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EMPIRICAL MODEL FOR TIDES
IN THE
WESTERN NORTH ATLANTIC OCEAN

Harold O. 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
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, 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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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
adequately describe the tides. The goal of the model is to
provide 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, K1, 01, Pi1, Qy; and four semi-daily constituents,
va, Ng, S2, K,. 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 1in
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 Z. 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 1is 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 1s 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

4
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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 undercstimate 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 thc 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~an the sea surface is fluctuating about
a time-independent me¢ an 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 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 =iéj fiAi cos (o3t - z3) , (1)

where f., A;, 0y, and z: are the node factor, amplitude,
frequenly, and phase lag of the i-th tidal constitutent and t 1s
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 :.x.:~rs f; 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), ‘

fi = ay *+byu+cyub+d;ud, (2)

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

The amplitudes Aj and phase lags ti age computed from

the complex harmonic constants Hj = Hj, Hj ,
] 2 HZ 1/2
Ai = Hi + Hi ’ (3)
and
" '
¢4 = arctan (H; / Hj) . (4)

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

Hl =(H1,l> X + (Hi,2> y + Hi,s s (5)

where H; 1, Hj 2, and H; are coefficients and x and y are

the zonal and ﬁeridionai’ﬁercator coordinates, corresponding

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

X =7A

, (6)

and

y = 1n {tan ( 459 + ¢g/2 )} . (7)

The coefficients Hj ; are found by fitting equation (5) to
complex harmonic constanf% (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 Mp; and K; 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 TIDE1l may be called in a D@ loop to generate the
time series.

20°N

-85°E -80° -75% -70° -65° -60° -55°E

Figure 5a. Sea surface displace-
ment at 0000 GMT 1 Mar. 1975.
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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 0CE), 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
once to establish the harmonic constants after which TIDE1l may
be used.

Example: CALL TIDE1 (TO+FLOAT (Im), HEIGHT) where IT is the
index of a DP loop and TO is the initial start time of the
series.

SUBROUTINE C@NST (H)

CPNST 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. CONST
need be called only once.

Example: CALL CONST (H)

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

Using the 1atitude 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 0°N, 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, )

From the Mercator coordinates X and Y, obtained from
LPCATE, 2nd the coefficient array H, obtained from CPNST,
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, Py, 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 (E, A, Z, T)

Using the node factors T, 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:

W FLI TIME»1,750326¢ 40045

ogunol SUBROUTINE TIME ( YEARs MOMIH, DAY, HOUR, MINUTE, SECOND» T )
000n02 Cc

000003 C GEOS=C TIDE MODEL

000104 C SURPOQUTINE TO COMPUTE TIME T IN HOURS

000Nn0S c T = 0 AT 00002 1 MARCH 75

00oa06 Cc SUBROUTINE wRITTEM BY H, MOFJELD» NOAA/AOML, MIAMI, FLA. 33149
0uoAn7 C SUBROUTIME REVISEN 6 FEB 75

0u0nUAR C

guonn9 PEAL MONTH, MINUTE

000010 NIMENSTION AM( 12 )

000011 DATA AM / 31,00 22400 31400 30¢0¢ 31400 30,00 31400 31,00 30,00
vouni2 1 31,0, 30,u, 31,0 /

UuuN13 C

0000n14 TY = 8760,0 x ( YEAR = 1975,n )

0gon1s IF( YEAR = 1976,0 ) 10,89

000n1e6 R IF( MONTH « 2,0 ) 100,10,9

00un17 9 TY = TY 4+ 24,0

gounis 1" MAX = IFIX( MONTH = 0,999 )

0voni9 ™ = 0,0

ooun20 IF( MAX &G, U ) S0 YO 2

000n21 nO 11 =1, MAX

Qu0022 1 TM = TM + 24,0 * AM( 1 )

guun23 c

Quvyn24 2 TS TY + TM 4 24,9 % DAY + HNUR + MIMNUTE /7 6U,0 4 SECOND / 3600.Nn
ouun2s 1 = 1440,0

000n2e s RETHRN

ouun27 FND

2. LISI TINE

17



@ EL) TIDE»1,750320b» 4uous

guuonl SUBROUTINE TIDE( THETA,» LAMBPAr To HEIGHT )
000n02 C

000nU3 C GE0OS=C TIDE MODEL FOR THE CALIBRATION AREA
0ounn4 c SEA SURFACE HEIGHT COMPUTED FRQM LATITUDE THETA. EAST LONGITUDE
000n0S c LAMRDA,» AND TIMF T IN HOURS FROM 0000Z 1 MARCH 75
000006 C SURROUTINE TIME IS CALLED BFFORE TIDE

000n07 C SUBROUTINE WRITTEN BY H, MOFJUELD. NOAA/AOML, MIAMI, FLA. 33149
gouonog C SUBROUTINE REVISEN 6 FEB 75

Quun09 REAL LAMBDA

0u0n10 COMPLEX H( 3¢8 )

ooon1l DIMENSION A( 8 )e ZU B )e FL B )

Qu0n12 C

100013 C INITIAL SET=UP OF HARMONIC CONSTANTS

000Nn14 c

000n15 IF( ITAG = 5 ) 10020010

0U0n16 11 CALL CONST( H )

000017 PRINT 1o ( ( Lede H(I»J)eJ=1,8), 12103 )
ouoola 1 FORMAT( 4H HO » YYe 1He, 11, 4H ) =, 2F10.5 )
000119 ITAG = 5

000n20 20 CONT INUF

0u0n21 C

000n22 CALL LOCATE( THETA, LAMBDAY ¥» Y )

000023 C

uoun2y CALL AMPL{ Xo Yo Ho Ae 2)

000025 C

000026 ENTRY TIDEL( Te HFIGHI )

Quun27 CALL NODE( T» F )

000n28 HEIGHT = SUM( Fy 8y Z» T )

000029 C

0uuN30 RE TURM

0u0N31 END

3, LISI CONST
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@ ELI CONST»1,750326, 40Nug

ugonon1 SUBROUTINE CONST( H )

guuno2 C

uoono3 C GEOS=C TIDE MODEL

go0unoy C SURROUTINE TO COMPUTE THE CNAMPLFX COEFS FOR SUBROUTINE AMPL
000un0Ns C START TIME 0000Z 1 MARCH 75

0ouunoe C THE COMPLEX HARMONIC CONSTAMIS ARE ASSUMED 10O LIE ON PLANFS
000007 C RETWEEN REFEREMCE STATIONS

000008 C ORNER OF CONSTITUENTS M2, N2, S2, K2+ K1y Ol, P11, Q1

gounng C LONGITUNES FAST FROM GREENWICH

geoni1c C SUBROUTIME WRITTEN BY H, MOFUELD, NOAA/AOML, MIAMI,» FLA. 33149
0U0n11 C SUBROUTINE REVISED 6 FEB 75

gooni2 C

0ooun13 REAL L1, L2, L3

ouoniy COMPLEX H( 398 )y HI( 8 )y H2( 8 )o H3( B8 )y CEXP

00on1s NDIMENSTIOM AL( 8 )r A2( 8 )y A3( R)» P1( 8 )» P2( 8 )» P3( 8 ),
uo0n16 1v(e B )

00on17 C

000n18 Cc SCOME BOTTOM STATION ( REF., Ce PEARSON, DEEP=SEA TIDE ORSERVATINNS OFF
000n19 C THE SOUTHEASTERN 'INITED STATFS, IN PREPARATION )

0uon2o C

000n21 DATA T1, L1 / 30,43, -76.,42/

000n22 1 Al / 0,434, U.10A,) 0.082¢ 0.018, 0,096» 0,073, 0,032, 0,014 /
000n23 2 Pl / 357.69 335,70 23,1 21.69 189,8, 194.3» 189,8, 183.8 /
00on2y C

000n2% C PERMUIDA ISLAND STATION ( REF, ZETLER ET AL, MODE TIDES, JPO,
000n26 (o TN PRESS )

goon27 c

000n28 NATA T2, L2 / 32,4y =64,7 7

0uUn29 1 A2 /7 0,35 0,042, 0,081, Nel22r (e U664 0,U53, 0,020, 0,011 /
0000320 2 P2 7/ 358,39 337.7, 24,2y 224/, 187,0, 192,11, 187.8¢ 186.6 /
0uon3zl C

uoun32 C MODF AQYL=-1 ROTTOM STATIONM ( REF, IRIP, )

000n33 C

000n3y NATA T3y L3 7/ 28,14, =69,75 /

000on3s 1 A3 / 0,345, 0,08" 0.071r 0,019, 0,077, 04061y 0,024y 0,013 /
000n=6 2 P3 / 0.6y 339,8¢r 30,8, 29,9y 194,77, 197,69 195,.2, 193.3 7
uuonaz7 C

ouonzg C FQUILIBRRIUM PHASES RELATYVE TO 0000 GMT 1 MAR 7%

000nx9 C

VUONE0 nATA .

ouunul 1V /7 287.3, 244.,% 0.0y 332,10 76e4s 206,89 291,9, 164,0 /
000142 2 PI / 1,7453293=2 /

000Nnu3 C

000Nnyy nO10 I T 1,8

G00NnuY HI1( T ) = A1(l) * CEXP( CMPLY( 0¢0r PIX( P1(L1)=V(I) ) ) )
000nue H2(1) = A2(1) * CFXP( CMPLX( UesQ» PT % ( P2(L1)=V(I) ) ) )
000nu7 11 H3( T ) = A3(1) % CEXP( CMPLY!( 0¢00 PI x ( PI(I)=V(I) ) ) )
000ny8 C

U00nu9 CALL LOCATE( T1, L1, X1, Y1 )

goounso CALL LOCATE( T2, L2, X2, Y2 )

000ns1 CALL LOCATE( 13, L3, X3, Y3 )

00082 C

0u0Nns3 DET = X1%( Y2=Y3 ) 4+ X2%( Y3=Y1 ) + X3x( Y1 = Y2 )

0oonsy no 20 1 = 1,8

19



000055
000056
vuouns?
000n58
000n%9
000060
000n61
0oune2
000Nn63
000n64
00006Y

4,

LIS

LOCATE

20

1

H(1, I
H(2,1)
H(3,1)

+ H3(1) =%

H{l, 1)
H(2,7)
H(3,1)

RF TURN
FND

"

" n

H1(I)%( Y2=Y3) + H2(I)=( Y3=Y1 ) + H3(I)*( Y1=Y2 )

H1(I)#%( ¥3=X2 ) + H2Uiy*( X

1=X3 ) + H3(1)*( X2=-X1 )

H1(I)% ( X2#Y3=X3%2Y2 ) + H2(I)*( X3%Y1=X1%Y3 )

H(1,1) 7 DET
H(2,1) 7 DET
H(3.1) 7 DET

( X1%Y2=X2%Y1 )

20



000n01
guounng
000n03
ouonoy
000n0%
gognne
000107
ouonong
u00n0g
uuon190
ouonl1l
gooni2
0uon13
oooni1y
g0oon1s
000nl1e6

Se

W ELI LOCATE,1,75%0327, 44221

LIS

AMPL

s NeNeNaNaN el

SUBROUTINE LOCATE( THETA» LAVRUAY X, Y )

GEOS=C TIDE MODEL

SUBROUTINE TO COMPUTE MERCATOR COORDINATES FROM LAT AND LONG

ORIGIN AY O N O F

SUBROUTINE WRITTENM BY H, MOFJELD» NOAA/Z/AOML, MIAMI, FLA. 3314
SUBFROUTIME REVISEDN 25 MAR 75

REAL LAMRDA

DATA PIs E /7 1,745%3293E-2,

X = Pl » LAMRDA
Y1 = TANC PIx( 45,
Y=ALOG(Y1)

RETURN
£ND

8,.,1819494€~2 /

+ THETA/2. ) )
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9 ELI AMPL1,790326, 40049

00uno01 SUBROUTINE AMPL( X» Yo Ho Ay Z2)

00uno2 c

000n03 C GEOS=C TIDE MODEL

000004 C SURROUTINE TO COMPUTE THE AMPLITUDES A AND GREENWICH PHASES Z
000005 C SUBROUT INE WRITTEM BY H, MOFJELD» NOAA/AOML, MIAMIs» FLA., 33149
000Nn06 C SUBROUTINE REVISEN 6 FEB 75

ou0no7 Cc

000008 COMPLEX H( 3,8 )» HC

000009 NIMENSION 2( 8 ) A( B )

000010 NATA R / 1,7u5320%€=2 /

000011 C

vooonl2 ~O 1n 1 = 1,8

000n13 UG = H(1eI) * X # H(2e1) * Y + H(31)

ouoniy A( 1 ) = CABS( RC )

000Nn15 10 2¢ Iy = ATAN2( AIMAG( MHC ) REALC HC ) ) 7/ R

go0ni16 Cc

000017 RETURN

000018 END

6. LIS NODE
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W ELE NMODES1, 750326, 400S0

00unny SUBRRCUTINE NODE( Ty F )

guono2 C

000nn3 C GFOS~C TIDE MOPEL

Guonoy C SUBFOUTINE TO ADJIST AMPLITUNES FOR NODE FACIORS USING STIRLINGS
600nnsS C INTERPOLATIOM FCRMULA ON DATA FROM TABLE 14 UF P, SCHUREMAN,
ouunee C MANUAL OF HARMOMIC AMALYSIS rNp PREDICTIOM OF TIDES, DEPT. OF
u00nn7 C COMMERCF SPECIAL “UBL. NO, 98, 1941,

Younog C OFDER OF COMSTITUFMTS M2, N2y S2, K2 Kl, 01, P1, Q1

000n09 C SUBROUTINE WRITTEM BY H, MOFUELD / NOAA/ AOML/ MIAMI, FLA,
vuenio C 30 JAN 75

guounii C

ugdunie NIMECNSINNM F( 8 )

000113 = T=2925.,0 ) 7 8760,n

0uoniy FO1) = 1,020 + ( N,0107 + ( «=0,0015 = 1.7e=t4 * U ) * U ) %y
000n1S F(2) = F(1)

guonie F(3) = 1,000

uounN17 F4)Y = 0871 + ( =0,0777 + ( 0U.0N95 + 0,0017 * U ) x U ) *x U
voems FIS) = N.951 + ( =0,0385 + ( £.(025 + 0,001 * U ) » U ) xuy
000n19 FUB) = 0,920 + ( =0,0619 + ( N.0035 + 0.,0014 * U ) * U ) *x U
ooun2o F(7) = 1,000

0yono1 Fl8) = F(o)

oueon22 C

ouono3 DETURN

000124 enp

Te LISIE Sim
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ooounel
00Un02
voono3
000104
0ounos
000Nn06
ovouno7
uooneR
voonngy
guon10
uuuni
00Un12
000n13
000Ny
000115
0V0N16
000117
ouonig
oouni9
0uonP0
uuon21

iw ELT SUM,1,75032Ar 4005

FUNCTIOMN SUM( Fy 8y 2y T )
C GEOS=C TIDE MODEL
C FUNCTION TO COMPUTE THE SEA SURFACE DISPLACEMENT FROM
[o HANMMONIC CONSTAMTS AND TIME
C ORPER OF CONSTITHENTS M2, N2, S2¢ K2y K1, U1, Pl, Q1
C CUBROUTINE WRITTEM BY H, MOFUELD» NOAA/AOML, MIAMI, FLA,
C SUBROUTINE REVISEN 6 FER 75
C

SIMENMSION A( B )y 2( B )y S( B )y F( B )

NATA S / 28,0841N04, 28,43473n, 30,0, 30,082137,

1 15,041069, 13,943056, 14,9%8931» 13,398661 /

2 R /7 1,71453293E=2 /

SUM = 0,0

NO 100 N = 1,8

P = S(N) x T = Z(™M)

TF{ 116 JNE, 2% ) PRINT 1, P
1 FORMAT( 16H PHASE FOR M2 = , F20,% /7 )
ITG = 2%
1170 SUM = SUM & FIN)*A(N) % COS( R*P )
RE TURM
FMD

EnD LUR LCC 1102-00358 L8
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ENVIRONMENTAL RESEARCH LABORATORIES

The mission of the Environmental Reasearch Laboratories is to study the oceans, inland waters, the lower
and upper atmosphere, the space environment, and the earth, in search of the understanding needed to pro-
vide more useful services in improving man’s prospects for survival as influenced by the physical environment.
Laboratories contributing to these studies are:

Atlantic Oceanographic and Meteorological Laboratories (AOML.): Geology and geophysics of ocean basins
and borders, oceanic processes, sea-air interactions and remote sensing of ocean processes and characteristics
(Miami, Florida).

Pacific Marine Environmental Laboratory (PMEL): Environmental processes with emphasis on monitoring
and predicting the effects of man’s activities on estuarine, coastal, and near-shore marine processes (Seattle,
Washington).

Great Lakes Environmental Research Laboratory (GLERL): Physical, chemical, and biological, limnology,
lake-air interactions, lake hydrology, lake level forecasting, and lake ice studies {Ann Arbor, Michigan).

Atmospheric Physics and Chemistry Laboratory (APCL): Processes of cloud and preciptation physics;
chemical composition and nucleating substances in the lower atmosphere; and laboratory and field experiments
toward developing feasible methods of weather modification.

Air Resources Laboratories (ARL): Diffusion, transport, and dissipation of atmospheric contaminants;
development of methods for prediction and control of atmospheric pollution; geophysical monitoring for
climatic change (Silver Spring, Maryland).

Geophysical Fluid Dynamics Laboratory (GFDL): Dynamics and physics of geophysical fluid systems;
development of a theoretical basis, through mathematical modeling and computer simulation, for the behavior
and properties of the atmosphere and the oceans (Princeton, New Jersey).

National Severe Storms Laboratory (NSSL): Tornadoes, squall lines, thunderstorms, and other severe local
convective phenomena directed toward improved methods of prediction and detection (Norman, Oklahoma).

Space Environment Laboratory (SEL): Solar-terrestrial physics, service and technique development in the
areas of environmental monitoring and forecasting.

Aeronomy Laboratory (AL): Theoretical, laboratory, rocket, and satellite studies of the physical and
chemical processes controlling the ionosphere and exosphere of the earth and other planets, and of the
dynamics of their interactions with high-altitude meteorology.

Wave Propagation Laboratory (WPL): Development of new methods for remote sensing of the geophysical
environment with special emphasis on optical, microwave and acoustic sensing systems.

Marine EcoSystem Analysis Program Office (MESA): Plans and directs interdisciplinary analyses of the
physical, chemical, geological, and biological characteristics of selected coastal regions to assess the potential
effects of ocean dumping, municipal and industriai waste discharges, oil pollution, or other activity which may
have environmental impact.

Weather Modification Program Office (WMPQ): Plans and directs ERL weather modification research
activities in precipitation enhancement and severe storms mitigation and operates ERL’s research aircraft.

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
BOULDER, COLORADO 80302

USCOMM - ERL



