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Dredging Research

Technical Notes

Tidal Constituent Database — East Coast,
Gulf of Mexico, and Caribbean Sea

Purpose

This technical note describes a database of tidal elevation boundary con-
ditions generated in support of “Long-Term Fate of Dredged Material Dis-
posed in Open Water” research of the Dredging Research Program (DRP),
being conducted by the U.S. Army Engineer Waterways Experiment Sta-
tion (WES). The database described allows the user to manually generate
time series of tidal elevations or to use a program to access the full
database to generate time series of both tide elevations and currents for
any location along the U.S. east coast, Gulf of Mexico, and Caribbean Sea.

~ Although the capability to generate these time series was developed to pro-
vide input to the long-term fate and stability model LTFATE, the gener-
ated time series can be used for any application requiring tidal forcing
data.

Background

The long-term fate research has been concerned with developing tech-
niques to predict the long-term fate of dredged material after it has been
deposited in open water on the ocean floor, that is, to address the question
whether a dredged material disposal site, either existing or proposed, is
dispersive or nondispersive (Scheffner 1992). If the site is dispersive, an
additional capability of the model is to estimate the rate of erosion and
fate of the material. Because sediment is primarily eroded and transported
as a function of waves and currents, the approach is to construct databases
of site-specific information that can be used as input to coupled hydrody-
namic, sediment transport, and bathymetry change models for predicting
the long-term behavior of disposal sites. In the DRP, attention has been fo-

“cused on the development of the wave, tidal, and storm surge components.

The wave component of the database provides the capability for generat-
ing time series of wave height, period, and direction for any location at
which a WES Wave Information Study hindcast is available. The wave
simulation capability is described in Borgman and Scheffner (1991). A
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database of regional tropical and extratropical storm surge elevation (and
current hydrographs and stage-frequency relationships) is currently under

development. This technical note describes the tidal component.
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The tidal contribution to the overall database has been completed for
the entire east coast of the United States, Gulf of Mexico, and Caribbean
Sea (Westerink, Luettich, and Scheffner 1993). The tidal component is
both co-tidal chart-based for manual simulation of time series and PC-
based. Both versions are described briefly in this technical note.

This tidal database consists of precomputed amplitudes and Greenwich

epochs corresponding to the eight primary diurnal and semidiurnal astro-
nomical constituents (K;, Oy, Py, Qp, Ky). The constituents
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The tidal constituents were computed by an eight-constituent harmonic
analysis of model elevation and current time series at each node of the
computational grid shown in Figure 1. Boundary conditions for the simu-
lation were provided at the mid-Atlantic Ocean boundary according to
Schwiderski’s (1980) global ocean database. Use of the DRP tidal database
will allow the user to generate time series of tidal elevations and currents
at any location within the computational domain for any time period—
past, present, or future. Although the intent of the simulation capability
is to provide time series input to the long-term fate model LTFATE, the
generated data can be used for any application requiring tidal forcing

.S, |

(tidal circulation studies).

The following section describes the procedure used to generate time se-
ries of tidal data based on astronomical arguments, that is, amplitudes
and epochs. Then, descriptions are given of applying the procedure with
the DRP-generated database to either manually compute equilibrium tidal
elevation time series or to use a computer-based program to generate sim-
ulated forecast or hindcast time series of surface elevations and currents.
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Hy + anHn Cos[ant + (\Vo + u}”~

any location can be writ-

ing to the follow-
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where

Hjy = mean water level above some defined datum such as mean sea
level

N = total number of tidal constituents in the series reconstruction
fn = node factor for reducing mean amplitude

H, = mean amplitude of tidal constituent n
a, = speed of constituent n in degrees/unit time

t = time measured from some initial epoch
(Vy + u) = value of the equilibrium argument for constituent n at some

locatlon when t=0

x,, = local epoch of constituent n
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for the arguments are generally computed through least squares analyses
of prototype data (Dronkers 1964). The National Oceanic and Atmo-
spheric Administration’s National Ocean Survey (NOS) generally uses 37
constituents in its published harmonic analyses. These results are usually

based on an analvgis of a minimum of 1 year of prototype data. As an ex-
ample, a listing of the NOS constituents and the correspondmg ampli-
tudes and local epochs for the tide station located at Duck, NC, is shown
in Table 1. A thorough description of each constituent is provided in
Dronkers (1964) and Schureman (1958).

Most constituents in Table 1 are associated with a subscript that indi-
cates the approximate number of cycles per solar day (24 hr). The constit-
uents with subscripts of 2 are classified as semidiurnal constituents and
proauce a tidal contribution that occurs approximately twice a day. Diur-
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the east coast, Gulf of Mexico, and Carlbbean Sea. For example, in the
modeled domain of F'gure 1, over 90 cent of the tidal en eTgy can be

represented by the M,, S,, Nr,, and K, semldlurnal and Ky, Oy, Py, and O
diurnal constituents. For examole these eight constituents account for

94 percent of the energy of a 31gnal computed for Duck, NC, with the full
37 NOS constituents. For this reason, the above eight constituents are
used to define the tidal contribution to the east coast, Gulf of Mexico, and
Caribbean Sea database. In other locations in the world, many more tidal
constituents may be needed to adequately represent the tide. For



Table 1. NOS Tidal Constituents for Duck, North Carolina
Amplitude Epochx, Amplitude Epoch x,
Symbol H, ft deg Symbol H, ft deg
M, 1.5520 207.31 Mm 0.0810 243.46
S, 0.2990 23123 |  Ssa 0.3120 27.93
N> 0.3830 187.61 Sa 0.2340 205.48
K 0.2820 97.24 Msf 0.0400 81.43
M,y 0.0110 298.72 Mf 0.580 150.06
0O 0.1910 117.75 Pi 0.0050 74.06
Mg 0.0320 139.39 O 0.480 102.55
(MK)3 0.0030 49.72 T, 0.250 202.51
S 0.0110 301.48 R, 0.0070 76.24
(MN),4 0.0110 257.74 Q) 0.0060 113.27
Vo 0.0640 188.44 P; 0.1020 99.00
Sg 0.0060 308.41 (2SM), 0.0070 237.52
o 0.0570 188.44 M, 0.0130 167.08
(2N), 0.0600 174.42 L, 0.0520 230.53
(0O, 0.0170 1741 | (MK), 0.0060 125.43
Ay 0.0170 207.17 K, 0.780 227.83
S 0.290 25.06 Mg 0.0030 237.53
M; 0.0140 123.43 (MS), 0.0120 137.85
I 0.0170 121.85

example, to define the tide at Anchorage, AK, over 100 constituents are
necessary.
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lished for the years of 1850 to 1999 (Schureman 1958).

The second category of arguments specify the timing of the individual
constituent high-water mark with respect to both local time and global
time. These arguments are based on the fact that phases of the constitu-
ents of the observed tide do not coincide with the phases of the
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corresponding constituents of the equilibrium tide. For example, a high
ide does not occur directly beneath the moon. There is a lag between the
the a argument (that is, location of the moon) and the
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argument Vo + u) and the actual observed phase angle { at some time T.

Because constituents can be considered harmonic (can be expressed as a
cosine function whose argument increases lmearly with time), the value of
K is relahvely constant at every location. That is, the value of x represents
the actual lag between the tidal potentlal and the following high tide as a
function of observational data ad]usted to reflect time to equlhbrlum the-

ory. Therefore, the value of ¥ can be computed from the value of g de-
rived from prototype data “neasured at any time and the corresponding
adjustment according to (V + u) for that location at that time. Values of
the equilibrium argument for the constituents of Table 1 relative to the
passing of the tidal potential at the Greenwich meridian are published for
each calendar year from 1850 through 2000 (Schureman 1958).

fe P v
not directly Comparable w1th resoect t the local epoch x because 1
function of the longxtude of the spec1f1c location. However, an adjusted

NS

Figure 2. Tidal phase relationships
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Technical

epoch can be computed which is independent of both longitude and the

- time meridian. This epoch has been designated as the Greenwich epoch,

G, and is related to the local epoch x of Equation 1 according to the
following:
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where p is the coefficient indicating the number of cycles per day (1 for diur-
nal and 2 for semidiurnal) and L is the longitude of the station. The epochs of
RP database are Greenwich epochs because the time series generated by
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ually generate an equilibrium surface elevation time series of data at any

location of the r‘nmpnfnhnna] domain shown in Fioure 1. This apnhcauon

A xS

provides the user a rapid capability of estimating tidal elevation data at
any location without use of computer support.
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One application of the database is to provide a means of specifying a re-
alistic tidal elevation at some specific location but not to provide a tide
prediction that is accurate in both magnitude and time of high and low
tide. Because the precise time of arrival of the tide is not important in a
long-term disposal site stability application, only the Greenwich epochs
are used. Therefore, the following example demonstrates the generation
of an equﬂibrium tide in which the nodal factor fis 1.0, the equilibrium ar-
gument (V, + u) is 0.0, ana tne 1oca1 epo K is replacea by the Green-
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To reconstruct the tide for any location, the values of the amplitudes
and Greenwich epochs for a particular location must be extracted from the
database. For the manual reconstruction approach, detailed co-tidal charts
are provided in Westerink, Luettich, and Scheffner (1993). An example of
the M, charts for the east coast is shown in Figure 3 for amplitude and in
Figure 4 for Greenwich epoch. The steps described in the following para-
graphs are performed to generate, or resynthesize, a tidal signal.
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Step 1

Interpolate amplitudes and phases for the eight astronomical constitu-
ents from the co-tidal charts. For the Duck, NC, example presented
above, the amplitudes and Greenwich epochs shown in Table 2 were ex-
tracted from Westerink, Luettich, and Scheffner (1993). The constituent
speeds shown in the table are readily available from sources such as
Schureman (1958) or Dronkers (1964).

Table 2. Harmonic Arguments for Duck, North Carolina
Constituent Amplitude H, m Epoch G, deg Speed o, deg/hr
K4 0.092 ' 179 15.0410686
O, 0.066 183 13.9430356
P; 0.038 175 14.9589314
O 0.012 179 13.3986609
N, 0.14 354 28.4397296
M, 0.63 14 28.9841042
S, 0.11 57 30.0000000
K> 0.037 48 30.0821372
Step 2

Compute the tide signal according to Equation 1. The resynthesized
tidal elevation signal for the data between days 50 and 60 is shown in Fig-
ure 5.

Tidal Surface Elevation and Current Time
Series—Computer Generation

Tidal time series based on the surface elevation and current (1 and v
components) amplitude and the Greenwich epoch database are available
for mainframe or PC applications. The computer program that accesses
these data has the capability of computing equilibrium arguments (Equa-
tion 1) so that hindcast or forecast time series can be generated. There-
fore, either equilibrium time series or time-referenced time series can be
generated. Input to the program includes equilibrium or hindcast/fore-
cast option, length of desired time series and time increment between data

- points, location latitude and longitude if a hindcast/prediction is desired,
and starting time, in hour, day, month, and year.

The program-generated prompts for a 30-day tidal hindcast at Duck,
NC (latitude 36.1833, longitude 75.7333), beginning at 0000 hr on 1 July
1993, are shown in Figure 6. The generated time series is shown in Fig-
ure 7. Node factors, equilibrium argument amplitudes, and epochs (both

Technical Note DRP-1-13 (April 1994)



ok
(e}

LANELSENL B BUNL SRS BRNL NN BENLENEL SN SN S B

16 T

>
—_
—
—
—
—_—
——
—
>
—
o——

:
S v s SU0Y SULENRL RN T
Npm—

ELEVATION (M)
3

——————

—————
e e e,
L Lol e —y——

<
<
<
e
<
——
-~
-7
ey
=
e ————
e —.
7
T,

—15 1 P 1 1 1 1 | PP B T .
500 810 820 830 540 65.0 56.0 670 58.0 63.0 60.0
THE {DAYS)

RagtpnsB:Lareys tidep
ENTER 6 FOR QUL BR e TIDE §(V0 + U)=0,F=1
OR 1 FOR TIDAL HINDCAST/PREDICTION

fqux DESIRED DELT(HRS), LENGTH OF TIME SERIES(DAYS)
ENTER THE LONGITUDE AND LATITUDE FOR TIDAL INFORMATION OUTPUT
Lw&ui;d‘f_ {DEG E OF GREENWICH 15 +, DEG W OF GREENWICH IS -):
. LATITUDE (DEG N OF EGUATOR 15 +, DEG § OF EQUATOR 1S -3

YRrdVOY

3=

0.,
3ﬁ Y TIDE PREDICTION STARTING: HR- 0.00, DaY- 1, MONTH-

Tk AW

STOP  (called by $MAIN )
S, Hallclock: 149.492s, 0.4Y of 8-CPU Machin
: 183447, HAM stack: 2048, Stack overflows: 0

-'-in

ts for Duck, N, tide hindcast for July 1993

Technical Note DRP-1-13 (April 1994)



11

1893/7/1/ 0.00

TIME (DAYS)

July 1993

30 DAY PREDICTED TIME SERIES RT: LONGITUDE 75.7333, LATITUDE 36.1633

q STARTING TIME (YR/MO/DY/HR} =

K . 5
o —
« * e
- - T e
—— « ———— — "
s : S
e — Q
= R c Fv R IR —
— S — “ —w
e ! - ———
- L ST N Q o S Q .
e e o — e -1 e e
. - —
— o — T ————
f— e —
= Q —— e
— o —
e ~ o — ~ )
= —pe-
=== o— - ———
pwe—— - P
2 e g = — :
e p— e — ] — e =
m - lﬂmv - ———
0 —_— n —t=
—~—== >3 Eo > e
= az el a Bm—— —— T
= aag - =] — @
= -~ bam - = = o
IHMH - An"' - ) -
t C —r——
r = g ==
& = = ps
= o el a —— o
e - Muv - gt -
T > —f—
,M"u-
Eoe
Iﬁmm“ﬂ» < — g — S
= E—— o — o ) (3
— - T p—
r - ew o Ty
- e st P
- ! et B
i o — nw o ~——— o
— e s i < s < e <
s “ll:ll! hva e P —
— == | == ———rr
i v— —
Q —t a . -
. jq " — - 5 ‘mwﬂ' 3
—
L.rh —= - -
P Q
T 9°0 08°0 S2°0 (0°0 ST°(~08°0-$L°060° T~ u'st 001 g's 0°0 0’8~ 001~ 0°Sl~ 0°st  u°ot 0°’s o0 0°s~ (0T« 0°S1~

(SYIL3W) IH9IZH (J3S/KWQ) ALIQOTIA (ISHE) N (03S/H3) XLISUTIA (HIMON) A

Technical Note DRP-1-13 (April 1994)



—
N

x and G), and time series used to generate Figure 7 are contained in a file
named tide.plot, shown in part in Figure 8.

A database of tidal elevation and current astronomical arguments has
r the east coast of the United States, Gulf of Mexico,
o-tidal charts of s 7ation amplitu ne
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1.0 HOUR TIME IRCREMENT 1 75.73330 36.18330

30 DAY TIDE PREDICTION STARTING: HR- 0.00, DAY- 1, MONTH- 7 YEAR- 1933
CONST NODE  EQ ARG ELEVATION EAST VELOCITY NORTH VELOCITY

sl

NAME FACTOR (DEG) AMP(M) G(DEG)K(DEG) AFMP(M) G(DEG)K(DEG) AMP(M) G(DEG)K(DEE)

o
el
£
~J
'™
>
=3
e
43
N
¥
()
g
rd
=
R
3
~J
=
r4
ol
D
"5l
[
N

KI 0,97400 197.79 0.0923 178.4 103.6 0.0625 327.5 251.8 0.0848 141.2 65.5
01 0.95771 242.59 0.0659 183.6 107.8 0.0017 338.1 262.4 0.0033 154.0 78.2
P1 1.00000 170.54 0.0361 173.5 95.8 0.00i0 3i2.2 236.5 0.0020 125.4 45.6
01 0.395771 183.51 0.0121 179.3 103.5 0.0002 340.6 264.8 0.0004 154.8 79.0
N2 101291 2546 0'15% 3540 2026 071 1147 3233 00079 2827 1313
Me 1.01&31 U4.99 U.b233 13.7 224,24 U.UZB3 134.8 3%1.0 U.Ur43 £32.7 158.9
52 1.00000 360,00 0.1119 57.2 2653.7 0.0063 173.3 21.9 0.0161 342.6 191.1
K2 0,91871 215.28 0.0366 48.4 256.9 0.0020 163.4 11.% 0.0052 332.8 181.3

TIME (HRS) ANPLITUDE (M) EAST VELOCITY (M/SEC) NORTH VELGCITY (M/SEC)

0.000 -0.66711 0.00847 -0,00119
1.000 -0.50549 -0,00623 0.9035
2.000 -0,23205 -0.01886 0,06231
3.000 0.07807 -0.02563 0.07179
4.000 0.34191 -3.62533 6.06172
5.000 0.48%47 -0.01782 0.0343%6
£.000  0.48150 -0.00500 -0.00282
7.000 0.31546 0.00984 -0.04092
2.000 0.04525 0.02287 -0.06993
9.000 -0.26915 0.03063 ~0.08220
i0.000 -0.3397% §.030%4 -0.07419
11.000 -0.6918% 0.02346 -0.04733
12.000 -0.67884 0.00978 -0,00780
13.000 -0.49465 -0.00694 §.03500
14,000 -0.1738¢6 -0.02272 0.07078
15,000 0.20672 -0.03378 0.09081
1b,00y U, U =Y. U03/8& U UAHLS
17.000 0.81500 -0.03272 0.06891
18.000 0.89741 -0.02077 g.03211
13,000 0.79224 -5.00440 -2.01138
20.000 0.32379 0.01248 -0.05111
21.000  0.15483 0.02588 0.07793
&£ U0 —U.2£009 U.UJILD0 —U ..U0%D"
23,000 -0.53840 0.03140 -0.070%0
24,000 -0.70549 0.02258 -0.04018
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as the capability of computing equilibrium arguments for tidal hindcasts

or predlctlons, is available to users with mainframe or PC capabilities.

The intended purpose of the database is to generate time-independent
realistic tidal data for a specific location for use as boundary conditions
for the long-term fate model LTFATE. However, tidal elevation and cur-
rent hindcast or prediction capabilities are available as an alternative to
published tide tables that give only high and low tide predictions. The
DRP database therefore represents an improvement to the tide tables be-
cause it prov1aes a capabmty of generatmg a continuous tidal 51gna1 for
any time period at any location in the computational domain shown in
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