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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 1vhich 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 constan.ts 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 em 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 
periods. 

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, tho 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. 



-55"E 

Figure 1. GEOS-III calibration area in the western Atlantic 
with reference and test stations and the geographical extent 
of the GEOS-III tide model as defined by the cross-hatched 
region. 
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Table 1. Reference Stations 

Location Bermuda MODE/AOML-1 SCOPE 
32°24N, - 64°42E 28°08N, -69°45E 30°26N, -76°25E 

Gage type Shore gage Bottom pressure Bottom pressure 
gage gage 

Observation period 1950-1951, 11 Mar. - 18 Sept. 1973 -
1953-1954, 29 June 1973 20 Mar. 1974 
1956-1957 

Type of analysis Response method Response method Response method 

References Zetler et al. Zetler et al. Pearson 
(1975)- (1975)- (1975) 

Constituents Amplitude Phase Amplitude Phase Amplitude Phase 
(m) (OG) (m) (OG) (m) (0 G) 

"' M2 0.356 358.3 0.345 0.6 0.434 357.6 

N2 0.082 337.7 0.080 339.8 0.106 335.7 

s2 0.081 24.2 0.071 30.8 0.082 23.1 

K2 0.021 22.7 0.019 29.9 0.018 (21.6) 

Kl 0.066 187.0 0.077 194.7 0.096 189.8 

01 0.053 192.1 0.061 197.6 0.073 194.:i 

pl 0.020 187.8 0.024 195.2 0.032 189.il 

Q1 0.011 186.6 0.013 193.3 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 Jimited number of harmonic constants used in the model 
adequately describe the tides. The goal of the model is to 
provide tidal displacements above mean sea level within ±5 em 
standard deviation in the area shown in figure 1. Eight 
harmonic constants have been selected for the model: four daily 
constituents, K1, 01, P1, Ql; and four semi-daily constituents, 
~z, N2, S2, K2. 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 ~nclude 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 em. 
The observations have been filtered to remove fluctuations 
at frequencies lower than tidal bands. 

The area within which the model should meet the +5 em 
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 limit 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-surface 
disBlacements at the MODE/AOML-1 reference station (28°08N, 
-69 45E) for the interval 18-21 Mar. 1973. 
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Table 2. Comparison of Model with Test Stations 

Location North Carolina Station 1 San Juan, Puerto Rico, Station 
32°41.5'N, -75°37.5'E 18°29'N, -66°07'E 

Gage type Bottom pressure gage Shore gage 

Observation 
period 

9 July - 6 Aug. 1972 1899; 191 1/2-day duration 

Type of analysis Harmonic Model Harmonic Model 

Reference Mofj eld, 1972 USC&GS, 1942 

Constituents Amplitude Phase Amplitude Phase Amplitude Phase Amplitude Phase 
(m) (OG) (m) (OG) (m) (oG) (m) (OG) 

"' 
M2 0.481 356 0.4574 356 0.149 18 0.2021 16 

N2 0.093 339 0 .1123 334 0.034 4 0.0409 2 

s2 0.072 27 0.0891 20 0.021 39 0.0518 65 

K2 (0.020) (27) 0.0193 17 (0.006) (38) 0.0187 54 

Kl 0.101 185 0.0955 186 0.082 228 0.0680 216 

01 0.077 192 0.0721 192 0.073 227 0.0551 211 

pl (0. 033) (185) 0.0320 187 0.027 228 0.0191 220 

Ql (0.015) (185) 0.0135 179 0.015 227 0.0154 213 

........_ __ -



Table 2. Comparison of Model with Test Stations--(Continued) 

Location Eleuthera I 
(25°16.l'N, -76°17.2'E) 

Eleuthera II 
(24°55.8'N, -76°09.2'E) 

Gage type Shore gage Shore gage 

Observation 1-29 Sept. 1974 1946; 369-day duration 
period 

Type of analysis Harmonic Model Harmonic Model 

Reference Carrier (1975) Goodman (1975) 

Constituent Amplitude Phase Amplitude Phase Amplitude Phase Amplitude Phase 
(m) (OG) (m) (oG) (m) (oG) (m) (OG) 

" 
M2 0.344 6.7 0.367 1.2 0.321 20.3 0.361 1.5 

N2 0.096 346.7 0.087 339.7 0. 071 0. 3 0.080 340.1 

s2 0.058 2 9. 5 0.067 34.2 0.052 48.3 0.066 35.2 

K2 0 .• 016 29.5 0.016 34.8 0.013 39.0 0.016 35.8 

Kl 0.076 213.8 0.093 197.5 0.084 209.0 0.093 198.0 

sl 0.061 204.8 0.072 199.8 0.065 212.3 0.072 200.2 

pl 0.025 213.8 0.030 197.2 0.026 213.8 0.030 197.8 

Ql 0.012 20.3 0.015 194.3 0.013 209.3 0.015 195.0 



Ell 

0 Tl DE STATIONS 

Figure J. Tide stations Eleuthera I and Eleuthera II located 
in the Bahamas near passes between Eleuthera and adjacent 
islands. 
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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 
will 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 is 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 oc~a~ the sea surface is fluctuating about 
a time-independent mt~n because of several processes of which 
ocean tides produce some of the largest displacements. In the 
GEOS-III 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 GEOS-III is found to have sufficietit 
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 = L fiAi cos (crit - r;i) , 

i=l 
(1) 

where fi, Ai, cri, and r;i 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. 
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The node ,accors fi 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)' 

f- = a· + b· u + c- u2 + d:L- u3 , :L :L :L :L (2) 

where ai, bi, ci, and di are coefficients, and u = t-t 0 , and 
t 0 being the time lag in hours from the start time of the 
model to 0000 GMT 1 July 1975. 

The amplitudes Ai and phase lags si ar,e computed from 
the complex harmonic constants Hi = Hi, Hi , 

( 
I 2 

H- + \ :L 

and 

II I 

1; i = arctan ( Hi I Hi) 

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

(3) 

(4) 

(5) 

where Hi 1, Hi 2, and H- 3 are coe'fficients and x and y are 
the zonai and rl!eridional 'l\1ercator coordinates, corresponding 
to the latitude e and east longitude A of the location, measured 
westward as a negative quantity from 0°E: 

X = 11 A (6) 

and 

y = ln (7) 

The coefficients Hi j 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 M2 and K1 are shown in 
figure 4. 

10 



Figure 4a. Real part of the M
2 complex harmonia constant. 

Figure 4a. Real part of the K1 complex harmonia constant. 
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Figure 4b. Imaginary part of the 
M2 complex harmonia constant. 

Figure 4d. Imaginary part of the 
K1 complex harmonia constant. 



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 
DODO 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 TIDE! 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 TIDE! may be called in a D0 loop to generate the · 
time series. 

Figure Sa. Sea surface dispZaae­
ment at 0000 GMT 1 Mar. 1975. 
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Figure 5b. Sea surface displace­
ment at 0300 GMT 1 Mar. 19?5. 

Figure 5d. Sea surface displace­
ment at 0900 GMT 1 Mar. 19?5. 
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Figure 5o. Sea surface displace­
ment at 0600 GMT 1 Mar. 19?5. 

Figure 5e. Sea surface displace­
ment at 1200 GMT 1 Mar. 1975. 
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4. COMPUTER SUBROUTINES AND .FUNCTIONS 

Following are descriptions of the subroutines and func­
tions which comprise t:he tide mo.del : 

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 OOE), 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 TIDE! (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 
once to establish the harmonic constants after which TIDE! may 
be used. 
Example: CALL TIDE! (TO+FLOAT (IT), HEIGHT) where IT is the 
index of a D0 loop and TO is the initial start time of the 
series. 

SUBROUTINE C0NST (H) 

C0NST contains the harmonic constants at the reference 
stations and equilibrium-phase information relative to 0000 GMT 
1 March 1975. When called by TIDE, C0NST returns a complex 
array H(I,J) of coefficients that is used in subroutine AMPL 
to compute the harmonic constants at a given location. C0NST 
need be called only once. 
Example: CALL C0NST (H) 

SUBROUTINE L0CATE (THETA, LAMBDA, X, Y) 

Using the latitude THETA in degrees and the east longi­
tude LAMBDA (floating-point) in degrees, L0CATE returns the 
zonal and meridonal Mercator coordinates X andY, respectively, 
where the origin is assumed to be 0°N, 0°E. This subroutine 
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neglects the earth's eccentricity in the computations of Y. 
Example: CALL L0CATE (28.00, -69.40, X, Y) 

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

Frow the Mercator coordinates X andY, obtained from 
L0CATE, Jnd the coefficient array H, obtained from C0NST, 
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, K1, 01, P1 , and Q1 . 
Example: CALL AHPL (X, Y, H, A, Z) 

SUBROUTINE N0DE (T, F) 

Given the time T, N0DE 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 N0DE (-ZOOO.O,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: HEIGHT = Sml (F, A, Z, T) 
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7. APPENDIX 

Listings of the model's FORTRAN subroutines are given 
below: 

ooono1 
000'102 c 
0001103 c 
0001104 c 
ooono5 c 
000')116 c 
OU0o"l07 c 
ooonus c 
0001)09 
000010 
000011 
000012 
000013 c 
000014 
ooorn!J 
0001116 ~ 

000!)17 9 
000018 '" 000019 
000020 
ooon~1 

000022 ' UUOn23 c 
000'124 2 
OUUO?.!:' 
OOUn26 5 
000027 

2. LI::.I T Jn.E 

SUAROUTJI\If:. TIME( YEARr MO~lH, OAYr HOURr MINUTEr ~ECONDr T ) 

~EOS-C TIDE MODEL 
!:,UFIPOUTII'JE. TO CO"PUTE TIME T lN HOURS 
T ::: U AT OQOOZ 1 MARCH 7~ 

SUBROUTINE WRITTEN BY H. MOFJEL.Or NQAA/AOMLr MlAMir FLA. 33149 
SUBtiOllllfllE. REVISEfl 6 FEB 75 

PEAL MONTHr MINUTE 
niMF.NSION AM< 12 1 
DAlA AM I jl.Or 2~.0, 3!.0r 30.Qr 3!.0• 30.0r-3l.Or 3l.Or 3U.Or 

1 3l.Or 3o.u, 3t.n 1 

TY ::: 8760.0 * ( YEAR - 1975.n 
IF( YtAR - 1976.0 ) 1Ur8r9 
I~( ~ONTH- 2.0 ) lOrlO,Y 
TY ::: TY + 24.0 
Mli.X ::: !FIX< MONTH - o.99CI 
TM. = o.n 
IF< ~~AX .EC~. U ) r.;o TO 2 
r"IO i 1 = 1• MAX 
TM = T~ + 24.0 * AM( 1 

T : TY + T~ + 24.'1 * DAY + HOUH + ~INUTE I 6U.O + SECOND I 360U.n 
1 - l~'Hl.U 

RET!ll-l'N 
F. MD 
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oooon1 
000'102 
000003 
ooono4 
ooonos 
0000116 
0001)07 
000('108 
000009 
OUOD10 
000011 
000012 
il001')13 
000014 
000r)l~ 

0001"1]6 
000017 
000(118 
000()19 
0001120 
OUOn21 
000('1?2 
000f)?.3 
UOOn24 
OOOn25 
000026 
000027 
UOOn?B 
0000?9 
090!'130 
uoon:n 

3. Ll~l CONST 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

10 

1 

20 
c 

c 

c 

c 

SUB~OUTifi.JE TIDE( THETAr LAMBJ:!Ar Tr HEIGHT ) 

GE05-C TIDE MODEL FO~ THE C~L1BRATION AREA 
SEA SURFACE HEIGHT COMPUTED FttQM LATITUDE THETAr EAST LONI7IT.lJOE 
LA~BDAr AND TIMF T IN HOURS FKOM OQOOZ 1 MAHCH 75 
SUAROUTINE TIM£ IS CALLED BF.FORE liOE 

SUB~OUTII\1£ WRITTEN BY H. ~OF..JELDr NQAA/AOMLr MlAMlr FLA. 33149 
SUE:H~OUTINE REVlSEn b FEB 75 
REAL LA~BDA 

COMPLEX H( 3r8 ) 
DlM~NSlON A( 8 )r Z( 8 )r F( 8 ) 

INITIAL SET-UP OF HARMONIC CONSTANTS 

IF( JTAG - 5 ) 10r20rl0 
CfiLL CQfi.IST ( H ) 
P~lNT lr ( ( lr..Jr H(lr..J)r..J:l,HJ, I=tr3 ) 
~OHM4T( ~H H( , I1r lHrr I1r 4H ) :, 2F10e5 
!TAG : 5 
CONTINUF 

CALL LOC/ITI::( THETI\,r LAMSlJAr Xr Y ) 

CALL AMPL( Xr Yr ~, Ar Z 

ENTRY TJDf.l( T, HFIGHl 
CALL NODE( Tr F ) 
HtlGHT : ~UM( F, ~, Zr T 

Rf: I l.1P.N 
END 
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0001)01 
000002 
uouno~ 

0001')04 
ooooos 
000006 
000007 
000008 
ooono9 
000'110 
000'111 
000012 
ouont3 
UUOn14 
ouonl.o 
000'116 
000'117 
OOOn18 
000'119 
000n20 
0001'121 
U00t"l22 
0001123 
OOOn?4 
000n2:, 
000(}26 
0001127 
0001')28 
000n29 
u·oon~o 
ouon~l 

OU0rl.32 
ooon~.3 
ouon~4 
OOOn3!:> 
ooon"6 
uuon.H 
uuon~f'. 

000~39 
OUUn40 
000041 
000'11l2 
OUUntl-3 
0001"144 
00004!:> 
OOUn46 
UUOn47 
0001'\48 
0001)1.1.9 
U0Ur'l'50 
UOOI'l'il 
U00"''i2 
0001"153 
U00r1'54 

SUBROUTINE CONSTC H 
c 
C GEOS-C TIDE MODEL 
C !:JUPROUTINE TO COMPUTE:. THF. tnMPLF.:X COEFS FOR SUBROUTINE AMPL 
C STAPT TIME OOOOZ 1 MAHCH 75 
C THF. COMPLEX HAR~J~ONIC CO"J~TMtl:, .O.RE A~SUMEO TO LIE ON PLANF.~ 
C RETI01 EEN REFEPEr>ICE STATIONS 
C OfU'ER OF CONSTIT1fENTS PJ2, N2• 52, K2• Klr 01, Pl, G1 
C LONGIIU~ES fAST FROM GREENWICH 
C SUfi~OUTJ"'E WRITTEN OY H,. Po'IOF.JE.LD• NQAAIAOML, MIAMI• FLA. 3.3149 
C SliBHOUTINE REVISE11 6 FEB 75 
c 

REAL L1, L2, L3 
COMPLEX~( 3r8 ), H1{ 8 )r ~2( 8 )• H3C 8 ), CEXP 
Q!MENSION AU 8 )r A2( 8 Jr ~.3( ~); P1C 8 ), P2( 8 )"• P3C 8 )r 

1V ( H ) 
c 
C SCO~-'E BOTTOM STATION ( RE.F. Co PEARSON, DEEP-SEA TIDE ORSER.VAT!flNS (IFF 
C THE. SOUTHE.ASTERN IINITED !::llATF!::I• IN PREPARATION ) 
c 

c 

OArA ·T1r L1 I ~O.LJ.3, -76.1.1,2/ 
1 Al 1 0.434, U.lOh, 0,.082• 0,.018• o.o96r 0.073, 0 0 032• o.014 1 
2 t-'1 I 357.6, 335.1, 2.3•1• 2l.b• 169,.R, 194,.3• 189,.8, 183of'. I 

C I=IF-H~!IDA ISLAND STIITlON ( REF. ZE.Tl.ER E.T AL, MODE TIDES, JPO, 
C Tfl.• PRESS ) 
c 

DATA T2r l2 I 32.~, -64.7 I 
1 A2 1 n.3on. o.n~2, o.oR1• n.u22, o,.o66, o,.os3, o.o2o, 0.011 1 
2 t-'~ I 3~8.3, 337.7, 24.~, 2?.1, !87,.0, 192.1, 1A7,.8• 186.6 I 

c 
C MOOF AO~.I!L-1 ROT TOM ST IITI01'1 ( Ht:.F • IRH>. 
c 

c 

OATil T3, L3 I 28.14, -h9o75 I 
1 A3 1 o.3~.~,~, u.o8n, 0,.071• o.u19, o.o77, o.oo1, 0,.024• 0,.013 1 
2 P~ I 0.6, 3j9.B• 30.8, 29.q• 19"'•7• 197.6, 195o2• 193.3 I 

C FlVUlLlRR!UM PHASE.;; RELATfVE TO 0000 GMl 1 MAH 75 
c 

c 

10 
c 

c 

..... /\.1{1 

1 V I 2A7.3, 244.~, o.o, 332.1• 76,.4• 206o8• 291.9• 164o0 I 
2 PI I 1o745~293E-2 I 

"" I 0 I = 1rP.. 
Hl{ I ) = Al( 1) * CEXP{ Ct-1PLXC o.o. PI*{ Pl(ll-Vtll ) 
!-f2(1) = ,2( ll • C~XP( CMt-'LX( li,.Q, PI • ( P2C I J-V( I) ) 
H3( I : A3 (l l * CEXP( Cf.1PL)(( o.o. PI • ( P~tll-Vtll 

CALL LOCfoTEC "1], Ll, "· Y1 
CALL LOCAlE( T2, L2, X2, Y2 
CJ\Ll LOCI\T£ ( T3, L3, X3, Y3 

OtT : X1*( Y?-Y3 l + X2*( Y3-Yl ) + X3*( Y1 - Y2 ) 
no 20 I = 1,8 
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000!)55 
000056 
000057 
ooonss 
000059 
000060 
000061 
OOOn62 
000063 
OOOn6lJ 
OOOOI>o 

4. Ll!:ll 

c 

20 
c 

LOCATE 

P(lrl) : H1(1)*( l2-Y3) + H2(1)*( l3-Y1 ) + H3(1)*( Y1-Y2 ) 
H(2rt) : H1(1)*( Y3-X2 ) + H2(1t*( Xl-X3 ) + H3(1)*( X2-X1 ) 
H(~rl) : H1(IJ• ( X2•Y3-X3*Y2 ) + H2(1)*( X3*Yl-X1•Y3 ) 

1 + H3(1) * { XI•Y2-X2*Yl ) 

H(l,X) H(l,l) I OET 
H(2r1J H(2,IJ I DET 
H(.3r!J H(.3,IJ I DET 

Qf"TURN 
F:NU 
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000!"101 
ouunn2 c 
000~0~ c 
uoonoq c 
UOOn05 C 
ouonn6 c 
000~07 c 
000()08 
uounnq 
0001110 
UUOnll 
000n12 
000013 C 
UOOn14 C 
0001'115 
0001'116 

5. LI~ I A MI-lL 

SUBf<OUTH.•E LOCATE( THETA• LA·-...AUA, X, Y ) 
6EOS-C TIDE MODEL 

SUBROUTINE TO COr-'11-'UTE MERC~TOR COOHQINATE.S FfWM LAT AND LONG 
OHIGIN Al 0 N 0 ~ 
SU8ROUTINE WR.ITTEN BY H. MOFJELQ, NQAAIAOML, MIAMI• FLA. 3314 
SUBf.'OUTINE REVISEO 25 MAR 75 

PFAL LAMROA 
DAT~ PI, E I 1.74~3293E-2• 8.1B!94Yq.E-2 I 
X : Pl * LAMAOA 
Yl : TAN( PI*( 45. + THETAI2. ) J 
Y:ALOG(Yl) 

RETURN 
END 
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~ ELl AMPLr1 1 ?b0326r 40049 

ooonol 
000002 
OOOrJ03 
000004 
000005 
ooonoo 
0001107 
0001)08 
000009 
0001'110 
000011 
000012 
0001"113 
ouont4 
oount5 
000016 
ooont7 
000018 

6. Ll~l NODF.:" 

c 
c 
c 
c 
c 
c 

c 

c 
10 

SUBHOUTINE AMPLC Xr Yr H• Ar Z ) 

GEOS-C TIDE MODEL 
~Uil.RUUTINE TO COMPUTE THE AMPLITUDES A AND GREENWICH PHASES Z 

SIJH..,OUTINE WRITTE111 BY H. MOFJELOr NQAAIAOML• MlAMlt FLA. 331"9 
SUBRfJUTif\'E RfVlSEn 6 FEB 75 

COMPLEX HC 3r8 Jt HC 
OIMENSION Z( 8 )r A( B) 
OAl~ H. I 1.74~329~E-2 I 

no 
HC .. 
Z< 

!rll=lrA 
: HClrl} * X +-H(2rl) * Y + H(3ri) 
1 ) = CABS< HC ) 
I) : ATAN2( AIMAG( I-IC )t H.EAL( HC ) J I R 

RETURN 
END 
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Q ELl NOOE,l,7~0326r 4005(1 

000')01 
ouuno2 c 
ouunn3 c 
000~04 c 
ouonn5 c 
ouun('6 c 
uoo~n7 c 
OOUn(J8 C 
000009 c 
UUOntO C 
000n11 C 
000012 
OOU!"1L3 
000014 
OOOn1~ 

000~16 

UUO:'l\7 
oourns 
000~19 

uuu~~o 
0001')?1 
000022 C 
UU0n?3 
000'l:?4 

7. Ll~l StJ~ 

c;u[H~OUTINE NODE ( T, F ) 

~F.O~-C TIDE MO~EL 
Sllf-\I"'I"'HJTIJI.JE TO AOJ'IST Af.1PLlTUnE~ FOR NODE FACIORS USING STIRLINGS 
INTFRPOLAT!Of'l FCR">41JLA ON DAT.n f-ROM TABLE 14 UF Po SCHUREMA~r 
r,~_t~NIJAL OF HARtJJOf'!IC ANALYSIS 1'1\'U· PREQICTIOf'J Of- TtbESr DEPT, OF 
COMtJJERCF SPt"CIAL ~UBL• NO. gn, 1941, 
01-llJI:R OF CON~TITUF:NT~ M2, ~J?.r 52, K2• K1, Ql, p!, Ql 
St!R!-InUTI.I\JE WR1TTF.:~' 1 BY H, f."OF,JELQ I NOAA/ AOML/ MIAMI• FLA. 

30 JAN 7':J 

!HMf~ 1 Sit'JN F ( M 
1! :: ( T -2926 • U 
r(ll = 1.020 + 
F12l : Ftl) 
Fljl : 1.000 
FILl-) : 0.8ll + 
Ft~J = n.'::l51 + 
Fib) : O.Y20 + 
F{7} -:: 1..000 
F{~) : Fib) 

t>E TLH~N 
1="11..1[1 

I 87bO,n 
''.0107 + 1 -n.o~15 - 1,7E-4 * u > * u > * u 

-0,0777 + 
-0.03P.5 + 
-0,0619 + 

23 

Oo009b + O,UOl~ * U 
Lo002~ + 0,001'" * U 
o.oo3~ + o.uU14 * u 

* u 
* ll 
* u 

* u 
* u • u 



OOOOPl 
U0Urt02 
uoono:s 
0001104 
oouno5 
0001106 
ouono7 
uoonofl 
uoon(19 
0001110 
uoonu 
000n12 
OOOn13 
ooont4 
uoo:ns 
ouon1& 
000'117 
0001118 
0001"119 
000'1?0 
000n2t 

FUNCTIO~J ~UM( Fr ~, Zr T 
C (.;!::OS-C TIDE MODEL 
C FUI\!CTION TU CO~PliTE THE ~EA ~URFACE 0151-'LAC!:..MENl FROM 
C 1-lAI-'MONIC CON~TANTS AND TIME 
C OHr'ER C'F COf\!STITIIENT~ l'J!2r "J2r 52r K2r 1<.1 r Olr Plr Gl 
C c:.liBHOIITJt-IE WR!lTF.M BY H. ~OF,JELOr NQAAIAO!'J!Lr P.UAMlr FLA. 33149 
C SU8ROUTifi.~E REVISE'l 6 FER 7!;, 
c 

nlMFNSIC'N A( 8 )r Z( R )• 5( 8 )r F( 6) 
I')J\lP. ~ I 2B.q84tnu, 2l:\.43Q73flr 311.0, 30.0A21.)7r 

1 l~.041(169r 13.94305br 14.9~8Y31r 13.398661 I 
2 H I 1.7453293E-? I 

SUM = O.U 
('0 100 M = 1r8 
P : StN) * T - l(~') 
tF( IlG .NE. 25 ) PRINl 1r P 

1 FOHP.",A_l ( 16H PHASE FOR M2 : r f-20.~ II l 

!TG = 25 
}'l0 SUM: ~IW + F(N)*l'I{N) *COS( H*P} 

qf TURf\! 
F"''D 
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