 
computed and accepted values using standard (Std.) and 
alternate (Alt.) methods of computing: mean tide level 
(MTL) on East (E.C.), Gulf (G.C.), and West (W.C.) 
Coasts; and mean higher high l>'ater (MHHW) and mean 
lower low water (MLLW) on West Const. 

which a tidal datum can be determined. Further, it is 
necessary that the distinction between tidal datums 
and the National Geodetic Vertical Datum (NGVD) 
he completely understood. Failure to understand this 
difference has resulted in improper interpretation of 
nautical charts and topographic maps. There ha\•e heen 
cases where structures were designed on the basis of 
the geodetic datum when in :fact the intent was to use 
a tidal datum. For example, designed heights of struc· 
tures and heads of pipelines can be ineffective iI refer· 
enced to an improper datum. This can result in financia l 
loss and, in some cases, can cause damage to the 
environment. 

Tidal datum planes can be determined using sound 
engineering procedures readily transferable to the 
ground; the accuracy of such planes can be quantified 
easily. Generalized accuracies for the datums based on 
the 11igma ( <r) error for the length of record are sum­
marized in table 6. These were derived from table 5 
and represent the maximum values computed by either 
the standard or alternate method meaned across all 
datums. These values were calculated using the control 
stations of the tidal net. Consequently, most secondary 
stations will be established no greater than half way 
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TABLE 6.-Generalized accuracy of tidal datums for 
EaJt, Gulf, and West Coasts when determined from 
short series of record and based on + <r 

East Gulf Wc:-st 
Series IPngth Coa.~t C'oa.~t Coast 

mo ft ft ft 1 _______________ 
0.13 0.18 0.13 3 ______________ 

.10 .15 .11 
6. - - - ....... ___ .Oi .12 08 

12 .............. .Ofi .Cttl Q(j 

between pairs used in the analysis. Thus, the accuracies 
shown in table 6 can be thought of as a maximized 
mean accuracy for the tidal net. The expected accuracy. 
based on the sigma error, is less than plus or minus the 
appropriate value in table 6. 

Datum planes can be recovered at any time by 
releveling and/ or reohservation. By this procedure. his· 
torical records can he retraced. and geophysical pro· 
cesscs ran be investigated. These considerations are 
important to keep in mind, particularly as we recognize 
the necessity for mapping the coastal zones and wet· 
lands. 

Remote sensing techniques have been used in map­
ping of coastal areas. One of the initial attempts was 
undertaken in Louisiana in 1957 as a cooperative effort 
of the Bureau of Land Management and the Coast and 
Geodetic Survey (Shalowitz 1962). Tide-controlled 
photography, using panchromatic and infrared film, 
was used successfully to map the low water line with 
standard photogrammetric techniques. 

More recently, multiband aerial photography has 
been used to inventory wetland areas (Anderson and 
W obber 1973) . The "biological mean high water line" 
ha!' been identified in many parts of the country by the 
limit of growth of Spartina alternif1ora or, in some 
selected areas. by the boundary between red mangrove 
and hlack mangrove. This approach is very useful for 
a wetlands inventory, but if mapping is the objective, 
it must be used with extreme caution. 

Limits of biological growth are not static. The syner· 
gistic effects of numerous environmental parameters 
determine the areal distribution of plant growth. One 
should not assume for the purpose of mapping that a 
biological mean high water line (as shown on a photo· 
graph at an instant in time) is the equivalent of a 
mathematically computed mean high water line based 
on years of data. The biological mean high water line 
undoubtedly will vary between and among :species for 
various regions of the country as well as with time. 
Thus, continuity, stability, and recoverability will be 
sacrificed unless adequate provisions are made to assure 
the proper criteria for mapping and boundary deter· 
minations. 



Ground truth through tidal datum plane determin· 
ations can add credibility even to inventory surveys and 
will permit \'er!'atility in the ulitmate use of the survey. 
Further. the survey will have a better chance of holding 
up in courts of law. Expedience is desirable for delineat· 
ing boundaries and providing basic surveys for marine 
construction. However. expedience should not be the 
overriding factor, certainly not at the expense of sound 
engineering practices. 

VII. RECOMMENDATIONS 

Because of the increased volume of information col· 
lected since Marmer's n 951) work, it is possible to 
prol·ide a better estimate of the accuracies attainable in 
tidal datum determinations. 

For the most part, the standard method of calculating 
the datums is acceptable. On the West Coast. however, 
it is e\'ident that a tidal datum computed by the stan· 
dard method does not adequately represent the l <).yr 
accepted \'alue of the datum. Fortunately, the alternate 
method of computation is adequate and is an acceptable 
substitute-it should be used for computing datums 
on the West Coast. The inadequacy of the standard 
method of computation on the West Coast can be attri­
buted to the more complicated nature of the tides on 
the West Coast and to an insufficient number of control 
stations for simultaneous comparisons. This applies 
particularly to the coast of northern California, Oregon, 
and Washington. 

The generalized accuracies of datum determinations 
on the Gulf Coast should be improved. NOS should 
strive to increase the accuracy now acceptable for a 
1-yr record from ::+::0.09 ft to about ::+::0.05 ft. This is 
important for boundary determinations and also for 
datums used for nautical charting. Again, the problem 
is associated with an insufficient number of control 
stations. The strategic location of control stations in the 
Gulf of Mexico is extremely important Lecause of the 
impact on tidal datums of localized geophysical pro­
cesses occurring in the region. (Swanson and Thurlow 
1973). 

It is recornmended that i\OS: 
1 Establish a goal to obtain an accuracy of 

+ 0.05 ft as a standard for tidal datum planes 
for a l·yr record over the United States; 

2 Establish additional tidal control stations, par­
ticularly on the Gulf Coast and West Coast to 
achieve this accuracy; and, 

3 On the West Coast, use the alternate method of 
calculation to improve the reliability of 
estimating tidal datums from short series of 
observations. 
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APPENDIX I. 

Glossary of Tide Terms 

[Terms in SMALL CAPITAi-" are defined in this glossary.] 

accepted value&--Time intervals, RANCES OF TIDE, 

and tidal datums derived from TIDE observations at 
a given loClltion. These values are based on 19 yr 
of MEAN values. 

chart datum-The datum to which soundings on a 
chart are referred. This datum is usually taken to 
correspond to a low-water stage of the TIDE, and the 
datum's depression below MEAN SEA LEVEL is repre· 
sented by the symbol Zo. 

comparison of simultaneous obeervation&--A 
reduction process in which a short series of TIDE or 
TIDAL CURRENT observations at a place is compared 
with simultaneous observations at a REFERENCE STA· 

TION where tidal or tidal current conslants have been 
determined previously from a long series of 
observations. 

control tide station-Formerly called primary tide 
Jtatian. A place at which continuous TIDE observe· 
tions have been taken over a sufficient number of 
years to obtain basic tidal data for the locality. 

datum plane--A surface used as a reference from 
which to reckon heights or depths. The plane is called 
a tidal datum when defined by a certain PHASE of the 
TIDE. The datum in most general use is based upon 
~IEAN SEA LEVEL, and this is used as the reference for 
the first-order level net extending over the United 
States. For hydrographic work, including soundings 
on charts and tidal predictions, a low-water datum 
is preferred. For hydrographic purposes, the datum 
adopted is MEAN LOW WATER for the Atlantic Coast of 
the conterminous t:nited States and MEAN LOWER LOW 

WATER for the Pacific Coast of the conterminous 
United States, the Pacific Coast of Alaska, and the 
coasts of Hawaii and the U.S. island possessions in 
the Pacific. In many other parts of the world, MEAN 

LOW WATER SPRINGS is used for hydrographic pur· 
poses. So they may be recovered when needed, datum 
planes are referenced to fixed points known as bench 
marks. 

diurnal-Having a PERIOD or cycle of approximately 
1 tidal day. The TIDE is said to be diurnal when only 
one high water and one low water occur during a 
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tidal day, and the TIDAL CURRE!'<T is said to be 
diurnal when there is a single Hood and single ebb 
PERIOD in the tidal day. 

diurnal inequality-The difference in height of the 
two high waters or of the two low waters of each 
day. The difference changes with the declination of 
the Moon and, to a lesser extent, with the declination 
of the Sun. In general, the inequality tends to increase 
with an increasing declination, either north or south, 
and to diminish as the Moon approaches the Equator. 
Mean diurnal high water inequality (DHQ) is one­
half the average difference between the two high 
waters of each day over a 19-yr PERIOD. It is ob­
tained by subtracting the MEAN of all high waters 
from the mean of all higher high waters. Mean diur­
nal low water inequality ( DLQ) is one-half the aver­
age difference between the two low waters of each 
day over a 19-yr period. It is obtained by sub­
tracting the mean of the lower low waters from the 
mean of all low waters. Tropic high water inequality 
( HWQ) is the average difference between the h..-o 
high waters of the day at the times of the tropic 
TIDES. Topic low u:ater inequality (LWQ) is the 
average difference between the two low waters of the 
day at the times of the tropic tides. Mean and tropic 
inequalities as defined are applicable only when the 
TYPE OF TIDE is either SEMIDIURNAL or MIXED. Diur· 
nal inequality is sometimes called declinati-Onal 
inequality. 

epoch-Also known as phaJe lag. Angular retarda­
tion of the maximum of a constituent of the observed 
TIDE behind the corresponding maximum of the same 
constituent of the thoeretical equilibrium tide. Epoch 
may also be defined as the PHASE difference between 
a tidal constituent and its equilibrium argument. As 
used in tidal DATUM PLANE determinations, Epoch is 
a 19-yr PERIOD over which tidal observations are 
averaged to establish the various tidal datums. The 
19-yr PERIOD is usoo since it is the time in years 
closest to the 18.61-yr period (NODE CYCLE) required 
for the regression of the moon's nodes. A specific 
19-yr period is selected so that all tidal datum deter· 



minations throughout the Cnited States and its 
possessions will have a common reference. The 
present epoch is 1941-59. The epoch will be revised 
routinely at 25-yr intervals. The next epoch will be 
that of 1966-84. 

mean-1. Average of a number of observational values 
covering a specified PERIOD of time. 2. An average 
including data pertaining to all PHASES of the Moon. 
3. Best determined value for a tidal quantity after all 
known variations have been eliminated. 

mean high water (MHW)-The average height of 
the high waters over a 19-yr PERIOD. For shorter 
periods of observations, corrections are applied to 
eliminate known variations end to reduce the result 
to the equivalent of a ~EA:-i 19-yr value. All high­
water heights are included in the average where the 
type of TIDE is either SEMIDll'R'.liAL or mixed. Only 
the higher high water heights are included in the 
everge where the type of tide is DIURNAL. So deter­
mined, mean high water in the latter case is the same 
as :llEAN HIGHER HIGH WATER. 

mean higher high water (MHHW)-The average 
height of the higher high waters over a l 9·yr 
PERIOD. for shorter periods of observations, correc· 
tions are applied to eliminate known variations and 
reduce the result to the equivalent of a MEAN 19-yr 
\'alue. 

mean low water (MLW)-The average height of the 
low waters over a 19-yr PERIOD. For shorter periods 
of observations, corrections are applied to eliminate 
known variations and reduce the result to the equiva· 
lent of a MEAN 19-yr value. All low-water heights 
are included in the average where the TYPE OF TIDE 
is either SE:'IIIDll'.R~AL or :111XED. Only the lower low 
water heights are included in the average where the 
type of tide is diurnal. So determined, mean low 
water in the latter case is the same as MEAN LOWER 
LOW WATER. 

mean low wuter springs ( MLWS )-Frequently 
called low water springs. The average height of low 
waters occurring et the time of the spring TIDES. 
Mean low water springs is usually derived by taking 
a plane depressed below the half-tide level by an 
amount equal to one-half the spring RANGE OF TIDE, 
necessary corrections being applied to reduce the 
result to a mean value. This plane is used extensively 
for hydrographic work outside the United States and 
is the PLANE OF REFERE'.liCE for the Pacific approaches 
to the Panama Canal. 

mean lower low water IMLLW}-Frequently called 
lower low water. The average height of the lower 
low waters over a 19-yr PERIOD. For shorter periods 
of observations, corrections are applied to eliminate 
known variations and reduce the result to the equiva· 
lt>nt of a mean 19-yr value. 

mean range of tide (MR )-The difference in height 
between MEAN HIGH WATER and MEAN LOW WATER. 
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mean rise of tide-The height of MEAN HIGH WATER 
above the PU.NE OF REFERENCE or datum of chart. 

mean sea len.I (MSL)-The average height of the 
surf ace of the see for ell stages of the TIDE over a 
19-yr PERIOD, usually determined from hourly 
·height readings. 

mean tide level (MTL)-A plane midway between 
MEAN HIGH WATER and MEAN LOW WATER. 

mixed tide--Type of TIDE in which the presence of 
a DIURNAL wave is conspicuous by a large inequality 
in either the high· or low.water heights with two 
high waters and two low waters usually occurring 
each tidal day. In strictness, all tides are mixed, but 
the name is usually applied without definite limits 
to the tides intermediate to those predominantly 
SEHIDIL'RNAL and those predominantly diurnal. 

month-The PERIOD of the revolution of the Moon 
around the Earth. The month is designated as side­
real, tropical, enomalistic, nodical, or synodical, 
according to whether the revolution is relative to a 
fixed star, the vernal equinox, the perigee, the 
ascending node, or the Sun. The calendar month 
(mo) is a rough approximation to the synodical 
month. 

National Geodetic Vertical Datum of 1929 
tNGVDl-Formerly called SEA LEVEL DATl'M OF 
1929. A geodetic datum derived from a general 
adjustment of the first order level nets of both the 
United States and Canada. In the adjustment, sea 
levels from selected TIDE stations in both countries 
were held es fixed. The year indicates the time of the 
lest general adjustment. This datum should not be 
confused with MEAN SEA LEVEL. 

node cycle-PERIOD of approximately 18.61 Julian 
yr required for the regression of the Moon's nodes 
to complete a circuit of 360° of longitude. The node 
cycle is accompanied by a corresponding cycle of 
changing inclination of the Moon's orbit relative to 
the plane of the Earth's Equator with resulting 
inequalities in the rise and fall of the TIDE and veloc· 
ity of the TIDAL CURRENT. 

period-Interval required for the completion of a 
recurring event, such as the revolution of a celestie.l 
body, or the time between two consecutive like PHASES 
of the TIDE or current. A period may be expressed in 
angular measure and is then taken as 360°. A period 
is also used to express any specified duration of time. 

phase-1. Any recurring aspect of a periodic phe­
nomenon such as new moon, high water, and strength 
of pood. 2. A particular instant of a periodic function 
expressed in angular measure and reckoned from the 
time of its maximum value, the entire period of the 
function being taken es 360°. The high· end low· 
water points of a harmonic constituent have PHASE 
values of 0° and 180°' respectively. 

plane of reference-See DATUM PU.NE. 
range of tide--The difference in height between c~n· 



secutive high and low waters. The mean range is the 
difference in height bet\'Oeen ~IEAN HIGH WATER and 
MEAN LOW WATER. The great diurnal range or diurnal 
range is the difference in height between ~IL\~ 

HIGHER RICH WATER and ~IEA:-1 LOWER LOW WATER. 

Where the type of TIDE is DJl:RNAL, the mean range 
is the same as the diurnal range. 

reference 11tation-A TIDE or TIDAL Cl"RRE:-iT station, 
"'ith predetermined tidal or tidal current constants, 
that is used as a standard for the comparison of 
simultaneous observations at a second station; also a 
station for which independent daily predictions ere 
given in the tide or tidal current tables from which 
corresponding predictions are obtained for other sta­
tions by means of differences or factors. 

Sea Level Datum of 1929-See NATIO'.'iAL GEODETIC 

\.ERTICAL DATU~[ OF 1929. 
11emidiumal-Ha\·ing a PERIOD or cycle of approxi· 

mately one-half of a tidal day. The predominant type 
of TIDE throughout the world is semidiurnal, with 
two high waters and two low waters each tidal day. 
The TIDAL CURRE:'>T is said to be semidiurnal when 
there are two flood and two ebb periods each day. A 
semidiurnal constituent has two maxima and two 
minima each constituent day, and its symbol is usual­
ly distinguished by the subscript 2. 

1ill-The low part of a ridge or rise separating two 
bodies of water. 

aubordinale station- TIDE OR TIDAL CURRENT sta­
tion at which a short series of observations has been 
obtained, which is to be reduced by comparison with 
simultaneous ohsenations at another station having 
well-determined tidal or current constants; also a 
station listed in the tide tables or tidal current tables 
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for which predictions are to l>e obtained by means 
of differences or factors applied to the full predic· 
tions at a REFERE:-;CE STATIO:'>. 

tidal current-A horizontal movemt'nt of the water 
caused l>r the tide-producing forces of the Moon and 
Sun. Tidal currents are a part of the same gen­
eral tno\·1·ment of the sea that is manifestrd in the 
vertical rise and fall of thr rm.:s. 

tide-The periodic rising and falling of the wain that 
results from the gravitational allraction of thr Moon 
and Sun acting upon the rotating Earth. Althouii;h 
the accompanying horizonta I mm·ement of the water 
re.su lting from the ~ame ca use is also sometimes 
called the tide, it is preferable to designate the latter 
as TIDAL Cl'RRE:-iT, reserving the name TIDE for the 
vertical mo\·ement. St:e also !>IEA.:-i RISE OF TIDE. 

type of tide-The characteristic form of the TIDE with 
special reference to the rrlation of the diurnal and 
semidiurnal waves. Tides an· sometimes classified as 
DJL'R:'l'AL, SDllDIURNAL, and :IHXED, but there are no 
sharply defined limits separnting the groups. The tide 
is said to be diurnal when the diurnal \'Oa\'e pre· 
dominates and only a single high and single low 
water occur each day during the greater part of the 
:i.10:-;TH. The tide is semidiurnal when the semidiur· 
na] wave prrdominates and the two high ancl two low 
waters occur each tidal de v with a relativelv small 
inequality in the high- and ,low-water heights: In the 
mixed type of tide, the diurnal and sem,idiurnal waves 
a re both important factors, and the tide is cha.rec· 
tt>rized by a large inequality in the high- or low­
watt'r heights or in both. There will usually be two 
high and two low waters each day, but the tide occa­
sionallr will l>ecome diurnal-alro applicable lo tidal 
currents. 



APPENDIX II. 

Computational Methods 

Methods of computing datum planes, and residual error between computed and 
accepted values, are given in table 7 for diurnal and semidiumal tides and in table 8 
for mixed tides. Table 8 carries the computation further to the determination of mean 
lower low water (MLL W) and mean higher high water ( MHHW). 

Tables 7 end 8: 

MTL 
MHW 
MLW 
MR 
TL 
HW 
LW 
R 
F 

c 

Table 8: 

l\IDLQ 
MDHQ 
MLLW 
MHHW 
DLQ 
DHQ 
LLW 
HHW 

TLL 

TLH 

NOTATIO!\" FOR TABLES 7 AND 8 

The ]9-yr accepted nlue of mean tide level 

The 19-yr accepted value of mean high water 

The 19-yr accepted value of mean low water 

The 19-yr accepted value of rnean range 

Observed monthly mean tide level 

Observed monthly mean high water 

Observed monthly mean low water 

Observed monthly mean range 

Ratio of ranges or other quantities 

Ohsen-ed \'alul'S corrected to estimate the 19-yr accepted Yalues 

Subscript used to indicate subordinate station 

Subscript used to indicate control station 

The 19-yr acc~pted rnlue o( mean diurnal low 1o·ater inequality 

The 19-yr ac<"epted value of me~n diurnal high water inequality 

The 19-yr accepted \'alue of mean lower low water 

The 19-yr accepted value of mean higher high water 

Obsen-ed monthly mean diurnal Jo,,.,· water inequality 

Observed monthly mean diurnal high water inequality 

Observed monthly lower low water 

Observed monthly higher high water 

Subscript used to denote computation involving tide level when used for a lower 
low water determination 

Subscript used to denote computation involving tide level when used for a higher 
high water determination 

18 



TABLE 1.-Diurn.al and iemidiurnal tide compulalio1&.1 

[See notation on page 18.) 

Standard method 

11.1-'fls = .6.TL 

.6. n. + MTLs = CTL1 

CTL1-MTL1 = .6.MTL1 

R1/R1 = F 
F X MR1= CR1 

CR1 - MR1 = .6.MR1 

CTL1 - (l/2) CR1 = CLW1 
CLW1 -MLW1 = .6.MLW1 

•aw,+ CR,= CHW1 

CHW1 -MHW1 = .6.MHW1 

All41mate method 

11.i-Tls= .6.TL 

Eatimate or mean tide level 

Residual 

Eatimate of mean range 

Residual 

Eathnate of mean low water 

Rr.&idual 

Eatiinate or mea.n high water 

Residual 

.6. TL + MTl..t = CTL1 Eatimate of mean tide level 

CTL1 - MTI.1 = .6.MTI.1 Residual 

HW1 -HW1 = .6.HW 

.6.HW + MHW 1 = CHW 1 Eatiinate o£ mean high water 

CHW1 -MHW1 :: .6.MHW1 Residual 

LW1 -LW1 = .6.LW 

.6.LW + MLW1 = CLW1 

CLW1-MLW1=.6.MLW1 

Eatiinate of mean low watet' 

Residual 

• When the hundredth value of the MR ia m odd nwnber the practice or NOS ie to traD.ller the 
additional hu.ndredth to the low water datu.111. Thia i& in accord with NOS practice to prcnide & con­
le"ative measure of water depth md a factor of 1afety for nnillUOU. Tbe (u)} TUIP ii applied lCI 

the value of ML W to obtai11 MHW. 
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TABLE 8.-Mixed lide compulalionJ 

[See notation on page 18.] 

Saandard method 

MDLQ2 = MLW2-MLLW2 

fTl.i. = (MTL2-MLW2) I (TL2 - LWa) 

DLQ2 = LW2-LLW2 

DLQ1 = LW1-LLW1 

FDLQ = MDLQ2/DLQ2 

CTL1-CLW1 = FTi.LnL1 - LW1) 

CDLQ1 = FnLQ<DLQi) 

CLLW1 = CTL1 - (CTL1 - CLW1) - CDLQ1 E1timate or mean lower low water 

CLLW1- MLLW1 = ~MLLW1 Residual 

MDHQ2 = MHHW2-MHW2 

FTLH = (MHW~ - MTL2) I (HW2 - TL2) 

DHQ2 = HHW2-HW2 

DHQ1 = HHW1 - HW1 

foHQ = MDHQ2/DHQ2 

CHW1-CTL1 = FTLH (HW1 -TL1) 

CDHQ1 = FnHQ (DHQtl 

CHHW1 = CTL1 + <CHW1 - CTLi) + CDHQ1 Estimate of mean higher high water 

CHHW1 - MHHW1 = ~MHHW1 Residual 

Alternate method 

LLW1-LLW2 = ~LLW 
~LLW + MLLW2 = CLLW1 

CLLW1 - MLLW1 = ~MLLW1 
HHW1-HHW2= ~HHW 

~HHW+MHHW2 = CHHW1 

CHHW1 - MHHW1 = ~MHHW1 

20 

Eatimate of mean lower low waler 

Residual 

Eatimate of mean higher high waler 

Residual 



APPENDIX III 

Mean Differences 

Computatfons of mean differences between computed and accepted tidal datum 
values are presented for selected East Coast station pairings (tables 9-12), Gulf Coast 
station pairings (tables 13-16). and West Coast station pairings (tables 17-20), using 
monthly mean values, 3-mo running mean values. 6-mo running mean values, and 
12-mo running mean values. 

NOTATION FOR TABLES 9 THROUGH 20 

MTL Mean tide level 

MR Mean range of tide 

MLW Mean low water 

MHW Mean high water 

MLLW Mean lower low water 

MHHW Mean higher high water 

DLQ Mean diumal low water inequality 

DHQ Mean diumal high water inequality 

/£ Sample means 

' Sample atandard deviation 

• Weights equal to n-1 
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TABU: 9.-Ewl Cowl: M«1n cliOereru:es belwttn compuled and acceptr.d values o/ lidal clatwn.1 
/or selecSecl slation pairings wing monthl1 mean values 

(See notation on page 21. Values are in feel.) 

MTL MR MLW MHW 
Control station Subon:l.ina.tc at& ti on No. v ,. s " s ,. s ,. J 

Standard method of computation 

Miami, Fla.. _____ ••••• _ . . •.• Mayport, Fla .• ---- •••• --- •• l 191 0.013 0.157 0.002 0.120 0.012 0.197 0.013 ().131 
Atlantic City, N.J .•••••.••• Bandy Hook, N.J. ___________ 2 1:27 .003 .119 .003 .055 .003 .112 .049 .131 
Battery, N.Y. ____ ..... __ ._.Atlantic City, N .J. ________ .. 3 2'l7 .005 .091 .009 .059 .oo.& .091 - .005 .099 
Baltimore, Md. ________ ...•• Solomons, Md. - . -- .. _. --- •• 4 2'l7 .005 .OBS .001 .043 .005 .091 - .004 .085 
Miami, Fia ..... _. --· ... --- .Key West, F1a •••... - -- ----- 5 191 .003 .115 .005 .Q33 .005 .120 .010 .llZ 
Baltimore, Md .. ___________ Portemou1.h, Va.._.--------- 6 2'17 .005 .2'15 .011 .112 .010 .210 .000 .252 
Baltimore, Md. _____ .•••••. /moapolia, Md .••••.••• _____ 7 'JZ1 .006 .048 .001 .029 .010 .051 .012 .050 
SolomoDB, Md ...••• _ ••• --- _ WBBhingtoo, D.C .•••••• _____ 8 '1:J.7 .000 .120 .003 . lOl .004 .154 .007 .102 
Mayport, 11a ... __ ••.••••• _.Key West, F1a.. •• _. _ .... _ .• _ 9 2'17 .000 .219 .009 .156 .oo.& .273 .rot .182 
Hampton Roads, Va .• _ ••.•• Solomon.11, Md .••• _ •• _. --- __ 10 .203 .006 .141 .000 .054 .002 .129 .Oll .156 
Battery, N.Y. ______________ Sandy Hook, N.J. ___________ 11 'n7 - .003 .Oil .007 .04-L .004 .079 .039 .009 
Ballimore, Md._ .. _._ .. ____ Washington, D.C ..... ----- -- 12 2'17 .005 .116 .006 .132 .002 .162 .OOl .097 

~ Solomolll$, Md ...... _._ -- _ .. Ann&poli!I, Md ..... ____ .. __ . 13 'Jfl1 .001 .056 .002 .039 .000 .063 .002 .056 ~ 

Sandy Hook, ~ ,J .•. _ ... _._.Mont.auk, N. Y. _ ........ . ... 14 191 .007 .104 .008 .061 .016 .100 .008 .117 
EB8tport, M11-ine _______ . _. _ .Portm:nouth, N.H .•••••..•... 15 167 .018 .111 .025 .077 .O·H .124 .00-l .111 
Battery, N .Y. ___ ______ . _ ... Nc-w London, Conn _______ .. _ 16 2'17 .007 .005 .005 .047 .004 .005 .009 .100 
Charle!!t.on, S.C .••. ___ •. ___ .Fort Pulaski, Ga ..•.•••• _ .... 17 227 .007 .091 .006 .090 .005 .112 .000 .090 
Ch&rlC'8t-On, S.C .. _____ ..•••• Mayport, Fla._ .. _ .•••.... _. 18 227 - .OOI .138 .003 .000 .006 .172 .003 .115 
Woods Huie, !l.1!1111!. _____ •••. Montauk, N.Y. •... ________ . 19 191 .001 .070 .014 .059 .011 .073 .003 .079 
Hatnpton Roa.els, V&, ___ .. __ Wuhingt.on, D.C .. ___ .. __ . __ 20 203 .013 .199 .013 .138 .002 .190 .014 .231 
Fernandina, Fia. ______ .. . ... Ma.yport, Fla. _________ _____ 21 2'17 .002 .066 .001 .069 .001 .090 .00'2 .053 
Portland, Main .... -- . .. . ___ .Eastport, .Ma.ins. __ ..... _. __ 2'l 203 .009 .112 .048 .003 .019 .125 .001 .116 
Boston, M&Sll .. --- __ ______ _ .Port81Douth, N.H . . . __ . __ _ •. _ 23 Hit .014 .056 .013 .065 .018 .066 .011 .064 
New London, Conn .. . ...... Willcta Point, N.Y. ___ __ ___ __ 2-i 2'17 .002 .083 .008 .194 .007 .113 .000 .140 
New London, Conn. ________ Wooda Hole, ~'i&S8. __________ 'Z.') 'n7 .008 .063 .003 .M6 .015 .062 .012 .on. 
HampLon Roads, Va. __ . . _ .. At.lantic City, N .J ... ____ ... _ 2t) .203 .OH! .117 .03-l .083 .005 .128 .029 .121 
Portland, Maim· .. __ . ______ . Portsmouth, N.H. __________ . 27 HJ) .003 oo-• j .002 .006 .012 .069 .006 .079 
Boet.on, !l.la&\ ............. . . Wood~ Hulr, Mll.88--- - - - - - - 28 227 .003 .096 .005 .067 .011 .099 .006 .106 
Be.lttiry, N.Y. ____ •• ____ . . . . Willct.s Point, N.Y .. __ . . ___ _ 2n 227 .005 .056 .008 .120 - .000 .076 .013 .088 
Portl&nd, Me.inc ____ . ______ .Host.on, M&!!ll. _ .... _______ .. 30 227 .003 .075 .002 .009 .002 .077 .004 .087 

Pooled mean (;,.P) and pooled standard deviation (sp) ____ •• -0.002 0 .115 0.000 0.090 0.000 0.127 0.001 0 .119 



TABLE 9.~oncluded 

MTL MR MLW MRW 
Control station Subordinate etation No. v 

,. s ,. s ,. s ,. s 

Alternate method of computation 

Miami, Fla. ________ ______ __ Mayport, 1'1& .. _ ... _________ 1 191 0.000 0.000 0.000 0.000 0.003 0.202 0.006 0.132 
Atlantic City, N.J .. __ _ . __ .. Sandy Hook, N.J. ___________ 2 227 .000 .000 .000 .000 .006 .126 .004 .130 
Battery, N .Y .... __________ . Atlantic City, N .J. _________ _ 3 227 .000 .000 .000 .000 .002 .104 .004 .099 
Baltimore, Md. ____ _ • __ ___ .Solomons, Md. _____________ _ 4 'n7 .000 .000 .000 .000 .001 .092 .002 .090 
Miami, F1a. ________ ___ . ___ . Key West, 1'1&. __ • __ _____ ___ 5 191 .000 .000 .000 .000 .002 .129 .001 .114 
Baltimore, Md. ___ _________ Portsmouth, Va .• __ ._._. __ . _ 6 'n.7 .000 .I))() .000 .000 .002 .228 .002 .230 
Baltimore, Md. __ ______ ___ . Annapolis, Md .. _______ _ --- 7 227 .000 .000 .000 .000 .004 .050 .004 .052 
Solomons, Md .. __ ______ ____ Waehington, D.C ..... __ . __ __ 8 227 .000 .000 .000 .000 .005 .150 .008 .119 
Maypori, Fla. _____ - - - - __ • . Key West, Fla .. ____________ !} 227 .000 .000 ·.ooo .000 .005 .277 - .004 .177 
Ilampton Roads, Va .. ____ .. Solomons, Md. ________ . ____ 10 203 .000 .000 .000 .000 .018 .134 .016 .155 
Battery, N.Y. ______ __ ______ Sandy Hook, N.J .... .. . . . ... 11 227 .000 .000 .000 .000 .004 .079 .001 .069 
Baltimore, Md .• __ - - __ - -- __ W&11hington, D.C ... . _. _ . . __ _ 12 m .000 .000 .000 .000 .004 .168 .006 .093 
Solomone, Md ... ___ ____ ___ . A.n.ruipolia, Md. __ ___ ___ _____ 13 227 .000 .000 .000 .000 .005 .065 .006 .062 

~ Sandy Hook, N.J ... ___ . __ .. Mont.auk, N.Y. _________ ____ 14 191 .000 .000 .000 .000 .018 .136 .005 .120 w 
Eastport, Maine . .... __ .. __ . PorU!mouth, N.H. _______ ____ 15 167 .000 .000 .000 .000 - .030 .168 .004 .120 
Battery, N.Y .... . . __ __ .. __ .New London, Conn .. . ___ ____ 16 227 .000 .000 .000 .000 .003 .006 .000 .108 
CharlllBt.on, S.c. ___ ____ ___ .. Fort Pulai!ki, Ga ...... .... . __ 17 227 .000 .000 .000 .000 .Oll .117 .003 .091 
Charleston, S.C. ___ ___ __ ___ .Mayport, Fla. •. ___ __ . ___ ___ 18 227 .000 .000 .000 .000 .002 .168. .003 .118 
Woode Hole, M111!11 . -- --. ____ Mont.auk, N.Y .••. ___ -- - _. _. 19 191 .000 .000 .000 .000 .001 .090 .008 .077 
Hampton Ro&ds, Va ... ___ .. Washington, D.c. _______ ____ 20 203 .000 .000 .000 .000 .016 .190 .018 .230 
Fernandina, Fla .. .. ________ Mayport, Fla. ___ ___ _ ._ - - - __ 21 227 .000 .000 .000 .000 .001 .090 .002 .059 
Portland, Maine ____ ___ - --- .Eastport, Maine _____ ... ____ 22 203 .000 .000 .000 .000 .001 .152 .cm .136 
Boeton, M&1111... __________ _ . Portsmouth, N .H. _______ ____ 23 191 .000 .000 .000 .000 .004 .072 .006 .065 
New London, Conn. ___ ____ _ Willet.s Point, N.Y. ___ __ ___ _ 24 227 .000 .000 .000 .000 .006 .096 .004 .119 
New London, Conn. __ __ ___ _ Woods Hole, Mase. ____ ____ __ 25 227 .000 .000 .000 .000 .004 .066 .002 .067 
Hampt.on Roads, Va .. _____ . Atlantic City, N.J ... .. .. _ ... 26 203 .000 .000 .000 .000 .017 .135 .004 .12) 
Portla.nd , Maine ... . __ _____ . Portsmouth, N .H ...... • __ . __ 27 191 .000 .000 .I))() .000 .005 .072 .Orn .077 
Boeton, M8118 .......... .. ___ Woods Hole, M8.88. ___ . _. _. __ 28 227 .000 .000 .I))() .000 .000 .149 .007 .134 
Battery, N.Y. _______ ____ ___ Willets Point, N.Y. ______ ___ 29 227 .000 .000 .000 .000 .003 .077 .003 .072 
Portland, Maine _____ __ _ .... Boeton, Maes. _________ _____ 30 227 .000 .000 .000 .000 .002 .o78 .001 .089 

Pooled mean (p.p) and pooled standard deviation (sp}- -- - - _ 0.000 0.000 0.000 0.000 -0.001 0.135 0.001 0.119 



TABLE 10.-Ecut Coo.st: Mean differences between compUlecl and accepted values of tidal datums 
for selected station. pairings wing 3-mo running mean values 

(See notation on page 21. Values are in feet.) 

MTL MR MLW MHW 
Control station Subordinate station No. v 

IA 5 IA s IA 5 IA 5 

Standard method of computation 

Miami, F1a .• ____ -- •• - __ _ .. Mayport, Fla ... _ --- - --- - . -- 189 0.013 0.108 0.002 0.094 0.012 0.142 0.014 0.086 
Atl&ntic City, N .J .•.. _ ..... Sandy Hook, N.J. ____ . .. _. -- 2 225 .003 .106 .004 .041 .003 .098 .O..'iO .117 
Battery, N.Y. ____ .. _._. __ .. Atlantic City, N.J ..•.... __ . _ 3 225 .006 .067 .009 .049 .004 .007 .005 .075 
Baltimore, Md. __ ____ . _ .. _ .Solomolll!, Md. __ . _ .. . _. _ ..• 4 225 .006 .064 .001 .029 .005 .069 .005 .062 
Miami, Fla . .•... -- ...... _.Key West, Fla .• _ •• --- -----. 5 189 .004 .082 .006 .028 .007 .087 .oi3 .079 
Baltimore, Md._. __ .... _._ . Portsmouth, Va ...... __ .... . 6 225 .008 .175 .008 .090 .012 .158 .004 .200 
Baltimore, Md. _____ .. _. __ .Annapolis, Md .. _ .... _ ... _._ 7 225 .006 .037 .002 .022 .Oll .039 .oi3 .038 
Solomons, Md. __ •• _____ . ___ WBBhington, D .C .. -- __ . ____ . 8 225 .001 .089 .002 .081 .005 .119 .007 .070 
Me.yport, Fla. ___________ ___ Key West, FJ&. _____________ 9 225 .001 .164 .009 .125 .003 .207 .006 .136 
Hampton Roads, Ve.. __ . ___ .Solomons, Md ..... _ ... _ .• . • IO 201 .004 .109 .008 .044 .000 .096 .008 .125 
Battery, N.Y ..... . ..... . ... Se.ndy Hook, N.J ...••....... 11 225 .003 .065 .007 .036 .004 .073 .038 .062 
Baltimore, Md ..... . ...•... WBBhington, D.c. ___________ 12 225 .005 .090 .005 .104 .002 .131 .003 .066 

t.:i Solomons, Md .•... ___ .. _ ... Anne.polis, Md ... _. __ . .. ___ _ 13 225 .001 .043 .002 .027 .000 .050 .002 .041 ~ 
Sandy Hook, N.J ... _____ ___ Mont.auk, N.Y .... _. _____ ___ 14 189 .006 .083 .009 .050 .016 .075 .007 .097 
Eastport, Maine ..•. __ . ____ .Portsmouth, N.H. ______ . .. __ 15 165 .019 .091 .026 .067 .042 .102 .004 .092 
Battery, N.Y. ______________ New London, Conn. - ----- -- IG 225 .007 .071 .006 .038 .004 .072 .010 .080 
Charleston, S.C. _____ . ____ .Fort Pulaski, Ga .... . _ .. . _ . . 17 225 .008 .067 .006 .077 .005 .084 .010 .071 
Charleston, S.C .. __ ... __ . _ . . Mayport, Fla. .. __ .. __ . • _ . ... 18 225 .006 .113 .004 .080 .008 .140 .004 .096 
Woode Hole, .Me..ss. _ .Mont.auk, N.Y. _____________ 19 18\1 .001 .058 .015 .040 .012 .061 .003 .062 
Hampton Roa.els, Va .. • . ____ Washington, D.C ... . _. _ . . __ . 20 201 .010 .150 .Oil .114 .000 .136 - .Oil .181 
Fernandina., Fla .. ___ . _____ . Mayport, Fla. ___ .. 21 225 .002 .056 .001 .060 .002 .079 .002 .044 
Portland, Ma.ine . .. . ___ . ___ .EBBtport, Maine. _____ . __ -- - 22 201 .010 .094 .048 .067 .019 .104 .001 .095 
Boston, MBBS. ____ _ . _. ___ .. . Portsmouth, N.H ..... ____ . _. 23 189 .014 .042 .Ql3 .054 .018 .049 .010 .049 
New London, Conn. ________ Willets Point, N.Y . . . _______ 24 225 .003 .062 .010 .169 .007 .087 .003 .120 
N ew London, Conn. __ . __ .. . Woods Hole, Ma&! .. ____ __ .. _ 25 225 .008 .051 .003 .035 .015 .04!1 .012 .059 
Hampton Road.<1, Va ........ AtlanticCity, N .J . ___ __ ____ _ 26 201 .017 .086 .035 .061 .006 .O!l2 .02!1 .08H 
Portland, Maine. ___ . . _. __ . . Portsmouth, N.H .. __ __ . _. _ . . 27 um .002 .055 .000 .058 .0 12 .057 .008 .Ot\8 

Bollton, Ma.<1s .. _. __ ___ ._ ... Woode H olt>, Mii.BS ... _ .. _ . .. _ 28 225 .004 .083 .005 .05~i .011 .OB3 .00() .0!13 
Battery, N.Y .. . . _ . . ..... _ .. Willets Point., N .Y. __ .•. __ .• 2!1 225 .005 .038 .007 .IOI .007 .057 .013 .OCi!I 
Portland, Maine .. __ _ . ___ _ .. BOl!ton, M88S .. ___ _____ .. _. _ 30 225 .004 .060 .003 .061 .002 .OtiO - .005 .073 

Pooled mean (1Ap) an<l pooled stan<la.rd deviation (sp>- ----- -0.002 0.089 0 .000 0.074 0 .000 .098 0 .002 0.094 



TABLE 10.-Coracfuded 

MTL MR MLW MHW 
Control station Subordinate Btation No. v ,. 5 ,. s ,. 5 ,. s 

Alt.erne.Lc mctnod of computation 

Miami, Fh, ______ - _________ Ma.YJKJtL, Fla. _________ • ____ 1 189 0.000 0.000 0.000 0 .000 0.004 0.147 0.007 0.086 
AUe.nlic City, N.J. _________ Sandy Hook, N.L ________ 2 225 .000 .000 .000 .000 .005 .107 .004 .115 
Battery, N.Y. ________ ______ Atlantic City, N.J ·-- ________ 3 225 .000 .000 .000 .000 .002 .073 .005 .075 
Baltimore, Md. _________ • __ Solomons, Md. __ ••• ________ 4 225 .000 .000 .000 .000 .002 .070 .003 .065 
Miami, Fla. ________________ Key West, Fla. _____________ 5 189 .000 .000 .000 .000 .001 .098 .003 .080 
Baltimore, Md. ___________ .Portsmouth, Va. ____________ 6 225 .000 .000 .000 .000 .004 .178 .001 .179 
Bal Limore, Md. ____________ Ann&polis, Md. ____ - - - - - ____ '] 225 .000 .000 .000 .000 .003 .038 .003 .041 
Solomons, Md. ______ _____ __ WMhington, D.C .. --- --- ---- 8 225 .000 .000 .000 .000 .OOf> .117 .009 .087 
Mayport, Fla. ________ -_. __ Key West, Fla .• - - -- - - - -- - - 9 225 .000 .000 .000 .000 .006 .2U .005 . 129 
Hampton Roads, Va.. _____ ___ Solomo111:1

1 
Md .• -------. ____ JO 201 .000 .000 .000 .000 .0'20 .10'2 .019 .120 

Battery, N.Y. ______________ Ssndy Hook, N .J. - - - - - . - . -- - 11 225 .000 .000 .000 .000 .003 .073 .OOl .063 
Baltimore, Md. ___________ .. We.shington, D.C. ___________ 12 225 .000 .000 .000 .000 .004 .138 .006 .065 
Solomons, Md. __ ___ • ____ Annapolis, Md. ___ .. ----- ___ 13 225 .000 .000 .000 .000 .005 .052 .006 .044 
Sandy Hook, N.J. __ _ . - ____ Mont.auk, N.Y. __ -------- __ 14 189 .000 .000 .000 .000 .018 .093 .005 .098 ...., 
EaBtport, Maine ________ . __ Portsmouth, N.H. ----- ______ 15 l65 .000 .000 .000 .000 .031 .143 .02'1 .097 c.n 
Battery, N.Y. ______ _____ __ .New London, Conn. ________ .. 16 225 .000 .000 .000 .000 .003 .071 .000 .088 
Charleston, S.c. __ .. ____ ____ Fort Pulaski, Go. ..... _______ 17 225 .000 .000 .000 .000 .01'2 .089 .OM .074 
Chis.rleston, S.C. ______ . _____ Me.yport, l<1a. ____ • _. _ •. ____ 18 225 .000 .000 .000 .000 .004 .137 .002 .099 
Woods Hole, M&SB. __ -- - ___ Mont.auk, N. Y, ___ . ___ ---- __ l9 189 .000 .000 .000 .000 .000 .070 .009 .062 
Hampton Roe.ds, Va. __ ._._. Washington, D.C. ---- - _ - .. _. 20 201 .000 .000 .000 .000 .019 .136 .022 .181 
Fernandinll, Ifie.. ____ • _ - ___ • Ma.yport, Fla._ - - - - - - - -- - -- - 21 2'25 .000 .000 .000 .000 .002 .080 .003 .050 
Portland, Maine .. ---- _____ .• Ea.stport, Maine __ . - 22 201 .000 .000 .000 .000 .001 .131 .022 .116 
Boston, Mass. . __ ••.•••. ___ Portsmouth, N.H. ____ . _ - -- - 23 189 .000 .000 .000 .000 .025 .056 .006 .052 
New London, Conn. _____ • __ Willehi Puint, N.Y. __ - . ___ 24 225 .000 .000 .000 .000 .007 JJ'14 .003 .098 
:-.few London, Conn. ________ Woods Hole, MaSA------ __ .. _ 25 225 . 000 .000 .{XX) .000 .003 .053 .002 .052 
Hampton Road;;, Va. _____ .. Atlantic City, N .J ·- __ ----- __ 26 201 . 000 .000 .000 .000 .018 .096 .004 .092 
Portland. ~faint• ____________ Porb!muuth, N.H. _____ - - - - - - 27 189 .000 .000 .000 .000 .IY26 .058 .020 .066 
B011ton, '.\ta..~~-_ ___________ Wood:; Hole, MllBll----------· 28 225 .000 .000 .000 .000 .001 .134 .008 .117 
Bat~ry, N.Y .. ______ _______ Willct.s Point, N.Y .. -------- 29 225 .000 .000 .000 .000 .004 .060 .002 .054 
Portie.ml, :\1.u.inc ____________ Hoston, Ma.ss .••••• --- - - - - -- 30 225 .000 .000 .000 .000 .001 .060 .000 .074 

Pooled mea.11 (i;p) lllld pooled standard deviation (sp>----- _ 0.000 0.000 0.000 0.000 -0.002 0.106 0.002 0.094 



TADLE 11.-East Coast: Mean differences between computed oml accepted val11.es of tidal datums 
for selected station pairings wing 6-mo running mean. values 

(See notation on page 21. Values are in feet.) 

MTL MR MLW MHW 
Control station Subordinate station No. " µ s µ s µ s µ s 

Standard method of computation 

Miami, Fla. ___________ .. __ . Ma.yport, Fla. ______________ I 186 0.013 0 .080 0.003 0.06.'i 0.011 0.\01 0.015 0.()(i8 
Atlantic City, N.J. _______ __ Sandy Hook, N.J. __________ _ 2 222 .004 .O'-J6 .003 .035 .O!Yl .088 .051 . l()(i 
Battery, N .Y. __ __ .. _______ .Atlantic City, N.J ... ______ __ 3 222 .007 .050 .009 .044 .003 .049 .006 .060 
Baltimore, Md . . __ ____ _____ Solomons, Md. _____ ________ 4 222 .006 .045 .000 .023 .006 .04.8 .006 .IJ.,15 
Mia.mi, Fla . . __ __ .. _._. ___ .Key West, Ji1a. __ __ - _. ______ 5 186 .006 .058 .006 .025 .008 .063 .014 .053 
Baltimore, Md. _______ . ___ .Portsmouth, Va. ___ ______ . __ 6 222 .009 . 120 .00.') .074 .012 .111 .007 .138 
Baltimore, Md. __ . ___ ._._ .. Annapolis, Md. ___ ._ . . __ . ___ 7 722 .007 .029 - . . 002 .019 .011 .031 .013 .028 
Solomons, Md .. . . _______ . __ Washington, D.C. ___________ 8 222 .001 .068 .003 .067 .005 .(){l4 .008 .052 
Mayport, Fla. _____ ... __ ... . Key West, Fla. .. ----- __ ..... !) 222 .003 .121 .009 .IOI .001 .153 .008 .103 
Hampton Roads, Va. ______ _ Solomons, Md. ________ _____ 10 198 .002 .075 .007 .03·1 .001 .066 .006 .086 
Batt.cry, N.Y. _________ _____ Sandy Hook, N.J. __________ _ 11 222 .003 .Ol.i2 .007 .030 .004 .06!1 .03!) .058 
Baltimore, Md. ___ . ___ . __ .. Washington, D.C. ______ __ . _. 12 222 .00.5 .069 .004 .086 .002 .104 .002 .04!} 

1-.J Solomons, Md. _____ ._._ . ___ Annapolis, Md. _______ . . _ ... 13 222 .000 .034 .002 .021 .000 .039 .001 .032 
°' Sandy Hook, N.J. __________ Monta.uk, N.Y. _______ ______ 14 186 .00.5 .062 .009 .039 .015 .053 .006 .074 

Eastport, Maine ..... . _ .... . Portsmouth, N .H ........ ... _ 15 162 .019 .077 .028 .056 .043 .084 .004 .081 
Battery, N .Y ..... .. ___ .. _ . . New London, Conn. ____ _ . ___ 16 222 .007 .055 .006 .028 .005 .OS4 .OIO .05!) 
Chariest.on, S.C. ___ . _ . . . _ . . . Fort PulBBki, Ga ............ 17 222 .009 .051 .006 .065 .006 .063 .Oil .058 
Cbnrlcston, S.C .. __ .. ...... . May port, Fla ... .. _ ... _ .. _ .. 18 222 008 .083 .OOf> .OfJ3 .OLO . IOI .006 .ffi-1. 

Woods Hole, Mass. ____ .. _ . . Monta.uk, N.Y ... _ .. ________ l!l 18fl .(lOI .052 .Ola .031 .012 .05-t .oo:J .05'1 
Hampton Roads, Va. _______ Washingt.on, D.C ..... ..... .. 20 1!)8 .008 .102 .010 .081 .002 .(){)2 .008 .12.5 
Fernandina, Fla . . . __ . ____ _ . Mayport, Fla . . _ .. _ ... _. ____ 21 222 .004 .0-tS .001 .053 .00.t .06!1 .003 .036 
Portland, Maim• __ . . . . . ____ .Ea.st.port., Ma.ine . . ___ - _____ . 22 198 .Oil .07!1 .O·l\l .0-t!l .020 .087 .002 .080 
BORton, Mess .... __ ____ . _. _. Portsmouth, ~.H. ____ . _. _. __ 23 186 .013 .031 .012 .047 .017 .040 .OLO .038 
New London, Conn . . _____ __ Willets Point. N.Y. _ ----- · · · 2-l 222 .002 .0-Hi .010 .136 .008 .068 .002 .09.5 
r\1' W London, Conn. ____ ____ Woocls Hole, Mass. _____ ___ __ 2.'i 222 .008 .0.13 .003 .02G .015 .041 .011 .04fl 
lhmpton Roads, Va._. _ . . . . Atlanti!' City, N .J ... __ . . ___ . 'lti 1!)8 .017 068 .03.5 .0-l!l .00() .072 .030 .07~ 

Port land. !\·fit i111• . .... . .. _ . . . Port!<mout.h , N .H .. .. . _. _. ___ 27 18'i .002 ms .000 .OflO .011 .OiiO .OO<J .05B 
Boston, Ma."-"· ____ ___ ______ Woods 11011•, MIL~~ - ... - - . - - - - 28 222 .00:{ .Oli-1 .005 .0·1:3 .010 .Ot;;J .OOli .07:i 
Bt~tt~·ry, N.Y . _____ ____ _____ Will1·ts Point, N.Y. _____ ____ w 222 .OOfi .OW .OOf1 .088 .007 .04-t .012 .O(i l 

Port.h\Od, M11.in!' . ____ . ____ .. BORton, MMR. __ ____ . __ . _. _. 30 222 .00·1 .0[..0 .00:3 .Ofifi .002 .O·l<J .005 .Q(j..I 

Pooled mean (µp) and pool<'d :;tantlarc:l deviation (sp>- - - ___ - 0 .002 O.OGI 0.000 O.OW 0.000 0 .075 0 .000 0.072 



TABLE 11.---Concluded 

MTL MR MLW MHW 
Control station Subordinate station No. II 

,. s ,. s ,. s ,. s 

Alternate method of computation 

Miami, Fla. .. _________ ... ___ Me.yport, Fla.. _____________ . 1 186 0.000 0.000 0.000 0.000 0.003 0.109 0.007 0.066 
Atlantic City, N .J. _________ Se.ndy Hook, N .J. ___________ 2 222 .000 .000 .000 .000 .004 .097 .005 .106 
Be.ttery, N.Y. _____________ _ Atle.ntic City, N.J, __________ 3 222 .000 .000 .000 .000 .000 .054 .006 .059 
Baltimore, Md._ .. __ .. _____ Solomons, Md_._ .. _________ 4 222 .000 .000 .000 .000 .002 .049 .003 .046 
Mia.mi, Fla.. ________________ Key West, Fla.. _____________ 5 186 .000 .000 .000 .000 .000 .095 .004 .052 
Baltimore, Md. __ . ___ .. ____ PortBinouth, Va. _____ . ______ 6 222 .000 .000 .000 .000 .005 .125 .003 .124 
Baltimore, Md. _____ _______ Annapolis, Md. ___ __ ____ ____ 7 222 .000 .000 .000 .000 .003 .031 .003 .030 
Solomons, Md. ____ ._ . . . ____ Washington, D.C. _______ .. __ 8 22'2 .000 .000 .000 .000 .006 .093 .009 .064 
Me.yport, Fla.. __________ __ __ Key West, Fla.. _____ ________ !) 222 .000 .000 .000 .000 .007 .JH2 .006 .C1J6 
He.mpton Roads

1 
Ve.. ______ .Solomons, Md. ________ ._. __ 10 198 .000 .000 .000 .000 .cm .071 .021 .083 

Battery, N.Y. ____ . -- ______ . Sandy Hook, N .J , _______ .... 11 222 .000 .000 .000 .000 .004 .070 .002 .060 
Baltimore, Md. __ .. _ ... ____ Washington, D.C. ___ __ _ .. _ .. 12 222 .000 .000 .000 .000 .005 .107 .006 .050 
Solomons, Md. _____ . . ______ Annapolis, Md ... _. __ .. ___ ._ 13 222 .000 .000 .000 .000 .005 .041 .006 .030 
Sandy Hook, ~.J. __ -· __ ___ .Monteuk, N.Y._. __ -· - -- ___ _ 14 186 .000 .000 .000 .000 .016 .069 .006 .on 

Nl Eastport, Maine .. _ ... .... .. Portsmouth, N .H ..... . . _. _. _ 15 162 .000 .000 .000 .000 .033 .119 .020 .083 -l 
Battery, N.Y. ______________ New London, Conn ....... . .. 16 222 .000 .000 .000 .000 .oot .055 .000 .006 
Charleston, S.C ...... ___ . __ .Fort Pulaski, Ga._. ___ .... __ 17 222 .000 .000 .000 .000 .Oii .067 .006 .061 
Charleston, S.C. ________ .. _ .Me.yport, Fla.._. ___ . ____ -- - 18 222 .000 .000 .000 .000 .006 .100 .000 .076 
Woods Hole, Mass .. _______ . Montauk, N.Y ...... _____ ... rn 186 .000 .000 .000 .000 .000 .061 .010 .054 
Hampton Roads, Ve.. _______ Washington, D.C .. __ ________ 20 Hl8 .000 .000 .000 .000 .020 .0!)3 .023 .124 
Fernandina, Fla._ . _. __ _____ Me.yport, Fla.._ .. ________ . __ 21 222 .000 .000 .000 .000 .004 .Oi2 .003 .043 
Portland, Maine ___________ .Ee.stport, Me.ine .. _____ . ·-. _ 22 198 .000 .000 .000 .000 .001 .112 .019 .103 
Booton, Mass. ____ .. ________ Portsmouth, N .H. __________ . 23 186 .000 .000 .000 .000 .025 .045 .007 .040 
~ew London, Conn .. _______ Willets Point, N.Y. ____ . __ .. 24 222 .000 .000 .000 .000 .007 .058 .002 .072 
~ew London, Conn. ________ Woods Hole, Me.ss. __________ 25 222 .000 .000 .000 .000 .003 .046 .001 .042 
Hampton Roads, Ve.. _____ __ Atla.ntic City, N.J. __________ 26 l!l8 .000 .000 .000 .000 .018 .Q7G .003 .077 
Portland, Maine ______ . ___ _ . Port.~mouth, N.H. ________ . __ 27 186 '()()() .000 .000 .000 .026 .051 .021 .0.5.5 
Boston, Me.ss. ___ __________ .Woods Hole, Ma.ss. __________ 28 222 .000 .000 .000 .000 .002 .119 .009 .093 
Battery, N.Y. _____ _________ \Villets Point, N.Y. --------- 2!) 222 .000 .000 .000 .000 .003 .045 .002 .044 
Portland, Maine ____ . ____ .Boeton, Me.ss. _ ... ____ . ___ . _ 30 222 .000 .000 .000 .000 .002 .050 .000 .067 

Pooled mean U.p) and pooled standard deviation (sp>------ 0.000 0 .000 0.000 0.000 -0.002 0.084 0.001 0.072 



TABLE 12.-East Coast: Mean differences between computed <tnd accepted values of tidal datums 
for selected station pairings using 12-mo running mean values 

{See notation on page 21. Values are in feet.) 

MTL MR MLW MHW 
Control station Subordinate station No. I' 

µ. s ,. s ,. 
" s 

Standard method of computation 

Miami, Fla ..... _ .. __ .. . ___ .Mayport, Fl~- __ 
- ~ .. -- - 1 180 0 .012 0 .056 0 .003 0.033 0.011 0.063 0.014 0.054 

Atlantic City, N.J ....... . .. Sandy Hook, N.J. ___________ 2 216 .004 .090 .003 .030 .002 .081 .051 .101 
Battery, N.Y ....... . .. . . ... Atlantic City, N.J. __________ 3 216 .007 .035 .OO<J .039 .003 .027 .006 .049 
Baltimore, Md .. ________ ___ Solomoill!, Md. ______ ______ __ 4 216 .005 .022 .001 .016 .006 .020 .005 .027 
Miami, F1a.. _________ _______ Key West, F1&. _________ ____ 5 180 .005 .037 .006 .023 .007 .044 .013 .032 
Baltimore, Md .• __ _ .. ___ __ .Portsmouth, Va ... . _____ .• __ 6 216 .006 .040 .005 .059 .009 .050 .004 .049 
Ba.I timor~, Md._ . __ . _. _. _ .. Annapolis, Md . . __ ._ ..•.•. __ 7 216 .006 .OJ!) .002 .016 .010 .025 .012 .017 
Solomons, Md .. __ . _ .. . . __ .. Washington, D.C ...•.. • . • ___ 8 216 .002 .046 .000 .047 .007 .065 .007 .037 
Mayport, F1a. _____ .... __ _ .. Key West, Fla . . _-- -- __ . . ___ !! 216 .003 .080 .Oil .076 .003 .104 .008 .070 
Hampton Roads, Va .. ___ ... Solomons, Md._ ..•.•... ____ 10 192 .004 .028 .008 .018 .000 .028 .007 .030 
Battery, N .Y .... _ . ... _ .. ... Sandy Hook, N.J. ________ ___ 11 216 .004 .061 .007 .024 .005 .068 .038 .057 
Baltimore, Md .. _. __ . __ .. _. Washington, D.C. ______ . ____ 12 216 .003 .043 .002 .062 .000 .068 .002 .033 

t-.:1 
00 Solomons, Md ... _ .. __ . ____ .Anna.polis, Md._. __ ...... ___ 13 216 .001 ,025 .003 .015 .001 .028 .003 .025 

Sandy Hook, N.J. ____ ______ Montauk, N.Y. ____ __ _______ 14 180 .004 ,040 .010 .026 .013 .036 .003 .047 
Eastport, Maine .... ... . _ .. . Portsmouth, N.H. ____ _ .. ___ _ 15 156 .Ql8 .060 .028 .045 .043 .059 .005 .068 
Battery, N.Y . . __ ... ___ __ . _.New London, Conn ... . . __ . __ 16 216 .007 .033 .005 .016 .004 .035 .009 .034 
Chariest.on, 8.C. __ . _ • . __ __ .. Fort Pulaski, Ga._ . ____ . ___ . 17 216 .001 .035 .005 .053 .007 .040 .012 .046 
Charleston, S.C ..•......... . Mayport, Fla. ___ ___________ 18 2rn .010 .049 .004 .048 .013 .059 .008 .051 
Woode Hole, Mll88 .. _ .. .. . _. Mont.auk, N.Y .. ____ ________ 19 180 .002 .045 .Ql5 .024 .Oil .Qol7 .004 .048 
Hampton Roads, Va, ___ __ __ Washington, D.C. ____ ____ ___ 20 192 .009 .038 .012 .o26 .002 .037 .010 .042 
Fernandina, Fla. __ _ . . _____ .Ma.yport, Fla. _ . . _- - --_ ... . . 21 216 .006 .040 .002 .048 .006 .058 .004 .031 
Portland, Maine ......... . . . Eutport, Maine __ ___ _______ 22 192 .012 .061 .049 .039 .021 .067 .003 .061 
B08t-On, MIL!!S ......... ____ _ .Portsmouth, N.H, _______ .... 23 180 .014 .018 .011 .040 .018 .029 .009 .024 
New London, Conn ..... __ .. Willets Point, N. Y. __ . ______ 24 216 .002 .030 .010 .098 .008 .051 .002 .064 
New London, Conn ... _. _ . . . Wooda Hole, Mass. _____ _____ 25 216 .007 .036 .002 .020 .012 .035 .010 .Qol2 
Hampton Roads, Va. __ ... . . Atlantic City, N .J .. ____ . __ __ 26 192 .019 .055 .035 .039 .003 .054 .032 .061 
Portland, Maine_ . __ .. .... . . Portsmouth, N .H .. ___ . . . ____ 27 180 .001 .042 .001 .042 .Oil .045 .OIO .049 
Boston, M1188 ..... ____ ____ ._Woode Hole, Mase .. . ___ _____ 28 216 .002 .039 .005 .029 .010 .035 .004 .047 
Battery, N.Y. ___ ___ ________ Willet.11 Point, N.Y. __________ 29 216 .005 .024 .002 .079 .009 .033 .011 .056 
Portland, Maine _____ . ______ Boeton, M&ll!I. ____________ .. 30 216 .004 .043 .004 .051 .002 .04.l .005 .059 

Pooled mean <Pp) a.nd pooled standard deviation (.sp) • •• • _. -0.002 0.045 0.000 0 .045 0.000 0.051 0.000 0.050 



TABLE 12.--Concluded 

MTL MR MLW MHW 
Control station Subordinate at.a.Lion :'.'ol"o. v ,, .5 ,, s ,,. s ,, s 

Alternate metho<l of comput.a.tion 

Mie.mi, Fis.. ________________ Meyporl, Fla. _____________ _ 1 180 0.000 0.000 0.000 0.000 0.008 0.070 0.005 0.049 
Atlantic City, N.J ... ____ . __ Sandy Hook, N.J. _________ __ 2 216 .000 .000 .000 .000 .004 .089 .005 .098 
Bll.ttery, N .Y. ___ . ____ . _. ___ Atlantic City, N.J. _______ . _ 3 216 .000 .000 .ooo .000 .000 .034 .006 .048 
Baltimore, Md. ____________ Solomom, Md. ___ - _________ 4 2l6 .000 .000 .000 .000 .1101 .019 .002 .007 
Miemi, Fle.. _______________ Kcy Wcat, Fla. _____________ ,') 180 .000 .000 .000 .000 .001 .056 .006 .032 
Baltimore, Md. __ ._. __ . ____ Portsmouth, Va. _____ -- • _. __ 6 2lli .000 .000 .000 .000 .001 .050 .OOL .052 
Daltirnore, Md. ___ . ________ Annapolis, Md. __ _ - - _____ . _ . 7 216 .000 .000 .000 .000 .004 .02-t .003 .017 
Solomons, Mt! .•. ___________ WBSbington, D.C. ____ . ___ __ . !! 216 .000 .000 ,()()() .000 .008 .001 .008 .037 
Mayport, Fla. ______________ Key Weat, Fla. _______ ____ __ 9 ';?16 .000 .000 .000 .000 .006 .113 .00\I .066 
Hampton Roads, Va. _______ Solomons, Md. _________ ____ 10 192 .000 .000 .000 .000 .019 .032 .020 .033 
Bll.ttery, N.Y. ____________ . . Sandy Hook, N.J. ___________ ] ] 216 .000 .000 .000 .000 .005 .068 .002 .057 
Baltimore, Md. ____________ Washington, D.C. ____ _______ ]2 216 .000 .000 .000 .000 .008 .060 .005 .037 
Solomons, Md. ______ _______ Annapolis, Md ... ----------. 13 216 .000 .000 .000 .000 .004 .Cl27 .005 .029 
Sandy Hook, N.J. ______ ___ .Mont.auk, N.Y. ____ . ________ 14 180 .000 .000 .000 .000 .016 .052 .007 .039 

t-:1 Eastport, Maine ___________ .Porlfilnouth, N.H. ___________ 15 156 .000 .000 .000 .000 .017 .06S .005 .068 
IC Bat.t~ry, N.Y. . ________ . __ . N Rw T .cmdon, Conn. _______ • _ Iii 216 .000 .000 .OOJ .000 .005 .038 .002 .036 

Ch11.rh"Hto11, B.C. ___________ .Furl Pulaski, Ga._ •.•••... _. 17 216 .000 .<XX) .000 .000 .Ull .041 .008 .D-18 
Clmrll'slon, S.C .•• -- . __ --- _ -~10.yport, Fla .••.. - - _ ..... --- 18 21(; .000 .QOO .000 .0(1) .009 .000 .002 _()._')( 

Woods Hole, Ma.ss ........ _ .Moc.tauk, N .Y. ____ ·--- _____ L!.I 180 .000 .000 .000 .000 .000 .051 .OJl .OH 
He.ropton Roads, Va .••• ____ Washington, D.C. __ . ___ .. ___ 20 192 .000 .000 .000 .000 .om .03\l .021 .03S 
Fernandina, Fla. __________ .Mayporl, Fla. __ . 21 216 .000 .OOJ .000 .000 .008 .0&4 .004 .036 
Portland, Me.inc _________ ._ .Ea.stport, Maine. ___ .. _. ___ . 22 192 .000 .000 .000 .000 .003 .ORB .015 .089 
B011hm, Ma.ss. ___ . _________ Porlamouth, N.H. __ _____ __ __ 23 180 .000 .000 .000 .000 .026 .035 .007 .029 
New London, Conn. ___ _____ Willets Point, N.Y .. _. _. ____ '24 216 .000 .000 .000 .000 .008 .C»6 .004 .032 
New London, Conn. __ . _____ Woods Hole, Mass. _________ - 25 216 .000 .000 .000 .000 .001 .041 .000 .03.::; 
Hempton Roads, Va. __ __ __ .AUantic City, N.J ... ________ 26 192 .000 .000 .000 .000 .OHi .OfiO .000 .064. 
Portland, Maine ___ __ . - •... Portsmouth, N .H. ___________ 27 180 .OOJ .000 .000 .000 .027 .04G .023 .04!i 
Boston, Mass .••••..• _ .• • ..• Woods Hole, M11B8. ___ . ___ .. 28 216 .000 .000 .000 .000 .007 .103 .OlO .063 
Battery, N .Y .•••. - · --- -- · .. Willete Point, N.Y. ________ _ 2!1 216 .000 .000 .000 .000 .003 .020 .002 .038 
Portland, Maine.-•• - ___ • ___ BOllton, M~. _________ .... 30 216 .000 .000 .000 .000 .002 .Oil .ll01 .Oli-0 

P ooled mean (pf) and pooled standard drviation (sp) ______ 0.000 0 .000 0.000 0.000 0.000 0.058 0.001 0.050 



<;>J 
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TABLE 13.-Gulf Coast: Mean differences between computed and accepted values of tidal datums 
for selected stalwn pairings using monthly mean values 

(See notation on page 21. Values are in feet.) 

MTL MR MLW 
Control stat ion Subordinate stat ion No. v 

µ s µ µ 

Standard method of computat.ion 

Cedar K('y, Fla. _______ _____ Key West, Fla. _ - - __________ 215 -0.001 0.22i 0.004 0.082 - 0.003 
Galveston, Tex. _. ______ __ . _E up;pnc Island, La .. ______ ___ 2 215 .010 .182 .021 .130 .001 
Pensacola, F1a .•. ___________ St. Petersburg, Fla. __ . ______ 3 22i .008 .133 .024 .210 .005 
St. Petersburg, Fla. _________ Cedar Key, Fla. __________ __ 4 227 .002 .116 .006 .148 .006 
Pensacola, Fla. ____________ .Key Wegt, Fla. _____________ 5 215 .010 .202 .029 .170 .010 
Port Isabel, Tex. ____ . _____ .Galveston, Tex. ______ . ______ 6 227 .004 .161 .000 .117 .004 
Bayou Rigaud, La. _______ _ .Galveston, Tex. ________ _____ 7 227 .007 .Hl2 .002 .119 .005 

Pooled mc•an (µp) 11.nd pooled st.amlanl cl1·viation (sp)-- ____ 0.00/i 0.172 0.012 0.14.5 .002 

Alt.ernak method of computation 

Cedar Key, Fla. ____________ Key West, Fla.. __ __ ___ ______ 1 215 0.000 0.000 0.000 0.000 0.007 
Galveston, Tex. _______ _____ Eugene Island, La. __________ 2 215 .000 .000 .000 .000 .013 
Pensacola, Fla. _____________ St. Petersburg, Fla. __ ____ ___ 3 22i .000 .000 .000 .000 .007 
St. Petersburg, F1a. _______ __ Cedar Key, Fla _____ ________ 4 227 .000 .000 .000 .000 .003 
Prnsacola, Fla. ___ ___ _______ Key West, Fla. _____________ 5 215 .000 .000 .000 .000 .001 
Port Isabel, Tcx. __________ _ Ge.lvcston, Tex. ________ _____ fl 22i .000 .000 .000 .000 .007 
Be.you Rigaud , La. ___ . _____ Ga.lveston, Tex. __ ________ __ • 7 22i .000 .000 .000 .000 .00) 

Pooled mean V.p) and pooled standard devie.t.ion ( sp>-- ____ 0.000 0 .000 0 .000 0.000 0.001 

~IHW 

s I' 5 

0.2Hi 0.001 0.2-1-1 
.203 .020 .183 
.19.J .019 .143 
.13.J .010 .141 
.2.JJ .019 .194 
. l!l6 .004 .144 
.l-t8 .008 .195 

0.193 0.012 0.180 

0.210 -0.001 0.2i2 
.195 .016 .190 
.155 .001 .135 
.13i .003 .132 
.222 .000 .100 
. Hlo .004 . 144 
.155 .004 .178 

0 .183 0 .003 0.182 



~ ...... 

TABLE 14.---Gulf Coast: Mean difierences between computed and accepted values of tidal datums 
for selected station pairings using 3-mo running mean values 

(See notation on page 21. Values are in feet.) 

MTL MR MLW 
Control station Hubordinak s tat.ion N o. v 

I' s I' s I' s 

Standard method of comput&tion 

Cedar Key, Fl& .... __ ....... Key West, Fla . .... _ ....... _ 1 213 -0.002 0.185 0 .003 0.072 -0.003 0 .174 
Galveston, Tex . .. .......... Eugene Island, Ls . . .. . . ..... 2 213 .009 .149 .018 .094 .001 .167 
Pena&cola, Fla .••. ••. .... . .. St. Petersburg, Fla ..... _ .... 3 225 .007 .100 .020 .178 .003 .156 
St. Petersburg, Fla .• .. _._ . • _Cedar Key, Fla ... . ..... _ .•. 4 225 .003 .100 .005 .118 .004 .117 
Pensacola, Fla. __ ._ . . . .. .. _ . Key West, Fla .•• .• • •.. ..... 5 213 .009 . 162 .0'25 .Ul .009 .197 
Port Isabel, Tex. ___ . . .. _ . __ Galveston, Tex .••. • .... _ ... _ (\ 22fi .005 . 132 .003 .092 .006 .164 
Dayou Rigaud, Ls._ ... _. __ . Galveston, Tex .. •........ _ . . 7 225 .008 .131 .001 .096 .007 .112 

Poolc<l mean V.p) and pooled standard deviation (sp) •••• • • 0.006 0.13!l 0.010 0.118 -0.001 0.157 

Alternate method of computation 

Cedar Key, F1a ... ....... __ . Key We.st, F'la . . ............ l 213 0 .000 0.000 0.000 0 .000 0 .006 0.168 
Galveston, Tex. ______ __ __ _ . Eugr.ne Island, Ls . •• • . _ . .• . _ 2 213 .000 .000 .000 .000 .014 . 160 
Pe118aCOla, Fl&. ____ . _. _ . . __ . St. Pr.tersburg, Fla .... _. ____ 3 225 .000 .000 .000 .000 .006 .120 
St. Petersburg, Fl&._ ...... __ Cedar Key, FIA ...... _ . . . _ . _ 4 225 .000 .000 .000 .000 .002 .122 
Peruiacola, Fla. ____ __ . _____ .Key West , Fla .. ___ • . __ • ____ 5 213 .000 .000 .000 .000 .000 .180 
Port Isabel, Tex. __ . __ . ___ .. Galveaton, Tex ..... ___ . _. __ . 6 225 .000 .000 .000 .000 .007 .164 
Bayou Rigaud, Le . •••• •• ... Galveston, Tex ....... _ ...... 7 225 .000 .000 .000 .000 .009 .120 

Pooled mean (pp) and pooled standard deviation {sp) .•.... 0 .000 0.000 0 .000 0 .000 0.001 0.149 

MHW 

I' s 

0.000 0.201 
.019 .145 
.017 .109 
.010 .ll5 
.017 .154 
.003 .110 
.OOR . IC\2 

0.011 0 .145 

-0.003 0 .228 
.016 .153 
.001 .102 
.002 .110 
.000 .149 
.005 .Ill 
.004 .145 

0.003 0.147 
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TABLE 15.-Gulf Coast: Mean differences between computed and accepted values of tidal datum.J 
for selected station pairings using 6-mo running mean values 

(See notation on page 21. Values are in feet.) 

MTL MR MLW 
Subordinate station No. v 

"' s "' s "' 
Standard method of computation 

s 

Cedar Key, Fla. ___ ____ __ __ .Key West, Fla .•• - ---- _ - _ -- - 1 210 -0.002 0.136 0.002 0.064 -0.003 0.127 
Galveston, Tex. ____ __ _____ .Eugene Island, La. __________ 2 210 .010 .121 .014 .074 .003 .136 
Pense.cola, Fla. _____ _______ _ St. Petersburg, Fla. _________ 3 222 .007 .082 .017 .158 .001 .132 
St. Petersburg, Fie.. ________ .Cedar Key, Fla. ___________ _ 4 22'l .003 .088 .004 .101 .004 .107 
Pensacola, Fla. ____________ .Key West, Fla. ___ -- - __ --- _ - 5 210 .009 .125 .024 .125 .009 .153 
Port Isabel, Tex. __________ .Galveston, Tex. _____________ 6 ?.22 .005 .098 .004 .075 .007 .123 
Bayou Rigaud, La. ________ .Galveston, Tex .•••. ____ ----_ 7 222 .008 .109 .001 .085 .007 .089 

Pooled mee.n (l"p) e.nd pooled sle.nde.rd deviation (sp>----- - 0.006 0.110 0.008 0.103 0.000 0.125 

Alternate method of computation 

Cedar Key, Fla. ____________ Key West, Fie.. _______ ._. ___ l 210 0.000 0.000 0 .000 0.000 0.006 0.127 
Ge.lveston, Tex .• _. ________ .Eugene Island, La .•. _---- -- • 2 210 .000 .000 .000 .000 .015 .131 
Pensa.cola, Fla. _____________ St. Petersburg, Fla. _________ 3 222 .000 .000 .000 .000 .006 .100 
St. Petersburg, Fla .. _ .•• _._. Cedar Key, Fla ... _ .•. _ .. _ .. 4 222 .000 .000 .000 .000 .002 .114 
Pens&cola., Fla. __ .···--·- •.. Key West, Fla ..•.•. _·--_ --- 5 210 .000 .000 .000 .000 .001 .139 
Port Isabel, Tex. ____ . _____ .Galveston, Tex .•• ____ . ___ • __ 6 222 .000 .000 .000 .000 .006 .123 
Be.you Rigaud, La .. _ •• __ ._ .Galveston, Tex .•••• __ . __ ---- 7 222 .000 .000 .000 .000 .009 .096 

Pooled mean V.p) and pooled standard deviation (sp) 0.000 0 .000 0.000 0.000 0.001 0.119 

MHW 

"' 

-0.001 0.150 
.017 .118 
016 .092 
.010 .096 
.016 .124 
.003 .082 
.008 .140 

0.010 0.117 

-0.003 0.174 
.015 .124 
.001 .081 
.002 .092 
.001 .117 
.005 .083 
.005 .122 

0.003 0.117 
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TABLE 16.--Cul/ Coa.$t: Mean differences between computed and accep~d values of tidal datums 
/or selec~d station pairings using 12-mo running mean value.s 

(See notation on page 21. Values are in feet.) 

MTL MR MI.W 
Control station Subordinate atation No. v ~--

,, 5 ,, s ,, s 

Ht11.ndard m1·thod of computation 

Cedar Kl'y, Fla. _________ __ Key Wesl, Fla. _______ ___ _ - l 204 0.000 0.064 0.002 0.058 -0.001 0065 
Galveston, Tex. ___ _____ ___ .Eugene Island, La. ______ _ -- 2 204 .010 .093 .010 .054 .005 .103 
Pensacola, Fla. __ __________ Ht. Petersburg, Fla .... . . - - - 3 216 .008 .069 mo .145 .OO'l .121 
St. Peters burl(, Fla .. _____ . _ . Cedar Key, Fla .. __ _ • . - ---- 4 21G .OO'l .076 .002 .087 .004 .100 
Pensacola, Fla .. ____ _ _. _.Key West, Fla .. _ --- ----- 5 204 .009 .076 .026 .119 .009 .106 
Port Isabel, Tex. ___ .. .. .. Galveston, Tex .•. . . . ___ ----_ 6 216 .003 .047 - .004 .055 .005 .061 
Bayou Rigaud, La ... _. ___ _ .Galveston, Tc:c •.• . .••.... . 7 216 .000 .099 .003 .078 .OOR .075 

Pooled mean (µp) and pooled standard deviation ( sp> - - ---· 0.000 O.Oi7 0 .008 0.091 0.000 0.093 

Alternate method of comput.ation 

Cedar Key, Fla. ___________ .Key West, Fla .. _. ___ ------ l 204 0.000 0 .000 0 .000 0.000 0.007 0.077 
G&lveeton, Tex. ________ . __ Eugene Island, La._ .• . _ .. ___ 2 W4 .000 .000 .000 .000 .017 .099 
Pensacola, Fla ... __ .. . . _.St. Petersburg, Fla ... ... . . . . 3 216 .000 .000 .000 .000 .006 .087 
St. Petersburg, Fla .... __ .. _ .Cedar Key, Fla .. - - -----.--- 4 216 .000 .000 .000 .000 .002 . 107 
Pen11&cola, F!a. __ _____ ______ Key West, Fla .. .. ______ ____ 5 204 .000 .000 .000 .000 .001 .088 
Port Isabel, Tex. _____ _____ .Ge.lveston, Tex. _______ ____ __ 6 216 .000 .000 .000 .000 .008 .061 
Bayou Rigaud, La ... ______ .Galveston, Tex .. __ ________ .. i 216 .000 .000 .000 .000 .008 .085 

Pooled mean V.p) and pooled standard deviation (sp>----·- 0.000 0.000 0 .000 0.000 0.001 0.087 

MHW 
- ,, s 

0.001 0 .076 
.015 .091 
.017 .074 
.008 .074 
.017 .086 
.001 .046 
.010 . 129 

0 .010 0 .086 

0 .000 0 .097 
.013 .098 
.000 .065 
.004 .Q7Q 
.001 .073 
.004 .046 
.007 .112 

0.003 0.083 
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TABLE 17.-We1l C-0ellt; Mean difierence1 belween compu.ted and accepted values of tidal datu.ms 
for selected station pairing.s u.sing monthly mean valu.e.s 

(See notation on page 2L Values are in feet.) 

MTL MR MHW 
Control station Subordinate station Ko. ... 

,.. s µ s ,.. s 

Standard method of computation 

Santa Monica, Calif. ________ Alameda, Calif. _____________ I 227 -0.001 O.Ofi5 -0.012 0.055 0.013 0.083 
Los Angeles, Calif ______ ____ Sa.n Diego, Ca.liL ___ _______ _ z 227 _()()<J .OG6 .025 .038 .012 .005 
San Di~gu, CaliL __________ La Jolla, Calif. __________ . ~ 203 .005 .Of>2 .033 .052 .062 .068 
Los Angelt<~, Calif. _________ _ Sanl.11. Monica, C'..alif. ___ - - - - -l 227 .oro .075 .053 .033 .077 .076 
San }'ra.ncisco, Calif._ ______ . Alameda, Calif. ______ . ______ 5 227 .001 .065 .012 .0.55 .01~ .083 
San Francisco, CaliL _____ • _ l.,os Angeles, Cal if._ _________ ti 227 --· .(JO(j .172 .OO'Z .119 .005 .151 
Seattle, Ws.sh. _____ • _______ Friday Harbor, Ws.sh. __ - - -- 7 215 .Cl02 .OH -021 .HlO .003 .139 
S81ll8 Monica, Ce.lif. __ • _____ Lid olla, Cal if. __ ____ 8 203 .001 .075 .o:m .058 .rr .. m .082 
Loo Angeles, Cal.if. ____ _____ .La Jolla., Callf. _ _ ___ __ . __ --- 9 203 .008 .082 .013 .051 .038 .088 
Cn•scent City, Ca.liL __ . _. __ Se.n Francisco•, Ca.Ii£ . .. _ ___ .. __ 10 227 .000 .Hill .0110 .10!1 .000 .213 
Neah Bay, Wa.8h. ___ .. .. . . Cresceot City, Calif. __ .. _ _ ._ II 227 .003 .240 .005 .(J.)2 .00.5 .234 

Pooled mean (1.1PJ p.nd puoled st.an du rd 1levio.tion (sp>-- ____ -0.003 0.124 -0.001 0.0811 0.018 0.131 

TABLE 17.--Conlinu.ed 

ML\\' .\1LLW DLQ 
Control station Huliordi11al(• s1a.tinn No. v 

,.. s ,.. s ,.. $ 

~tanrlard method of computation 

Santa Monie&., CaliL _______ Al&IDeda, Calit. _____ _ ____ ___ l 227 0.0"25 0.056 0.031 0.0[,U -0.006 0.027 
Los Angeles, Ca.lit. _______ . __ San Diego, Calif._ ______ . ____ 2 227 .013 .071 .01-l .on .001 .024 
San Di{~go, Calif, __ _________ L& Jolla, CaliL _____ 3 203 .032 oo-. I .000 .079 .03Z .O·H 
Los Ang!'les, Calif. ________ .Sant11. Monir.a, CaliL .... . --- 4 227 .025 .07.t .02.1 .071) .001 .023 
811.n Ftanr.isco, Ca.lif __ .... ___ Alameda, Calif ... __ . _____ ____ .~ 2'>--· .02.'l .05H .031 .056 .OOt\ .0"27 
811.11 Franci8«o, C.aliL _. ___ __ Los AngPlt~, ColiL __ _ . .. . - jj 227 - .007 .'208 - · .om .215 .004 .0-1.') 
&,,1ttlc, WRJ>h, ____ --- - - ---_Friday lfarbc.r, W85h. __ _____ i 2Lfi .nm .0!1~· .028 .IOI .000 .0-H> 
Sant.11. Monica, Calif. __ .. ___ __ La .Jolla, Calif._ ____ __ _______ H 2o:i .OOZ .077 .U32 .07!1 - .Cl.13 .044 
LoR Angnles, Calif. ____ _ .. ____ La. .Jolla, Calif. - -- ----- - --- \I 203 .03-J .OH·I .001 .mm .033 .a4 J 
Cr .. sl'.ent City, C11.lif. ________ Sa11 Francisro, Calif.. __ ._ . __ JO 227 .000 .l!H .001 .1!12 .000 .03(; 
Ncah Bay, W11.sh .• _. ____ ___ Cresrenl City, Calif... _ .. ____ - ll 227 .OJO .2M .005 .2~ .00-J .Olil 

Pooled mean (µp) >Llld pooled standard 11,.viation (sp)-·--- _ 0.00-1 0.133 0.015 0.132 -0.010 0.039 

MHH\'{ 

µ s 

0.021 0.07!1 
.OlO .('6!1 

.057 .073 
.010 .079 
.021 .079 
.Ot:-l .162 
.045 .138 
.102 .08!1 
.03li .09-1 
.002 .212 
.OOU .253 

0.021 0.136 

DHQ 

I' s 

0.009 0.018 
.002 .OlB 
.()();) .O-J2 
.088 .023 
.OCl\I .018 
OOH .038 

.0·18 .050 

.083 .048 

.003 .041 

.002 .04:{ 

.011 .048 

0.002 0.0:-~7 



TABU: 11.-Concluded 

MHW MHHW MLW MLLW 
Control station Subordinate Bt.a.tion No. " s s 

Alternate method of oomputation 

&nt.a Monica, CaliL ....... Al.med&, Calli. __ ....• _._._. 1 227 0.003 O.Q76 -0.008 0.074 0.006 0.061 0.000 0.066 
Loe Angeles, CaliL ........ &.n Diego, Calif .•....•••..•. 2 m - .003 .065 .Oll .069 .006 .()70 .004 .071 
Sao Diego, Calif. __ ........ . La Jolla, Calif. __ .. _ ..•. _._. 3 203 - .015 .069 .008 .074 .006 .067 - .018 .081 
Los Angeles, CaliL .... ___ .. &nta Monica, Calif ...... _ .. 4 '127 .003 .CY76 .010 .080 .005 .CY75 .004. .078 
San Fre.nc:il!co, CaliI •••. ____ .Alameda, Cali:I .... ____ •••••• 5 '1:27 .003 .046 .008 .CY74 .000 .061 .000 .066 
San Fre.nc:il!eo, Calif .•• _. ___ .Loa Angele&, C&liL .. _. _ ••••• 6 227 .oo6 .l50 .008 .150 - .007 .208 .006 .219 
Seattle, WMh. _____ ••••• _ .. Friday Harbor, WBSb ..••.••• 7 215 .oio .151 .004 .128 .005 .ll2 .001 .099 
Santa Monica, Calif.. •.• _ ••• L& Jolla, Calif .••••••••••..• 8 2Q3 .020 .082 .002 .088 .002 .077 .0'25 .085 
Loe Angeles, Calif ..••••••••• La .Jolla, Calif .••••••••••.• _ 9 2()3 .{12() .088 - .006 .094 .005 .084 .018 .006 
Creaceot City, Calif.. •• _ •••• San Fre.ncisco, <AliL __ •• _. _ 10 227 .004 .218 - .002 .'1:25 .006 .193 .004 .192 
Ne11.b Bay, Wuh .•••••••••• Cresoent City, Calif. _________ 11 Z27 .004. .233 .004 .259 .001 .254. .009 .243 

Pooled mean (pp) and pooled etandaro deviation (ip>----·· -0.004 0.l30 -0.003 0.136 0 .000 0 .134 - 0.004 0.135 

w 
C/'I 



~ 
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TABLE 18.-11' Mt Coa.st: Mean difference$ between computed and accepted values of tidal datums 
for ulected .station pairings using 3-mo running mean valueJ 

(See notation on page 21. Values are in feet.) 

MTL MR MHW 
Control station Subordinate station No. II ,. ,. ,. $ 

Standard method of computation 

Sao ta Monica, Calif. _____ __ . Alameda, Calif. ________ ••••• J 225 -0.002 0.057 -0.012 0.046 O.OJ3 0.074 
Loe Angeles, Calif. _____ . ___ . San Diego, Calif. _____ • ____ ._ 2 225 - .009 .059 .025 .026 .012 .055 
San Diego, Calif. _____ _____ _ La Jolla, Calif. __ ___________ 3 201 .005 051 .032 04J .061 .055 
Loe Angeles, CaliL __ __ _____ Sant.a Monica, Calif. __ ______ 4 225 .OOCJ .066 .053 .025 .o78 .067 
San Francisco, Calif.. _______ Alameda, Calif._ _____ ____ - . _ 5 225 .002 .057 .012 .046 .013 .074 
Sao Francisco, Calif. ___ . ___ . Loa Angeles, Calif._ __ . ______ 6 225 .008 .139 .001 .095 .007 .117 
Seattle, Wash. __ ________ ___ Friday Harbor, WBBh. __ _____ 7 2J3 .001 .061 .021 .J56 .002 .115 
Santa Monica, Calif. ___ _ .• __ La Jolla, Calif. _____ __ ._ .. ___ 8 201 .001 .060 .040 .047 .019 .065 
Loe Angeles, Calif._ ________ .La Jolla, CaliL . • ----. __ • _. \l 201 - .008 .o70 .013 .041 .039 .075 
Crescent City, Calif.. .••• __ . San Francisco, Calif. _ •..• _._ 10 225 .002 .157 .001 089 .00 I .174 
Ncah Bay, Wash._ . ______ . . Crescent City, Calif . ••• _____ 11 225 .006 .184 .004 .076 .00:1 . 178 

Pooled mean V.p> and pooled standard deviation (sp}------ -0.002 0.1 ()() -0.001 0 .073 0.01!) 0.105 

TABLE 18.--Continued 

MLW MLLW DLQ 
Control station Subordinate station No. v 

,., s ,. $ ,. s 

Standard method of computation 

Santa Monica, CaliL ...... . Alameda, Calif. _____ ________ l 225 0.024 0.046 0.030 0.043 -0.006 0 .017 
Loa Angeles, Calif.. ______ ... San Diego, Cal.if, __ ___ - _ .. --- 2 225 .013 .063 .003 .064 .001 .OJ5 
San Diego, Calif. ______ _____ La Jolla, Calif. ____ ______ ___ 3 20J .03J .055 .002 .064 .034 .033 
Loa Angeles, Calif. _______ ___ S&nt.a Monica, c.lif .•.•..•.. . 4 225 .024 .067 .023 .067 .CIOl .017 
San Francisco, Calif.. .. . __ .. Alameda, Calif, ____ .... .•••• 5 225 .024 .046 .030 .043 .006 .017 
San Francisco, Calif. _ .. ____ .Loe Angeles, Calif.. ..• _ •••.. 6 225 .009 .172 .004 .175 .001 .030 
Seattle, Wash . • _. __ ••.. _ .. • Friday Harbor, Wash ..•..... 7 2J3 .019 .080 .028 .083 .009 .030 
Sant.a Monica, Calif... __ .• _ .La Jolla, Calif._ ._._ --- ----. 8 201 .001 .Of>3 .034 .063 .035 .031 
Loe Angeles, Calif.. _ ••.•. .. La Jolla, Calif. _. __ ... __ •••. 9 201 .034 .070 .000 .o75 .034 .031 
Crescent City, Calif.. •... _ .. Sa.n Francisco, Calif .••• .•... JO 225 .002 .153 .002 .147 .000 .024 
Neah Bay, Wash ....• ____ .. Crescent City, Calif .• _ •• _ ••• 11 225 .013 . 197 .Oil .181 .003 .048 

Pooled mea.n (,..p) and pooled standard deviation (sp>-----. 0.005 0.107 0.014 0.1~ -0.011 0.028 

MHBW 

,. $ 

0.022 0.070 
.010 .057 
.055 .056 
.010 ,070 
.022 .070 
.014 .122 
.046 .107 
.JOO .068 
.034 .076 
.004. .180 
.002 .1 !lO 

0.021 0.108 

DHQ 

,. 

0.009 0.012 
.002 .OJ2 
.007 .026 
.088 .OJ5 
.009 .012 
.007 .024 
.047 .038 
.081 .029 
.005 .024 
.003 .028 
.Oil .030 

p.002 0.024 



TABLE 18.-Concluded 

MHW MHHW MLW MLLW 
Control station Subordinat.e siation No. 

5 s s 

Altern&te method of comput&tion 

&nta Monica, Calif. ___ . _ . __ Al&med&, Calif. _____________ l 225 0.003 0.068 -0.008 0.065 0.006 0.052 0.000 0 .050 
Los Angeles, Calif. ____ . . . . .&n rne11:0, CaliL ______ . ____ 2 225 .003 .056 - .Oil .058 .007 .063 .004 .063 
&n Diego, Calif. ___________ La Jolla, Calif .• - ___________ 3 it>l .ol5 .056 .008 .056 .005 .054 .018 .067 
Los Angelee, C11liL _________ Sant.a. Monica, Calif .••• _ •• _ • 4 225 .002 .067 - .009 .071 .006 .067 .004 .067 
San Francia«>, Calif. _____ ••• AlAmeda, Cs.Hf .••••••••••.• _ 5 225 .003 .068 .008 .065 .006 .052 .000 .050 
San Francisco, Calif. ________ Lai Angeles, Calif .•• __ • ___ •• 6 225 .008 .116 .006 .IJ.> .009 .172 .008 .177 
Seattle, Wa11h. _____________ Friday Harbor, Wa11b. _______ 7 213 .Oil .129 .004 .104 .005 .004 .OC)l .081 
Santa Monica, Cali£. _______ .La Jolla, Cam._ . ___ .. _ .. . _ . 8 201 - .021 .065 .001 .069 .002 .063 .025 .065 
Los Ange~, Calif .•. ________ La Jolla, Calif. _____ _____ _ __ 9 201 .021 .075 - .006 .078 .005 .071 .019 .l.'81 
Creaeen\ Clt.y, Cali! .. ____ __ _ San Francisco, Cal.it._ _ __ ____ lO 225 .006 .176 .()()() .183 .007 .152 .003 .147 
Nea.h Bay, Wa11h. __________ c~cent City, c.alif. _________ l1 225 .001 .177 .006 .197 .004 .198 .011 .184 

Pooled mean CJip) and pooled sta.ndanl devia.tion C5p)------ -0.004 0.106 -0.002 0.109 -0.001 0.108 -0.002 0 .106 

w 
~ 
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TABLE 19.-West Coast: Mean differences between computed and accepted values of tidal datums 
for selected .st.ation pairings wing 6-mo running mean i,alue.s 

(See notation on.page 21. Values are in feet.) 

MTL MR MHW 
Control station Subordinate station No. II ,. s ,. s ,. s 

Standard method of oomputation 

Santa Monica, Calif.. .•. • __ .Alameda, Calif. __ ___________ 1 222 -0.001 0 .04!l -0.013 0 .036 0.013 0 .001 
Loe Angeles, Calif.. __ . ____ • . San Dit·go, Calif .. ____ _______ 2 222 .010 .055 .025 .020 .013 .051 
San Diego, CaliL ____ __ .. •. La Jolla, Calif. _____________ 3 198 .000 .043 .032 .034 .062 045 
Los Angeles, Calif. __ ___ _ •. _ . Santa Monica, Calif. __ _ .. ___ 4 222 .009 .061 .054 .019 .O'i8 .000 
San Francisco, Calif.. _. ____ . Alameda, Calif. ____ ________ . 5 222 .001 .049 .018 .036 .013 .061 
San Francisco, CaliL _____ __ Loe Angeles, Calif. __________ 6 222 .010 .108 .002 .069 .009 .001 
Seattle, Wa.sh . . __ ____ . ____ .Friday Harbor, Wa.sh. _______ 7 210 .000 .049 .ot8 .118 .001 .090 
Santa Monica., Calif.. ___ ___ . La Jolla., Calif.._ . ___ .••. __ . 8 198 .002 .050 .04.1 .035 .018 052 
Los Angeles, Calif. _____ . ___ . La Jolla., Calif . • ___ • _____ . __ n 198 .008 .063 .012 .032 .038 .007 
Crcsr.ent City, Calif._ _. ___ . . San Francisco, Calif ......... 10 2'.?2 .002 .124 .002 .069 .001 .137 
Neah Bay, Wa.sh .. . ___ ... _.Crescent City, Calif.. .••. _ .. II 222 .008 .128 .003 .065 .011 .126 

Pooled mean (,.p) and pooled st.ands.rd deviation (sp>---- · . -0.002 O.o78 -0.002 0.056 0.019 0 .083 

TABLE 19.-Continued 

MLW MI,LW DJ.Q 
Control station Subordinate stat.ion No. II ,. s ,. s 

"' 
s 

Standard method of computation 

Santa Monica, Calif ... __ .. _ . Alameda, Calif .•• __ . _._._ .. _ l 222 0.025 0.041 0.031 0.038 -0.000 0.014 
Los Angeles, Calif.. ____ .... . San Diego, Calif. ____ . ___ ..•. 2 222 .012 .060 .013 .059 .000 .010 
San Diego, Calif. __ __ .. _. __ . I.a Jolla, Calif.. ____ .. __ . ___ 3 198 .030 .O.ti .0()4 .054 034 .026 
l..oH Angeles, Calif.. ___ __ ._ . • Santa Monica, Calif. _._._. __ ·I 222 .024 .062 .023 .062 .001 .013 
San 1''rancisco, Calif... __ . - Ala.nu~la, Calif. __ ___________ f> 222 .025 .041 .031 .038 .()(}(j .014 
San Francisco, Calif.. ___ . __ _ Lo8 An11:cles, Calif.. . _ .. __ ... fi 222 .Oil .132 007 .132 .004 .023 
Seattle, Wash._ ___________ _ Friclay Harbor, Wash. _______ 7 210 .019 .061 .030 .063 .011 .018 
Santa Monica, Calif._ . . _ .. __ J,a. .Jolie., Calif._ _ . ___ • ____ .. 8 198 .001 .055 .034 .053 .03f> .025 
Los Angeles, Calif.. ___ ______ La Jolla, Calif. _. ________ .. _ !l 198 .034 .062 .000 .067 .034 .025 
Crescent City, Calif.. __ ___ .. San Francisco, Calif.. __ . __ .. JO 222 .003 .119 .004 .114 .001 .021 
Nca.h Bay, Wash .. .•.. ____ .Crescent City, Calif. __ ___ --- JI 222 .014 .138 .012 .128 .003 .038 

Pooled mean V.p) and pooled ~tl\ndnrd deviation (sp>--·· .• 0.005 0.083 0.016 0 .081 - 0001 0.0'22 

MHHW 

,. s 

0.022 0 .059 
.011 .053 
.055 .046 
.009 .064 
.022 .059 
.OJ.J .094 
.049 .073 
.099 .OM 
.033 .06!) 
.006 .141 
.000 . 132 

0.022 0.083 

DllQ 

,. s 

0.009 0.008 
.002 .OIO 
.007 .019 
.087 .Oil 
.()(YJ .008 
.000 .014 
.0.-18 .031 
.081 .018 
.005 .017 
.005 .021 
.011 020 

0 .003 0.017 



TABLE 19.----Concluded 

MHW MHRW MLW MLLW 
Control st&tion Suhordinatc station Ko. 

µ s s s 

All<'rnat.c> method oi L'omputation 

Ha.nla Monica, Calif. __ _ _ _ _ _ AlamNle., Calif. _____________ 1 222 0.002 0.057 -0.001! 0.054 1)_()()7 O.CWi 0.000 0.().13 

Los Angeles, Ce.liL • _ - __ __.San Diego, Calif. ____________ 2 222 .003 .051 .011 .053 00\' - ' .05!1 .005 .05~) 

8an Diego, CaliL ______ . __ .L& .Jolie., Calif._ _____________ 3 198 .015 .0·18 .008 .046 .000 .047 .017 .057 
Los Angeles, Ce.lif. __________ Santa Monica., Calir. _________ 4 222 .001 .059 .009 .063 .005 .062 .004 .oti3 
San Francisco, Calif._ _______ A\am,•da, Cslif_ _________ __ __ 5 222 .002 .0.'}7 .008 .054 .007 _046 _(}()() .013 
San Francisco, Calif. __ _ . ____ JAlfl Angeles, CaliL __________ 6 222 .008 .000 .005 .089 .Oil .133 .010 .132 
Seattle, W88b. __ • ____ ______ Friday Harbor, WBBh .. ___ . __ 7 210 .015 .100 .001 .081 _0()5 _077 _()02 .062 
Santa. Monica, Calif.. _______ Le, .Jollo., Calif ____ . _____ . _ . _ . 8 198 .022 .051 .000 .05-4 .001 .054 .024 .05.3 
Loe Angeles, Calif. _____ ._._ Lo. Jolla., Ce.liL ________ . ____ !) ms .021 .0!'>7 .006 .068 _004 .002 .017 .070 
Crcsoent City, C&liL. ___ __San Francisco, Calif. _______ . _ 10 222 .000 .140 .000 .141 .008 .118 _003 _J 14 
Nl'.ah Bay, Wash. _________ .Creeoe11t City, Calif... _____ ._ II 222 .Oil 1 .125 .000 .140 .005 .13!J .012 .129 

Pooled me.a.n V.p) and pooled 11tiuirl11.rd deviation ( sp>---- __ -0.004 0.084 -0.002 0_084 0.000 0.085 -0.004 0.082 

w 
IO 



TAB.LE 20.-W est Coast: Mean difierences between computed and accepted values of tidal datums 
for selected station pairings wing 12-mo running mean values 

(See notation on page 21. V slues are in feet.) 

MTL MR MEW 
Control station Subordinate station No. v 

,. $ ,. ,. $ 

Standard method of computation 

Santa Monica, Calif_ .•••... Alameda, Calif. ________ ••• _. 116 -0.001 0.035 -0.013 0.0'25 0.012 0.°'13 
Loe Angeles, Calif.. _________ San Diego, Calif. ____________ 2 216 .010 .050 .026 .016 .014 .046 
San Diego, Calif.. ___ ••. --- .L& Jolla, Calif. ____ ._._ ••• __ 3 192 .006 .039 .032 .027 .061 .038 
Loe Angeles, Calif.. •• _____ .Santa Monica, Calif. _________ 4 216 .009 .0.56 .054 .014 .o78 .054 
San Francisco, Calif.. ____ ... Alameda, Calif.. _______ ___ ._ 5 216 .001 .035 .013 .025 .012 .043 
San Francisco, Calif ..•...•.. Loe Angeles, Calif.. _________ 6 216 .009 .081 .001 .043 .009 .074 
Seattle, Wasb. _____________ Friday Harbor, Wa.eh. _______ 7 204 .003 .035 .013 .106 .006 .o78 
Santa Monica, Calif.. .. _. __ . L& Jolla, Calif. ____ • __ • __ •••• 8 192 .002 .037 .042 .027 .017 .038 
Loe Angeles, Calif ... ____ __ . _ La Jolla, Calif.. ______ • __ .•• _ 9 192 .008 .OS'l .012 .023 .008 .059 
Crescent City, CaliL ...•.•. San Fl'&llcisco, Calif. ________ JO 216 .002 .084. .002 .044 .001 .O'Jl 
Neah Bay, Wash. ___ ._ --- .. Cre8cent City, C&J.iL .•••..• _ 11 216 .007 .059 .003 .053 .010 .067 

Pooled mean <Pp) and pooled standard deviation (sp>------ -0.002 0.055 -0.001 0.044 0.019 0.060 

TABLE 20.--Continued 

MLW MLLW DLQ 
Control station Subordinate station No. ... ,. ,. s ,. s 

Standard method of computation 

Santa Monica, Celli..._ ..... Alameda., Calih •• ________ . __ 1 216 0 .025 0.033 0.030 0.031 -0.006 0.010 
Loe Angeles, Calif.. _________ San Diego, Calif. ___________ _ 2 216 .011 .053 .011 .053 .000 .007 
San Diego, Calif. ___ • _ ..••• _ L& Jolla, Calif. ______ .•• _ .. _ 3 192 .002 .042 .004 .059 .036 .022 
L08 Angeles, CaliL •....•. • . Santa. Monica, Calif. __ ______ 4 216 .023 .057 .023 .058 .001 .008 
San Francisco, Calif. ___ . _ ... Alameda, Calif .. __ __ _ . __ .. __ 5 216 .025 .033 .030 .031 .006 .010 
San Francisco, C&liL . .. _._.Loe Angeles, Calif .. ___ ___ .. _ 6 216 .010 _()CJ3 .007 .090 .002 .018 
Seattle, Wash .. ___ . ___ ._._ . friday Harbor, Wa.eh .. __ . ___ 7 204 .019 .045 .029 .043 .Oto .Oil 
Santa Monica, Calif.. • . • __ .. La Jolla, Calif.. ___ __ . ______ 8 192 .001 .041 .035 .009 .036 .020 
Loe Angeles, CaliL . _. - __ .. L& Jolla, Calif. ______ _______ 9 192 .034· .054 .001 .058 .006 .022 
Crescent City, Calif.. . - - •. _.San Francisco, Calif. ____ ____ 10 216 .003 .084 .005 .083 .003 .015 
Neah Bay, Wash .•••.... ... Crescent City, Calif. ________ JI 216 .013 .062 .Oll .067 .002 .028 

Pooled mean (,.p) and pooled standard deviation (sp}------ 0.005 0.058 0.016 0.059 -0.011 0.017 

MHHW 

,. 

0.022 0.040 
.013 .048 
.054 .038 
.010 .057 
.022 .040 
.015 .079 
.053 .056 
.098 .042 
.033 .061 
.005 .085 
.000 .067 

0.021 0.058 

DHQ 

,. s 

0.010 0.006 
.002 .008 
.006 .015 
.087 .010 
.010 .006 
.007 .012 
.046 -028 
.082 .014 
.005 .014 
.004 .016 
.010 .014 

0.003 0.014 



TABLE 20.--Concluded 

MHW MHHW MLW MLLW 
Control station Subordinate station No. v 

s s s 

Altcrna.t.e method of computation 

Santa Monica, C&lif. ________ Alameda., Calif. _____________ 216 0.003 0.040 -0.008 0.039 0.000 0.037 0.000 0.034 
]All! Angeles, Calif._ _____ ____ San Dit·go, Calif. ____________ 2 216 .003 .047 .012 .048 .006 .()55 .004 .054 
S&n Diego, CaliL __________ La Jolla, C&Jif._ ____________ 3 192 .015 .040 .008 .038 .006 .041 .016 .050 
Los Angeles, CaliL _________ Sa.nta Monica, Calif. ______ __ 4 216 .001 .055 .009 .057 .006 .058 .003 .059 
Sa.n Fra.neisco, C&lif. ________ Ala.mcda, Calif. _____________ 5 216 .003 .040 .008 .039 .006 .037 .000 .034 
Sa.n Francisco, Calif. __ . _____ Loe Angeles, Calif .•. ____ . ___ & 216 .008 .074 .004 .073 .010 .093 .011 .087 
Seattle, Wash. __ __ . ________ Frida.y Harbor, Wash. _______ 7 204 .021 .095 .004 .065 .006 .062 .002 .042 
Sa.nt& Monica., Calif .. _ ___ __ La Jolla, Calif. _____________ 8 l<J2 .023 .038 .001 .041 .001 .041 .022 .040 
Loe Angeles, Calif. _________ La Jolla, C.Uif. _____________ 9 192 .021 .061 .006 .001 .004 .054 .017 .060 
Crescent City, Calif ... ____ __ San FTancisco, C.UiL _____ __ 10 216 .005 .094 .001 .087 .008 .082 .002 .083 
Neah Day, Wash ... ___ .. _. _Crescent City, Calif. _____ __ . 11 216 .001 .066 .009 .076 .004 .063 .Oll .073 

Pooled mean (p.p) and pooled standard deviation hp)-----. -0.003 0.063 -0.002 0.059 0.000 0.060 -0.004 0.059 

,r. ...... 



NOS 4:\ 

:-;os 44 

NOS 45 

NOS 46 

NOS 47 

\OS 48 

NOS 49 

~OS SO 

NOS 51 

NOS 52 

NOS 53 

:-<OS 54 

~;os SS 

~WS 56 

NOS 57 

~OS 58 

NOS 59 

:~OS 60 

NOS 61 

~<OS 6~ 

NOS 63 
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