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PREFACE

A common objective in the treatment of measured tides is the
mathematical separation by harmonic analysis of certain periodic
components which can be used to simulate the astronomical tide.
Traditionally, astronomical or predicted tides have been repre-
sented by the sum of several such components, each one due to a
particular aspect of the tide-producing forces. Once determined,
the same set of parameters governing each periodic component may
be used to predict the tide during any desired time period at a
given location. These parameters are known as the tidal constants
for that location.

Although a number of different methods have been developed
for determining tidal constants, both before and since the advent
of electronic computing techniques, one rarely finds that any of
these are intended for practical application by nonspecialists.
This is particularly true in the case of the scientist or techni-
cian who has a collection of tidal records and would like to
utilize them to accurately predict tides by some convenient means.
This manual has therefore been written with the general user in
mind. It is assumed that the reader has some familiarity with

general reference works on the subject of tides.



Introduction

The method of least squares was first applied in the analysis
of tides by Horn (1960). An excellent description of its use has
been given by Dronkers (1964) who mentions that official tide
tables in Germany have since been prepared by this means. The
least squares algorithm is exceptionally easy to program on a
digital computer and requires very little memory space. It is
most efficient when used to obtain a fixed number of tidal con-
stituents from a fixed number of discrete tidal height (or current)
measurements representing a standard series length. For the
average user, an appropriate series consists of hourly measure-
ments covering the synodic month of approximately 29 days. This
series will normally yield ten of the major tidal constituents
making up the astronomical tide; several others may be indirectly
obtained by the inference formulas of Schureman (1958). For a
discussion of the types of constituents normally used in tidal
analysis, the reader is referred to Defant (1958).

This manual describes two main programs written in Fortran
IV, one for the determination of tidal constants (program HAMELS)
and one which utilizes the constants to generate predicted tides
(program ASTRO). 1In addition to the basic derivation of tidal
constants, we have included the computational steps necessary to
convert these results to a standardized form which enables the
prediction of tides for any period within the present century.

This is accomplished in both programs by subroutine ORBEL.



Mathematical Development-Method of Least Squares

Let hy represent a series of tidal height measurements ob-
tained at hourly intervals of time t = -n,-n+l,...,0,...,n-1,n
so that t = o at the midpoint of the series. The total number
of measurements is then N = 2n+l1.

The harmonic series used to approximate the measurements

using k tidal constituents is

k
iElBiSlnait (1)

h(t) = H0 + iglAicosait +
Here a; is the speed of the ith constituent in degrees per mean
solar hour and Aiﬁ B; are coefficients representing the constit-
uent amplitude. H0 represents the mean height of tide in the series.
By reducing the measurements to zero mean with no linear trend,

H, may be neglected in equation (1) and we obtain the required

least squares fit by choosing coefficients Ai’ B, such that

n
E= I Th(t) -h. T

is a minimum. This will occur when

By carrying out the above, 2k simultaneous equations are gen-

erated:

T [h(t) -h]cosat=o0 (2)
t=-n J



b [h(t) - h_ ] sina.t = o (3)
t=-n t J

Substituting equation (1) in the above equations and rearranging

terms, the normal equations are

A,Y cosa,t cosa.t + YB,.¥ sina,t cosa.t = ¥h_cosa.t 4
E 1f €088t cosay P47 i 3 t t j (%)
YA ,Tcosa,t sina,t + ¥B,Z sina,t sina.t = Yh sina.t (5)
i 1t 1 J i 1t 1 J t t ]

Due to the selection of a central time origin, we also have

§s1n.ait cosajt = i!cosait 31najt =0

as well as the identities

%C(a]-_-aj) + %C(ai+aj) = S,

.t cosa.t .
;L:,"cosal co aJ 13
tZ:'.smait smajt = %C(ai-aj) - %C(ai+aj) = Dij
where C(0) = N
and = sin(Ne/2) = a,+a; or as~-a;: # 0
The final set of 2k equations are then
g:A]._S]._j = Z‘htcosajt (6)
1 t
B,D,, = Zh sina.t 7
i 11ij t € j 7

which must be solved for the 2k unknowns A]._ and Bi’ i=1,2,...,k.



To illustrate, assume that k = 3 tidal constituents are being

sought. Written in full, the equations in (6) and (7) are

Al S11 + A2 821 + A3 831 = ihtcosalt
A1 S12 + A2 822 + A3 832 = gbtcosazt (6)
A S + A_ S + A_ S = Th cosa_t

1 13 2 23 3 33 ¢t 3

B1 D11 + B2 D21 + B3 D31 = Eht51na1t
+ + = i
B1 D12 B2 D22 B3 D32 fht31na2t (7N
or in matrix form
S11 S12 813 thcosalt
11 D12 D13‘ zhtsinalt
D12 D22 D23 = zht81na2t (7)
D13 D23 D33 thsinaBt
noting that Sij = Sji and D Dji since these symbols represent

a summation of cosine and sine products, respectively, in which
the order is immaterial. Multiplying both sides of (6) and (7) by
the inverse of the respective square matrices, the required coef-

ficients are



(4 (S17 S5 Si3 Thecosa;t )
By | = [S19 Spy So3 Thycosa,t (6)
\A3 \813 823 833 rhtcosaBt)
(8.) (p,.Dp..D.) " (h sina,t)
1 11 12 13 t 1
= D12 D22 D23 thsinazt (7
\BB) \D13 D23 D33) thsinaBt}

A computational advantage of the least squares method is now
apparent. Given a standard set of k tidal constituents and a
standard series containing N tidal measurements, one can obtain
the inverse matrices in advance so that only the data summation
vectors on the right of (6) and (7) require computation prior to

matrix multiplication during a run.

Tidal Constants - Amplitude, Speed and Phase

Having obtained a set of coefficients by the method just
described, it is convenient to express each tidal constituent in
the form of a simple sine wave of amplitude R,, speed a,, and

phase €4 using

hi(t) = Ricos(ait - gi) (8)
where
2 2
a;, = 360°/Ti’ Ti = period of ith constituent

-1
tan (Bi/Ai)

7}
e
]



The phase angle, Ci’ fixes the position of the wave form
relative to the time origin. In reference to series time, this
means that a high water phase occurs at t = gi/ai hours after
(or if ¢; is negative, before) zero hour at the midpoint of the
series. If standard time is to be used in equation (8) the
angle ajt  must first be added to Ci» o being the standard time

at the midpoint of the series.

Goodness of Fit Criteria

An important step following an analysis is to ask how well
the approximation made with equation (1) represents the input
data. One way of answering is through an analysis of wvariance
or sum of squares partitioning among the individual constituents
used in the analysis.

The total sum of squares for the tidal measurements is

5SS

total Ehtz i [Ehtjz/N

and the sum of squares contributed by the ith constituent is

_ 2 2,
ss, = Ehi(t) - [Ehi(t)] /N

in which hi(t) values are generated using equation (8) at series
times t = -n,-n+1,...,0,...,n-1,n. One then obtains the percent
sum of squares accounted for by the ith constituent as the frac-

tion SSi/SS 100.

total X
Totaling the percentages for all of the constituents used

gives an indication of the strength of that particular model of



the tide. It should be noted, however, that a combined sum of

less than 100% is to be expected; in an area where the astronom-
ical range is small but weather-related disturbances are pronounced,
the combined sum may be less than 50% using any number of astro-

nomical constituents.

Tidal Prediction Model

Before accurate predictions can be made, specifically in years
other than that of the analytical series, certain adjustments to
the tidal constants become necessary. As presented by Schureman

(1958), the required harmonic model of the tide is

h(t) =H_ + EfiHiCOS[ait + (Vytw), - Ki] (9)
where
H, = height of mean sea level above model datum
i = nodal factor for reducing mean amplitude to the
required amplitude in the year of prediction
Hi'= mean amplitude of ith constituent during 18.6
year-period of lunar node cycle
(Vo+u)i = the local equilibrium phase of ith constituent
in the year of prediction
“Ki = phase of ith constituent relative to the local

equilibrium phase

Each of the above arguments associated with equation (9) are
essential elements in the tidal analysis and prediction programs
of this manual. The following explanations apply to their use in

these programs:



Hj - If the predicted heights are to refer to a model datum of

mean sea level, HO must then be zero. Other values depend upon
the datum selected. For example, H should equal approximately
one-half the mean tidal range at the station if the model datum
is mean low water. For a discussion of tidal datums, see Marmer

(1951), Boon and Lynch (1972), or Swanson (1974).

f H, - These arguments are related by Ri = fiHi where Ri is

i)
the expected amplitude of the ith constituent in the year of
the prediction. A slight variation in R, for most (but not all)
constituents occurs from one year to the next, the value in any
one year depending upon the position of the lunar nodes within
an 18.6-year cycle. Subroutine ORBEL computes nodal factors,

fi’ to convert Ri to Hi in program HAMELS, Hi to Ri in program

ASTRO.

(Vo+u)i - The equilibrium phase of a constituent is the phase of
an imaginary sine curve representing the so-called equilibrium
tide in the absence of friction and other factors. In the case
of the main lunar constituent, M,, this would mean that high
water occurs just as the moon transits the meridian of the place
in question. Thus, the M, equilibrium phase simply expresses
lunar position (hour angle) in relation to the time origin and
meridian in use. Greenwich equilibrium phases refer to Greenwich
mean time (G.M,T.) and the prime meridian at Greenwich, England.
Subroutine ORBEL computes the latter for up to 37 selected con-

stituents during any year between 1900 and the year 2000,



Ky = Comparing equations (8) and (9), one sees that ¢y = %5 - (Vo+u)i

or Ki = ¢y + (Vo+u)i as illustrated in the following diagram:

\\\ MSL

sine curve representing ith tidal constituent

The phase angle Ki is used in equation (9) because it alone
behaves as a true constant from one year to the next. Except for
certain solar constituents, (Vo+u)i and hence ¢; vary in a uniform
manner determined by celestial mechanics (the combined symbol for
the equilibrium phase signifies that it consists of a slowly

changing component and a more rapidly changing component).

Ki' - A primed kappa symbol indicates that the constituent phase
angle, Ki’ has been adjusted so that Greenwich (Vd+u)i values may
be used in place of local (Vd+u)i in equation (9). This adjust-
ment simply accounts for the difference in longitude between the
tide station and the meridian of Greenwich and for the use of
local standard time in the predictions. Each ks to'Ki' conversion

is made according to the formula

\ aiS
Ki —Ki+PiL-T5—
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where
L = west longitude in degrees of station at which
predictions are to be made

S = west longitude in degrees of time meridian used
(e.g., 75°W for U.S. Eastern Standard time)

P, = number of daily cycles of ith constituent (diurnal
constituents = 1, semidiurnal = 2, etc.)

Both Ky and Ky  are included in the output of program HAMELS.

Only Ki' values, however, are used as input to program ASTRO.
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APPENDIX A
Program HAMELS
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Instructions for using Program HAMELS

I. Preliminary Input

The initial input required by Program HAMELS includes a
master list of constituent speeds and other associated parameters
for 37 tidal constituents, a set of inference formula constants,
and the inverse matrices matching the number and order of the
selected constituents. The inverse matrices supplied in this pub-
lication must be used with a standard series of 697 observations.
Other matrices for a series of different length may be computed
using Program LESCO, Appendix C.

The complete card listing of preliminary input data for
the standard series is given at the end of this appendix. The
array values in each matrix have been multiplied by 1000 to
eliminate extraneous leading zeroes and to conform with compu-

tational steps taken in the program.

II. Station Control Card

A four-letter station code is used to identify the tide
station supplying the tidal data. The latitude and longitude
of the station must be given as coded numbers in which the first
three digits represent degrees and the remainder minutes and
tenths (e.g., 03515.1 = 35° 15.1'). Other control information
must be coded as indicated in the user comments listed at the

beginning of the program.

I1ITI. Tide Data Cards

Twelve hourly heights per card for the first 58 cards (696
heights) followed by the 59th card containing the final height.



14

A condition of the least squares method is that the total number
of heights must be odd.
III. Data Output and Plot

The main output from Program HAMELS consists of a set
of harmonic constants obtained by the least squares analysis of
the input data. A printer plot subroutine then graphically
displays both the observed series of tidal heights and the
predicted heights based on the above harmonic constants. Finally
a plot of the residual between the observed and computed heights
is printed.

The scale of the plot may be changed as needed by insertion
of new range limits in the calling statements for subroutine PLOT

which are found at the end of the main program.
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PROGRAM HAMELS— HARMONIC ANALYSIS METHOD COF LEAST SQUARES

PROGRAM COMPUTES TIDAL CONSTANTS FOR 10 MAIN CONSTITUENTS BY LEAST
SQUARES PLUS 15 SECONDARY CONSTITUENTS BY INFERENCE FORMULAS OF
SCHUREMAN. TIOES DUE TO DISTURBING SECCNDARY CONSTITUENTS T2,P1,K2

INPUT REQUIRED-
1.MASTER LIST CF CONSTITUENT INFORMATICN
A. 37 TIDAL CONSTITUENT CARDS (1251X3A491X,FBa4s4X,9F3.1)
NOS{I)- NATIONAL CCEAN SURVEY REFERENCE NDO«. FOR ITH CONSTITUENT
SYM{1)- SYMBOL FOR ITH CONSTITUENT {A4)
A(I,1)~ SPEED OF ITH CONSTITUENT IN DEG/MSH (FB.4)
At{14,J)- ORBITAL ELEMENT INDICES FOR ITH CONSTITUENT {8F3.1)

B. 15 INFERENCE FORMULA CARDS (2F623,313)

SCA(I)- AMPLITUDE PARAMETER, ITH INFERRED CONSTITUENT (F6.3)
SCE(1)- PHASE PARAMETER, ITH INFERRED CONSTITUENT (F6.3)
IC1(1)— INFERRED PARAMETER INDEX (13}
IC2{1)- INFERRED PARAMETER INDEX (13)
IC3(1)— INFERRED PARAMETER INDEX (I3)

2. LEAST SQUARES INVERSE MATRICES — 10 CARDS EACH MATRIX
SINVII,J)X1000 (10F8.6)
DINV(1,J)X1000 (10F8.6)

3. STATION CONTROL CARD {1X9A492F7aleI391X91492134F4.1)
XIDEN~ STATION CODE (A4}
XLAT- STATION LATITUDE (F7.1)
XLON- STATION LONGITUDE (F7.1)
LTM- LONGITUDE OF TIME MERIDIAN (I3)
IYR- YEAR CF CBSERVATIONS (I4)

MS- MONTH STARTING OBSERVATIGONS {13)
IDS- DAY STARTING OBSERVATICNS (13)
75— TIME OF FIRST CBSERVATION (F4.l)

4. TIDAL DATA CARDS - 59 CARDS FOR STANDARD SERIES OF 29 DAYS
HH{I)- HOURLY HEIGHT GOF TIDE (32X,12F4.2)

SUBROUTINES REQUIRED - ORBEL,PLOT

(aEal el el Ne NN el e NN e N o e N o e RN oo o N oY o N e N o X2k aa ks i iaia aks)

DIMENSION HCS{10),HSN{10),AA{10),+8B(10),SINV(10,10),DINV(10,10)
DIMENSION A{37,9)9JS(12)yJE(12)4HHI69T) 1 HI25)4RI25)4ZETA(25)
DIMENSION VGU(3T)F(37),NOS(37)9SCA(25)9SCE(25),T(697),PHHI697)
DIMENSION IC1(25),1C2({25),IC3(25),55(25),SYM{37),CT(37)
REAL KAPA(25),KAPR(25) +KPRMK(25) '
NHH=697
NPH=1
M=10
N=15
c
C READ MASTER LIST CF CONSTITUENT SPEEDS, ORBITAL ELEMENY INDICES,
C SECCNDARY CONSTITUENT INDICES.
C-

N1=M+1

N2=M+N

READ(So1)INOSUI) oSYMIT) o (A(I5J)9J=1,9),CT(I),1=1,37)

1 FORMAT(I2,1XsA491XsFBeb,4X,9F3.1)
READ(5¢46){SCA(I),SCE(Id»ICLIT)oI1C2(1),IC3(1)y1=N1,N2)
46 FORMAT(2F6.3,313)

[
C READ LEASY SQUARES INVERSE MATRICES({X1000)
C

00000010
00000020
00000030
00000040

ARE REMOVED FROM THE RECORD PRIOR TO FINAL DETERMINATION OF CONSTANTS.00000050

00000060
00000070
00000080
00000090
00000100
00000110
00000120

CT{I)- ITH CONSTITUENT TYPE, CIURNAL=1,SEMIDIURNAL=2,ETC. (F3.1) 00000130

00000140

00000150

00000160

00000170

00000180

00000190

00000200
00000210

00000220

00000230
00000240
00000250
00000260

00000270
00000280
00000290

00000300

00000310
00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
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READ(5,45) ({SINV{I5J) yJ=1yM)oI=1,M) 00000590
READ(S945) ((DINV(IsJ)sJd=14M)eI=1eM) 00000600

45 FORMAT{10F8.6) 00000610

c 00000620
C READ STATION CONTROL CARD 00000630
C READ HOURLY HEIGHTS 00000640
C 00000650
READ(5,2) XIDEN,XLAT+XLoONoLTMyIYR,MS,1IDS,TS 00000660
XLON=XL+0ON/60. 00000670

2 FORMAT{1XyA49FTalyF3.0sF0elyI351X,144213,F4al) 00000680
READ(5,43) (HH{I) 4I=1,NHH) 00000690

43 FCRMAT(32Xy12F4%.2) 00000700

c 00000710
C COMPUTE JULIAN START AND MIDPCINT DATES, ZULU START AND MIDPOINT TIMES00000720
C COMPUTE LEAP YEAR ADJUSTMENT 00000730
(o 00000740
DEGRAD=57.29577951 00000750
71P=0.1 00000760

LY=1 00000770
LEAP={2000.~1YR) /4. 00000780
XLEAP=(2000.~-1YR) /4.~-LEAP 00000790
IF(XLEAP.GT.ZIP)LY=0 00000800
Jsil)=1 00000810
JE(1)=31 00000820
JSt21=32 00000830
JEL2)=59+LY 00000840

K=1 00000850

DO 5 I=3,12 00000860
JS(I)=JUE(I-1)+] 00000870
JE(I)=JS(I)+29+K 00000880

K=1-K 00000890
IF{I.EQeT)K=1 00000900

5 CONTINUE 00000910
TZ=LTM/15 00000920
15=TS+T2Z 00000930
IDS={JS(MS)+IDS-2)%24.425S 00000940
ZDM=ZDS+(NHH/NPH-1)/2 00000950
JDS=2DS/24+1 00000960
JOM=ZDM/24+1 00000970
IN=ZDM-(JDM=1)*24 00000980

CALL ORBEL(IYR,JDSyJDMyZSsZMyNOSsA,VOU,F) 00000990

C 00001000
C REMCVE LINEAR TREND, ADJUST DATA TO ZERC MEAN 00001010
C COMPUTE TOTAL SUMS DF SQUARES FOR SERIES 00001020
c _— 00001030
JUMP=0 00001040
SX=0.0 00001050
SX2=0.,0 00001060
SY=0.0 00001070
SXY=0.0 00001080

DO 7 I=1,NHH 00001090
SX=SX+1 00001100
SX2=SX2+1%] 00001110
SY=SY+HH(I) 00001120
SXY=SXY+I*HH{]) 00001130

7 CONTINUE 00001140
600 XBAR=SX/NHH 00001150

YBAR=SY/NHH

00001160



C

602

11

16

17

18

17

SXY=SXY-XBAR*SY
SX2=SX2—XBAR*SX
BZ=SXY/SX2
CZ=YBAR~-BZ*XBAR
DO 8 1=14NHH
T()=1-1
PHH{T)=0.0
HH(I)=HH{[)-8Z*1-CZ
CONTINUE
155=0.0

00 11 I=1,NHH
TSS=TSS+HH{I)*HH(I)
CONT INUE

GO TO 15

SY=0.0

D0 17 I=1,NHH
SY=SY+HH{I)
CONTINUE
YBR=SY/NHH

DO 18 I=1,NHH
HH{I)=HH{I)-YBR
CONTINUE

C COMPUTE COSINE AND SINE SUMMATION VECTORS

(%

C

606
15

13

JuMpP=1

CONTINUE

DO 13 J=1,M

HCS(J)=0.0

HSN{J)=0.0

II=-(NHH-1) /2
ARGl=A(Jes1)/DEGRAD

DO 13 K=1,NHKH

ARG=ARG1*I1
HCS(J)=HCS{J)+HH(K)*CCS(ARG)
HSNUJ)=HSN{J)+HH{K)}=SIN(ARG)
II=11+1

CONTINUE

C COMPUTE LEAST SQUARES COEFFICIENTS

c

C

30

10

DD 10 I=1,M

AA(I)=0.0

88(I)=0.0

DO 30 J=14M
AALT)=AA{T)#SINVII,J)*HCSLY)
BB(I1)=8BB(I)+DINVII,J)*HSN{J)
CONT INUE

AA(I)=AA(1)/1000.
BB(I)=BB1I1)/1000.

CONTINUE

c

C COMPUTE CONSTITUENT AMPLITUDES AND PHASES

DO 14 I=1,M
ZETA{I)=ATAN2{BB(1),AA(1})I*DEGRAD
ZETAUI)=ZETA(I)+A(T41)*(NHH/NPH-1)72
IDUMP=ZETAL(I) /360

00001170
00001180
00001190
00001200
ooool210
00001220
00001230
00001240
00001250
00001260
00001270
00001280
00001290
00001300
00001310
00001320
00001330
00001340
00001350
00001360
00001370
00001380
00001390
00001400
00001410
00001420
00001430
00001440
00001450
00001460
00001470
00001480
00001490
00001500
00001510
00001520
00001530
00001540
00001550
00001560
00001570
00001580
00001590
00001600
00001610
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001700
00001710
00001720
00001730
00001740
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ZETA(I)=ZETA(1)-1DYMP*360
IF(ZETA(I) L To0.0)ZETA(TII=ZETA(I) +360.
ARG=AA(T)*AA({T)+BB{I)*BB(])
R{I1)=SQRT(ARG)

14 CONTINUE
IF(JUMP.GT.0)GO TO 19

C
C COMPUTE INFERRED SECCNDARY CONSTITUENTS T2,P1l,K2
C REMOVE T2,P1,K2 FRCM DATA

[

DO 4 I=1,46
KAPA(T)=VOU 1 )-CT{I}*XLON+ALI,1)*TZ+ZETA(I)
HI)=R(I)/F(1)
4 CONTINUE
H(20)=H(2)*SCA(20)
KAPA(20)=KAPA(2)+SCEL20)*(KAPA[2)-KAPA(1))
H(23)=H(4)*SCA(23)
KAPA(23)=KAPA(4)+SCE(23)*(KAPA(4)-KAPAL(6))
H{25)=H{2)*SCAL25)
KAPA(25)=KAPA{2)+SCE(25) *(KAPA(2)}-KAPA(1))
ZETA{20)=KAPA{20)-VOU(27)+2.*XLON-A(20,1)*T2
ZETA(23)=KAPA(23)-VOU(30)+XLON-A{23,1)*T2Z
ZETA({25)=KAPA(25)~VOU(35)+2.*XLCN-A{25,1)*T2Z
I11=0
DO & I=1,NHH
ARG1={(A(20,1)*TI-2ETA(20))/DEGRAD
ARG2={A(23,1)*11-2ZETA(23))/DEGRAD
ARG3=(A(25,1)*11-ZETA(25)) /DEGRAD
HHIT)=HH(1)-F{27)*H(20)*CCS{ARGL)-FI30)*H{23)*CCS{ARG2)
HHIT)=HH(I)-F({35)*H(25)*CCS{ARG3}
1I=11+1
& CONTINUE
604 IF(JUMP.EQ.O0)GO TO 16

c -

C COMPUTE REMAININC SECCNDARY CGNSTITUENTS

c

19 DO 20 I=14M
J=NOSI(I)
KAPA(T)=VOULJ)-CT{I)*XLON+ALT,1)*TZ+ZETA(I)
L=KAPA(1)/36C.
KAPA(T)=KAPA(I)-L*360.
KAPR{I)=VOUILJ)+ZETALIL)
L=KAPR(I)/360.
KAPR{I)=KAPR(T}-L*360,
KPRMK (I )=KAPR{I}-KAPA(I)
HII}=R(I)/F(J)

20 CONTINUE
DD 21 I=N1,N2
J=IC1(I)
K=1C2{ 1)
L=1C3(1)
KAPA(I)=KAPA{K)+SCE(I)*(KAPAIK)—-KAPA(L))
LL=KAPA(I)/360.
KAPA(T)=KAPA{I)-LL%*360.
IF(KAPA(])oLTa0.0)KAPA{T)=KAPA{I)+360.
KAPRIT)=KAPA(I1)+CT(I)*XLON-A[1,1)%*T2
KPRMK (T)=KAPR({I)-KAPA(I)
HUTL)=H(J)*SCA(T)

00001750
00001760
00001770
00001780
00001790
00001800
00001810
00001820
00001830
00001840
00001850
00001860
00001870
00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970
00001980
00001990
00002000
00002010
00002020
00002030
00002040
00002050
00002060
00002070
00002080
00002090
00002100
00002110
00002120
00002130
00002140
00002150
00002160
00002170
00002180
00002190
00002200
00002210
00002220
00002230
00002240
00002250
00002260
00002270
00002280
00002290
00002300
00002310
00002320



19

ISUBC=NOS(I) 00002330
ZETA(I)=KAPA(I)-VQUIISUBC)+CTII)*XLON-A(TI,1)%*T2 00002340

21 CONTINUE : 00002350

C 00002360
C COMPUTE PERCENT 3SUMS OF SQUARES FOR EACK CONSTITUENT 00002370
C 00002380
§$5T7=0.0 00002390

DO 22 J=1,N2 00002400
L=NOS(J) 00002410
SStJ)=0.0 00002420

11=0 00002430
ARG1=A{J41)/DEGRAD 00002440
ZETAL=7ETA(J)/DEGRAD 00002450

DO 23 K=1,NHH 00002460
ARG=ARG1*II-ZETAL 00002470
Y=F(L)*H(J)*CCS(ARG) 00002480
SY=SY+Y 00002490
SS5(J)=SS{J)+YRY 00002500
PHH(K)=PHH(K}+Y 00002510
II=11+1 00002520

23 CONTINUE 00002530
SS(J)={SSIJ)-SY*SY/NHH)*100./TSS 00002540
SST=S5ST+SS5(J) 00002550
SS(J)=SS(J)+ 1.E-4 00002560

22 CONTINUE 00002570

C 00002580
C PRINT RESULTS 00002590
c 00002600
XLON=XL*100.+0N 00002610
WRITE(6924) XIDEN,XLAT,XLON,LTM,1YR,MS,IDS,TS,NHH 00002620

24 FORMAT({*1°%,/////1X,"HAMELS— HARMCNIC ANALYSIS METHOD OF LEAST SQUA00002630
AREST3//1Xs ' STATION ¢ ,A4,2F7e1+13, W'y3X,"YEAR *,14,/1X,*29 DAY SER00002640

2IES STARTING *413,°-*,12,3X,F5.1,* HRS',4X,14,*' OBSERVATIONS?,//1X00002650
3y'NCS NO. CONST.'31Xy*SPEED? 95X9"H® s5Xy *KAPPA? 42X, *KPRIME®,5X, 00002660
4*KPR-K?,2X,'0/0 TSS*) 00002670
WRITE{693)(NOS(I) oSYM{I)9A(I91)sH(I)KAPA(I) KAPR(I),KPRMK{]), 00002680
1S5{1),1=14N2) 00002690

3 FORMAT(4X91243X91A442X9F8a4yFTe3¢FBa29F8al92X9F8e202X,FT.2) 00002700
WRITE(6,26) YBAR,SST 00002710

26 FORMAT(/1X,*SERIES MSL ',F6e2¢41X,F6.2) 00002720

c 00002730
C PLOT RESULTS 00002740
C 00002750
HMIN=-5,0 00002760
HMAX=5.0 00002770
TMIN=0.0 00002780
TINCR=1.0 00002790
WRITE(6,35) XIDEN,TS,MS,IDS,1YR 00002800

35 FORMAT(*1%//1XeA4y/1X,*0OBSERVED HOURLY HEIGHTS(X) AND PREDICTED H0O00002810
1URLY HEIGHTS(+) VERSUS TIME',/1X,'29-DAY SERIES STARTING AT *,F4.100002820

2"HFS'.1X.12y'-'.12le,I4//1X)

CALL PLOT(NHHyHH,PHH, T, HMINyHMAX,HMINyHMAX, TMIN, TINCR)

WRITE(6436) XIDEN,TS,MS,IDS.IYR

00002830
00002840
00002850

36 FCRMAT('1'//1XyA4,/1X,*RESIDUAL (X)= OBSERVED MINUS PREDICTED HOURL00002860

37

1Y HEIGHTS VERSUS TIME®',/1X,'29-DAY SERIES STARTING AT

201Xy 129~ 91241X414,5X,'DATUM
DD 37 I1=1,4NHH
HH{I)=HH(T)=PHHI1)

PHH(1)=0.0

CALL PLOT(NHHyHHyPHH, To HMINyHMAX 3 EFMIN,HMAX, TMIN, TINCR)

sToP
END

IS

SERIES MSL'//1X)

*yF4els* HRS00002870
00002880
00002890
00002900
00002910
00002920
00002930
00002940



0001

0002

0003
0004
0005
0006
0007
0008
0009

0010°

- 0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025

0026 -

0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
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SUBROUTINE ORBEL(TIYR¢JSyJIMsZS,7MyNOSsA,VOU,F)

SUBROUTINE CDOMPUTES GREENWICH EQUILIBRIUM PHASES AND NODAL FACTORS

*FOR ANY OR ALL OF 37 TIDAL CONSTITUENTS USED IN STANDARD HARMONIC
- ANALYSIS AND TIDAL PREDICTION. COMPUTATIONS ARE BASED ON ORBITAL ELEMENT

FORMULAE- BY SCHUREMAN(1958) FOR EITHER HARMONIC ANALYSIS OR TVIDAL PRFDICJ!JNS

“le TNPUT VARTABLES

IYR- YEAR OF OBSERVATIONS/PREDICTIONS
JS— JULTAN DAY BFGINNING THE MONTH IN WHICH SERIES STARTS
JM- JULYAN DAY CONTAINING MIDPOINT OF SERIES
IS— GREENWICH MEAN (ZULU) TIME AT START OF SERIES
IM— GREENWICH MEAN (ZULU) TIME AT MIDPOINT OF SERIES’
NOS(I)- NATIONAL OCFEAN SURVEY REFERENCE NUMBER FOR ITH covsrltuenv
A(I,1)- SPEED OF ITH CONSTITUENT IN DEG/MSH
"A(T1,J)— ORBITAL ELEMENT INDICES {(J=2,9) FDR ITH cunsrxrusnr
2. OUTPUT VARTABLES
VDU(T)- GREENWICH EQUILIBRIUM PHASE FOR ITH CONSTITJENT
F(I)- NODAL FACTOR FOR ITH CONSTITUFNT

DIMENSION VOUI3T7),F(37)4A(37,9),N0S(37)

DEGRAD=5T7.29577951

LYC={1YR-1901)%*.25
S$=263.8492244129.38482%(1YR-1900)+13,176397%(JIS+LYC)+.549016*1S
1DUMP=S/360 - -

S=S—I1DUMP*3560
P=3364,272317+40.662466*%{TIYR-1900)+.111404%{JS+LYCI+.0046418%2S
IDUMP=P/360

P=P-1DUMP %360

H=279,203854~,238725*%(1 YR~1900)+.98564T*{JS+LYC)+.041069%*7S
P1=281.220810+.017178%(1YR-1900)+.0000471*(JS+LYC)+.000002*%2S
PM= 334.272321640.662466*(1YR 1900)+.111404*%({JM+LYC)+. 004641 8*IM
1DUMP=PM/360

PM=PM-TDUMP*360

PM=PM/DEGRAD
XN=259.209010-19.328186*%1IYR-1900)~.052954%{IM+LYC)—-.0022064*ZNM
XN=XN/DEGRAD

XN2=2 ., 0% XN

ARG=,9136949-.0356926%COSIXN)

OT1=ARCOS L ARG)

N12=2.0%N1

ARG=.0B9T70S6*SIN(XN)/SINI(DT)

XNU=ARSTN{ARG)

XNU2=2,0*XNU

ARG=+208T727*SINIXN}*{1.~-.0194926%COS(XN))
ARG2=,9979852+.,206T72T¢CNS{XN}-.0020148%COS{XN2)
XU=ATAN2({ARG,ARG2)

ARG=SIN(XNU)

ARG2=COS{XNUI+,334T766/STN{N]12)

XNUP=ATAN2 [ ARG, ARG2) *DEGRAD

ARG=SIN{XNU2)

ARG?= CﬂﬁlXNUZ)+.0726184/(S!N(0!)*SIN(DI))

XNDP=ATAN2{ ARG, ARG2)*DEGRAD

PP=PM=-X1

PP2=2.0%PP

XT1=XT*NFGRAD

XND=XNU®DEGRAD

ARG=SIN{PP2)

ARG3=0, 5%N]



0041
0042
0043

- 0048

0045
0046

0047 -
0048 -

0049
0050

0051
0052
0053

0054,

. 0055

" 0056

0057

7 0058’
0059
0060 °

0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082

0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097

0098

0099 -

oroo
- o101
- 0102
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ARG2={COS(ARG3}*CNS(ARG3)/ (6, *SINIARG3)2STNLARG3)))-COS(PP2)
R=ATAN2{ ARG,ARG2)*DEGRAD

UL2=2.0*%( XI-XNU)-R

ARG=SINPP)*({5.0%CNSIOI)-1.)

ARG2=COS{PP)*(7.0*COS(0I)+1.)

Q=ATAN2(ARG,ARG2) «DEGRAD

© UML1={XT=XNU)+Q

DO 1 J=1,37

I1=NOS(J)

VOULT $=A0J92)8S+A0J 43 ) ¥HA(I,4) %P+A(J,5) %P1 +A(J,6)%90.+A(J,7) *#XT¢A
1(J,8)&XNU+A(J,9) %XNUP .

1DUMP=VOUL1)/360

T VOULT3=VOULT)-1DUMP*360

TF(VOULT))3,1,1
VOU(T)=VOU(I)+360.

CONTINUE ‘
VOU(18)=VOU(18)+UML
VOU{33)=VOU(33)+UL2
VOU(35)=V0U(35)-XNDP
XNU=XNU/ DE GRAD

PP2=COS{PP2)

XNU=COS { XNU)

XNU2=CO0S [ XNU2) ,
SOS=SINIARG3)*STNIARG3)
SOC=COS{ARG3)*COS (ARG3)
QT1=12.0%SQS*PP2/50C
QT2=36,0%5QS*5QS/{SQC*SAC)
SQL=SIN(OI)

$Q2=501*5Q1

SQ3=SIN(DI2)

DO 2 I=1,37

£(11=1.000

CONT TNUE
F(1)=SAC*SOC/.91544
F(3)=F{1)

F(4)=SQRT (. 8965%5Q3%5Q3+.6001%SQ3*XNU+.1006)
FI5)=F(1)%F(1)
F(6)=5Q1%SQC/.37988
F(T)=F(L)*F(1)*F(1)
FIB)=F(1)*F(4)

FI10)=F(5)

FI11)=F(1)

F{13)=F({1)

Fl14)=F(1)
F(15)=S01%5Q5/.016358
Fl16)=F(1)
F18)=SORT{2.31+1.435%PP2)*F(6)
F119)=503/.72137
F(20)=1.327757-1.991635%5Q2
F(23)=FL1) -
F(24)=502/.1578

F(25)=F(6)

FL26)=F(6)

FI29)=F(5)

F(31)=Fl1)
F(32)=5QC*SQC*SQC/.8758
F(33)=SART(1.-QT1+0T2) *F (1)
FI34)=F(1)*F(1)*F(4)
FU15)=SQRT{19.0444%5Q2%502+42.7702*S02%XNU2+.0981)
F(36)=FI5)*F(5)

F(37)=F(5)

RETURN

END



- "SUBROUTINE PLOT(L,DRD1,NRN2, AB,FMIN]1,FMAX], F4IN2, FMAX2,AMIN, ANCR)

C- e

C SUBROUTINE PLOTS ON PRINTER ONE DX TWO ARRAYS OF Y VALUES (ACROSS PAGE)
CAGAINST ONE ARRAY 0OF X VALUFS (DDWN PAGE)

C e o e e - ——— ————— ——————— —— ——————

- € USAGF —.CALL PLITIN,Y1,Y2,X, YIMIN, YIMAX,Y2MIN,Y2MAX o XMI Ny X INCR)

R

DESCRIPTION NF PARAMETERS . .
N - NUMBER OF POINTS TO BE PLOTTED
Y1l = ARRAY CONTAINING FIRST SET OF Y VALUES (LENGTH N)
Y2 — ARRAY CONTAINING SECOND SET OF Y VALUES (LENGTH N)
X . — ARRAY CONTAINING SET OF X VALUES (LENGTH N)-
YIMIN® ~ MINIMUM VALUE CAQSEN FMR Y1 SCALE
YINAX — MAXIMUM VALUE CHOSEN FOR Y1. SCALE
Y2MIN - MINIMUM VALUE CHOSEN FOR Y2 SCALE
Y2MAX - MAXIMUM VALUE CHOSEN FOR Y2 SCALE
XMIN = MINIMUM VALUE 3JF THE X ARRAY
XINCR - INCREMENT FNR FACH VALUE NOF X
PLOYT SYMBOLS Y1- X Y2- + COINCIDENT POINTS- *

NOTE: Y SCALE RESNLUTION IS 100 CNLUMNS FULL SCALE
IF ONLY ONE Y ARRAY IS TO BE PLOTTED THEN THE SAME ARRAY NAME
MUST BE USED FOR BOTH Y1 AND Y2
c__..._..__..
DIMENSION DR0D1(1),0RD2(1),AB(1)yIPLT(105),YCALE(1])
NATA TIPLT/105%% ¥/, 1SYMB/1 1/ 1SYMO/'D/ISYMX/ X/, ISYMY/ 041/
DATA ISYMA/I%Y / ISYMP/ o0/  TSYM /0] ¢/
LA=6 :
YNZ R1={ FMAX1~FMINL) /10,
YNCR2={FMAX 2-FMIN2) /10.
FMINA=AMI N
YNCRA=ANCR%*]10.
5 LATCH=1
LT NE=]
K=2
IF(YNCR2-YNECR1)105,104,105
104 TF{FMIN2-FMIN1)105,103,105
103 K=1
105 M=1SYMX
YNCRO=YNCR 1
FMIND=EMIN]
NN 110 J=1 4«
YCALF{1)=FMINND
DO 17 I=1,11
17 YCALF(I)=FMINO+YNCRO*(I~1)+5,0E-5
WRITF(LA,14) M,YCALE
14 FORMAT{'0¢,2X, (73 ALs ") ¥y 1X, 11F104 29/ " 513X, * %%, 21( % 00a®?))
M=TSYMY
YNCRO=YNCR2
110 FMIND=FMIN2
FINCI=YNCR1/10.
FINC2=YNC22/10.,
FINL=YNCRA /10,
FI=FMINA
ICNN=TSYMR
TZERNL1={D-FMINL)/FINC1+1.5

R e N R R F e e R R R N R PR
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YZERN2={0-FMIN2) /FINC2+1.5

Do 7 J=1,L

TPLTITIZEINL)=TSYML
IPLTITZERC2)=ISYML
IPT1={0ORD1(J)-FMIN1) /FINC1+1.5
IPT2=(0RD2{ J)-FMIN2}/FINC2+]1.5

JTF{IPT1-1051504664,51

61

60
63

6%
65
41

40
43

10

13
12

72

75

T4
76

[PT1=105

IPLY(IPTL)=ISYMN

50 TD 65

TFUIPT1)63,63,64

1PT1=1

TPLT{IPTLI)=ISYMD

GN TC 65

IPLY(IPTL )=1S YMX
IFLIPT2-105)4) ,44,41
1PT2=105

TPLTLIPT2)=1SYMD

GO TN 45

IF{IPT2)43,%3, 4%,

1PT2=1

IPLT(IPT2)=1SYND

G0 TO 45

YPLT(IPT2)=1SYMY
IF(IPT1-IPT2)50,46,50
ITF(IPLT(IPTL)-TISYND)49,50,49
IPLT(IPTL)=1SYMA

IPT3=(AR{ J)-FMINA)/FINL+1,5
IF(IPT3-LATCH)70,71,72

GN TN (8,9),LINE

11FI=F1/1
TEMFYI=(FI-TIF1)*24.

ITEMF I=TEMS1/1
TEMFI=(TEMFI~-ITEMFY) *, 006
FI=IIFI4(ITEMFI= D1 )+TEMFI
WRITE(LA,10) FI,IPLT
FORMAT (' *, 1XF10.2,' *?,105A1)
1CT=1

LINE=2

Gn TN 12

WRITE(LA,11) IPLT

FORMAT(' *,11X,"' +',105A1)
ICT=1CT+1
IF{ICT-6)12,13,12

LINF=1

IPLTIIPT]1)=1SYMB
IPLTLIPT2)=1SYMB
FI=FMINA+LATCH*FINL+5.0E-6
LATCH=LATCH+1

Gn 70 7

GN TN (73,74),LINE
WRITF(LA,75) F1I

FORMAT (¢ *,1XF10.2,"' *')
1€7=1

LINF=2

GN TN 79

WRITF{LA,T&)

FORMAT(? ', 11X,"' +')
ICT=10T+1
IF{ICT-5)79,78,79



78
79

70
81
80
30

94
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LINE=1 .
FI=FMINA+ LATCH*FINL+5,.0E-6
LATCH=LATCH+1

G0 T0O 77

1¥{J-1)81,80,81

ICON=1SYMP

WRITE(LA,30) ICON,IPLT
FORMAT(AL1,13X,105A1)
TPLTLIPTL)=1SYMB
IPLTLIPY2)=ISYMB

CONTINUE

WRITE(LA,94)

FORMAT (' " ,13X,"**,21{%caso*'))
RETURN

END
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MASTER LIST OF CONSTITUENT INFORMATION - PROGRAM HAMELS
‘A, TIDAL CONSTITUENT CARDS

1 M2 28.,98410%2 -2 2 0 0 0 2 -2 0 2
2 S2 30,0000000 O O O O O O O O 2

3 N2 28.4397296 -3 2 1 0 0 2-2 0 2
4 K1 15.0410086 0 1 0 0 1 O 0 -1 1

5 M4 57.9682084 -4 4 0 O 0 4 -4 0 4

6 01 13.943035~4 -2 1 0 0 -1 2 -1 0 1

7 M6 86.9523125 -6 6 0 O O &6-6 O 6

9 S4 60.0000000 0 O O 0O O O O O 4
12 S6 90,0000000 0 O O O 0 O O O 6
36 M8 115.93¢4169 -8 8 0 O O 8 -8 0 8
11 Ny2 28,5125830 -3 4 -1 0 0 2 -2 0 2
13 MYy2 27.9682084 -4 4 O O 0 2 -2 0 2
14 2N2 27.8953548 -4 2 2 0 0 2-2 0 2
15 0Nt 16.1391017 2 Y+ O O 1 -2-1 O 1
16 LAM2 29.,45562%54 -1 0 1 O 2 2-2 0O 2
18 Ml 14.4966939 -1 1 O O 1 O O O 1
19 J1 15.58%4433 1 1 -1 0 1 0-1 0 1
25 RHNL  13,4715145 -3 3 -1 0 -1 2 -1 0 1
26 Q1 13.3986609 -3 1 1 O0-1 2-1 0 1
27 T2 29.9589333 0 -1 0 1 O O O O 2
28 R2 30,0410667 0 1 O0-1 2 O O O 2
29 2Q1 12.8542862 -4 1 2 0 -1 2 -1 0 1
30 P1L 14.,9589314 0 -1 0 O0-1 O 0 O 1
33 L2 29.5284789 -1 2 -1 0 2 O O O 2
35 K2 30,0821373 0 2 O N 0 O O O 2
8 MK3 44,0251728 -2 3 0 O 1 2 -2 -1 3
10 MN4 57.,4238338 -5 4 1 0 0 4 -4 0 4
17 S1 15.0000000 0 O O O 2 O 0 0 1
20 MM 0,5443747 1 0 -1 0 0 O O O O
21 SSA n.,n821373 0 2 O O 0 0 O 0 O
22 SA N.041N0686 0O 1 O O O O O O O
23 MSF 1.01589%58 2 -2 0 0 O O O O O
24 MF 1.0980331 2 o 0 0 0-2 0 O O
31 2SM2 31.0158958 2 -2 0 O 0-2 2 O 2
32 M3 42,4761563 -3 3 0 O 2 3 -3 0 3
34 2MK3  42.9271298 -4 3 0 0 -1 4 -4 1 3
37 MS4 S8,9641042 -2 2 0 0 0 2 -2 0 4
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B. INFERENCE FORMULA CARDS

0.038-1.464
0.024-2,000
0.026-2.072
0043 1.000
0.007-0.536
0.071-0.500
0.079 0.496
O 0038"1 .4?9
0.194—-1.495
.0.05%9-0.,040
0.008 0.040
04331-0.075
0. n?.. 8""0. 46’4
0.272 0.081

0l
01
01
06
Cl
06
0g
06
06
02
02
06
04
o1
02

02
02
02
04
02
04
04
04
04
02
02
04
04
02
02

01
o1
c1
06
01
06
06
06
06
01
01
06
06
01
01

11
13
14
15
16
18
19
25
26
27
28
29
30
33
35

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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LEAST SQUARES INVERSE MATRICES - 29 DAY SERIES
" (697 OBSERVATIONS OF HOURLY HEIGHT OF TIDE)

SINV (x1000)

2872605 0044749 0150952 0005986-0010657 0014762-0010024-0006646-0007359-0008942
0044749 2866435 0025608 0002003-0012694 0010597-0011132-0008285-0008294-0009744
0150952 0025608 2874475 0001416 0012372-0C07T908 0010632 0008379 0008029 0009250
- 0005986 0002003 0001416 2868870 0009336~-0171260 0009211 G006344 0006963 0008346
~0010657-0012694 0012372 0009336 2865584 0011393-0010085 0043529-0005138-0008925
0014762 0010597-00074908-0171260 0011398 2880493 0010251 0008320 0007985 0009028
-0010024-0011132 0010632 0003211-0010085 0010251 28567082-0013953 0043759-0008149
~0006646-0008285 0008379 0006344 0043529 0008320-0013953 2866225-0008339-0010765
~0007359-0006294 0008029 0006963-0005138 0007985 0043759-0008339 2866211-0014721
~0008942-0009744 0009250 0008346-0008925 0009028-0008149-0010765-0014721 2868785

DINV (x1000)

2883245 0054310 0142765-0008060-0000386 0008169-0000766 0002218 0001089-0001118
0054310 2874729 0018739-0010656-0002727 0006077-0001682 0000020 0000004-0001390
0142765 0018739 2879982 0012442 0003405-0005063 0001875 0001124 0000564 0001305
~0008060-0010656 0012442 2389535-0002567-0160830-0000772-0003975-0002206 0000347
~0000386-0002727 0003405-0002567 2875263 0003027-0001742 0052723 0003466-0002402
2008169 0006077-0005063-0160830 0003027 2877929 0001541 0002340 0001309 0000727
~0000766-0001682 0001875-0000772-0001742 0001541 2873735-0005343 0051613-0003725
0002218 0000020 0001124-0003975 0052723 0002340-0005343 2874553-0000018-0003363
0001089 0000004 0000564-0002206 0003466 0U01309 0051613-0000018 2874521-0008300
-0001118-0001390 0001305 (G000347-0002402 0000727-0003725-0003363-0008300 2870453
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SAMPLE OUTPUT - PROGRAM HAMELS

HAHéLS~ HARMONIC ANALYSIS METHOD OF LEAST SQUARES

"STATION HRVA 3656.8 7619.9 75W

29 DAY SERIES STARTING

NOS ND.

O~NOWNMPWN -

26
27
28
29
30
33
35

CONST. SPEED
M2 28.9841
S2 30.0000
N2 28.4397
K1 15.0410
M4 57.9682
o1 13.9430
M6 86.9523
S4 60.0000
Sé6 90.0000
M8 115.9364

NU2 28.5125

My2 27.9682

2N2 27.8953

001 161391

LAM2 29.4556
M1 14,4966
J1 15.5854

RHO1 13.4715
Q1 13.3986
T2 29.9589
R2 30,0410

2Q1 12.8542
P1 14.9589
L2 29.5284
K2 30.0821

5.37

SERTES MSL

12- 1

H
1.175
0.155
0.174
J.176
0. 022
0.145
0.017
0.026
0.009
0.007
0.045
0.028
0.031
0. 006
0.008
0.010
0.011
0.006
0.028
0.009
0.001
0. 004
0.058
0.033
0.042

YEAR 1970
0.0 HRS
KAPPA KPRIME
251.68 259.4
256.44 259.1
238.07  248.5
124.93 126.1
341.14  356.6
130.54 137.2
272.09 295.3
13.01 18.3
97.37 105.4
33,14 6441
249,48  259.6
246.93 259.8
246.59 259.8
119.32 115.0
253.89 259.3
124,93  128.8
119.32 117.7
113.71 122.7
108.10 117.4
27546 278.3
280.21 282.7
91.27 103.3
85.66 87.2
294.48  299.5
299.23  301.5

697

OBSERVATIONS
KPR-K 0/0 TSS
T 74 66.89
2466 1.2%
10.46 l.46
1.13 1l.92
15.49 0.02
6.62 1.46
23.23 0.01
533 0.03
7.99 0. 00
30.97 0.00
10.10 0.10
12.82 0.04
13.19 0.05
-4.36 0.01
5.39 0.00
3.85 0.03
~1e.60 0.01
8.97 . 0.00
9.34 0.06
2.87 0.00
2. 46 0.00
12.06 0.00
1. 54 0.17
S.02 0.02
2.25 0.15
73.68
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APPENDIX B
Program ASTRO
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Instructions for using Program ASTRO

I. Preliminary Input

As in Program HAMELS, a master list of constituent infor-
mation is initially required as input to the program. The list
includes 37 tidal constituents normally used by the National
Ocean Survey in official U.S. tide table publications. The list

is presented at the end of this appendix.

ITI. Station ID Card, Tidal Datum Card

The station ID card identifies the tide station, its loca-
tion, and the local time meridian used. The tidal datum card
names the datum used (for labeling purposes), fixes its position
relative to mean sea level, and gives the number of tidal con-

stituents to be used in the predictions.

III. Tidal Constants Cards

Each tidal constituent to be used in the predictions must
be represented by a tidal constants card. These may include any
combination of the 37 constituents referred to in the master
list. Cards containing the sets of tidal constants (amplitude
and phase) may be entered in any order as long as the correct

NOS reference number appears on each card.

IV. Station Control Card

This card specifies the year and the month series in which
predictions are wanted as well as their type (hourly heights or

times and heights of highs and lows). Various combinations may
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be achieved for a given station by entering one or more control

cards, followed by a blank card to terminate the program.
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¢’ s®«PROGRAM ASTRO%* ASTRONOMICAL TIDE PREDICTION PROGRAM FOR

C COMPUTATION OF HOURLY HEIGHTS AND/CR TIMES AND HEIGHTS OF HIGH AND
€ LOW TIDE AT STATIONS HAVING KNOWN TIDAL CONSTANTS

c - -

C" *%INPUT VARIABLE LIST*%

XTDEN- STATION INENTIFIER CNDE (A4)

XLAT,XLON— STATION LATITUDE AND LONGITUDF (2F7.1)

LM~ LONGTTUDE OF TIME MERIDIAN USED AT STATION (13)

IYR- YEAR OF REQUIRED PREDICTIONS (14)

MS.ME— STARTING MONTH, ENDING MONTH (213)

ITYPE- SELECTS HOURLY HEIGHTS(O1) OR HIGHS AND LONWS{02) (13)
DATNM— NAME OF MODEL DATUM ([4) ’

HO- HEIGHT OF LOCAL MEAN SEA LEVEL ABOVE MODEL DATUM ({F5.3)

NTC- NUMBER OF TIDAL CONSTITUENTS USED (I3)

NOS!T)- NATIONAL DCEAN SURVFY REFERENCE NO. FOR ITH CONSTITUENT
AlI,1)~ SPFED OF ‘ITH TIDAL CONSTITUENT IN DEG/MSH (F8.4%4)

AlT,J)- ORBITAL ELEMENT INDICES FOR ITH CONSTITUENT (B8F3.1)

H(T1)— MEAN AMPLITUDE 0OF ITH TIDAL CONSTITUENT (FS5.3)

XKP(1)— PHASE OF ITH CONSTITUENT ADJUSTED FOR STATION LOCATION (F5.1)

Ty

nnnnnnnnnnnnﬂnnnnnnnnnnonnhnn

**CALLED VARIABLES**®
F(1)—- NODAL FACTOR REDUCING H TO YEAR OF PREDICTION
VOU(T)~- GREENWICH EQUILIBRIUM PHASE FOR ITH CONSTITUENT

**INPUT SEQUENCE AND FORMAT *x

le STATION ID CARD- XIDEN,XLAT9XLON,LTM {1X,A4,2F7.1,13)
2. TIDAL DATUM CARD- DATNM,HDyNTC (1X,A4,1X,F5.3,13)

3. TIDAL CONSTANTS CARDS— H{I)¢XKP(I) (1X,F5.3,1X,F5.1)

4. STATION CONTROL CARN— IYR\MS,ME, ITYPE (1X,144213,4X,13)
5. ADDITIONAL STATTON CONTROL CARDS IF DESIRED

6« BLANK' CARD TO TERMINATE JOB

SURROUTINES REQUIRED- ORBEL,CNNSUM

0001 DIMENSION F{37),H{3T),VOUI37),XKP(37),HH(366,24),XLH(366,2)
0002 DIMENSTON JS{12)4JE(L2)4ND(367)yTHH{366,2)yHH(36642),TLWI366,2)
0003 DIMENSION A[37,9),0MTL(366),DMN(366),N0OS(37),KNOS{(37)
e e o e e e o e e e o e e e ——
C READ MASTER LIST OF CONSTITUENT SPEEDS, ORBITAL ELEMENT INDICES
. c -
0004 ) READ{S,44) INDS{I),(A(T,U)9JI=1,9),1=1,37)
0005 . 44 FORMAT{12,6X¢FBa%y4X,8F3.1)
c
C READ STATION ID CARD
C READ TIDAL DATUM CARD
C READ TIDAL CONSTANTS CARDS
c
0006 READIS5,1) XIDEM, XLAT, XLON4LTM
0007 1 FORMAT(LX,A442F741,1X,12)
0008 REAN(5,3) DATNM,HN,NTC
0009 3 FORMAT (IXyAbylXyFS5.3,13)
0010 READ{S544) (KNDS{J)yH{J) 4 XKP{J)5J=1yNTC)
0011 4 FORMAT(12,2X4F5.342XyF5.1)
Cm—
C READ STATION CONTROL CARD
- ¢ .
0012 200 READ(S5,2) IYRyMS,ME,ITYPE

0013 2 FORMAT(1X,149213,4X,13)



0014

0015
- 0016
0017
0018
0019
0020

- -0021
110022
0023

0024
0025
0026
0027
0028
0029

0030

0031
0032
0033

0034

003§
0036
0037
0038
0039
0040
0041
0042
0043
0044&
0045
0046

0047

0048
0049
0050

0051
0052

0053
0054

0055 .

0056
0057
0058
0059

C
C

c
c

N aleXal

c
c

Cc-
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IF{IYRJEQLOIGO TN 101

ADJUST FOR LEAP YEAR, NON-LEAP YEAR

COMPUTE JULIAN DATFS STARTING AND ENDING EACH MONTH

DEGRAD=57.29577951
21P=0.1
LyY=1
"LEAP=(2000.-1YR}) /4.
XLEAP=(2000.—-1IYR)/4.~LEAP
IF(XLEAP.GT.21P)LY=0
Jstir=1
JE(1)=31
Jst2)=32
JE12)=59+LY
K=1
D0 5 1=3,12
JSUI)=JF{I-1}+1
JELT)I=JS(1)+29+4K
K=1-K
TF(1.FR.TIK=1

5 CONTINUE
IM=12.%(LY+1)
CALL ORBEL({TYR,41,183,0.0,ZMyNOSyA,VOU,F}
IF(ITYPE=1)6:6,7

COMPUTE HOURLY HEIGHTS

6 DO 8 K=MS,ME
J1=JS(K)
J2=JF(K)
ND{JL)=1
DN G 1=J1,42
ND{T1+1)=ND(I)+1
DN 10 J=1,24
JT=((1-1)%24)+J-1
HH{I,J)=HO
DN 11 M=1,NTC
=KNOS (M)
ARG=(A(Ly1)*JT+VOUIL)-XKP(M))/DFGRAD
HH{T 3 J)=HH{T1,J)+F(L)*H(M)}*COS(ARG)
11 CONTINUE :
10 CONTINUE
9 CONTVINUE

PRINT HOURLY HEIGHTS
WRITE(6912) XIDEN,XLAT ¢ XLON,LTMyTYR,K,NTC

12 FORMAT(VL o/ 1X0A%p2F Tl s 2Xe ' TaMat oI35 H o/1Xy "YEAR ¥, 14 42Xs YMONTH?®
1+1342X,*NO. CONST. ',12)
WRITE(6,13) DATNM

13 FORMAT(//1X,*PREDICTED HOURLY HETGHT NF TIDE IN FEET ABOVE ',A4,!
1DATUMY) , .
1F(HN.EN.0.0)GN TN 115
WRITE(6y94) DATNM,HO

94 FPRMAT(/1XyA4,® DATUM IS ',F5.3,° FEET BELOW MSLY)

115 J3=J1+22
WRITE(6,39) IND{T),T=01,J43)




0060

0061

- 0062
0063
0064

0065

0066

0067
0068
0069
- 0Q70
0071
0072

0073

0074

0075 .

0076

0077

0078
0079
0080
0081
0082

. 0083

0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096

0097 -

. 0098
0099
0100
0101
0102
0103
0104

0105

0106
0107
0108
0109
0110

o111

0112
0113
01164

.
C COMPUTE TIMES AND HEIGHTS NF HIGHS AND LOWS
¢ .

39

14
8

36

FORMAT(/1X,*D/HR 0',2314)
WRITE(6914) INDIT) o {HHIT 4 J)9J=1,24)91=01,J2)

FORMAT(31{1X,12,2X424F4a1/))

CONTINUE
GO YO 200

7

17

18

19

20

22

26

27

DO 15 K=MS,ME

J1=JS (K}

J2=JEL(K)

ND(J1)=1

DO 16 I=J1,42
THW{1,2)=1000000.
TLW(1,2)=1000000.
HW(1,2)=1000000.
XLW{1,2)=1000000.

N=1

M=]

NSKTP=1
ND{T+1)=ND{(T}+1
XdT=(1-1)%24

CALL CONSUM{KNDS 4XJT,A, VOUSXKP, F HO,HeNTC o SUMy DSUM)
SUMO=SUM

NDSUMD=DSUM
IF{NSUMD)20,417,20
XJT=XJT+1l.

CALL CONSUM{KNOS¢XJT9AsVOUXKPyFoHNy HyNTC, SUM,NSUM)
IF (DSUMO-DSUM)19,20,18
THW{I,N}=0.0
HW({1,N)=SUMO

NDSUMD=-1.

N=N+1

NSK1P=5

GO 1™ 20 )
TLW{I,M)=0.0
XLW{I,M)=5UMD

nsuMD=1.

M=M+1

NSKIP=5

NQ=0

no 25 J=1,24
NSKIP=NSKIP-1
IF{NSKIP.GT.0)GO YO 25
XJT=({I=-1)%24)+]

CALL CﬂNSUM(KNOS,XJT,A,VOU.XKP FeHNy HeNTC, SUM, DSUM)
SAVE=DSUMO
1F{DSUMEDSUMN) 23,22,28
TFlJ.EQ.24)GN TN 25
IF{SAVE-DSUM)27,26,26
THWLTL ,N)=J

HW (I, N)=SUM

DSUMN=~1.

N=N+1

Gh 10 21

TLUWLT,M)=J
XLWIT,M)=SUM

nsume=1.



37

0115 ' M=M+1

o116 GO TO 21
o117 . 23 NO=NQ+1-
o118 . XJ=(J-1Y+0.1%NQ
0119~ LT XIT=(I-1)%24) XY
0120 - ] " CALL CONSUMIKNOS ¢XJT,A,VOUXKPoF,HOyHy NTC o SUMsDSUM)
0121° i “1F (DSUM&DSUM0O) 30,30, 28
0122 . % 30 DIFF=ABS{DSUM)—-ABS(DSUMO)
0123 - 1IF(DIFF)31,29,29
0124 29 SUM=SUMO
0125 XJ=XJ-0.1
0126 . " 31 IF{SAVE-DSUM)33,32,32
. 0127 T 32 THWIILN)=XJ
- 0128 ) HWL,N)=SUM
0129.. , DSUMD=-1.
0130 °~ " N=N+1
0131 - T G0 10 21
0132 33 TLW(T4M)=XJ
0133 T XLW{I,M)=SUM
0134 o DSUMD=1.
0135 =M+ 1
0136 i 21 NQ=0
0137 ) N5KIP=S
0138 - Gnh ¥n 25
- 0139 ' 28 DSUMO=DSUM
0140 SUMD= SUM :
0141 : 1F{NQ.GT.0)GD TO 23
0142 : - 25 CONTINUE .
© 0143 ¢ 16 CONTINUF
M ¢ ‘
C PRINT TYMES AND HEIGHTS OF HIGHS AND LOWS
C
0144 55 WRITE(6912) XIDENy,XLAT,XLON,LTM,IYR,K,NTC
0145 WRITE(6434) DATNM
0146 ‘ 34 FORMAT{//1X,*PREDICTED TIMES AND HEIGHTS NF HIGH AND LOW TIDE®',/1X
1,*TIME IN HRS',5X,*HEIGHT IN FEET ABOVE ',A%4,' DATUM®)
0147 TF{H0.FQ.N.0)GD TN 336
0148 WRITE(6,337) DATNM,HO
0149 B 337 FORMAT(/1X,A4,® DATUM IS *,FS_.3,' FEET BELOW MSL®)
0150 : 336 WRITE(6,338) .
0151 . 338 FORVMATI/1X,"DAY? g3X, "THWY 33Xy SHH" g 2X o " TLH® 33X, "LH (AM)*, 22Xy *THNW®,3
. o IXy "HWY . 2X 4 *TLW® 33X, 'LH (PM)?)
0152 - WRITE(643S){NDIT)y {THN( T4 J) oHW(T s J) o TLWII yJ) o XLW{T9J)yJ=142)g1=J1,
1J2)
0153 35 FORMAT(31(2Xy12,1Xe&{1X¢Foel) 45X e4(1XeF4,.1)/))
0154 15 CONTINUF
0155 - G0 TO 200
0156 101 STOP

0157 £ND
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0001 SUBRNUTINE CNNSUM(KNOSyXJT oAy VOU XKPyFyHDO9HyNTC,SUM,DSUM)

0002 DIMENSINN A(37,9),VOU(37),F(37),H{3T)XKP{37),KNCS(37)
0003 ) DEGRAD=57.29577951
0004 SUM=HO

- 0005 DSUM=0.0
0006 DN 1 J=1,NTC

© 0007 1=KNOS(J)
0008 ARG=(A{Ty 1) *XJT+VOUIT)-XKP(J)})/DEGRAD
0009 SUM=SUM+F{I)*H{J)}*COS(ARG)

‘0010 DSUM=DSUM-A(T,41)%F {1 )*H(J)*SIN{ARG)
0011 -1 CONTINUE :

. 0012 RETURN

0013 END
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MASTER LIST OF CONSTITUENT INFORMATION - PROGRAM ASTRO

1 M2 28.,9841042 -2 2 0 0 0 2-2 0 2
2 S2 30.0000000 O O O O O O O O 2

3 N2 28.4397296 -3 2 1 0 O 2 -2 0 2
4 K1 15.0410686 0 1 0 O 1 O 0 -1 1

S M4 57.,9682084 -4 4 0 O O &4 -4 0 4

6 01 13.9430356 -2 1 0 O0-1 2-1 0 1

7 M6 B86.9523126 -6 6 0O 0O O 6 -6 0O 6

8 MK3 44.,0251728 -2 3 0 0 1 2-2-1 3
9 S4 . 60,0000000 O 0O O O O O O O 4
10 MN4& 57.4238338 -5 4 1 0 0 4 -4 0 4
11 NuU2 28.5125830 -3 4 -1 0 0 2-2 0 2
12 S6 90,0000000 0 O 0 O O O O O 6
13 MU2 27.9682084 -4 4 0 O O 2 -2 0 2
14 2N2 27.8953548 -4 2 2 0 0 2-2 0 2
15 071 16.1391017 2 t O O 1 -2-1 0 1
16 LAM2 29.4556254 -1 0 1 0 2 2-2 O 2
17 S1 15.0000000 0 0o 0 0 2 O 0 0 1
18 M1 14.4966%939 -1 1 0 0 1 0O 0 O 1
19 J1 15.5854433 1 1 -1 0 1 0-1 0 1
20 MM N.5443747 1 0-1 0 O O O O O
21 SSA 0.0621373 0 2 0 O O O O O O
22 SA 0.0410686 0 1 0 O 0 O O O O
23 MSF 1.01%58958 2 -2 0 0 O O O 0 O
24 MF 1.0980331 2 0 0 O 0-2 O O O
25 RHN1 13.4715145 -3 3 -1 0 -1 2 -1 0 1
26 Q1 13.3986609 -3 1 1 0 -1 2-1 0 1
27 T2 29.9589333 0-1 0 1 0o O O 0 2
28 R2 130.04l0667 0 1! O0O-1 2 O O O 2
29 201 12.8542862 -4 1 2 0 -1 2-1 0 1
30 Pl 14.9589314 0 -1 O O0-1 0 O O 1
31 2sM2 31,.,0158958 2 -2 0 O 0 -2 2 O 2
32 M3 43.4761563 -3 3 0 0 2 3 -3 0 3
33 L2 29.5784789 -1 2 -1 0 2 0O O O 2
34 2MK3 42,9271398 -4 3 0 0 -1 4 -4 1 3
35 K? 30,0821373 0 2 O 0 O O O O 2
36 MB 115.9364169 -8 8 0 0O O 8 -8 0 8
37 MS4 58.9841042 -2 2?2 0 0O 0 2 -2 0 4
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SAMPLF. OUTPUT - PROGRAM ASTRO

HRVA 3656.8 7619.9 T.M. 7SW
YEAR 1970 NONTH 12 ND. CONST. 25

PREDTCTED TIMES AND HEIGHTS OF HIGH AND LOW TIDF

TIME IN HRS ° HEIGHT IN FEEY ABOVE MSL DATUM

DAY THW  HW TLW LW {AM) THN HW TLW LW (PM)
T 1 10a5 16 3.9 -l.4 22.8 0.8 16.8 -1.2
2 1le4 146 4.7 -1.3 23.7 0.8 17.8 -1.2
3. 1242 1.5 5.7 -1.2 xxkx Xxx%x 18,7 -1.1
4 Db 0.9 6.8 ~1l.1 . 13.0 1.4 19.7 -1.2
5 1.5 0e9 7.8 -l.1 13.9 1.2 20.5 -1.2
6 2.7 1.0 B.9 -l.l 15.1 lel 21.5 -1.2
7 4.0 1.1 10.0 -1.1 1603 1.0 22.3 -1.3
8 5.0 1.3 11.0 -1.1 17.2 1.0 23,1 -1.3
.9 548 145 12.0 -1l.1 . 18.0 . 0.9 24.0 -1.3
w10 7 646 146 13,0 —-1.2 18.8 0.9 kkkk kxkk
11 . 7.4 1.6 0.8 -1.4 19.6 0.9 13.9 -1.2
12 8.2 1.6 1.7 -1l.4 20.4 0.9 14.7 -1.3
13 8.9 1leb6 2.4 -l.4 " 211 0.9 15.3 -1.3
14 9.6 1.6 3.1 ~-l.4 21.9 0.8 15.9 -1.2
15. 104 1e5 3.8 -1.3 2247 0.8 16.6 -1.2
16 11l.1 1.4 4.5 -1.2 23.4 0.8 17.4 -1l.1
17 11.9 1.3 5.3 ~1l.1 dakk *kk%k 18,2 -1.0
18 0.2 0.8 6.2 -1.0 12.5 1.2 19.0 -1.0
19 . 0.9 0.8 7.1 -0.9 13.2 1.1 19.8 -1.0
20 le6 0.8 8.0 —-0.9 13.9 0.9 20.5 -1.0
21 2.6 0.8 8.9 ~0.9 14.9 0.8 21.3 -1.0
22 3.8 0.9 9.9 —0.9 16.1 0.7 22.1 -1.0
23 4.8 1.1 10.8 -0.9 17.0 0.8 22,9 ~l.1
24 5.5 142 11.7 -1.0 17.7 0.8 23,7 -1.1
25 6.2 1.4 12.7 -1.0 18.5 0.8 #%¥&%x xkxk
26 . 7.0 1.5 0.5 -1.2 19.3 0.8 13.6 -1.1
27  Te8 1.6 1.4 -1.3 20.1 0.9 l4.4 -1.3
28 B.6 1.7 2.2 -l.4 20.9 0.9 15.1 -1.3
29 9.4 1.7 3.0 -1.5 21.7 1.0 15.8 -1.4
30 10.3 1.7 3.7 -1.5 22.6 1.0 1l6.6 -1.4
31 11.1 1.7 4.5 -1.5 23.5 1.1 17.4 -1.3
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MSL DATUM

25

T5W
CONST.

T619.9 ToM.

SAMPLE OUTPUT - PROGRAM ASTRO

PREDICTED HOURLY -HEIGHT OF TINE IN FFET ABOVE

YEAR 1970 MANTH 12 NO.

HRVA 3656.8

8‘1‘7886606‘79‘.19514800

23

W O U =t oNmN
s 0.8 0 0 0 0 0 * e s @ S 0 0 0 0 0 0 0 00 .
- J ]
28505%22173258886315790074048007
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nv000_0ﬂlcﬂowooooooowﬂwo.ﬂ.ﬂn—vn.UOOOIlo
[} 1 | ) |
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:OWOO..-.11000000.00000Ollwn_vn_UOOOOOOO
1 1 L i 1 |
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0401%*00000000004%%.@44%00000000
| [ ] ' [} |
ONOEA M OMMMINOOROOM=~=INDOOOTM+FMNOMODODOINE-OO
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APPENDIX C
Program LESCO
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Instructions for using Program LESCO

3
I. Purpose

Program LESCO is used to compute the inverse of the least
squares coefficient matrices required by Program HAMELS. The
inverse matrices may be computed for an observational series of
virtually any length but the program is limited to a maximum of
ten tidal constituents (two 10 X 10 matrices) in present form.
If more than ten constituents are needed, both the main program

and subroutines INVER and MAPROD must be modified accordingly.

II. Input Required

The required information must be entered on cards in the

following order:

A. Data information card (I3, I4, I3)

M - number of tidal constituents (13)
N - total number of observations (14)
NPD - number of observations per day (I1I3)

B. Constituent Cards (A3, 2X, F13.10)

C - constituent symbol (A3)
W - constituent speed (F13.10)

Note: The order of the constituent cards determines

the order in which the constituents must appear in
Program HAMELS,

ITI. Output

A listing of the cosine summation (S) and sine summation (D)
matrices are printed along with their respective inverse matrices
and a set of verification (identity) matrices obtained as the pro-

ducts S X SINV and D x DINV.



L

The inverse matrices are multiplied by a factor of 1000
to eliminate extraneous leading zeroes and allow retention of
significant figures in the lesser elements of the array output.
The remainder of the output consists of a deck of punched cards
containing

SINV x 1000 (10F8.6)
DINV x 1000 (10F8.6)
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2002
0003
0004

0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017

0018
0019

0020
0021

0022
0023
0024

OO0
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PROGRAM LESCO — GFNERATES COFFFICIENT MATRICIES AND CNOMPJTES THE
INVERSE MATRICIES FNR THE L EAST SQUARES NETHOD DF HARMONIC
ANALY SIS. THE TINVERSE MATRICIES AF MULTIPLIE) BY 1000 DUE TO THE
SMALL VALUES OF THE NON-PIVOT ELEMENTS.
INPUT REQUIRED
l. MASTER LIST NOF CONSTITUENT AND INPUT DATA INFORMATION
M= ORDER OF COFFFICIENT MATRIX (MAXIMUM = 10)
N= NUMBER OF OBSERVATIONS IN TIDAL SERIES { N MUST BE JDD)
NPD= NN, OBSERVATIONS PER DAY
C{I)= CONSTITUENT SYMBoL FOR ITH CONSTITUENT
W{I)= ITH CONSTITJENT SPEED (DEG/4SH)
2. SUBROUTINES REQUIRFD - INVERS, MAPRND

DOUBLE PRFC[S]HN WySyDy SINV, DINV, SSINV,DDINV WS yWSNySFS, WD s WDN, SFD
DIMENSIOY W(10),C(10),5(10,10),D(10,10},SINV(10,10)

DIMENSION DINV(10,10),SSINV(10,10),DDINV(10,10)

DATA [R/S5/, IH/b/ wprs1/

READ MATRIX DROER(M). SERIES LENTH

READ MyNyNPDy CONSTITUENT SYMBOLS AND  CONSTITUENT SPEEDS

o000

READIIRe 1) MyN,NPD
1 FORMAT(13,14,13)
NTEST=N/2
NTEST= N-NTEST%2
TFINTEST)101,101,30
101 WRITFE(IW,102)
102 FNRMAT({®1',//1X,"'N EVEN, PROGRAM CANCELLED')
G0 T0 100
30 REANDIIR,2) (C{I)sW(T) I=14M)
2 FORMAT{A3,2X,F13.10)
ND=N/NPD
WRITE(IW,18) NDyNyM
18 FORMAT(?1',/1X,"MATRIX CNEFFICIENTS -~ PROGRAM LESCO',//1X,*RECDRD
LLENGTH- "4 73,'DAYS?,/1X,'TOTAL NN. NBS .- ', 14,/1X,
2 'NN, CONSTITUENTS- 9,13,//1X,*CONSTITUENT SPEEDS (DEG/MSH)*)
HWRITF (IWe19)ICITID)yWI(T),I=1,M)
19 FORMAT{/1XyA4y2X4FBeb)
C— -
C GENERATE CQFFFICIENT MATRIX
c— - —— e — . S e . o
DO 3 I=1,M
DO 3 J=1,M

1F {1-J) 45,45,43
43 S({T4J)=S{J,I)
D{I,J)=D{J,y 1)



‘0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
00135
0036
0037
0038

0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0355
00%6
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
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G0 Y0 3
WS={W(T)+W{J))/114.591559
WSN=WS*N .
SFS=DSIN{WSN)/DSINI(AS)
[F{I=-J)54445
SUI+J)=(N+SFS)/2,
N(I+d)=(N=-5F5)/ 2.

GO 10 3
WO=(W{I)-W{J)}/114.591559
WON=WD*:N

SFD=DSIN(WON) /DSINIWD)
S(I,J)=(SFD+S5FS) /2.
D(I,J)=TUSFN-SFS}/2.
CONTIMNUE

c

C WRITS MATRIX, TNVERSE MATRIX, MATRIX PRODUCTS

C
6
80

7
8

82

84
10
86

64
66

70
20

21

100

WRITF (IW,6)
FORMAT{*1*,//1Xs?5%,/1X)

DO 30 I=1.,M

WRITF(IW, 7)IS(I,5d) 4J=1,M)
WOITF({IW.8)

FORMAT(* ',10F12.6)

FORMAT (%1%, //1X4*D*,/1X)

DN 82 T=1,M
WRITE(IWTI(D(T4d)sJ=14M)

CALL TNVERS{M,S5,SINV)

1F {(M.E2.0) G 9 100

CALL INVERS{M,D4DINV]

TIF (M.EQ.0) GN TO 100

WRITE(1IW,9)

FORMAT(*1',//1X,*SIMNV X 100)*,/1X)
DO 8% I=1,M

WRITE(IW,T7) (SINVII,J},J=1,M)
WRITF(TW,10)

FORMAT(®19,//1X,*DINV X 1000%,/1X)
nn 86 I=1,M

WRITE(IWy7) (DINV(ILJ),yJ=1,M)

NN 64 I=1,M

WRITE (1P,66) (SINVIILJ)yJ=1,M)
FORMAT (10F8.6) ‘

DN 70 I=1,M

WRITE(IP,46) (DINVIIJ)eJd=1yM)
WRITE(IW,20)
FORMAT(*1%,//1X¢*CHECK S*SINV',/1X)
CALL MAPRND (M, S, SINV}

WRITE(IW,21)
FORMAT (19, //1X,"CHECK D*DINV?,/1X)
CALL MAPROD{(M,D,DINV)

STOP

END
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0001 SUBROUTINE TNVERS({M,F,A)

c-—- —————— —_——

C SUBROUTINE TNVERS — COMPUTES THE INVFERSE OF THE M X M MATRIX IN

L PLACE. THF METHDD IS GAUSS—JNRDEN EL IMINATION USING MAXIMUM >1vOT

C STRATEGY. IF THE PIVOT IS LESS THAN .00000001, THE PROGRAM IS

C TERMINATED.

C 1. INPUT VARTABLES

[o M - ORDER NF CNEFFICTENT MATRIX

c F ~- CNEFFICIENT MATRIX

C 2. DUTPUT VARIARLES

C A ~ INVERSE OF CNEFFICTENT MATRIX

c ————— ———— e o
0002 REAL*8 A,F,PIVOT
0003 NDIMENSION TROW(10),JCOL(10)yJORD{10),¥{1]),A(10,10),F(1D,10)
0004 DATA IR/5/41W/6/,1P/T/
0005 EPS=. 00000001
0006 DO 2 I=1,M
0007 DO 2 J=1,M
0008 2 Al 0)=F(1,J)
0009 IF (M.LE.10) GO TO S
0010 WRITE(IW,200)
o011l . M=0
0012 : RETURN 660
0013 5 DN 18 K=1,M
0014 : KM1=K-1 710
0015 PTVOT =0, 750
0016 DO 11 1=14M
0017 DO 11 J=1,M
0018 IF (K.ED.1) GD TN 9 800
0019 DD 8 ISCAN=1,KM] 810
0020 DO 8 JSCAN=1,KM1 820
0021 ‘ IF (1.EQ.TROW(ISCANY) GO TO 11 830
0022 IF [J.EQ.JCOLIJSCAN)) GN TO 11 840
0023 8 CONTINJE 850
0024 9 TF (DABS{A(I,J)).LE.NDABS(PIVDT)) GO 7O 11 860
0025 PIVOT=ALT,4J) 87
0026 TROW(K) =1 880
0027 JCNL (K)=J 890
00238 11 CONTYNUE 900
0029 IF (DABSIPIVNT) ,GT.EPS) GO TO 13 932
0030 : WRITE(IW,205)
0031 M=0
0032 RETURN 960
0033 13 JROWK=TRNOW(K) 990
0034 JCOLK=JCOL (K) ) 1000
0035 NN 16 J=14M . :
0036 14 A(IRIWK,J)=A{TRNWK,J)/PTIVOT 1050

0037 AL TROWK,JCOLK)=1./P1VOT 1080



0038 -

0039
0040
0041

0042 .

0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066

17
18

20

27

28

29
30

200
205

DO 18 I=1,M
ATJCK=A{T,JCOLK)

TF (I.FQ.IROWK) GO TO 1%
AlT,JCOLK)=—ATJCK/PIVOT

DO 17 J=1,M

48

TF {JoNELJCOLK) ALT¢J)=A(1,J)-ATICK*A(IROWK,J)

CONTINUE

DO 20 I=14M
TROWI=TROW(T)
JeaLr=JeoL(n
JORD([IROWI)=JCOL 1
DO 28 J=1,M

DN 27 I=1,M
TROWI=IROW( )
JCaLI=Jcou(rn)
Y(JCOLT)=A{IROWI,J)
DO 28 I=14M
AlT,J)=Y(I1)

DO 30 I=1,M

DN 29 J=1,M
IROWJ=IROW(J)
JeoLJd=JcoL( )
Y{IROWJ)=A(I,JCOLJ)
DN 30 J=1.M
A(T,J)=Y{J)*1000.
RETURN
FORMAT(®*0',*N TOO BIG*)

FORMAT {*0*, "MAGNITUDE OF PIVOT IS LESS THAN EPS*)

END

1100
1110
1120

1140
1150

1190
1200
1210

1420
1430
1440

1460

1500
1510
152)

1550
1580
1590
1610
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0003
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0005.

0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
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SUBRNUTINE MAPROD(M,A,AINV)

sus
MAT
1.

2.

ROUTINE MAPROD — MULTIPLIES THE COEFFICTENT MATRIX BY ITS INVFRSE
RIX TO INSURE THE PRODUCT IS THE IDENTITY MATRIX.
INPUT VARTABLES
M — ORDER NF CNEFFICIENT MATRIX
A - COEFFICIENT MATRIX
AINV - INVERSF OF COEFFICIENT MATRIX
OUTPUT VARIABLES
AATNV —~ PRODUCT OF A AND ATNV {THIS SHOULD BE THE IDENTITY MATRIX)

10

15
11

DOUBLE PRECISION A,AINV,AAINV

DIMENSIDN A(10,10),AINV{10,10),AAINV(10,10)
DATA IR/5/51W/6/,1P/7/

DN 10 I=14M

D0 10 J=1,M

AAINVIT,J)=0.

NN 10 K=1,.M
AAINV(I,J)=AAINV(I,J)+A1T,K)*AINV{K,J}/1000.
CONTINUE

DO 15 T=1,M

WRITE(IWe11)(AATINVIT 4 J) g J=1¢ M)
FORMAT(*0',10F12.7)

RETURN

END



	Harmonic Analysis and Tidal Prediction by the Method of Least Squares: A User's Manual
	Recommended Citation

	tmp.1517499924.pdf.FtzKH

