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

ROBERT LAWRENCE SWANSON
Oceanographic Division, National Ocean Survey, NOAA

ABSTRACT. Tidal datum planes are used to determine the positions of boundaries, 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 datums from short series of observations are presented. Statistical analyses
of accuracies of datum planes based on short periods of record are given for the

United 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 daturmn 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 sed level, mear tide level, mean low water, and
mean lower low water are commonly used in the United
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 offshore 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 a specific time
period (epoch) can be determined. located on the

ground, and mapped. These datums can be redeter-
mined by observation when needed {(e.g., to settle
legal disputes or for use in engineering and scientific
investigations).

It is with respect 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
function of the cotangent of the angle of the beach
slope. Thus, 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 ! shows the order of magnitude of horizonta!
displacement in a boundary position resulting froin
an error in the determination of a datum wben assum-
ing a straight sloping beach.
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Ficure 2.—Changes in sea level relative to adjacent land along
Gulf Coast.

fluctuations as well as 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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West Coast.

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

The first tidal epoch used nationslly was that of
192442, Prior o 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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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 192442 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 diflerent epoch is
used—can be estimated.

IIT. 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 of 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 (National Qceanic and Atmospheric
Administration 1973).
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The National 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
fiest order level nets of both the United Stater 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
hetween NGVD and local mean sea level is not con-
sistent 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 over the length of that period.
Mean tide level, MTL, a plane midway hetween high
and low water, is computed by averaging the high and
low waters over 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 lsabel, Tex., Crescent 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
datums; 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



TasLE 2.—Values of mean tide level Jor the 192442, 194159, and 195169 epochs and changes between epochs

A B C D E

Station MTL* MTL* A MTL® A
192442 1941-59 A-B 1951-69 B-D

ft it ft ft. ft
Eastport, Maine_____ e oo 14.00 1417 —0.17 14.28 -0.11
Portland, Maine. ___ .o ieeaae-- 13.08 13.30 - .22 13.35 — 05
Boaton, Mess, . ..... e e e e m e e e 8.08 832 - .24 8.36 - 4
Woods Hole, Mass. . . ____ . _ . 3.05 3.32 - .27 3.40 - .08
New London, Conn. . o eeeees 446 472 — .26 4.79 - .07
Willets Point, N.Y. . 847 8.72 — .25 8.78 - .06
Sandy Hook, N.J. . . 4.27 4.56 — .29 4.70 - .14
Atlantie City, N.J. oo e mmaan 6.34 6.57 - .23 6.67 - .10
Philadelphia, Pa. - . 6.50 6.65 ~ .15 6.74 - .09
Baltimore, Md. . __ . __ . 4.24 4.52 - 28 4.60 - .08
vashington, D.C.__ .. o. 553 5.69 - .16 5.76 - .07
Hampton Roads, Ya. oo 1.86 5.14 — 28 5.25 - .11
Charleston, 8.C, . __ e e 1.89 5.19 — .30 5.23 - 04
Fernandine, Fla. - 4,26 1.56 — .30 4.59 - .03
Miami, Fla.. . iees 3.39 3.60 - .21 3.65 - .05
Key West, Fla. oo ..o oo 1.97 5.17 - .20 5.17 - .00
Pensacols, Fla. .. eaan- 8.62 8.85 - .23 8.83 + .02
Grand Isle, L. oo 4.79 5.02 - .23 514 - .12
Galveaton Bay, Tex._ .. __ ... ... .. ... 3.64 1.12 - 48 4.20 -~ .08
Port Isabel, Tex._ __ ... . ______ . ___.. SR, 3.56 4.07 — .5l 411 - .04
San Diego, Calif. . _________ . ___ e cmmeeanan 6.33 6.47 — .14 6.51 - 04
La Jolla, Calif. _____ ... 6.69 6.80 — .11 6.89 - .09
Los Angeles, Cslif._.. . _ ________ . ________ 6.51 6.57 — .06 6.56 - .01
Alameds, Calif. ... 6.69 8.76 - .07 6.59 - .03
Crescent City, Calif. __ o amena- 7.48 7.54 - .06 7.48 + .06
Astoria, Oreg. - - . .o e eeae 0.82 6.87 — .05 6.83 + 04
Neah Bay, Wash.____ . _____ ... o __. 6.59 6.61 — .02 6.56 + .05
Friday Harbor, Wash._________________ ... . _____ 8.38 8.50 - .12 8.50 .00
Beattle, Wash. ________ ... 14.14 14.29 - .15 14.39 — .10
Ketchikan, Alaska _____ _____ ... ____________. IO 14.30 14.25 + 05 14.27 - .,
Juneau, Alaska ... .. ..._. . i4.14 14.04 + .10 13.99 + .05
Bitka, Alaska____ ... 10.21 10.10 + .11 10.05 + .05
Skagway, Alaskn . ___.___ [N 14.14 14.02 + .12 13.90 + .12
Yakutat, Alaska__ . ____ _______ . __________________. 8.20 8.21 + .03 8.22 - .01

* Yalues of mean tide level (MTL) are referred on an individual arbitrary station datum.

Hook, N.J. MTL fell the most at Crescent City, Calif.
Only Port Isabel, Tex., had a value of MTL below
the NGVD.

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, MTL, mean high water, and
mean low water for several tide stations between
Montauk, N.Y., and the Battery, N.Y., are shown in
figure 6.

Examination of table 3 and figure 6, shows that
neither the NGVD nor any other geodetic level net
can be used to transfer tidal datums independently of
local tidal conditions, This, however, does not mean

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.



TapLE 3.—Relationship between mean iide level
(MTL) and National Geodetic Vertical Datum
(NGVD) for the 1941-59 epoch and 195169 epoch®

MTL-XNGVD MTL-NGVD

Station
1941-59 1951-69
ft ft
Eastport, Maine____.___. 0.09 0.20
Portland, Maine._._._... .22 27
Baston, Mass,____._..._. .15 .19
Woods Hole, Maas,....__ A5 .53
New London, Conn, _...__ .32 39
Willets Point, N.Y.___.__ .52 58
Sandy Hook, N.J._______. 51 .65
Atlantic City, N.J.__._._. 34 44
Philadelphia, Pa._ .. ____. .85 94
Baltimore, Md..______.__ 41 49
Washington, D.C._______ 51 .61
Hampton Roads, Va.__.__ 27 .38
Charleston, 8.C.__ .. __.__ 26 .30
Fernandina, Fla._...____. 18 21
Miami, Fla._____________ .20 34
Key West, Fla..__.._____ .23 23
Pensacola, Fla.___..____. 31 29
Grand Isle, La.____.____. 44 .56
Galveston Bay, Tex._.__. A7 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._.___ A1 05
Astoria, Oreg. . ___.._____ 1.31 1,27
Neah Bay, Wash, .. _..__. .07 02
Friday Harbor, Wash... .. 34 34
Seattle, Wash.______.____ .33 43

*This table may reflect some inconsistencies in relative
changes hetween stations due to local adjustments in the
Mational Geodetic Vertical Datum, as well as levels at various
locations not being of the same period.

1V. RELATIONSHIPS AND TECHNIQUES
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 simultaneous observa-
tions at a control station where observations are avail-
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Ficure 6.—Relationship between WNational Geodetic Vertical
Datum of 1929 and mean tide level, mean high water, and
mean low water for tide stations between Montauk and the
Battery, N.Y.

able for & 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, N.J., have been selected. The
time history of monthly mean tide level (MTL) for the
two stations shows the similarity in Auctuations of the
monthly means over the 1941-59 epoch. The accepted
value 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 necessarily
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 occarred in consecutive months.
Major seasonal changes resulting from changes in
direct barometric pressure, steric levels, river dis-
charge, and wind affect the monthly variability. Less
subtle fluctuations such as climatic conditions lasting
aver 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






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 {rom the mean (resi-
duals} as errors and to consider precision then becom-
ing a measure of accuracy. Thus, a measure of the
accuracy of estimating a tidal datumn is the end result.

In his 1951 paper, Marmer estimated the accuracy
of the determination of various tidal datums. Since
then, there has been an accumulation of considerable
data on which to derive a better estimate of accuracy.

Two methods of estimating tidal datums from a
short series of observations have been considered. The
standard method, descrihed 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 considered 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 range using mean
tide level {(MTL) as the base. As indicated by its name.
this procedure generally has heen 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 (MHW} and mean low
water {MLW} are computed from the mean range of
tide {MR}. 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 MTL is identical for hoth
techniques. The MHW and MLW 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 hodies 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 hecause 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, the 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.

V. ERROR DETERMINATIONS

A comparison has been made between pairs of con-
trol stations of the tidal net for 19 yr of simultaneous
ohservations, One station {B) 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 values over 3 mo. 6 mo. and 1 yr. These
computations were made. whenever possible, for the
entire 19 vyt 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
wns generated by suhtracting the value of the accepted
19-yr mean {datumn) from each computed value assumed
to be a short series of ohservations adjusted through
the control station B. 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 111).

The pairings where selected on the hasis of proximity
and the similarity in type of tide. For all practical pur-
poses, the entire coastline of the conterminous United
States is included hetween these successive pairings:
however, for reasons discussed later, the computations
are grouped regionally into East Coast, Gulf Coast,
and West Coast.

Both the standard and alternate techniques of com-
puting the tidal datums have been examined statis-
tically. The t-test was used for each station pairing to
test the hypothesis that the mean value of the datum
computed from a short series of ohservations estimates
the 19-yr accepted value. The hypothesis is accepted
when

—to.02s < t < foo2s

where fgo25 is the 2.5 point with n — 1 degrees of
freedom of Student’s t-distrihution and

t = y—po/(s2/n)V?

(Li 1957). In the computation. _f is the difference
between the value of the datum computed from the
short series of observations (usually meaned over 19
yr) and the accepted value of the datum. The popula-
tion mean being tested is po. In the paired t-test,
o = 0. The symbol s 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) is 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 station pairings for which the hypothesis that the mean values of the computed range
and datum are equal to the 19-yr value is accepted at the 5% level of significance

Percentage of values accepted

Period* Standard method of calculation Alternate method
MTL** MR MLW  MHW MLLW MHHW DLQ DHQ MLW  MHW AMLLW MHHW
East Coast
| L] T0 73 v R7 jL
. I 83 63 73 67 73 80
[ 70 63 67 57 T 50
12 ... 13 50 43 13 60 A3
Gulf Coast
| 100 75 100 B 100 100
. 100 75 100 88 100 100
L 100 75 100 75 100 100
) b 100 62 100 62 R8 100
West Const
1. .. .. 100 36 36 36 45 36 36 36 100 73 i3 91
. S 82 36 36 36 15 27 15 18 100 73 73 52
. ... 52 27 36 36 13 27 306 0 B2 73 7 33
12 .. R2 36 27 27 36 18 36 0 &2 64 64 55

* Length of record in months.

** MTL, mean tide level; MR, mean range; MLW, mean low water; MHW, mean high water: MLLW, mean lower low water;
MHHW, mean higher high water; DLQ, mean diurnal low water inequality; DHQ, mean diurnal high water inenquality.

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 hetween the computed
and accepted value does not improve with increasing
time but that the standard deviation decreases con-
siderably with time because of a larger number of
measurements. The valne of f 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) 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
deviations 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
density 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 s of interest that, for the East and Gulf Coasts,
using the standard method of calculating results in

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 West
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 through MTL and
MR. Further examinations of the individual compari-
sans, such as Atlantic City and Sandy Hook (appendix
I1I}, are warranted. For this pair of stations, the mean
difference decreases from 0.040 {t 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 largest 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 the respective
datums of the control and subordinate stations. This
judgment is made using the percentage acceptance of
the hypothesis as a criteria,



TaBLE 5.—Pooled mean and pooled standard deviation of the difference between computed and accepted values
of the several tidal datums
{Values are in feet.)

Standard method of calculstion

Alternate method

Period* MTL®* MR MLW MHW MLW AMHW
kp *p p *p Bp 5p Kp 5p “p *p ) *p

LEast Coast

) —0.002 0.115 0.000 0.090 0.000 0.127 0.001 0.119 —-0.001 0.135 0.001 0.119
[ S — 002 .089 .000 074 000 .098 002 094 — .002 .106 002 004
6. ___ — 002 067 .000 .059 .000 075 .000 072 — .002 084 001 072
12 . .. — 002 045 .000 045 000 031 000 050 0.000 058 001 050
Gulf Coast

) 0005 0172 0,012 0145 -0002 0193 0012 0180 0.001 0,183 0003 0.1582
. S R .006 139 .010 118 — 001 157 011 145 001 149 003 147
[ T, {006 110 008 103 0.000 125 010 A7 001 119 .003 117
12 . . 0006 077 008 091 000 093 010 .0B6 001 087 003 083
West Coast

) —0.003 0.124 —0.001 0.089 0.004 0133 0.018 0.131 0.000 0.134 —0.004 0.130
- S — 002 100 — .00] 073 005 107 019 105 -0.001 108 — 004 106
[ — 002 078 — 002 .056 005 083 019 083 02.000 085 — 004 0B4
12 ... — 002 055 — .001 044 005 058 01p 060 000 060 — .003 063

DLQ DHQ MLLW MHHW MLLW MHHW

West Const I T S S S S S I T S

) —0.010 0.039 +0.002 0.037 0.015 0.132 0.021 0.136 —0.001 0.135 —0.003 0.136
3 — 011 028 + 002 024 014 104 021 108 - .002 106 — 002 109
[ 2 — 011 022 + .003 017 016 081 022 083 - 01 082 — 002 084
12 . ... — 011 017 + 003 014 016 059 o2 058 — 004 059 — 002 059

* Length of record in month..
** MTI.. mean tide level: MR, mean

range; MLW, mean low water; MHW, mean high water; MLLW, mean lower low water;

MHHW. mean higher high water; DLQ, diurnal low water inequality; DHQ, diurnal high water inequality: up, pooled mean;

sp, standard deviation.

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 econsidera-
tions for the East and Gulf Coasts, 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
value 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

_ompr Rz pe Lt R
ﬂ‘+ﬂ2+...+ﬂm

and

visn? 4+ vast 4 L.+ vm 1"2) 172
sp -

V|+V2+...+V|n
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where (from Li 1957) m is the rumber of individual
pairings used in calculation for the respective coast,
M1, pao, . . ., pm are the sample means; sy, sz, . .
are the sample standard deviations; ny, n2, . . ., im are
the sample sizes; and vy, v, . . ., ¥m are weights equal
to n — 1, The value for each of these computations is
shown in table 5 and in appendix III (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. Reversing the two stations
changes the sign of the mean. The expected value of the
pooled mean in this case is therefore zero.

The pooled stendard deviations decrease with an
increase in the length of observetions—-certainly 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-

.3 Sm




STANDARD DEVIATION (feet)

016

Q.14

012

010

Q.08

0.06

0.04 T

N 1 3 5 7 38
TIME {months)

Ficure 8.—Pooled standard deviation of differences between
computed and accepted values of mean low water (MLW)
and mean high water (MHW) for standard method 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 MLW 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 be 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
determinations. 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 rises, the stilling well more effectively
dampens the noise caused by waves.
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0.06
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0.04

........

11 3 5
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Ficure 9.—Pooled standard deviation of differences between
computed and accepted values of mean low water (MLW)
and mean high water {(MHW) for the alternate method of
computation on East Cosst (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 band
around the mean diflerence between the actual value of
the datum and the estimated value in which 68% of
any single estimate will fall. The 95% confidence band,
therefore, would be twice the standard deviation.

The curves in figures 8, 9, and 10 clearly indicate that
the datums on the East Coast can be determined with
greater accuracy at this time than those on the West
or Guif 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 t0 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






Ground truth through tidal datum plane determin-
ations can add credibility even to inventory surveys and
will permit versatility 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 (1951) work, it is possible to
provide 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 evident that a tidal datum computed by the stan-
dard method does not adequately represent the 19-yr
accepted value 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 recoinmended that NOS:

1 Establish & goal to obtain an accuracy of
=+ 0.05 ft as a standard for tidal datum planes
for a 1-yr record over the United States;
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 CAPITALS are defined in this glossary.]

accepted valuee—Time intervals, RANGES OF TIDE,
and tidal datums derived from TIDE observations at
a given location. 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 Zy,

comparison of simultaneous observations—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 constants have heen
determined previously from a long series of
observations.

contro] tide station—Formerly called primary tide
station. A place at which continuous TIDE observa-
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
MEAN 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 United States and MEAN LOWER LOW
wATER for the Pacific Coast of the contermincus
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 CURRENT is said to be
diurnal when there is a single flood 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 diflerence 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 two
high waters of the day at the times of the tropic
Tines. Topic low water 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 declinational
inequality.

epoch—Also known as phase 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 cobservations are
averaged to establish the various tidal datums. The
19-yr PERIOD is used 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 United States and its
possessions will have a commeon 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 rERIOD. For shorter
periods of observations, corrections are applied to
eliminate known variations and to reduce the result
to the equivalent of a MEAN 19-yr value. All high-
water heights are included in the average where the
type of TIDE is either SEMIDIURNAL or mixed. Only
the higher high water heights are included in the
averge where the type of tide is DIURNAL. So deter-
mined, mean high water in the latter case is the same
as MEAN HIGHER HIGH WATER.

mean higher high water (MHHW)—The average
height of the higher high waters over a 19-yr
pERtoD. 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
value.

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 SEMIDIURNAL or MIXED. 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 water springs (MLWS).—Frequently
called low water springs. The average height of low
waters occurring at 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 REFERENCE for the Pacific approaches
to the Panama Canal.

mean lower low water (MLLW)—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-
lent 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 PLANE OF REFERENCE or datum of chart.

mean sea level (MSL)—The average height of the
surface of the sea for all stages of the TIDE over a
19-yr pERiop, 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
SEMIDIURNAL and those predominantly diurnal.

month—The periop of the revolution of the Moon
around the Earth. The month is designated as side-
real, tropical, anomalistic, 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
{NGVD)—Formerly called sea LEVEL DATUM OF
1929. A geodetic datum derived from a general
adjustment of the first order level nets of both the
United Stales and Canada. In the adjustment, sea
levels from selected TIDE stations in both countries
were held as fixed. The year indicates the time of the
last general adjustment. This datum should not be
confused with MEAN SEa LEVEL.

node cycle—PEeRriop 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 celestial
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 flood. 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 as 360°. The high- and low-
water points of a harmonic constituent have PHASE
values of 0° and 180°, respectively.

plane of reference—See DATUM PLANE.

range of tide—The difference in height between con-



secutive high and low waters. The mean range is the
difference in height between MEAN HIGH WATER and
MEAN LOW WATER. The great diurnal range or diurnal
range is the difference in height between MEax
HIGHER HIGH WATER and MEAN LOWER LOW WATER,
Where the type of TIDE is DIURNAL, the mean range
is the same as the diurnal range.

reference station—A TIDE or TIDAL CURRENT station,
with predetermined tidal or tidal current constants,
that is used as a standard for the comparison of
simultaneous ohservations at a second station; also a
station for which independent daily predictions are
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 NATIONAL GEODETIC
VERTICAL DATUM OF 1929,

semidiuvrnal —Having 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 CURRENT 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.

8ill—The low part of a ridge or rise separating two
bodies of water,

subordinate 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 observations at another station having
well.determined tidal or current constants; alsc a
station listed in the tide tables or tidal current tables
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for which predictions are to be obtained by means
of differences or factors applied to the full predie-
tions at a REFERENCE STATION.

tidal current—A horizontal movement of the water

caused by the tide-producing forces of the Moon and
Sun. Tidal currents are a part of the same gen-
eral movement of the sea that is manifested in the
vertical rise and fall of the TiDES.

tide—The periodic rising and falling of the water that

results from the gravitational attraction of the Moon
and Sun acting upon the rotating Earth. Although
the accompanying horizontal movement of the water
resulting from the =ame cause is also sometimes
called the tide, it is preferable to designate the latter
as TIDAL CURRENT, reserving the name TIDE for the
vertical movement. Sce also MEAN RISE OF TIDE,

type of tide—The characteristic form of the TIDE with

special reference to the relation of the diurnal and
semidiurnal waves. Tides are sometimes classified as
DIURNAL, SEMIDIURNAL, and MIXED, but there are no
sharply defined limits separating the groups. The tide
is said to be diurnal when the diurnal wave pre-
dominates and only a single high and single low
water occur each day during the greater part of the
MONTH. The tide is semidiurnal when the semidiur-
nal wave predominates and the two high and two low
waters occur each tidal day with a relatively small
inequality in the high- and low-water heights. In the
mixed type of tide, the diurnal and semidiurnal waves
are both important factors, and the tide is charac-
terized by a large inequality in the high- or low-
water heights or in both. There will usually be two
high and two low waters each day, but the tide occa-
sionally will become diurnal—also applicable to tidal
currents,



APPENDIX IL

Computational Methods

Methods of computing datum planes, and residual error between computed and

accepted values,
for mixed tides,

are given in table 7 for diurnal and semidiurnal tides and in table 8
Table 8 carries the computation further to the determination of mean

lower low water (MLLW) and mean higher high water (MHHW).

Tables 7 and 8:

MTL
MHW
MLW
MR

Table 8:

MDLQ
MDHQ
MLLW
MHHW
DLQ
DHQ
LLW
HHW

TLL

TLH

NOTATION FOR TABLES 7 AND 8

The 19-¥r accepted value 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 mean 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

Ohserved values corrected to estimate the 19-yr accepted vaiues
Subscript used to indicate subordinate station

Subscript used to indicate control atation

The 19-yr accepted value of mean diurnal low water inequality
The 19-y1 accepted value of mean diurnal high water inequality
The 19-yr accepied value of mean lower low water

The 19-yr accepted value of mean higher high water

Ohserved monthly mean diurnal low water inequality
Ohserved monthly mean diurnal high water inequality
Observed monthly lower low water

Observed monthly higher high water

Suhscript used to denote computation invelving 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 7.—Diurnal and semidiurnal tide computations
[See natation on page 18.}

Standard method
TL;—TLy = ATL
ATL + MTLg = CTL,
CTL,—MTL; = AMTL,
R,/Ry=F
F X MR; = CR;

CR,— MR, = AMR,

CTLl‘—' (1/2) CR: 3 CLWl
CLW‘-'—MLWI = AMI.WI

‘CLWI + ch = C!{Wl
CHW, — MHW, = AMHW,

Alternate method
TL, —TLg = ATL
ATL 4 MTL, = CTL,
CTL; — MTL, = AMTL,

HW, —HW; = AHW
AHW + MHW, = CHW,
CHW, — MHW, = AMHW,

LW, —LW; = ALW

ALW 4 MLWg = CLW,
CLW,—MLW,= AMLW,

Estimate of mean tide level
Residual

Estimate of mean range
Residual

Eastimate of mean low water
Residual

Estimate of mean high water
Residual

Estimate of mean tide level

Residual

Estimate of mean high water
Residual

Estimate of mean low water
Residual

* When the hundredth value of the MR is an odd number the practice of NOS is to tranafer the
additional hundredth to the low water datum. This is in accord with NOS practice to pravide a con-

servative measure of water depth and a factor of safety for navigation. The full range is applied ta
the value of MLW to obtein MHW.
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TagLE 8.—Mixed tide computations
{See notation on page 18.]

Standard method
MDLQz = MLW, — MLLW:
Fron = (MTL2z — MLW3) /{TLz — LW;)
DLQ2: = LW. —LLW;
DLQ. = LW, — LLW,
Forq = MDLQ2/DLQ2
CTL;—CLW; = Fror{TL1 — LW1)
CDLQ: = FprLq(DLQ1)
CLLW; = CTL1 — (CTL: — CLW1) — CDLQ;  Estimate of mean lower low water
CLLW; —MLLW,; = AMLLW, Residual

MDHQz = MHHW; — MHW:

Friw = (MHWy —MTLz)}/(HW2 — TL2)
DHQz = HHW:; — HW:

DHQ, = HHW; — HW,

Fpug = MDHQ:/DHQ:

CHW; — CTL: = FrLx (HW, —TL1)
CDHQ; = Fpuq (DHQ:)

CHHW1 = CTL1 + (CHW, — CTL1) + CDHQ: Estimate of mean higher high water
CHHW; — MHHW, = AMHHW, Residual

Alternate method
LLW; —LLW: = ALLW

ALLW 4+ MLLW, = CLLW, Estimate of mean lower low water
CLLW; — MLLW; = AMLLW, Residual

HHW, --HHW; — AHHW

AHHW +MHHW; = CHHW, Estimate of mean higher high water
CHHW; — MHHW; = AMHHW, Residual
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APPENDIX III

Mean Differences

Computations 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 diurnal low water inequality
DHQ Mean diurnal high water inequality
# Sample means

s Sample standard deviation

y Weights equal to n—1

21
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TaBLE 9.—~East Coast: Mean differences between computed and accepted values of tidal datums
Jor selected stastion pairings using monthly mean values
(See notstion on page 21. YValues are in feel.)

MTL MR MLW MHW
Control station Subordinate station No. v
- s u S I 5 M L]
Standard method of computation
Miami, Fla. ... ....___._.Mayport, Fla. .. ... ..._._. 1 191 0.013 0.157 0.002 0.120 0.012 0.197 0.013 0131
Atlantic City, NJ ... ... ... Bandy Hook, N.J..._______.. - 227 .003 119 003 .055 003 112 049 13
Battery, N.Y.oo. ... ._.._Atlantic City, N.J____.___.. 3 27— 005 091 009 050 004 081 005 099
Baltimore, Md._____________ Solomons, Md._______._._.. 4 27 - 005 085 001 043 005 091 004 085
Miami, Fla. _________._______ Key Weat, Fla._____________ 5 191 .003 115 005 033 005 120 .010 112
Baltimore, Md.. ... ________ Portsmouth, Vao ... ______ 6 x27 — 005 225 011 112 010 210 000 252
Baltimore, Md. _____....... Anpapolis, Md.........____. 7 27— 008 048 001 029 010 051 02 .050
Solomons, Md.__ ... oooo__ Washington, D.C.ocoo . ___ 8 227 000 120 003 .10 004 154 007 102
Mayport, Fla._ . oooeeene. ey West, Fla. ... ... 9 227 000 219 009 156 D04 273 004 182
Hampton Roeds, Va........ Solomona, Md.. .. ....._._._ 10 203 — .006 141 009 054 002 129 011 .156
Battery, N.Y ... ___. Sandy Hook, N.J.__.________ 11 221 — 003 071 007 044 004 079 D39 069
Baltimore, Md. ___ . _.____ Washington, D.C._ ... __ 12 27 -~ 05 116 006 132 002 182 004 097
Solomons, Md.__._.____.___ Anpapolis, Md.___._.______. 13 227 001 058 002 39 000 063 002 058
Sandy Hook, N.J._.___._.__ Montauk, N.Y.____..... .. 14 191 — 007 104 008 061 016 .100 008 117
Eastport, Mauine___________ Porsmouth, NH._....._____ 15 167 018 A1 025 077 041 A4 004 11
Pattery, N.Y.______..___.__New London, Conn._______.. 16 227 — 007 085 005 47 004 .05 009 100
Charleston, 8.C..._...._....Fort Pulaski, Ga._._......... 17 227 - 007 091 006 090 005 112 009 000
Charleston, S.C..._. ... Mayport, Fla. . ... .. __.___ 18 227 - 004 138 003 006 006 T2 003 115
Woods Hole, Mass. __._...._Montank, NY.____________. 19 191 001 070 014 06 011 073 003 079
Hampton Roads, Va,_______ Washington, D.C.________._. 20 03 - 013 199 013 138 002 190 014 231
Fernandina, Fla. . ______ . ___ Mayport, Fla. . ._______.__.. n 27 - 002 066 001 .069 .001 090 002 053
Porctland, Maine._._ ... ___ _Eastport, Maine _____.______ 22 203 — 009 112 HE 093 019 25 001 116
Boston, Mass.._____________ Portemouth, NNH. . ______. __ 23 191 oud 056 013 .065 018 060G 011 064
New Landon, Conn._._.._._ Willeta Point, N.Y.________ . 24 227 002 083 008 194 007 113 000 140
New Landon, Conn..._.___. Woods Hole, Mass.._..______. 25 227 008 063 .003 046 015 062 012 07
Hamplon Roads, Va.. . ... Atlantic City, N.J._________. 26 203 — 018 17 034 083 005 128 029 121
Portland, Maine_.__._______Portsmouth, NJH.__________. 7 10 003 DG 002 066 012 069 006 079
Doaton, Mass._______..____. Woods Hole, Mama. _.__.____ 2B 227 003 086 005 067 01 099 006 106
Battery, N.Y.____..____.... Willets Point, N.Y.____ 20 227 - 05 050 008 120 006 078 .013 .088
Portland, Maine____________ Boston, Mass, . . ___.___.___.. 30 227 — .003 075 002 069 002 077 004 OR7
Pooled mean (i) and pocled standard deviation (sp}--.--. —0.002 0.115 0.000 0.090 0.000 0.127 0.001 0.119
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TaBLE 9.—Concluded

MTL MR MLW MHW
Control station Subordinate station No. v
» s 'l 5 I S Frs S
Alternate method of computation
Mismi, Fia..._._ .. _.____Mayport, Fla. oo 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, NY.__.___________ Atlantic City, N.J.._________ 3 227 000 000 .000 000 002 104 .004 099
Baltimore, Md._.______ ___ Solomons, Md._________._____ 4 227 .000 .000 000 000 — 001 092 002 .090
Mismi, Fla.________________ Koy West, Fla. . ___.._____ 5 191 000 .000 .000 000 — .002 129 001 114
Baltimore, Md.____________ Portemouth, Va..._.___.____ 6 227 .000 .000 000 000 — .002 228 .002 230
Baltimore, Md.____________ Annapolis, Md._......_. ___ 7 227 .000 000 .000 000 004 050 004 .052
Solomons, Md.__...________ Washington, D.C.______.____ 8 227 000 000 000 .000 .005 .150 008 119
Mayport, Fla._______..___. Key West, Fla._____________ 9 207 000 .000 000 000 -~ 005 277 — 004 177
Hampton Roads, Va._______ Solomons, Md._ ... _________ 10 203 000 .000 .000 .000 018 134 .016 .155
Battery, NY....___________ Sandy Hook, N.J.________._. 11 227 .000 .000 .000 000 — .004 .079 1001 .069
Baltimore, Md. .. _____.____ Washington, D.C._.....____. 12 227 .000 .000 000 .000 004 .168 .006 093
Solomons, Md.___________ _.Annapolis, Md._.__.___. ... 13 227 000 .000 000 000 ~ .005 .065 006 .062
Sandy Hook, N.J.. ____.____Montauk, N.Y._.___________ 14 191 .000 000 000 000 — .018 136 005 .120
Eastport, Maine.______.____Portsmouth, NH.___________ 15 167 .000 .000 .000 000 — .030 168 — .024 120
Battery, N.Y.___._ . ______ New London, Conn._._______ 16 227 .000 000 000 000 — 003 096 .000 108
Charleston, 8.C.____________Fort Pulaski, Ga.......__.___ 17 227 .000 .000 Q00 000 - 011 A17 003 091
Charleston, B.C.._..__.___. Mayport, Fla. ... ... 18 227 .000 .000 000 000 — .002 168 .003 118
Woods Hole, Mass. ____._._. Montauk, N.Y._._______ e_. 19 191 .000 .000 .000 000 .001 .090 008 077
Hampton Roads, Va._____._ Washington, D.C.._______ 20 203 .000 .000 .000 .000 016 190 018 230
Fernandina, Fla. . ... _______ Mayport, Fla.____ . . __ I | 227 .000 .000 .000 000 — .001 090 — 002 .059
Portland, Maine____________ Eastport, Maine_ ___________ 22 203 .000 000 .000 000 — .001 152 024 .136
Boston, Mass...____________ Portsmouth, NH.___._______ 23 191 .000 .000 .000 000 — 024 072 — 006 .065
New London, Coun.__ __.._. Willets Point, NY._________ 24 227 .000 000 000 000 006 096 — 004 119
New London, Conn..._...__Woods Hole, Mass.__._..___. 25 227 .000 .000 .000 000 .004 .066 .002 067
Hampton Roads, Va.__..__. Atlantic City, N.J.__.._._ ... 26 203 .000 000 .000 .000 .017 135 .004 121
Portland, Maine__._._______ _Portemouth, NH._.___._____ 27 191 .000 .000 .00 000 - .025 072 — .019 077
Boston, Mass.__.____.______ Woods Hole, Mass.__________ 28 227 .000 000 .000 .000 .000 .149 .007 134
Battery, N.Y._______ _ ____ Willets Point, N.Y._________ 29 227 .000 000 .000 000 003 077 003 072
Portland, Maine_________.__Boston, Mass. ______________ 30 227 000 .000 .000 .000 .002 .078 .001 .089
Pooled mean ("p) and pooled standard deviation (sp)-_-,__ 0.000 0.000 0.000 0.000 —0.001 0.135 0.001 0.119
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TaBLE 10.—East Coast: Mean differences 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 MHW
Control siation Subordinate station No. v
M 5 M 3 M L M 3
Standard method of computation
Miami, Fla. . ______________ Mayport, Fla.______..______ 1 189 0.013 0.108 0.002 0.094 0.012 0.142 0.014 0.085
Atlantic City, N.J.___.____. Sandy Hook, NJ._.________. 2 225 003 106 .004 041 - 003 098 2050 17
Battery, N.Y..__________.__ Atlantic City, N.J.__________ 3 225 — .006 067 — .009 049 004 067 005 075
Baltimore, Md._ ___________ Solomons, Md.. .. _________ 4 225 — .006 064 .001 029 -~ .005 .069 005 062
Miami, Fla. __.____________ Key West, Fla. _______._____ 5 189 .004 082 .006 028 007 .087 .013 079
Baltimore, Md.____________ Portsmouth, Va.____________ 6 225 — .008 175 008 090 - 012 158 .004 .200
Baltimore, Md.____ ... _____ Anpapolis, Md.._______.____ 7 225 — 006 037 — 002 022 - 011 .039 013 .038
Solomons, Md....._________ Washington, D.C._._.________ 8 225 .001 089 .002 081 005 119 007 070
Mayport, Fla.______________Key West, Fla._____________ 9 225 - .001 164 — .009 125 003 207 .006 136
Hampton Roads, Va.._.__.. Solomons, Md.. _______._._. 10 201 — 004 109 — 008 044 .000 096 008 125
Battery, NY._ _____._....._ Sandy Hook, N.J.___..__._____ 11 225 — 003 065 — 007 036 — .04 073 038 .062
Baltimore, Md._________._. Washington, D.C.___________ 12 225 — 005 090 .005 104 — .002 131 003 .066
Solomons, Md.._._____._._.__ Annapolis, Md.__.__________ 13 225 .001 043 002 027 .000 050 002 041
Sandy Hook, N.J.__________ Montauk, N.Y.______.._____ 14 189 — .006 083 009 050 — 018 075 007 097
Eastport, Maine__.._._._____ Portsmouth, NH.___________ 15 165 019 091 — 026 067 12 102 004 .092
Battery, NY. _____________. New London, Conn. ________ 16 225 — .007 074 — .006 038 — 004 072 .010 .080
Charleston, 8.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
Woods Hole, Mass. . __. _. Montauk, N.Y._____________ 19 189 001 058 015 040 — 012 061 003 .062
Hampton Roads, Va._._____ Washington, D.C.._......_.. 20 200 — .010 50 — 011 114 .000 136 011 181
Fernandina, Fla.____.______ Mayport, Fla._____ ... .. .21 225 — .002 056 — .001 060 — 002 079 002 044
Portland, Maine_.._________ Eastport, Maine_ . _______.__ 22 201 - .010 094 048 067  — .019 104 001 095
Boston, Mass._________ ___ Portsmouth, NH.____ ._____ 23 189 .014 042 013 054 018 .049 010 049
New London, Conn. .. Willets Point, N.Y._________ 24 225 .003 062 .010 169 — .007 087 003 120
New London, Conn.___ ___. Woods Hole, Mass. .~ _____ 25 225 .008 051 — .003 .035 015 049 012 059
Hampton Roads, Va._____ . Atlantic City, N.J.___.______ 26 201 - 017 08¢ — .035 061 006 092 029 .08%
Portland, Maine___________. Portsmouth, NNH._____ . _____ 27 189 002 055 .000 {058 012 057 008 068
Boston, Mass. . ___ . Woods Hole, Maas.__________ 28§ 225 004 083 — 005 056 .011 083 006G 0893
Battery, N.Y._____________. Willets Point, N.Y.__....__. 249 225 — .005 038 — .007 .101 — .007 057 013 069
Portland, Maine _ _________ Boston, Mass. _________.____ 30 225 — 04 060 — .003 061 — .002 060 005 .073
Pooled mean (_up) and pooled standard deviation (sp) ,,,,,, —0.002 0.089 0.000 0.074 0.000 098 0.002 0.094
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TasLE 10.—Concluded

MTL MR MLW MW
Control station Subordinate station No. v
I3 5 A 5 o L] B 5
Alternalc methord of computation
Miami, Fla.___.__.._.______Mayporl, Fla.________..___. 1 189 0.000 0.000 0.000 0.000 0.004 0.147 0.007 0.086
Atlantic City, N.J..________ Sandy Hook, N.J.___.__.__ _ 2 225 000 000 060 000 — 005 07 004 115
Battery, N.Y.. .. ___.____ Atlantie City, K.J.._________ 3 225 000 000 000 000 002 073 005 075
Baltimore, Md. ... ___._._. Solomons, Md.. _ ... ._.____ 4 225 000 000 0 000 — 002 070 .003 .65
Miami, Fla. ... ... _.._ Key West, Fla._____ ... 5 189 000 000 000 000 — 001 098 .03 08D
Baltimore, Md. . ______.__. Portsmouth, Va.__ .. .. i} 225 000 00D .000 000 - 0 178 .0n1 179
Ballimore, Md.. ___________ Annapolis, Md.____.__._____ 7 225 000 000 000 000 003 038 003 1
Solomons, Md._..._.._..__.. Washington, D.C._.______.___ 8 225 000 000 000 000 006 117 069 JOR7
Mayport, Fla.. ... .__ Key West, Fla. .. ___ . ___ 9 225 ,000 000 00 000 — 006 214 005 120
Hamplon Roads, ¥a.__.____ _Solomons, Md. . ..____ I 10 201 000 000 000 000 020 102 019 120
Battery, N.Y. ... ____Sandy Hook, NJ.___.___. .__ 11 225 .000 000 000 000 — 003 .073 001 063
Baltimore, Md._ _______.._. Washington, D.C...________ 12 25 000 000 000 000 004 138 006 165
Solomons, Md.__ ... _.__ __ Annapolis, Md. .. ___._______ 12 225 000 000 000 000 — 005 .052 006 044
Sandy Hook, N.J. .. .. ____Maontauk, NNY_______.__. .14 189 000 000 000 o000 — 018 093 005 098
Eastport, Maine..._____ ___Portsmouth, NH._______.__. 15 165 000 000 .000 o - 03 143 022 097
Battery, NY. __.____.___. .Mew London, Conn._..______. 16 225 .000 .000 000 000 - 003 .071 000 088
Charleston, 8.C..... _. e Tort Pulaski, Ga.- . .___.__ . 17 225 000 000 000 000 — 012 .089 004 074
Charleston, 8.C.______.._._ Mayport, Vla.___.___._..___ 18 225 000 000 000 000 — 004 137 002 099
Wouds Hole, Mass. .. . __ Monlauk, N.Y._____________ 14 189 2000 000 000 000 000 .070 009 062
Hampton Roads, Va._ ... _. Washington, D.C.___.______ 20 201 000 .000 000 000 019 136 022 181
Fernandina, Fla.____. .___. Mayport, Fla.. _____________ 21 225 000 000 000 000 — 002 080 003 050
Portland, Mainc...._..___ _Easstport, Maine_ ..~ _______ 22 201 000 000 .000 000 - 001 131 022 118
Boston, Mass. . __...oo..- __Portemouth, NNH.____._ ____ 23 189 000 000 000 000 - 025 056 006 052
New London, Conn._____.._ Willets Point, NY, .. _____ . 24 225 .000 000 000 000 007 074 003 .098
New London, Conn.. . ______Woods Hole, Masa.__________ 25 225 .000 000 000 .000 003 053 002 .052
Hampten Roads, Va.__ . ____Atlantic City, NJ.._.....__. 26 201 .000 000 000 000 018 096 004 092
Portland, Maine_ __________ Portsmouth, NNH._..________ 27 189 000 000 000 000 — 026 058 020 066
Boston, Mass. . _________..Woods Hole, Mass.._...____. 28 225 .000 000 000 000 — 001 134 008 117
Batbery, N.Y. .. _______ Willets Point, N.Y._________ 29 225 000 .000 000 .00 004 .060 002 054
Portland, Muine._________.. Boston, Mass. ... ._____ 30 225 000 000 000 000 .001 060 000 074
Pooled mean (pp) and pooled standard deviation (sp) ...... 0.000 0.000 0.000 0.000 —0.002 0.106 0.002 0.094
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TaBLE 11.—Concluded

MTL MR MLW MHW
Control station Subordinate station No. v

N S N s n S N S

Alternate method of computation

Miami, Fla..___________.___Mayport, Fla.______________ 1 186 0.000 0.000 0.000 0.000 0.003 0.109 0.007 0.066
Atlantic City, N.J.___._____ Sandy Hook, N.J.__________. 2 222 .000 .000 .000 000 — 0N 097 005 106
Battery, N.Y.______________ Atlantic 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
Miami, Fla.________________ Key West, Fla._____________ 5 186 .000 .000 000 .000 000 095 004 .052
Baltimore, Md._ ___________ Portsmouth, Va.____________ [ 222 .000 000 .000 000 — 005 125 — 003 124
Baltimore, Md._ . _ ... _____ Annapolis, Md._._______ .. - 7 222 .0n0 .000 .000 000 .003 031 .003 .030
Solomons, Md._____________ Washington, D.C.__________. 8 222 2000 .000 .000 .000 006 093 .009 064
Mayport, Fla.______________ Key West, Fla._____________ 9 222 000 .000 .000 000 - .007 162 — 006 096
Hampton Roads, Va._______Solomons, Md.__________._. 10 108 .000 .000 .000 .000 021 071 021 083
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 .036
Sandy Hook, N.J._____.____ Montauk, N.Y._____...______ 14 186 .000 .000 000 000 — .016 069 .006 072
Eastport, Maine____________ Portsmouth, NNH.____.______ 15 162 .000 .000 .000 000 — .033 119 — .020 083
Battery, NY._______.______. New London, Conn.__._.____ 16 222 .000 .000 000 000 — .004 055 .000 .0G6
Charleston, S.C.__.________. Fort Pulaski, Ga.___________ 17 222 .000 .000 .000 000 - .011 067 — .006 061
Charleston, S.C.____________ Mayport, Fla. ________._. ___ 18 222 000 .000 .000 000 — .006 .100 .000 076
Woods Hole, Mass._ ________ Montauk, N.Y.._ ... _.______ 19 186 .000 .000 .000 .000 .000 061 - 010 .054
Hampton Roads, Va.______. Washington, D.C.____.______ 20 198 .000 000 .000 .000 020 .093 .023 124
Fernandina, Fla. . _______ Mayport, Fla.__ ... _______ 21 222 .000 .000 .000 000 — 004 072 - .003 .043
Portland, Maine_____.______ Eastport, Maine_______.____ 22 198 .000 .000 .000 .000 001 112 .019 103
Boston, Mass.______________ Portsmouth, NH._____ ___.__ 23 186 .000 .000 .000 000 — 025 045 — 007 .040
New London, Conn.__._.___ Willets Point, NY._________ 24 222 .000 000 .000 .000 007 058 — .002 072
New London, Conn.________ Woods Hole, Mass.._____.___ 25 222 000 .000 .000 .000 003 .046 .001 042
Hampton Roads, Va._____ _ Atlantic City, N.J.__________ 26 198 000 .000 .000 000 018 076 .003 077
Portland, Maine. . ________ Portsmouth, NNH.___________ 27 186 .000 .000 000 000 — 026 051 — .021 055
Boston, Mass._____________. Woods Hole, Mass..______.__ 28 222 .000 .000 .000 000 — 002 119 009 003
Battery, N.Y._____.________ Willets Point, N.Y. _________ 29 222 000 .000 .000 2000 003 45 — 002 044
Portiand, Maine____. __.___Boston, Mass.______________ 30 222 000 .000 .000 000 .002 .050 .000 067

Pooled mean (_pp) and pooled standard deviation (sp) ______ 0.000 0.000 0.000 0.000 —0.002 0.084 0.001 0.072
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TaBLE 12.—East Coast: Mean diflerences between computed and accepted values of tidal datums
p p

Jor selected station patrings using 12-mo running mean values

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

MTL MR MLW MHW
Control station Subordinate station No. v
I 5 i 5 H § I S
Standard method of computation
Miami, Fla._._ . ____.____ Maypert, Fla_ . ... 1 180 0.012 0.056 0.003 0.033 0.011 0063  0.014 0.054
Atlantic City, N.J._____ ... Sandy Hook, NJ..__________ 2 216 004 .090 .003 .030 002 081 .051 101
Battery, N.Y..._______ . ___. Atlantic City, NJY.__________ 3 216 - .007 .033 .009 .039 003 027 .006 049
Baltimore, Md. __ . _________ Solomons, Md. .. ____....___ 4 216 - 005 022 001 016 006 .020 .005 027
Miami, Fla.________________ Key West, Fla. . _.__________ & 180 .005 .037 006 .023 007 044 013 .032
Baltimore, Md. . __________. Portsmouth, Va._.__.___ e 6 216 — .006 .040 005 059 009 050 .004 049
Baltimore, Md._____.__._..Annapolis, Md.___..___... 1 216 — .006 019 002 016 010 025 012 017
Solomons, Md.__ . __.__.__.. Washington, D.C.._......... & 216 002 046 .000 047 007 065 .007 037
Mayport, Fla.______________Key West, Fla.__._.__..____ 9 216 — .003 080 011 076 003 104 .008 .070
Hampton Roads, Va._____ .. Solomons, Md._ . _....._____ 10 192 — 004 .028 .008 .018 000 028 .007 .030
Battery, NY.__. . ________ Sandy Hook, N.J..__.._____. 11 216 — .004 .061 007 024 005 068 .033 .057
Baltimore, Md.. .. . ___. Washington, D.C.__.___.____ 12 216 — .003 .043 002 062 000 .068 .002 .033
Solomons, Md.___._________ Annapolis, Md.___ ... ... 13 216 .001 025 .003 .015 .001 .028 .003 025
Sandy Hook, NJ._ . ___ Montauk, N.Y. ... ._______. 14 180 — 004 040 010 026 013 036 003 047
Eastport, Maine___________. Portsmouth, NNH.__________. 15 156 .018 060 028 045 043 059 005 068
Battery, N.Y.. ... ___ New London, Conn._..____.___ 16 216 - .007 .033 .005 .016 2004 .035 .009 034
Charleston, 8.C.__....______ Fort Pulaski, Ga._. _________ 17 216 — .009 .035 .005 053 007 040 .012 046
Charleston, S.C._.. ______. Mayport, Fla.___._________. 18 216 — .010 {049 .004 048 013 .059 .008 {051
Woods Hole, Masa. .. _______ Montauk, NY . .______._... 19 180 002 .045 015 024 .on 047 004 .048
Hampton Roads, Va.______. Washington, D.C.___________ 20 192 — .009 .038 .012 026 002 .037 010 042
Fernandina, Fla.__ ... _ Mayport, Fla. _________..._ 21 216 — .006 040 .002 .048 006 .058 004 .031
Portland, Maine____________Esstport, Maine___._________ 22 192 — .012 061 049 039 .021 067 003 061
Boston, Mass,_________.____ Portsmouth, NNH.___________ 23 180 014 .018 011 40 018 029 009 024
New London, Conm._ ... ___ Willets Point, N.Y.__...._.. 24 216 .002 .030 .010 .098 .008 .051 .002 064
New London, Conn.__ .. .. _ Woods Hole, Mass. _________. 25 216 .007 036 002 020 .012 035 .010 042
Hampton Roads, Va..___.__ Atlantic City, N.J.._.______. 26 192 - 019 055 .035 039 .003 .054 032 061
Portland, Maine._.. ....._. Portamouth, NH.._.._..__.._. 27 180 .001 042 .001 042 011 045 .010 049
Boston, Mass._____.____...__ Woods Hole, Mass._...______ 28 216 .002 039 005 029 .010 .035 004 047
Battery, NY._._____.____.. Willets Point, N.Y. oo 29 216 — .005 024 002 079 .009 .033 .0l11 056
Portland, Maine._____.._____ Boston, Mass. _ . _.ooooo_. - 30 216 — .004 043 004 .051 .002 041 .005 059
Pooled mean (up) and pooled standard deviation (sp) ______ —0.002 0.045 0.000 0.045 0.000 0.051 0.000 0.050
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TaeLE 12.—Concluded

MTL MR MLW MHW
Control station Bubordinate station No. v
I S 1) 5 s s M 5
Alternate method of compulation
Miami, Fla._______.______._Mayport, Fla._ . ____. el 1 180 0Q.000: 0.00 0.000 0.000 0.008 0.070 0.005 0.049
Atlantic City, N.J...____._ Sandy Hook, N.J._. ... _ 2 216 000 D00 000 D00 004 .089 0056 008
Ballery, N.Y..__ ... I, Atlantic City, N.J.__. ... . 3 216 000 000 000 D00 000 034 006 043
Haltimore, Md.________.___ Solomons, Md.___._________ 4 216 000 000 000 000 A1 .019 002 027
Miami, Fla.__.__ ... _____ Eey Weat, Fla. . .. ____ 5 180 .000 .000 000 .000 .001 056 006 032
Daltimore, Md. ... .._._. Portsmouth, Va. oo ooooo.. 6 216 .000 .000 000 .0D0 001 050 001 052
Teltimore, Md.___ ... _____. Annapolis, Md. .. _______._. 7 216 {000 .000 000 000 004 024 003 017
Solomons, Md.._.._._._ ___ Washington, D.C.___..____. ; ] 216 .000 000 000 .000 008 061 .008 037
Mayport, Fla.__________..__Key West, Fla._____________ 9 26 000 000 000 .000 006 A13 BL)C) M6
Hampton Roads, Va._ . _____ Solomona, Md.____________. 10 192 000 .000 000 000 019 032 020 033
Battery, N.Y.__________.___. Sandy Hook, NJ....__.____. 11 216 .000 000 000 000 005 068 002 .057
Baltimore, Md.___________. Washington, D.C.__._____... 12 216 000 000 000 000 008 060 005 037
Solomons, Md._..__________ Annapolis, Md..____.______. 13 216 .000 000 000 000 004 027 005 029
Sandy Hook, N.J._________. Montauk, N.Y._____.________ 14 180 000 000 000 000 018§ 052 .007 .03y
Tipstport, Maine____________Portsmouth, NNH._._________ 15 156 .000 .000 000 .000 017 065 .005 068
Bettery, N.Y. . ___.____._. . New Londou, Conn..______.. 16 216 .000 000 000 000 005 038 002 .036
Cherleston, 8.C.____________Forl Pulaski, Ga............ 17 216 .000 000 000 D00 11 {41 005 048
Charleslon, 8.C...._.._.___.Mayport, Fla.. .. ... _..... 13 216 .000 000 000 00N 0o .060 .002 051
Woods Hole, Masa.......__. Montauk, N.Y . _____________ L] 180 o0 000 0o 000 RL L] 051§ Aal1 047
Hempton Roeds, Va. ... _._. Washington, D.C._.. __ ... __. 20 192 000 000 000 000 019 .039 021 .034
Fernanding, Fla._ .. ___._._ Mayport, Fla.__ .. .. . .__. 21 216 .000 000 .0 000 M08 .064 04 036
Portland, Meine______.__.__ Eastport, Maine____________ 22 192 .000 .000 .000 D00 D03 OR8 .015 089
Boston, Mass. _____________ Portamouth, NNH... . __ 23 180 .00 000 000 000 026 .035 .007 029
New London, Conn.._...._ _Willets Point, NNY. .. __.____ 24 216 000 .000 .000 000 008 046 .004 032
New London, Conn, __ .. ____ Woods Hole, Mass.__________ 25 216 .000 000 000 .000 001 041 000 035
Hampton Roads, Va.____...Alantic City, N.J.__________ 26 192 000 000 N1 1] 000 018 060 000 064
Portland, Maine.._._ ...... Portsmouth, NNH.___________ T 180 .000 RLLY oG 000 027 G .022 (046
Boston, Mass..__............ Woods Hole, Mase._______ . 28 216 000 000 000 000 007 103 010 063
Battery, N.Y i Willets Point, NY. 24 216 000 000 000 000 .003 .020 .002 .038
Portland, Maine. ... .__Boston, Maas _________ . an 216 .000 .000 000 000 002 011 301 01
Pooled mean (pp) and pooled standard deviation (sp) ______ 0.000 0.000 0.000 0.000 0.000 0.058 0.001 0.050
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TaBLE 13.—CGulf Coast: Mean differences between computed and accepted values of tidal datums

for selected station pairings using monthly mean values

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

MTL MR MLW MHW
Control station Subordinate station No. v
M s u s m S . s
Standard methond of computation
Cedar Key, Fla.____._ . _ Key West, Fla._____________ 1 215 —0.001 0.227 0.00+4 0082 —-0.003 0.216 0.001 0.244
Galveston, Tex._ . ._____ Fugene Island, La...________ 2 215 .010 182 .021 130 — 001 203 .020 183
Pensacola, Fla..____________ St. Petersburg, Fla. __...._._ 3 227 .008 133 024 210 — .005 194 019 143
St. Petersburg, Fla.._.______ Cedar Key, Fla.____________ 4 227 — 002 116 006 148 — 006 134 .010 141
Pensacola, Fla.____________._ Key West, Fla._ ____________ 5 215 .010 202 029 170 — 010 241 .019 194
Port Isabel, Tex._ .. . .. _. Galveston, Tex.______.______ 6 227 .004 161 .000 117 .004 196 004 144
Bayou Rigaud, La.________. Galveston, Tex.._.....__.___. 7 227 007 162 002 119 .005 148 .008 195
Pooled mean (pp) and pooled standard deviation (sp) ______ 0.005 0.172 0.012 0.145 — .002 0.163 0.012 0.180
Alternate method of computation
Cedar Key, Fla._____.______ Key West, Fla._ ... ______ 1 215 0.000 0.000 0.000 0.000 0.007 0.210 —0.001 0.272
Galveston, Tex._____._..___ Eugene Island, La.__________ 2 215 .000 .000 000 .000 013 195 .016 .190
Pensacola, Fla._____________ St. Petersburg, Fla.__._._.___ 3 227 D00 000 .000 .000 .007 155  — 001 135
St. Petersburg, Fla.________. Cedar Key, Fla. .. __._______ 4 227 000 .000 000 000 — 003 137 — 003 132
Pensacola, Fla,__ . ___.______ Key West, Fla.. . ___________ 5 215 000 .000 000 .000 001 222 .000 .190
Port Isabel, Tex.____ . ___ ... Galveston, Tex.__._._.._____ 6 227 .000 1000 000 000 — 007 106 004 144
Bayou Rigaud, La. . __._____ Galveston, Tex,..._..____._. 7 227 .000 .000 .000 000 — 0 155 .004 178
Pooled mean (pp) and pooled standard deviation (sp) ______ 0.000 0.000 0.000 0.000 0.001 0.183 0.003 0.182
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TaBLE 14.—Gulf Coast: Mean differences between computed and accepted values of tidal datums
for selected siation pairings using 3-mo running mean values
{See notation on page 21. Values are in feet.)

MTL MLW MW
Control station Subordinele slation Na. v
B § ) S M 5 b 5
Standard method of computation
Cedar Key, Fla.____________ Key West, Fla._____________ 1 213 —0.002 0.185 0.003 0.072 —0.003 0.174 0.000 0.201
Galveston, Tex. .. _.________ Eugene Island, Ia.__________ 2 213 009 149 018 094 001 167 019 .145
Pensacola, Fla..._... ... __ 3t. Petersburg, Fla._ ________ 3 225 007 100 020 178 — 003 156 017 109
St. Petersburg, Fle... ... .. Cedar Key, Fla. _________.. 4 225 .0n3 NEL() .005 118 — .04 117 .010 115
Pensacola, Fla.__. ... . _ Key Wesl, Fla...__._.______ 5 213 009 162 025 J41 0 — 000 197 017 154
Port Isabel, Tex._.... . Galveston, Tex....._________ [} 225 N5 .32 .003 092 .006 164 003 110
Bayou Rigaud, Ia..._______ Galveston, Tex..._._________ 7 225 008 131 {001 M6 K7 112 008 162
Pooled mean (up) and pooled standard deviation (sp) ...... 0.006 0.139 0.010 0118 —0.001 0.157 0.011 0.145
Alternate method of computation

Cedar Key, Fla.____________ Key Wesat, Fla. _____________ 1 213 0.000 0.000 0.000 0.000 0.006 0.168 —0.003 0.228
Galveston, Tex. .. _____ .. Bugene Island, Ta. .. ___._. . 2 213 000 000 000 000 014 (1680 016 .53
Pensacola, Fla._______._.. .8i. Petersburg, Fla.________. 3 225 0900 000 000 000 006 120 — .001 102
St. Petersburg, Fla._________Cedar Key, Fla. __ _________. 4 225 .D00 000 000 000 — 002 122 - 00 110
Peneacola, Fla._.__ . _____ .. Key Weat, Fla, _ ____________ 5 213 000 .000 000 000 000 180D .D0O 143
Port Ieabel, Tex.__._.______. Galveaton, Tex.___.__.._.___ 6 225 000 000 000 000 — 007 164 005 111
Bayou Rigaud, Ia.. ... Galveston, Tex._____________ 7 225 000 000 000 000 — 009 120 004 145

0.000 0.000 0.000 0.000 0.001 0.149 0003 0.147

Pooled mean (ppj and pooled standard deviation {s p) ______
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TaBLE 16.—Gulf Coast: Mean differences between computed and accepted values of tidal datums
for selected station pairings using 12-mo running meon values
(See notation on page 21. Values are in feet.)

MTL MLW MHW
Control station Subordinate station No. v — B
=3 L1 I 5 u 3 s 5
Standard method of computation
Cedar Key, Fla. _ . _________ Key West, Fla. . ________. . 1 204 0.000 0.064 0.002 0.058 —0.001 0.065 0.001 0.076
Galveston, Tex. . _ _ _ ____ Eugene Island, La._______ __ 2 204 .010 .093 .010 .054 005 .103 .015 091
Pensacola, Fla.___ ... St. Petersburg, Fla._ . _ .. ___ 3 216 008 069 020 A45 0 — 002 121 017 .074
St. Petersburg, Fla._ ... __ Cedar Key, Fia.._ __. ._.__. 4 216 002 076 002 D87 — 004 .100 008 074
Pensacola, Fla.. .~ ... Key West, Fla._. . ______ 5 204 009 076 026 A9 — .0Mm 106 M7 .0B6
Port Isabel, Tex.... ._.... Galveston, Tex...._ . I 6 216 .003 047 004 .0565 .005 061 .001 046
Bayou Rigaud, la._________ Galveston, Tex. ... _.__.__. 7 216 009 099 .003 .078 .008 075 010 129
Pooled mcan (.up) and pooled standard deviation (sp),_,,, . 0.006 0.077 0.008 0.091 0.000 0.093 0.010 0.086
Alternate method of computation

Cedar Key, Fla.__________.._ Key West, Fla.. _.___ _._.__. 1 204 0.000 0.000 0.000 0.000 0.007 0.077 0.000 0.097
Galveaton, Tex._________ __ Eugene Island, La._ ... _.___ 2 204 000 000 000 000 017 099 013 098
Pensacola, Fla._____ .. ___St. Petersburg, Fla._________ 3 216 000 000 000 .000 006 087 000 065
St. Petersburg, Fla. .. . _ Cedar Key, Fla.. ___.__. - 4 216 .000 .000 .000 000 — .002 107 .004 070
Pensacels, Fla._ .. _........ Key West, Fla.. ... . __ I 5 204 000 .000 000 .000 — 001 .088 001 073
Port Jaabel, Tex.__________. Galveston, Tex.______.._ ... . 6 216 000 000 000 000 — 008 061 004 046
Bayou Rigaud, La._________ Galveston, Tex. _____________ 7 216 000 .000 000 000 — .008 085 .007 12

0.000 0.000 0.000 0.000 0.001 0.087 0.003 0.083

Pooled mean (pp) and pooled standard deviation (sp) ______
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TaBLE 17.—W est Coast: Mean differences between computed and accepted values of tidal datums
for selected station pairings using monthly mean valuss
(See notation on page 21. Values are in feet.)

MTL MR MHW MHHW
Control station Subordinate station No. v _
In 5 I 5 1] § H 5
Slandard method of computalion
Santa Monica, Calif._.._.___Alameda, Celif._____________ 1 227 0.001 0.065 —0.012 0,055 0013 0.083 0.021 0.071
Los Angeles, Calif __________ BSan Diego, Calif._.___________ 2 227 ALY 066 — 025 038 012 065 -~ 010 060
San Diega, Calil. ... _______ La Jolls, Calif._______.__ k1 203 005 062 033 Q352 062 068 {057 073
Los Angeles, Calif.__________ Hgnia Moniea, Calil. ... ... 1 227 0 075 053 {033 077 076 — 010 079
San ¥rancisco, Calif..____._. Alameda, Calif.. ... .___ 5 227 .001 085 — 012 055 013 {083 021 079
San Francisco, Calif .......- Los Angeles, Calif.__________ s} 227 - 006 172 002 119 — 005 A51 — 013 .162
Seattle, Wash.________...__. Friday Harbor, Wash.__ ____ 7 215 .002 L07e = 021 190 003 139 045 .138
Santa Monica, Calif.________La Jolia, Calif.______ C - 8 203 001 075 — 034 {058 020 082 102 081
Los Angeles, Calit. ________ La Jolla, Calif.__________ - 9 203 008 082 013 051 038 .0gs 036 084
Crescent City, Calif._____ . __San Franciacu, Calaf. ________ 10 227 000 196 060 A0 000 215 002 212
Neah Bay, Wash.___. .. .Crescent City, Calif.___ . ___ 11 227 003 240 — 005 042 05 23 — 06 253
Pooled mesn (up] angd pooled standard devintion (sp) ______ 0.003 0124  —0.001 0.084 0018 0131 0.021 0.136
TasLE 17.—Continued
MLW MLLW DL IDHQ
Control station Subordinale station No. v
[ g I 5 u g p 5
Standard method of computation

Santa Moniea, Calif. ... _____Alameds, Calit.__________._. 1 227 0.023 0.056 0.031 0.056 —0.006 0.027 0.009 0.0IR
Los Angeles, Calit._______.__San Diego, Calil._______.____ 2 227 013 071 .014 072 — 001 024 002 .D1B
San Diego, Calif, . . _______ La Jolln, Calil.______. . - 3 203 — 032 067 000 079 — 032 DM - 05 042
Los Angeles, Calil.__._____  Santa Monica, Calif..... . ___ 4 227 025 L74 024 {074 00y 023 — 088 .023
Ban Franeisco, Calif .. .. ___Alumedn, Calif._ .. ________ 3 27 025 056 031 056 — 008 0 N 018
San Francisco, Cabif.__ - _T.os Angeles, Galil.__ .. _ o 6 2 — 007 2080 - 003 215 — 004 M3 — 00 038
Seattle, Wash._ . ____..____ Friday Harbor, Wash, . 7 215 019 iy A28 101 - DR 046 048 .N50
Santa Monica, Calif. __. ... La Jolla, Calif._._____________ b 208 002 077 .032 078 - .083 (44 .0R3 .048
Lor Angeles, Calif..________ _La Jolla, Calif. . __ ... .__ i 03 - 034 D34 — oM o8y — 033 (41 003 041
Crescent City, Calif._.______ San Francisco, Calif.. __ .. __ 10 227 000 194 001 192 000 036 .002 043
Neah Bay, Wash.. ... ___Crescenl City, Calf._ . ______ 11 227 010 284 005 238 B4} a1 — .0n 045

0.0¢04 0.133 D05 0.132 —0.010 0.034 0.002 0.047

Pooled mean (‘uﬁ) wnd pooled standard drviation (sp) ......
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TasLE 17.—Concluded

MHW MHHW MLW MLLW
Control station Subordinate station MNo. v
Fo 3 I § N § M 3
Alternate method of computation

Sania Monics, Calif.______ . Alswedsa, Calit.__.___._____. 1 227 0.003 0.078 -0.008 0.074 0.006 0.0861 0.000 0.066
Lon Angeles, Calif._____.___. Ban Diego, Calif._____...___. 2 27— 008 085 — 011 .089 008 070 004 07
Bun Diego, Calif. ... _____ La Jolla, Calif.__ ... P, 3 203 — 015 06g 008 074 006 047 018 081
Loe Angeles, Calil....._._.__Banta Monica, Calif.. . ______ 4 227 — 003 076 — 010 .080 005 075 004 076
Ban Francisco, Calif...______Alameda, Calid.________..._. 5 227 .003 046 — 008 074 006 061 000 066
San Francisco, Calif...______ Los Angeles, Calif._____..... 6 2271 — 006 150 .008 150 007 208 006 219
Seattle, Wash. _____....._ __ Friday Harbor, Wash._...... 7 215 010 151 — .04 128 005 112 001 .099
Banta Monica, Calif.........La Jolla, Calif. ... .......... 8 203 - 020 082 .002 088 002 077 025 D85
Loa Angeles, Calif._.........La Jolla, Calif._ .. .......... 9 €8 - 020 088 — .008 004 005 084 018 096
Crescent City, Celif...._....San Francisco, Calif.. ... _._ 10 227 (004 216 — .002 225 006 193 004 192
Neah Bay, Wash........... Crescent City, Calif._________ 11 227 - M 233 004 259 .001 254 009 243

—0.004 0.130 =0.003 0.136 0.000 0.134 0.004 0.135

Pooled mean (pp) and pooled standard deviation (sp) ......
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TanLe 18.—Concluded

MHW MHHW MLW MLLW
Control slation Bubordinate station No. v
o & ) 5 I 5 I 5
Alternate method of compulation
Sanla Moniea, Calif.____ . __Alameds, Calif._______.__.__ 1 225 0.003 0.068 —0.008 0.065 0.006 0.052 0.000 0.050
Los Angeles, Calif. ... . . San Diego, Calif.____________ 2 225 — .003 056 — 011 08— 07 063 — 004 063
Ban Diego, Calif.___________ La Jolls, Calif._ . ___________ 3 201 — 015 056 008 .056 005 054 018 067
Los Angeles, Calif.__________Saota Monica, Calif.. .. _.._. 4 225 — .002 067 — .09 071 — .006 067 004 067
Ban Francisco, Calif._.___...Alameda, Calif.............. 5 225 003 068 — 008 065 D06 052 000 050
San Franciseo, Calif...._.__. Leos Angeles, Calif. ... _____._ 6 225 -~ 008 116 006 13 — 009 172 — 08 177
Seattle, Wash._____________Friday Harbor, Wash.__ _____ 7 213 011 A29 — oM d04 -~ 005 004 .om 081
Bants Monica, Calif. ________ La Jolla, Calif._ . _______. o 4 201 - .21 065 .001 069 — 002 063 — .025 065
Los Angeles, Calif.....______TaJolla, Calif. ___.________ 9 201 — 021 075 — 006 078 — D)5 071 — 019 081
Creacent City, Calif.__ . ___. HSan Francisco, Calit._____.. . L0 225 006 176 000 183 007 1562 — .003 147
Neah Bay, Wash.__________ Crescent Cily, Calif. . 11 225 — 00l 77 006 97 004 198 011 .184
Pooled mean b‘p] and pooled standard deviation ( —0.004 0.106 —0.002 0.109 —0.001 0.108 0002 0,106

spJ ......
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TabLE 19.—Concluded

MHW MHHW MLW MLLW
Control slation Suhordinate atation Ko, v _ - : — -
M M I $ I 5 N 5
Alternate method of computation
Santa Monica, Culif. .. ___ _Alameds, Calif.._.__________ 1 222 0.042 0.057 —0.008 0.054 0007 0.046 0.000 043
Los Angeles, Calif. ..., ... San Diego, Calif.___._____._. 2 222 — 003 051 — 011 053 O 054 005 059
Sen Diego, Calif._ _____.___. La Jolln, Calif. . _____________ 3 198 — 015 048 008 046 006 /T - 7 057
Los Angeles, Calif.__._______ Santa Monica, Calif._________ 4 2zz  — 0Dl 05 — 0 .63 005 062 004 M3
San Francisco, Calif.________ Alameds, Calif__________.____ 5 222 002 057 — 008 054 007 046 000 043
San Francisco, Calif... . ____T.a Angeles, Calil.__________ 5] 222 — 608 090 005 .89 L1 A33 — 010 132
Seattle, Wasb. _ .. ________ Friday Harbor, Wash.. __..__ 7 210 .015 Jo6 — 001 081 D05 ot 002 .62
Santa Monica, Calif _._.____La Jolla, Calif ______. __.__. 3 198 — 022 051 000 054 .00 054 — 024 .0563
Lo Angeles, Cadif._____. ... La Jolls, Calif. ... ... __ 9 198 - 021 07— 006 0B8R 004 o062 — 017 070
Crescent. City, Calif._____ __Ban Franciaco, Calif.__.____._ 10 222 O 140 .000 141 008 118 — 003 114
Neah Bay, Wash._____ . . Creacent City, Celif._..______ 1l 222 .0on 125 009 140 Do5 139 012 129
Pooled mean (,up] and pooled standard deviation (sp)_____ - -—0.004 0.084 —0.002 0.084 0.000 0.085 —{.004 0.082
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TasLE 20.—Concluded

MHW MHHW MLW MLLW
Control station Subordinate station No. v
B S m 3 m S n S
Alternate method of computation

Santa Monica, Calif.________ Alameda, Calif. . __________ 1 216 0.003 0.040 -0.008 0.039 0.006 0.037 0.000 0.034
los Angeles, Calif.__ .. __ San Diego, Calif.____ . _______ 2 216 — .008 047 — 012 048 006 055 .04 054
San Diego, Calif.______. . ___ La Jolla, Calif._ . _ ... __._.. 3 192 — 015 040 .008 .038 006 041 — 016 050
Los Angeles, Calif.__._______ Santa Monica, Calif._ ____.__ 4 216 — .00} {055 — 009 .057 006 {058 003 .059
San Francisco, Calif...._____ Alameds, Calif.____.__._..__ 5 216 .003 040 — 008 .039 006 037 .000 .034
San Francisco, Calif... ... ___ Los Angeles, Calif..___...___ 6 216 — .008 .074 004 .073 010 3 — 011 087
Seattle, Wash. . ___...______ Friday Harbor, Wash.. _.____ 7 204 021 .095 004 .085 006 .062 002 .042
Santa Monics, Calif... ... __La Jolla, Calil. ... .__..___. 8 192 — 023 038 — .001 .041 .001 041 — 022 .040
Los Angeles, Calif. .- ___ . ... La Jolla, Calif,. .. __.__._.__ 9 192 — .021 061 — 006 .0G1 004 054 — .7 060
Crescent City, Calif._. ... . San Francisco, Calif.. . ______ 10 216 005 094 — 001 .087 008 082 — .002 083
Neah Bay, Wash.____ .. _._ Crescent City, Calif._ . ___. . 11 216 .001 .066 009 076 004 063 011 073
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