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EMPIRICAL MODEL FOR TIDES
IN THE
WESTERN NORTH ATLANTIC OCEAN

Harold 0. Mofjeld
ABSTRACT

This report describes an empirical tide model
for the western North Atlantic ocean which pre-
dicts the semi-daily and daily tides relative to
mean sea level. The model interpolates harmonic
constants from three reference stations on a Mer-
cator projection to obtain constants at a given
location, from which the tides are then computed.
The geographic region over which the model predicts
tides within a standard deviation of 5 cm was
determined through a comparison with data from
test tide stations. A set of FORTRAN subroutines
and their use are described, allowing a user to
implement the model. Minor modifications of two
subroutines are required to extend the period of
the model 1973-1978 to either earlier or later

- perlods.,

1. INTRODUCTION

This tide model, developed by the author under NASA Con-
tract Number 369-07-01-17-53, is designed to provide sea-
surface displacement information for tides in the western
North Atlantic Ocean. The model is a set of computer sub-
routines which compute the tidal displacement from mean sea
level, given the coordinates of the desired location and
the desired date and time. It can be used to generate a
time series at a given location, the geographical distribu-
tion of tidal height at a given instant, and/or the tidal
height under a satellite as it passes over the model area.

The model was developed in support of the GEOS-III satellite
program to measure tides from space; the model area corre-
sponds to part of the calibration area for this satellite.

The tidal displacement is computed from a set of harmonic
constants which have been obtained by linear interpolation
on a Mercator projection of harmonic constants at three
reference stations. The latter constants were found through
analysis of actual pressure or sea level observations. Figure 1
shows the western North Atlantic Ocean reference and test
stations and a cross-hatched area indicating where the model
is applicable as estimated from an accuracy criterion applied
at test stations. Table 1 lists the locations of the reference
stations, the periods over which the observations were made, the
analysis method, literature references, and harmonic constants.
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Figure 1. GEOS-III calibration area in the western Atlantic
with reference and test stations and the geographical extent
of the GE0S-II1 tide model as defined by the cross-hatched
region.




Location

Gage type
Observation period
Type of analysis
References

Constituents

Table 1.

Bermuda
32024N, -64942E

Shore gage
1950-1951,
1553-1954,

1956-1957
Response method

Zetler et al.

(1975)
Amplitude Phase
0.5  358.3
0.082 337.7
0.081 24.2
0.621 22.7
0.066 187.0
0.053 192.1
0.020 187.8
0.011 186.6

Reference Stations

MODE/AOML-1
28°08N, -69C45F

Bottom pressure
gage

11 Mar. -
29 June 1973

Response method

Zetler et al.

(1975)
Amplitude Phase
.55 0%
0.080 339.8
0.071 30.8
0.019 29.9
0.077  194.7
0.061 197.6
0.024 195.2
0.013 193.3

SCQPE
30°26N, -76925E

Bottom pressure
gage

18 Sept. 1973 -
20 Mar. 1974

Response method

Pearson

(1975)
Amplitude Phase

(m) (°6)
0.434 357.6
0.106 335.7
0.082 23.1
0.018 (21.6)
0.096 189.8
0.073 194.3
0.032 189.8
0.014 183.8




The accuracy of the model depends on several factors:

How accurately the harmonic constants have been determined at
the reference stations, how well the interpolation scheme fol-
lows the actual distribution of harmonic constants, and whether
the limited number of harmonic constants used in the model
adeguately describe the tides. The goal of the model is to
rrovide tidal displacements above mean sea level within +5 cm
standard deviation in the area shown in figure 1. Eight
harmonic constants have been selected for the model: four daily
constituents, Kj, 0Oq, P71, Q;; and four semi-daily constituents,
M2, N9, Sy, Ky. These eight constituents contain almost all
the energy in the daily and semi-daily tidal frequency bands.

Lower frequency, minor daily and semi-daily, and higher
frequency sea-level fluctuations are not included in the model.
A discussion of the excluded fluctuations and their behavior in
the western Atlantic can be found in Zetler et al. (1975), and
Brown et al. (1975). The observations at the reference stations
are measurements of either bottom pressure or sea level. Such
measurements do not include displacements of the sea surface
caused by the vertical motion of the bottom; the model therefore
does not contain earth tides.

A comparison of tidal heights as obtained from observa-
tions at the MODE/AOML-1 station with predictions of the model
is shown in figure 2. The standard deviation of model from
the observations for the duration of the AOML-1 record is 3.0 cm.
The observations have been filtered to remove fluctuations
at frequencies lower than tidal bands.

The area within which the model should meet the +5 cm
accuracy criterion was obtained through a study of tidal dis-
tributions for the Atlantic Ocean as given by Dietrich (1963)
and through a comparison of harmonic stations at tide stations
other than the reference stations. There is good agreement
at the NC (North Carolina) station. The model's predictions
should therefore be accurate as far north as 35°N, near the
continental shelf.

The discrepancies at Eleuthera Island and Puerto Rico
stations define the southern 1imit of the model as shown
in figure 1. The differences in harmonic constants between the
model and these latter stations, as given in table 2, result
from changes in the tidal regime between the western and
equatorial Atlantic Oceans and from more localized influences of
tidal regimes behind the islands, extending through the passes
between the islands. A clear example of variations in tides
near passes can be seen in table 2 by comparing the two Eleuthera
Island stations shown in figure 3. The tidal regime on the
Bahama Banks influences the tides at both stations; Eleuthera I,
to a greater extent with smaller tidal amplitudes and later
phases, than Eleuthera II, which is farther from island passes.
Neither station can be considered representative of the open
ocean.

Through studies such as Redfield (1958), it is clear
that, on the continental shelves, tidal amplitudes and phases
change over distances which are short compared with distances
over which amplitudes and phases vary in the western Atlantic
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Figure 2.

Comparison of observed and predicted sea-surfqce

disglacements at the MODE/AOML-1 reference station (28008N,
-88 45E) for the interval 18-21 Mar. 1873.




Location

Gage type
Observation
period

Type of analysis

Reference

Constituents

Table 2. Comparison of Model with Test Stations

North Carolina Station 1
32941.5'N, -75937.5'E
Bottom pressure gage

9 July - 6 Aug. 1972
Harmonic Model

Mofjeld, 1972

Amplitude Phase Amplitude

m) (%) (m)
0.481 356 0.4574
0.093 339 0.1123
0.072 27 0.0891
(0.020) (27)  0.0193
0.101 185  0.0955
0.077 192 0.0721
(0.033)  (185)  0.0320
(0.015) (185)  0.0135

Phase

(°6)
356
334

20

17
186
192
187
179

San Juan, Puerto Rico, Station
18°29'N, -66°07'E

Shore gage

1899; 191 1/2-day duration

Harmonic Model

UsCcgGS, 1942

Amplitude Phase Amplitude Phase
(m) (°6) (m) (°G)
0.149 18 0.2021 16
0.034 4 0.0409 2
0.021 39 0.0518 65
(0.006) (38) 0.0187 54
0.082 228 0.0680 216
0.073 227 0.0551 211
0.027 228 0.0191 220
0.015 227 0.0154 213




Table 2.

Location

Gage type
Observation
period

Type of analysis

Reference

Constituent

Comparison of Model with Test Stations--(Continued)

Eleuthera I

(25916.1'N, -76°17.2'E)

. Shore gage

1-29 Sept. 19674

Harmonic

Carrier (1975)

Amplitude Phase

(m) (°G)
0.344 6.7
0.096 346.7
0.058 29.5
0.016 29.5
0.076 213.8
0.061 204.8
0.025 213.8
0.012 20.3

Model

Amplitude
(m)

0.367
0.087
0.067
0.016
0.093
0.072
0.030
0.015

Phase
(°6)

1.2
339.7
34.72
34.8
197.5
199.8
197.2
184.3

Eleuthera II

(24°55.8'N, -76°09.2'E)

Shore gage

1946; 369-day duration

Harmonic

Goodman (1975)

Amplitude Phase

(m) (°6)
0.321 20.3
0.071 0.3
0.052 48.3
0.013 39.0
0.084 209.,0
0.065 212.3
0.026 213.8
0.013 209.3

Model

Amplitude
(m)

0.
0.

361
080

.066
.016
.093
.072
.030
.015

Phase
(°6)

1.5
340.1
35.2
35.8
198.0
200.2
197.8
195.0
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FPigure 8. Tide stations Eleuthera I and FEleuthera II located
in the Bahamas near passes between Eleuthera and adjacent
islands.




Ocean. The GEOS-III tide model is based on harmonic constants
from the open ocean and is applicable only where the tidal
amplitude and phase variations have oceanic rather than shelf
spatial scales. The model should be used seaward of the 2000-m
depth contour. If extrapolated into shallower water, the model
wlll underestimate the tidal amplitudes, The discrepancy increas-
es rapidly shoreward of the 200-m depth contour.

While it is traditional in tidal prediction calculations
to fix the node factors at a single set of values for time
series up to 1 year in duration, the model computes the in-
stantaneous node factors for each time. The more accurate pro-
cedure 1s used for two reasons: First, the operational period
of the GEOS-III satellite coincides with a period in which the
- node factors are changing rapidly, and hence the fixed factors
are likely to differ significantly from the correct values; and
second, variable node factors allow direct comparisons between
results of the model and observations obtained several years
before the launch date of the satellite. The additional computer
time required to compute the node factors is not significant.

Because of assumptions used in establishing the time base
of the model and because of assumptions made about the functional
dependence of the node factors on time, the model should be
used only within the time period 1973-1978. Extending this
period requires simple modifications of subroutines TIME and
NODE.

In the open ocear the sea surface is fluctuating about
a time-independent mean because of several processes of which
ocean tides produce some of the largest displacements. In the
GEOS-II1 calibration area, tidal displacements amount to about
+0.5 m. Other processes such as time-dependent currents,
atmospherically induced, low frequency waves, seasonal heating
and cooling (steric anomaly), and earth tides may produce
displacements of perhaps +0.1 m. The region of the Gulf Stream
in the calibration area is subject to meanders of the current
which can produce sea surface fluctuations as large as 1 m.
If the altimeter of the GE0S-IYI is found to have sufficient
resolution, these processes must be included in any analysis
scheme to remove and/or study time-dependent sea surface fluctua-
tions in the altimetry data.

2. FUNDAMENTAL FORMULAS

The sea surface displacement at a given time and location
is computed using the expression

8
h =iZ% fiA; cos (o3t - z3) , (1)

where f., Ay, o;, and ¢; are the node factor, amplitude,
frequency, and phase lag of the i-th tidal constitutent and t is
the time relative to 0000 GMT 1 March 1975. The frequencies of
the eight principal constituents are obtained from Schureman
(1941); all other quantities are computed by the model.

9




The node :ac.2rs £; are computed from cubic polynomials,
derived from Stirling's interpolation formula applied to values

for the middle of each year 1973-1977, as found in Schureman
(1941},

- 2 3
f; = aj +bj u+cy;ou” o+ d; v’ , (2)

where aj, bj, c¢i, and d; are coefficients, and u = t-tgy, and
t, being the time lag in hours from the start time of the
model to 0000 GMT 1 July 1975. i

The amplitudes Aj and phase lags r; are computed from
the complex harmonic constants H; = Hi

i» i E
( N ,.2) 1/2 |
A; = \Hj + Hj | , (3)
and
1] T
r; = arctan (H; / Hj) . (4)

The complex harmonic constants are computed at a given
location by the linear polynomial

iy :(Hi,l) x (Hi,z) y+H 3, (5

where Hj 1, Hi 2, and H. are coe€fficients and x and y are
the zonal and meridionai’ﬁercator coordinates, corresponding

to the latitude 8 and east longitude x of the location, measured
westward as a negative quantity from 0CE:

X =1k 5 (6)

and

y = 1n {tan ( 45° + ¢/2 )} . (7)

The coefficients Hj s are found by fitting equation (5) to
complex harmonic constants (Greenwich phase adjusted to 0000 GMT
1 March 1975) at three reference stations, using the Mercator
coordinates. Contour maps of the real and imaginary parts of

the complex harmonic constants for M; and Ky are shown in
figure 4.

10
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3. USE OF THE MODEL

A straightforward application of the model would be to
call TIME first to obtain the time T from the date and time
in Greenwich Mean Time and then to call TIDE with T and the
latitude THETA and longitude LAMBDA to obtain the sea surface
displacement at that time and place. By repeating the TIDE
call at different locations but using the same time T, the
spatial distribution of the sea surface displacement at that
instant can be obtained for the calibration area. Figure 5
gives contour maps of sea level during a semi-daily tidal cycle,
using this procedure to generate the distributions over a grid
at successive times. Contour maps of sea level within the
model area are shown in figure 5 at 3-hr intervals, beginning
0000 GMT 1 March 1975. The maps illustrate the distribution
of tidal deviation from mean sea level during a semi-daily
tidal cycle. For a satellite passing over the calibration area
in a time period which is short compared with the tidal periods,
the displacement under the satellite may be obtained by fixing
T and computing the displacements at a series of locations
under the trajectory. Time series can be obtained by using
the entry point TIDEl in subroutine TIDE, as was done to
generate the time series in figure 3. TIDE must be called
once to establish the harmonic constants at the desired location,
after which TIDEl may be called in a D@ loop to generate the
time series.
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Figure 5a. Sea surface displace-
ment at 0000 GMT 1 Mar. 18975.
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4. COMPUTER SUBROUTINES AND FUNCTIONS

Following are descriptions of the subroutines and func-
tions which comprise the tide model:

SUBROUTINE TIME (YEAR, MONTH, DAY, HOUR, MINUTE, SECOND, T)

Given the date in YEAR, MONTH (floating-point variable),
and DAY and the time in HOUR, MINUTE (floating-point variable},
and SECOND in Greenwich Mean Time, TIME computes the time
elapsed in hours T since 0000 GMT 1 March 1975. This subroutine
accounts for only 1 leap year 1976 and is valid only for the
period 1 March 1972 - 29 February 1980.

Example: CALL TIME (1975.0, 3.0, 1.0, 0.0, 0.0, 0.000, T)

SUBROUTINE TIDE (THETA, LAMBDA, T, HEIGHT)

As input data, the user provides TIDE with the latitude
THETA and east longitude LAMBDA (floating-point variable given
as a negative quantity, measured westward from 09E), both
in degrees, and the elapsed-time T in hours since 0000 GMT
1 March 1975 as obtained from TIME. TIDE then returns the sea
surface displacement from the time mean in meters at that loca-
tion and time.

Example: CALL TIDE (28.00, -69.40, T, HEIGHT)

ENTRY TIDE1l (T, HEIGHT)

This entry point in TIDE is used to produce time series
at a given location whose harmonic constants need not be
recomputed at each time step. TIDE must be called at least
gnce to establish the harmonic constants after which TIDEl may

e used.
Example: CALL TIDE1l (TO+FLOAT (IT), HEIGHT) where IT is the
index of a DY loop and TO is the initial start time of the
series.

SUBROUTINE CONST (H)

CANST contains the harmonic constants at the reference
stations and equilibrium-phase information relative to 0000 GMT
1 March 1975. When called by TIDE, CPNST returns a complex
array H(I,J) of coefficients that is used in subroutine AMPL
to compute the harmonic constants at a given location. C@NST
need be called only once,

Example: CALL C@NST (H)

SUBROUTINE L@CATE (THETA, LAMBDA, X, Y)

Using the latitude THETA in degrees and the east longi-
tude LAMBDA (floating-point) in degrees, L@CATE returns the
zonal and meridonal Mercator coordinates X and Y, respectively,
where the origin is assumed to be 0PN, 0°E. This subroutine

14




neglects the earth's eccentricity in the computations of Y.
Example: CALL L@CATE (28.00, -69.40, X, Y)

SUBROUTINE AMPL (X, Y, H, A, Z)

From the Mercator coordinates X and Y, obtained from
LBCATE, and the coefficient array H, obtained from C{PNST,
AMPL uses a linear interpolation scheme to compute the amplitudes
A and phases Z, relative to 0000 GMT 1 March 1975, of the
eight tidal constituents Mz, Nz, Sz, Kz, K3, 01, P;, and Ql‘
Example: CALL AMPL (X, Y, H, A, Z)

SUBROUTINE N@DE (T, F)

Given the time T, N@DE returns an array F(I) of node
factors which adjust the amplitudes of the harmonic constants
for their 8.7 and 19-yr cycles. :

Example: CALL N@DE (-2000.0,F)

FUNCTION SUM (F, A, Z, T)

Using the node factors F, the amplitudes A and phases Z
of the eight principal tidal constituents and the time T, SUM
computes the sea surface displacements caused by water tides
in meters.

Example: HEICHT = SUM (F, A, Z, T)
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7. APPENDIX

Listings of the model's FORTRAN subroutines are given

below:

R EkI

ogunol
guonn2
000nn3
0u0noL
goonps
vaun06
guoany
puonys
0uoNnng
00on1o
000011
oouniz2
uouaLs
oooni14
000on1s
opoonle
Qoun17
goonis
ouonig
guun20
000n21
gupp22
uuon23
Juon2y
Guon2s
oooun2e
ouun27

2e

LIsd

TIME»1,750326 40045

TINE

oo n

1

1

SUBROUTINE TIME( YEAR» MOMIH, DAY, HOUR, MINUTE, SECONDy T )

S
S

)
n

0

T
I

GEOS=~C TIDE MODEL-

SURPOUTIMNE TO COMPUTE TIME T LN HOURS

T = D AT 0B000Z T MARCH 75

UBHOUTINE WRITTEM BY H, MOFJELD: NOAA/AOML, MIAMI» FLA., 33149
UBROUTIME REVISEN 6 FEB 75

EAL MOMTH, MINUTE

IMENSION AMO 12 )

ALA AM 7 31,0 2H,0s 31.0r 300 31.0s 30,0r. 310 31,0, 30.0¢
31,0, 30.Ur 31,0 /

Y = 8760.0 * ( YEAR = 1975,Nn )
F{ YEAR = 1976.0 ) 10:8:9

IF{ MONTH = 2.0 ) 10,10,9

T
™

Y = TY + 24,0
aX = IFIX( MONTH = 0,999 )

™ = @g,0
IF(‘MAX +EG, U ) 50 TO 2

n
T

T

F

01 1 =1, MAX
Moz TM + 24,0 % AM( 1 )

= TY 4 TM + 24,10 % DAY + HNUK + MINUTE /7 6U.0 + SECOND 7/ 3600.n
= 14430,0

RETMIRM

ND
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R EL] TIDEs1,75032b¢ 40046

000oN1 SUBROUTINE TIDE{ THETAs LAMBRA» Ty HELGHT )
000n02 C

000003 C GEOS~C TIDE MODEL FOR THE CaLIBRATION AREA
Q00ADY o SEA SURFACE HEIGHT COMPUTED FROM LATITUDE THETA, EAST LONGITUDE
00000% C LAMBDA, AND TIME T IN HOURS FROM DpOUZ 1 MARCH 7S5
g00006 C SURROUTINE TIME [S CALLED BEFURE 1IDE

000007 c SUBROUTIME WRITTEN BY H, MOFJUELDs NQAAZAOML, MIAMI, FLA, 331u9
000008 C SUBROUTINE REVISEP & FEB 75

vouny9 REAL LAMBDA

ouon10 COMPLEX H( 3¢8 )

0uon11 DIMENSION A{ 8 )9 Z( & )¢ F( 8 )

guuni2 ¢

V00n13 o INITIAL SET=UP OF HARMONIC CONSTANTS

ouonly c

000nN1s IFC ITAG = 5 ) 10+20,10

uuBn16 11 CALL CONST{ H )

000017 PRINT 2o ¢ ( leJe H(IsJ)rdz1,8), I=143)
0o0N18 1 FORMAT( SH HI ¢ I%e IHy, 11, 8H ) =, 2F10.5 )
000019 ITAG = 5

0u0nz0 20 CONTINUF

uuonz: c

oUOnz2 CALL LOCATE( THETA, LAMBDAs X» Y )

000n2.3 C

uson24 CALL AMPL{ Xy Y, He At Z )

000025 c

guun2e EMTRY TIDEL( Ts HFIGH! )

0uun27 CALL NODEC Ty F )

U00n28 HEIGHT = SUML F, 8¢ Z¢ T )

000029 ¢

ggun3p RE TURNM

00031 END

3., LI®1 CONST
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fd ELE CONST1,750326, 40048

uuonol1 SUBROUTIME CONST( H )

gvonoz c

ugond3 C GEOS=C TIDE MODEL

Guunoy C SURROQUTIMNE TO COMPUTE THE CNMPLFX COEFS FOR SUBROUTINE AMPL
oounos c STAFT TIME 0000Z 1 MARCH 75

oounos c THE COMPLEX HARMONIC CONSTAMIS ARE ASSUMED TO LIE ON PLANES
aoono7 [ RETWEEN REFEREMCE STATIONS

Goonng C ORNER OF CONSTITUENTS M2, N2y 529 K2» Kls Ole P1, @1

goungo [ LONGTI TUNES EAST FROM GREENWICH

aeon1g c SUBROUTIME WRITTEN BY K, MOFJELDe NOAA/AOML, MIAMIy FLA. 33189
guon1l c SUBROUTINE REVISED 6 FER 75

gooni2 c

Quon13 REAL L1y L2y L3

udUnty COMPLEX H{ 398 )y H1{ 8 )» H2( 8 }» H3( B )» CEXP

guonls DIMENSIONM ALC 8 )r A2 8 )¢ ASC R)é PLC B }r P2( B }» P3L 8 1+
uo0nle 1v( &)

oQon1Y C

000n1a C SCOFE BOTTOM STATION ( REF. C. PEARSONs DEEF-SEA TIDE ORSERVATINNS OFF
goonig C THE SUUTHEASTERN MMITED STATESe IN PREPARATION )

uuonzo c

oognzZl DATA -Tly L1 / 30,43, =76,42/

Lvigna22 1Al / 0,034y U.i0hs G.082r 0,018 0,096 0,073y 0,032 0.014 /
000n23 2 Fl / 357.6r 335.7¢ 23.1r 21.6r 189,88, 194,3r 189.8, 183.8 /
000n2y »

uoun2y C RERMIIDA ISLAMD STATION ( REF, ZETLER ET ALs MODE TIDES» JRO,
ooonze C TN PRESS )

0o0n27 C

goonz2s DATA T2y L2 / 32,4 =64,7 /

goynzy 1 A2 7 D.356, 0,042, U.0R1s N.U22+ 0.U66, D,U53, 0,020, 0,011 /
vognzo 2 P2 7 3h8.3r 337.7y 24,2 2Py 1B7,0s 192,1s 187.87 1B6.6 /
ovonsl C

Qoon32 C MODF ACQML=1 ROTTOM STATIOM ( RWEF, IRIB, )

000Nn33 c

ooonsy DATA T3 L3 7/ 28,14y =AQ75 /

U00n3s 1 A3 s 0,345, 0,080 0,071y 0,019, 0,077 0,061 G,024» 0,013 7
00on%e 2 P3 / G.by 339,80 3048, 29,9 194,77 197.6y 195%.2y 193.3 /
uuons? C

oronsag C FRUILIBRIUM PHASES RELATIVE TO 0000 GMT 1 MAR 75

000039 C

ouengg nATA .

ouona]l 1 V / 2B7.3r 2448.,% 0.0y 332,.1r 764tr 206,8¢ 291.9¢ 164,0 /
00onn2 2 PI 7/ 1, Tu8A293F=2 /

goynu3 [«

000Ny y nYJ0 IF 1.8

ouonus H1{ T ) = AL(LY = CEXP{ CMPLX{ 0.0 PIx{ PL{L)=V(I}) } ) )
gounug H24{1) = A2(I) # CEXP( CMPLX{ Us0r PI * ( P2(1L)=V(I) )} ) )
soonyy 11 H30 T ) = A3(L) = CEXP{ CMPLY{ D.0» PI % t PII)=V(I) ) ) 1}
oounug C

Uoonug CALL LOCATE( 11, L), X1, Y1)

goonso CaLt LOCAIE( T2, L2y X2, Y2 )

0oons1 CALL LOCATE( T3, L3, X3, Y3 )

ugons2 [

o0uons3 DET = X14%( Y2=Y3 ) + XZ%[ Y3=Y1l )} + X3%( YL - Y2 )

vopnsy no 20 I = 1,8
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000055 H{1eI) = H1{I}x( Y2=¥3) + H2{I)x{ Y3=Y1 } + H3{I)*{ Yl=Y2 )
ouonse HI2:T) = HI(I)*{ ¥3=X2 ) + H2UIT*( X1-X3 ) + HI(I)}=( X2-X1 )

uounNs7 HESPT) = HI(I)* ( X2%Y3=X3kY2 ) + H2(I)*( X3I%Y1-X1%xY3 )
goonss 1 4 H3(D) *x { XI#Y2=X2x%Y1l )

000059 C

0000K0 H{lsI} = H{1,1) / DET

g00n61 H(2:T) = H(2.1) / DET

poong2 20 H{3rI} = H{3s1) 7 DET

0oone3 c

000n6L RETURN

0ooa6b FEND

4, LI LOCATE
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000nQ1
Quunng
guann3
poonoyg
000nos
gounng
guono7
tuuans
ugoang
guonl0
goonia
voons2
Quun13
goon1y
udon1s
000nl1e

Sa

B ELI

LIbl

LOCATE, 1750327, 4up21

AMPL,

[sNeNsRsRu NSl

SUBROUTINE LOCATE( THETAr LAVMAUAr X, Y )

GEOS-C TIDE MODEL

SUBRQUTINE TO COMPUTE MERCATOR COORDINATES FROM LAT AND LONG
ORIGIN A1 O N OF
SUBROUTINE WRITTEM BY H, MOFJELD, NQAA/AOML, MIAMI, FLA. 3314
SUBRFOUTINME REVISED 2% MAR 75

REAL LAMBDA

DATA PIy E / 1,7493293E-2» 8,18194948=2 /
X = Pl x LAMBDA

Y1 = TANC PI%x( 45, + THETA/2. ) )
Y=ALOG(Y1)

RETURN
END

rU.S. GOVERNMENT PRINTING OFFICE: 1975 — 677-347 / 1214 REGION NO. 8
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gounol
0oono2
g00n03
000004
ouo0n0d
000006
oouno?
oaon0s
Q00nu9
00on10
0ounll
oooupl2
ooont3
ouont
000n15
ouonie
goont?
ouonls

6!

» ELI

LI}

AMPL ¢ 1, 750326 40049

NODE

ODOQO0O00

10

SUBROUTIME AMPL{ Xr Ys He Ay Z }

GEOS=C TIDE MODEL

SURRUUTINE TO COMPUTE THE AMPLITUDES A AND GREENWICH PHASES Z
SUBHOUTINE WRITTEM BY H, MOFJELDs NQAA/AOMLy MIAMI» FLA. 33149
SUBROUTIME REVISEN 6 FER 75

COMPLEX H( 3,8 )y HC
DIMENSION Z2( 8 )» AL 8 )
NATA R / 1,74H329%E«~2 /

rG 1IN 1 = 1,8

HEC = H{L1eI) % X +-H(2¢1) = Y + H(3»])

At 1 ) = CABS{ HC )

Z{ Iy = ATANZ2( AIMAG{ HC ), HEAL{ HC )} ) / R

RETURN
END
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W ELL NODEfLl, 750326¢ 40050

oounny SURROUTINE NODE( T F )

vuonp2 [

ouunn3 o GEOSL=C TIPE MODEL

goonng c SURFNUTINE TO ADJIST AMPLITUNES FOR NODE FACIORS USING STIRLINGS
6oonas C INTERPOLATIOM FCRMULA ON DATA FROM TABLE 14 UF P, SCHUREMAN,
oguare C MANUAL OF HARMOMIC AMALYSIS #NU. PREDICTIOM OF TIDESs DEPT. OF
poonny Cc COMMERCFE SPECIAL YUBL. NO. 98 1941,

Qlunng C ORDER QOF COMSTITUENMTS M2y M2» SZy K2 K1y 01, Ple Q1

go0nN9 C SUBHNUTINE WRITTEM BY H, MOF.JELD / NOAAS ACML/ MIAMIs FLA,
uuen1o C 30 JAN V5

Goon11 C

goonla NIMEMSINON F{ 8 )

goun13 = T=2925.0 ) / 8760,N0

ouoniy Fil) = 1.020 + { 9,0107 4 ( =N,001% = 1,7E=4 *x U } ¥ U ) * Y
000n15 Fl2) = Fll}

Qoonls . F(3Y = 1,000

ouonLy F(%) = D871 + ( =D,0777 + ( 0.009b + 00,0017 x U} ) x U } * U
ogunis F(5) = n,951 + ( =0,U385 + ( L.0025 + 0,001 * U ) % U )} * U
ogontg Fib)y = 0,920 + ( =0,0619 + ( G.0U035 + 0,UULG » U ) % U ) % U
opun20 F{7) = 1.000D

ouonezl Fld) = Fib)

augn2z c

uuune3 BETURN

gopnzy 3y}

7. LIST Sum
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W ELd

gounel
vounD2
ouono3
ooonoY
oounnsS
0nonDe
ouunov
uopnos
gounny
tuoa10
voon1l
ooun12
poon13
guonly
uguals
goonte
o007
guen1g
ouUn1g
goonra
Jqugn2il

SUMr1, 70326 40OUB]

COoOOO0000

110

FUNCTIOM SUMt Fy 8y Z» T 1}

GEOS=C TICE MOPEL

FUNCTINN TU COMPUTE FHE SEA SURFACE DISPLACEMENT FROM

HARMONIC CONSTAMYTS AND TIME

ORNMER OF COMSTITVIENTS ™2, N2, S2» K2¢ K1» U1, Ply @1
SUBKROUTINE WRITTEM BY H, MOFJELD, NOAM/AOML, MIAMI» FLA. 33149
SUBROUTINE REVISEN & FER 75

CIMENMSIOM A(C B )y Z0 B )» SO 8 )r F( 8 )

NATA S / 28,984104, 28,43973n, 30,8, 30,082137,
1 15,041069, 13,943056, 14,958931r 13.398661 /
2 R / 1,7453293E=-2 7/

SUM = 1,0

0O 100 M = 1.8

P = SIM) = T = 7(M)

IF( 1YG WNE, 2% ) PRINT 1, P

FORMATC( 16H PHASE FOR M2 =, 20,5 s/ )
ITG = 2%

SuM = SUNM 4+ FIN)xB{N) * COS{ R*P }

RF TURM

FMD

EMD LUR LCC 1102=-0058 L3
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