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1. TIDAL CURRENT ANALYSIS PROCEDURE
1.1. Introduction

The National Ocean Service (NOS) has been charged with producing tidal current tables for the
coastal areas of the United States. Tidal currents are almost always the strongest current
experienced by vessels operating offshore and for considerable distances inside of bays and river
estuaries. Tidal currents are usually fastest where water level fluctuations on wide continental
shelfs are amplified as they approach the coast and water is forced through a narrow constricted
channel into a large bay or estuary.

Knowledge of the timing and strength of tidal currents is extremely important for safe navigation
in coastal waters. Mariners are primarily interested in the timing and strength of four phases of
the tidal current cycle which are printed in the NOS Tidal Current Tables. These phases are
slack before flood (SBF), maximum flood current (MFC), slack before ebb (SBE), and maximum
ebb current (MEC). Two other phases are also included in the NOS Tidal Current Tables. These
are minimum currents between two successive maximum currents in the same direction and are
known as slack flood current (SFC) and slack ebb current (SEC).

Although a standardized procedure has developed for analyzing water level data to obtain the
parameters required to produce the NOS Tide Tables, there has not been such a procedure
developed for tidal currents. This publication sets forth a suggested step-by-step procedure to
follow for obtaining the parameters needed to produce the NOS Tidal Current Tables. This is
followed by detailed explanations of each of the computer programs used. These sections are
designed to be stand-alone user’s guides for each of the programs, giving a complete explanation
of how the calculations are carried out, options to be set by the user, and sample input and output
files. Table A indicates the inputs and outputs for the major programs used in the analysis of
tidal currents. All the programs are written in FORTRAN.

1.2. Comparison of Tidal and Tidal Current Analysis

Tides and tidal currents are driven by the gravitational forces of the sun and the moon acting on
the earth’s oceans. The rotation of the earth causes the cyclical rise and fall of the ocean levels
on a daily (diurnal) and half-daily (semidiurnal) basis. Variations in the relative positions of the
earth, moon, and sun cause fluctuations in the strength of the astronomical forcing. Tides and
tidal currents are predictable far into the future due to the predictability of the astronomical
forcing. These forces are expressed as the tidal potential which consists of a limited number of
discrete frequencies whose amplitudes and phases are well known at any time. However, the
tidal signal at any point in the world has been affected by the bathymetry of the oceans, seas,
bays, and river estuaries as the tidal forces are transmitted and modified by fluid dynamic forces.
The frequencies are unchanged but the amplitudes and phases of each frequency or tidal
constituent has been changed by varying amounts.



TABLE A. TIDAL CURRENT ANALYSIS PROGRAMS

Inputs Program Outputs
Current Speeds and Directions PRCMP Mean Current
Principal Current Direction
Major and Minor Axis Variance
Current Speeds and Directions LSQHA Tidal Constituents
Principal Current Direction Mean Current
Current Speeds and Directions HARM?29 Tidal Constituents
Principal Current Direction HARMI15 Mean Current
Multiple Tidal Constituents AVCONS Averaged Tidal Constituents
Mean Currents Averaged Mean Current
Tidal Constituents PRED Predicted Speeds and Directions
Mean Current (Detided Speeds and Directions)
(Observed Speeds and Directions)
Current Speeds and Directions GI Mean Greenwich Intervals, Speeds,
Principal Current Direction and Directions of Floods, Ebbs,
and Slacks
Tidal Constituents (major axis) NCP2 Predicted Times and Speeds of
Mean Current (major axis) Floods, Ebbs, and Slacks
Reference Station Predicted Floods, REVRED Subordinate Station Greenwich
Ebbs, Slacks, and Greenwich Intervals, Speeds, and Directions
Intervals for Floods, Ebbs, and Slacks
Subordinate Station Current Speeds Mean Time Differences and Speed
and Directions Ratios
Reference Station Predicted Floods, ROTARY Subordinate Station Mean Current,
Ebbs, Slacks, and Greenwich Greenwich Intervals, Speeds,
Intervals and Directions for Floods, Ebbs,
Subordinate Station Current Speeds and Slacks, and Complete Mean
and Directions Tidal Cycle
Station Name, Location, Depth, CONVERT | Reformatted Station Name,

Tidal Constituents, Greenwich
Intervals, Speeds, and
Directions for Floods, Ebbs, and
Slacks

Location, Depth, Tidal
Constituents, Greenwich
Intervals, Speeds, and Directions
for Floods, Ebbs, and Slacks




To be able to accurately predict the tides or tidal currents at any point, the amplitudes and the
phases of the strongest tidal constituents which have propagated to that point must be
determined. This is done by recording the tidal signal at that point for a long enough period of
time to be able to resolve the amplitudes and phases of the major tidal constituents. Two tidal
constituents which are close together in frequency can be resolved by a period of observation
greater than their synodic period, which is the length of time in which the higher frequency
completes exactly one more cycle than the lower frequency. Once the tidal constituents are
known, the tidal signal at that point can be predicted indefinitely into the future provided that
there are no major changes to the bathymetry in the vicinity of that location.

The tidal analysis of currents differs in several ways from the tidal analysis of water levels. The
main difference is that water level observations are a scalar time series whereas current
observations are a vector time series. For water levels, only the height of the water is measured,
whereas for currents, the speed and the direction of the current must be recorded. The
directional aspect of a current time series can best be seen in a polar plot of the data (Figures 1
and 2). Individual data points are plotted on a (u,v) coordinate system with u as the eastward
velocity and v as the northward velocity. The resulting scatter plot can take many different
forms and is primarily controlled by the bathymetric features in the vicinity of the location where
the measurements were made.

Tidal currents can be categorized as reversing or rotary. A reversing current flows primarily in
two opposite directions (flood and ebb) with a slack period of near zero flow when the current
direction reverses (Figures 1 and 3). A rotary current continually changes direction during the
tidal cycle without a narrowly defined flood or ebb direction (Figures 2 and 4). Rotary currents
are usually present offshore on the continental shelf or in the deep ocean. Reversing currents are
usually present in bays or estuaries where bathymetry and boundary geometry restrict the
direction of flow. Complicated shorelines can result in flood and ebb current directions not
being 180° apart.

Another difference between water levels and currents is that currents have a natural zero level
occurring when no current is flowing. Measured water levels must always be referenced to a
datum, usually based on a long series of observations for a specified period, whereas the
measured currents are the absolute current speed. A pure tidal current time series, which is a
summation of sine waves, will eventually average to zero. However most measured current time
series will have a nonzero mean current. If current predictions are to be made for another time
period, it must be determined if the measured nonzero mean current is a “permanent” current
(i.e. always present). The timing of slack periods and the strength of floods and ebbs are
affected by the presence of a permanent current.

Observed mean currents can be due to different causes depending on the location of the
instrument. In rivers, there is an overall current in the ebb direction. However, river flowrates
can vary by an order of magnitude during the course of a year. In constricted channels or near
manmade structures, the current pattern during flood and ebb periods may be very different
leading to tidally-induced residual currents. Estuarine circulation, which involves the exchange
of salty ocean water with fresh river water, can lead to a nontidal mean current into the estuary



near the bottom and out of the estuary near the surface. Offshore on the continental shelf, ocean
currents of various magnitudes and time scales can contribute to the measured mean current.
Therefore, it is often uncertain if the measured mean current is a “permanent” current and, if it is,
whether it is similar at nearby locations.

1.3. Calculation of Tidal Current Parameters

The first step in analyzing a tidal current is to determine whether the current is reversing or
rotary. If the current is reversing, the principal current direction is obtained by the program
prcmp. The current can then be separated into a major and a minor component with most of the
current variance along the major or principal current direction. For a rotary current, the major
component variance may not be much greater than the minor component variance or a strong
nontidal signal can obscure the principal current direction of the tidal signal.

The tidal constituents are obtained from observed data by a process known as harmonic analysis.
The tidal constituents consist of an amplitude and phase for each tidal frequency. Some of these
constituents may be set to zero if the data is not sufficient to determine the constituents
accurately. Two sets of tidal constituents will be obtained. The first will be along the major axis
and the second along the minor axis. For a reversing current, the major axis will be the principal
current direction. For a rotary current, the major axis is set to 0° (north). Different harmonic
analysis programs are recommended depending on the length of the observed time series. If
there are more than 180 days of data, the program Isqha should be used. If there are between 29
and 180 days of data, the program harm29 can be used one or more times. If there are between
15 and 29 days of data, the program harm15 is used. The program avcons is used to average
multiple sets of tidal constituents. If there are less than 15 days of data, tidal constituents cannot
be obtained by harmonic analysis.

The Greenwich intervals for SBF, MFC, SBE, and MEC are the mean time between the moon’s
transit over the Greenwich meridian at 0° longitude and the arrival of the tidal phase at the
station. This is a standard way of comparing the timing of tidal phases between stations
anywhere in the world. The mean speeds and directions for the tidal phases are also calculated.
The recommended procedure is to use the program pred to predict the tidal current for an entire
year and then use the program gi to obtain the mean Greenwich intervals, speeds, and directions.
The program convert can then be used to combine all the relevant information calculated for
each station into an easy-to-read tabular format.

1.4. Reference and Subordinate Stations

All tidal current stations are listed in the NOS Tidal Current Tables as either a reference station
or a subordinate station. A yearly listing of the tables can only give the floods, ebbs, and slacks
of a limited number of stations known as the reference stations. A reference station is usually

located at the entrance to a major bay or river estuary and always has a reversing current. In the
1999 NOS Tidal Current Tables, there were 60 reference stations which are listed in the section
known as Table 1. The times of the SBF, MFC, SBE, MEC, SFC, and SEC phases are given to
the nearest minute and the velocities of the MFC, MEC, SFC, and SEC phases are given to the



nearest tenth of a knot. If a maximum current speed is less than 0.25 knots, it is labeled in the
tables as “current weak and variable” and the slack times before and after are not printed. Tidal
constituents for a reference station should be obtained from at least 180 days of current data,
although many of the older established reference station constituents were obtained from much
shorter data sets. The program ncp2 is used for the routine prediction of the daily floods, ebbs,
and slacks of a reference station current.

If a station has a reversing current, is near a reference station, and has a similar tidal cycle, it is
listed as a subordinate station in Table 2 of the NOS Tidal Current Tables. Table 2 is used to
relate the printed times of SBF, MFC, SBE, and MEC and speeds of MFC and MEC of the
reference station to those of the subordinate station. Table 2 lists the subordinate station time
differences and speed ratios, along with station depth and position. It also gives the average
speeds and directions of SBF, MFC, SBE, and MEC for the subordinate station. The Table 2
parameters for some older subordinate stations have been established from as little as one day of
current measurements. If there are more than 15 days of observed data, tidal constituents can be
obtained for the subordinate station and a whole year of predicted currents can be used to
establish the Table 2 parameters. The program revred is used to relate a reversing current to a
reference station.

If a station has a rotary current, is near a reference station, and has a similar tidal cycle, it is
listed as a subordinate station in Table 5 of the NOS Tidal Current Tables. Table 5 is used to
obtain the mean speed and direction of the subordinate station current for 0 to 12 hours after a
specified tidal phase (usually flood) at the reference station. If there are more than 15 days of
observed data, tidal constituents can be obtained for the subordinate station and a whole year of
predicted currents can be used to establish the Table 5 parameters. The program rotary is used
to relate a rotary current to a reference station.
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1.5. Tidal Current Analysis Procedure for All Stations

Al. Put the current data into a free-format three-column ASCII file as: Time, Current Speed,
Current Direction. The time should be in Julian Days specified to the nearest minute (at

least four decimal places) and should be the time for the middle of the sampling period.

A2. Plot the speed and direction versus time to check for bad data and delete all bad data.
Carefully check the beginning and end of the time series, where the speeds may be within
the normal range of the data, but the instrument may be out of the water.

A3. Determine the principal current direction by running the program premp. If the principal
current direction is in the ebb direction, add or subtract 180° to put it in the flood

direction.

If the minor axis variance is greater than 20%, the principal current direction is not well
defined and the harmonic analysis to be carried out in step A6 should be along 0°.

For multiple deployments, run premp once for each deployment and average the
individual principal current directions (in the flood direction). Small changes in
instrument location can give differing principal current directions.

Premp will also print the mean current and indicate when the mean current is not
significant (i.e. if both the 95% confidence intervals include zero).

A4. Find the first and last data point, the lengths of any gaps in the data, and the number of
continuous data points by running the program gap. If there are several deployments,
concatenate all the data together chronologically into one file before running gap. The
output file gaps is useful in setting up the control files for harmonic analysis.

AS. Determine the type of harmonic analysis procedure to use based on the data set available.

If there are more than 180 days of data (continuous or with gaps), use the least squares
harmonic analysis program Isqha. The continuous data option (INDATA=1) can be used
if there are a limited number of blocks of continuous data (fewer than 20). If there are
many small gaps, use the randomly-spaced data option (INDATA=2) which will take
longer to run.

If there are between 29 and 180 days of data, use the 29-day Fourier harmonic analysis
program harm29 on one or more 29-day segments of continuous data.

If there are between 15 and 29 days of continuous data, use the 15-day harmonic analysis
program harm1S.



If there are less than 15 days of continuous data, the tidal constituents cannot be derived,
but the station can be characterized as a subordinate station and related to a reference
station by using the programs revred or rotary (see Section 1.6).

A6. Carry out the harmonic analysis procedure with Isqha, harm29, or harm15 to obtain one or
more sets of tidal constituents. For multiple deployments, perform the harmonic analyses
along the individual principal current direction (flood direction) specified for each
deployment. However, for poorly defined principal current directions (if premp gave
minor axis variances greater than 20% in step A3), perform the harmonic analyses along
0°. Iflsqha is used, do not solve for the long term constituents Mf, Msf, Mm, Ssa, and
Sa. These constituents cannot be determined accurately from only a year of data. If the
mean current was not significant (from premp results in step A3), set the mean current to
zero in the tidal constituents output file cons.out.

A7. For multiple sets of tidal constituents at one station, concatenate all the cons.out files
together and use avcons to average the constituents. If the mean currents were not
significant (from premp results in step A3), set the mean current to zero in the average
tidal constituents file.

AS. Detide the observed time series using the program pred. Pred will have to be run
separately to detide data from different years. Plot the detided time series to check if the
tidal constituents are good. This can turn up any time zone errors in the constituents.
The end of the pred output file shows the root mean square, mean, and standard
deviation of the observed, predicted, and residual time series.

A9. Predict tidal currents for a whole year using the program pred. Choose a year that is near
one quarter or three quarters of the 18.6 year epoch corresponding to the variation in the
obliquity of the moon’s orbit. These years are determined by looking for nodal factors
closest to 1.0 in Table 14 of the “Manual of Harmonic Analysis and Prediction of Tides”
by Shureman (1976). Some good years to use are 1964, 1974, 1983, 1992, 2001, 2011,
or 2020. The tidal amplitudes for these years are closest to the average amplitudes for an
18.6 year epoch. Other years will have higher or lower tidal amplitudes.

A10. Check if the principal current direction from predicted currents is close to the principal
current direction obtained in step A3 from observed data by running premp again. If
they are significantly different, strong nontidal currents could have shifted the principal
current direction obtained in step A3. It may be desirable to redo steps A6, A7, A8, and
A9 along the principal current direction derived from only predicted tidal currents.

A1l. Make polar plots of the predicted tidal currents to observe any unusual features such as
flood and ebb directions not 180 degrees apart, whether tidal currents have significant
energy along a minor axis, rotary versus rectilinear character, etc.




A12. Obtain Greenwich intervals from the predicted tidal currents for a whole year using the
program gi. Do not filter the predicted time series since it is already smooth. The
Greenwich intervals and mean speeds and directions are at the end of the * gi output file.

Do not run gi for very weak tidal currents, since the program excludes maximum floods
or ebbs with speeds less than 0.25 knots (12.86 cm/s). Do not run gi for a rotary tidal

current, since the program tries to separate maximum and minimum speeds into floods,
ebbs, and slacks.

A13. Run the program convert to convert the cons.out file, which will have tidal constituents in
cm/s and modified local epochs (6’), into three output files with constituents in knots.
There will be a file (* kap) with constituents in local epochs (6), a file (*.kpr) with
constituents in modified local epochs (6”), and an ellipse table file (*.elp) in local epochs
(6). These files are in the format requested for the routine prediction of tidal currents for
Table 1 of the NOS Tidal Current Tables.
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1.6. Tidal Current Analysis Procedure for Subordinate Stations

B1. Calculate the predicted reference station tidal currents along the principal current direction
using ncp2. Use the tidal constituents in knots along the major axis. The year should be
the year of the subordinate station predicted current from step A9 (or the year of the
observed current if there were less that 15 days of data). The reference station should
always have a rectilinear current and the current should not be weak since the ncp2
output file gives speeds only to the nearest 0.1 knot (~5 cm/s). The reference station
floods, ebbs, and slacks are printed in output file /3 in a standard max/min/slacks format.
These are the times and speeds that would be printed in Table 1 of the NOS Tidal Current
Tables. Save file /3 for use with the programs revred or rotary.

B2. Classify the subordinate station current as reversing or rotary by looking at a polar plot of
predicted tidal currents for a whole year, previously obtained using the program pred
(see step A9). (Use observed data if there were less than 15 days of continuous data and
tidal constituents could not be obtained.) Check the results from the program premp in
step A10. If the minor axis variance is greater than 20%, the current can be classified as
rotary. A reversing subordinate station is listed in Table 2 of the NOS Tidal Current
Tables while a rotary subordinate station is listed in Table 5.

B3. For a reversing subordinate station current with more than 15 days of continuous data,
analyze the subordinate station current vectorially by running the program revred (set the
parameters ITYAN = 1 and ITIDE = -1). Use the max/min/slacks file /3 created by ncp2
for the floods, ebbs, and slacks of the reference station. Set the smoothing window
length as short as possible (5 data points) since the subordinate station time series is a
predicted tidal current.

Since revred can only analyze data from one year, remove any points in the subordinate
station file that would be on December 31 of the previous year due to a shift from
Greenwich to local time. Do not run revred with very weak subordinate station currents,

since the program excludes maximum floods or ebbs with speeds less than 0.25 knots
(12.86 cm/s).

The parameters needed for Table 2 of the NOS Tidal Current Tables are printed at the
end of the *.tb/ output file. The printed standard deviations and extrema for these
parameters in the *.zb/ file and the graphical output in the * plt file will show how closely
the two time series are related. If the scatter is large, a better reference station should be
found.

B4. If there are less than 15 days of continuous data at a subordinate station with a reversing
current, the tidal constituents cannot be obtained and observed current data must be used
in place of the predicted tidal current in step B3. Start with a smoothing window length
of 1 hour and increase it if necessary. However, if there are strong nontidal currents
during this time period, the results may be inaccurate.
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A better method is available if there is observed data at the reference station during the
deployment of the subordinate station. First, run revred with the parameters ITYAN = 2
and ITIDE = 0 to obtain a max/min/slacks file at the reference station from the observed
data. Then, run revred again for the subordinate station (with ITYAN = 1 and ITIDE = -
1) using the observed max/min/slacks file for the reference station.

B5. For a rotary current at a subordinate station with more than 15 days of continuous data, run
the program rotary to obtain the mean tidal current cycle. Use the output file /3 created

by nep2 for the reference station floods, ebbs, and slacks. The mean speeds and
directions for the subordinate station current at 0 to 12 hours after maximum flood at the
reference station are printed in the output file. The rotary program results can be used
for Table 5 of the NOS Tidal Current Tables only if the reference station current is
semidiurnal or mainly semidiurnal. (Set IEV1 = -1 for an hourly rotary analysis or set
IEV1 = 0 for a half-hourly rotary analysis.) A rotary analysis using diurnal or mainly
diurnal tidal cycles can be carried out by setting IEV1 =26 and IEV2 = 0, but the times
will run from 0 to the mean tidal cycle length and not fit the format of Table 5. Set the
IEDIT parameter to 1 for weak rotary tidal currents.

Use the times in file /3 to choose an analysis period for the rotary control file consisting
of an integral number of complete tidal cycles preferably beginning on reference station
flood times. Choose the starting time after the beginning of the subordinate station
predicted data and the ending time before the end of the subordinate station predicted
data. This will trim off extra data so only complete tidal cycles will be in the analysis.
Remember that while file /3 and the starting and ending times should all be local,
subordinate station predicted data may be in Greenwich time.

B6. Ifthere are less than 15 days of continuous data at a rotary subordinate station, the tidal
constituents cannot be obtained and subordinate station observed data must be used in
step B5. If there were large nontidal events during this period, the results may be
inaccurate.
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2. LSQHA: THE LEAST SQUARES HARMONIC ANALYSIS PROGRAM
2.1. Introduction

The least squares method of harmonic analysis is a method for deriving the tidal constituents
from a water level or current time series. This is done by creating a matrix of covariance (or
correlation coefficients) between each individual constituent time series and the observed time
series (Harris, et al., 1963). The matrix is inverted to solve for the amplitudes and phases of the
harmonic constituents. The constituent with the highest correlation is then subtracted from the
observed time series and the matrix is recalculated with a residual time series in place of the
observed. (An option exists for solving for the constituents in a specified order.) The least
squares harmonic analysis program has the capability of solving for the 175 tidal constituents
shown in Table B.

The number of constituents that can be determined depends on the amount of data available. In
general, the time length of data needed to accurately distinguish the amplitudes and phases of
two constituents is the synodic period. The synodic period is the length of time in which the
higher frequency constituent completes exactly one more cycle than the lower frequency
constituent.

NOS has traditionally analyzed water level data for 37 tidal constituents. For 15 days of data,
the following 16 constituents can be resolved:

2Q(1), O(1), K(1), 00(1), 2N(2), M(2), S(2), 2SM(2),
2MK(3), MK(3), M(4), MS(4), S(4), M(6), S(6), M(8)

For 30 days of data, the following seven additional constituents can be resolved, for a total of 23:
Q(1), M(1), J(1), N(2), L(2), M(3), MN(4)
For 180 days of data, the following six additional constituents can be resolved, for a total of 29:
RHO(1), P(1), MU(2), NU(2), LAMBDA(2), K(2)

For 365 days of data, the following three additional constituents can be resolved, for a total of
32:

S(1), T(2), R(2)
Some of these tidal constituents, known as overtides and compound tides, can become
increasingly important in shallow waters. The overtides are M(4), S(4), M(6), S(6), and M(8).
The compound tides are 2MS(2), 2MK(3), MK(3), MS(4), and MN(4).

The last five constituents MF, MSF, MM, SSA, and SA are the fortnightly, monthly, semiannual,
and annual constituents. Although synodic periods are not a problem, several years of data are
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usually necessary to determine these constituents with any degree of accuracy. These
constituents are often dominated by nontidal meteorological influences which are highly variable
from year to year (e.g. the steric effect on sea level or the density-driven flow effect on currents
in estuaries). Although SSA and SA are usually important constituents for water level
predictions, they are generally insignificant for current predictions.

In practice, constituents can often be accurately determined with less data than the synodic
periods would indicate. The best plan is to start with the largest number of constituents and
reduce the number if the results are unstable. Unstable results are indicated by unreasonably
large constituent amplitudes for closely-spaced constituents. Be sure to check K(1), P(1), S(1),
S(2), K(2), T(2), and R(2). P(1) should be smaller than K(1) and K(2) should be smaller than
S(2). S(1), T(2), and R(2) should be very small.

The least squares program does not require the input data to be a continuous time series. There
are three data input options: 1) an equally-spaced, continuous time series, 2) a limited number of
blocks (up to 20) of equally-spaced, continuous data, or 3) equally-spaced data with numerous
gaps or randomly-spaced data. For the third case, a time in Julian days must be read in for each
data point. (If the data are from different years, separate blocks are needed to specify the data in
each year.) The third case takes longer to run.

Some of the program parameters have been hard-wired. The program is dimensioned for 120000
records (NRECRD) which is equivalent to 1.37 years of 6 minute data. It is dimensioned to
solve up to 175 constituents. Since MINTRM = 0 and MAXTRM = 0, no intermediate solutions
are printed. The program can read up to 20 blocks of continuous data or it can read in randomly-
spaced data with times in Julian days. The program will not analyze less than 29 days of data.

The following program options are available in the code, where 1 is chosen to implement the
option and 0 is chosen not to implement the option. They have all been set to zero.

ICNTL=0,0,0,0,0,0,0,0,0,0

ICNTL(1) is not used.

ICNTL(2) is not used.

ICNTL(3) is not used.

ICNTL(4) is to print a table of means and standard deviations from subroutine CSTAT?2.
ICNTL(5) is to use the matrix of correlation coefficients instead of covariance to improve
stability.

ICNTL(6) is not used.

ICNTL(7) is to display intermediate matrices from subroutines SCREEN and CSTAT2.
ICNTL(8) is not used.

ICNTL(9) is to continue through the list of all predictors requested instead of terminating
calculations after finding the first predictor whose variance is below CUTOFF.
ICNTL(10) is to calculate predictors in the order given instead of rearranging the matrix
to choose predictors based on the largest reduction of variance.
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The program is run in a UNIX environment using
Isgha < 1sq.ctl > Isqout

where Isq.ctl is the control file and Isqout is the output file. A file named cons.out is also created
with the constituents in standard predictions format.

TABLE B. TIDAL CONSTITUENTS IN STANDARD ORDER
Number Name Speed (degrees/hour)
1 M(2) 28.9841042
2 S(2) 30.0000000
3 N(2) 28.4397295
4 K(1) 15.0410686
5 M(4) 57.9682084
6 O(1) 13.9430356
7 M(6) 86.9523127
8 MK(3) 44.0251729
9 S(4) 60.0000000
10 MN(4) 57.4238337
11 NU(2) 28.5125831
12 S(6) 90.0000000
13 MU(2) 27.9682084
14 2N(2) 27.8953548
15 00(1) 16.1391017
16 LAMBDA(2) 29.4556253
17 S(1) 15.0000000
18 M(1) 14.4966939
19 I(1) 15.5854433
20 MM 0.5443747
21 SSA 0.0821373
22 SA 0.0410686
23 MSF 1.0158958
24 MF 1.0980331
25 RHO(1) 13.4715145
26 Q) 13.3986609
27 T(2) 29.9589333

15



TABLE B. TIDAL CONSTITUENTS IN STANDARD ORDER

Number Name Speed (degrees/hour)
28 R(2) 30.0410667
29 2Q(1) 12.8542862
30 P(1) 14.9589314
31 2SM(2) 31.0158958
32 M(3) 43.4761563
33 L(2) 29.5284789
34 2MK(3) 42.9271398
35 K(2) 30.0821373
36 M(8) 115.9364169
37 MS(4) 58.9841042
38 SIGMA(1) 12.9271398
39 MP(1) 14.0251729
40 CHI(1) 14.5695476
41 2PO(1) 15.9748272
42 SO(1) 16.0569644
43 MSN(2) 30.5443747
44 MNS(2) 27.4238337
45 OP(2) 28.9019669
46 MKS(2) 29.0662415
47 2NS(2) 26.8794590
48 MLN2S(2) 26.9523126
49 2ML2S(2) 27.4966873
50 SKM(2) 31.0980331
51 2MS2K(2) 27.8039338
52 MKL2S(2) 28.5947204
53 M2(KS)(2) 29.1483788
54 2SN(MK)(2) 29.3734880
55 2KM(SN)(2) 30.7086493
56 SO(3) 43.9430356
57 SK(3) 45.0410686
58 NO@3) 42.3827651
59 MK(4) 59.0662415
60 SN(4) 58.4397295
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TABLE B. TIDAL CONSTITUENTS IN STANDARD ORDER

Number Name Speed (degrees/hour)
61 2MLS(4) 57.4966873
62 3MS4) 56.9523127
63 ML(4) 58.5125831
64 N4) 56.8794590
65 SL(4) 59.5284789
66 MNO(5) 71.3668693
67 2MO(5) 71.9112440
68 2MK(5) 73.0092770
69 MSK(5) 74.0251728
70 3KM(5) 74.1073100
71 2MP(5) 72.9271398
72 3MP(5) 71.9933813
73 MNK(5) 72.4649023
74 2SM(6) 88.9841042
75 2MN(6) 86.4079380
76 MSN(6) 87.4238337
77 2MS(6) 87.9682084
78 2NMLS(6) 85.3920421
79 2NM(6) 85.8635632
80 MSL(6) 88.5125831
81 2ML(6) 87.4966873
82 MSK(6) 89.0662415
83 2MLNS(6) 85.9364168
84 3MLS(6) 86.4807916
85 2MK(6) 88.0503457
86 2MNO(7) 100.3509735
87 2NMK(7) 100.9046318
88 2MSO(7) 101.9112440
89 MSKO(7) 103.0092771
90 2MSN(8) 116.4079380
91 3MS(8) 116.9523127
92 2(MS)(8) 117.9682084
93 2(MN)(8) 114.8476674
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TABLE B. TIDAL CONSTITUENTS IN STANDARD ORDER

Number Name Speed (degrees/hour)
94 3MN(8) 115.3920422
95 2MSL(8) 117.4966873
96 4MLS(8) 115.4648958
97 3ML(8) 116.4807916
98 3MK(8) 117.0344500
99 2MSK(8) 118.0503457

100 2M2NK(9) 129.8887360
101 3MNK(9) 130.4331108
102 4MK(9) 130.9774855
103 3MSK(9) 131.9933813
104 4MN(10) 144.3761464
105 M(10) 144.9205211
106 3MNS(10) 145.3920422
107 4MS(10) 145.9364169
108 3MSL(10) 146.4807916
109 3M2S(10) 146.9523127
110 4MSK(11) 160.9774855
111 4MNS(12) 174.3761464
112 SMS(12) 174.9205211
113 4MSL(12) 175.4648958
114 4M2S(12) 175.9364169
115 TK(1) 14.9178647
116 RP(1) 15.0821353
117 KP(1) 15.1232059
118 THETA(1) 15.5125897
119 KJ(2) 30.6265119
120 00(2) 27.3416965
121 MO(3) 42.9271397
122 SK(4) 60.0821373
123 2KO(1) 16.1391016
124 20K(1) 12.8450026
125 2NK25(2) 26.9615963
126 MNK2S(2) 27.5059710
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TABLE B. TIDAL CONSTITUENTS IN STANDARD ORDER

Number Name Speed (degrees/hour)
127 2KN25(2) 28.6040041
128 MNKS(4) 57.5059710
129 KN(4) 58.5218668
130 3NKS(6) 85.4013258
131 2NMKS(6) 85.9457005
132 2MNKS(6) 86.4900752
133 MKN(6) 87.5059710
134 NSK(6) 88.5218668
135 3MNKS(8) 115.4741794
136 2MNK(8) 116.4900752
137 MSNK(8) 117.5059710
138 2MNSK(10) 146.4900752
139 3MNKS(12) 175.4741794
140 2NP(3) 41.9205276
141 2KP(1) 15.1232058
142 2PK(1) 14.8767942
143 KP(2) 30.0000001
144 2SK(2) 29.9178627
145 2KS(2) 30.1642746
146 2TS(2) 29.9178666
147 ST(4) 59.9589333
148 3SK(4) 59.9178627
149 3KS(4) 60.2464119
150 3TS(4) 59.8767999
151 SO(2) 28.9430356
152 SO(0) 1.0569644
153 SMF 0.5490165
154 SMSF 0.5079479
155 ST(0) 0.0410667
156 3SA 0.1232059
157 4SA 0.1642746
158 6SA 0.2464118
159 8SA 0.3285841
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TABLE B. TIDAL CONSTITUENTS IN STANDARD ORDER

Number Name Speed (degrees/hour)
160 10SA 0.4106864
161 12SA 0.4928237
162 24SA 0.9856473
163 HS(3) 45.0000000
164 HS(5) 75.0000000
165 0(2) 27.8860712
166 SK(2) 30.0410686
167 NK(3) 43.4807981
168 SP(3) 44.9589314
169 K(@3) 45.1232059
170 NO®4) 56.3258007
171 MO(4) 56.8701754
172 SO(4) 57.8860712
173 S(7) 105.0000000
174 S(8) 120.0000000
175 S(10) 150.0000000
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2.2. Explanation of the Control File

The following is a sample of the Isqha control file which will be explained in detail in this
section. The program uses free-format to read in the numbers.

tserl ! Input data filename
0.000001 1 66 ! cutoff, nblk, njobx
121. 9504 [ 0.0 0.0 0.0 ! azi, n, nsph, cvar, umean, vmean
1990. 8 19. 19. 0. 75. 82.76 ! xyer, month, day, stt, sttm, tm, gonl
1 1 1.0 23 2 ! indata, kindat, vfac, ncon, itype
(9%x,2£8.3) ! Format for input data
'20(1) ", 'O(l)','K(l)','OO(l)','2N(2) ,'M(2) ', 'S(2) ", "25M(2) "
'2MK (3) ', "MK (3) ' (4)','MS(4)','S(4)','M(6)','S(6)','M(8)H
'Q(l)H'M(l)H'J(l)"N(Z)H'L(Z)' M(3)', '"MN(4)'
'RHO(1) ', '"P(1)"','MU(2)"','NU(2)"', 'LAMBDA (2) "', '"K(2)"'
"S(1)','T(2)','R(2)",'MF', '"MSF', 'MM"', 'SSA', 'SA"
Line #1

The first line in the control file is the name of the input
data file.

Line #2
CUTOFF is the variance cutoff for predictors. Calculations
are terminated when the next constituent accounts for a
fraction of the total variance less than CUTOFF.
NBLK is the number of blocks of data to be analyzed.
NJOBX is the total number of days (to the nearest integer)
between the beginning and the end of the time series to be
analyzed.

Line #3
AZI is the principal current direction for vector data.
Pick the flood direction. (Not relevant for scalar input
data, but must be given.)

N is the number of data points to analyze in a block.

NSPH is the number of samples per hour (e.g. 10 for 6 minute
data, 1 for hourly data).

CVAR 1i1s the direction of magnetic north if it hasn't been
corrected for in the data. Otherwise, is should be set to

zero.

UMEAN i1s a mean current to the east or a mean water level.
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VMEAN is a mean current to the north.

Usually set UMEAN and VMEAN to 0 unless the means are much larger

than
time
This
more

Line

Line

the data variance. UMEAN and VMEAN are subtracted from the
series before the analysis and added back to the results.
can make the variance matrix more stable and result in a
accurate solution.

#4

XYER is the starting year.
MONTH is the starting month.
DAY is the starting day.

STT is the starting hour which should be in LOCAL time to
obtain modified local epochs (6') for the constituent
phases. If STT is in Greenwich time, the Greenwich epochs
(G) will be obtained.

STTM is the starting minute.

T™ is the time meridian of the starting time STT (75 for
Eastern Standard Time, 90 for Central Standard Time, 120 for
Pacific Standard Time, or 0 for Greenwich Mean Time) .

GONL is the longitude of the station in decimal degrees
(positive for west longitude).

#5

INDATA is 1 for equally-spaced, continuous data or 2 for
randomly-spaced data. (For INDATA=2, the first column of
the input data file must contain time in decimal Julian
days) .

KINDAT is 1 for vector data (current speed and direction) or
2 for scalar data (water level).

VFAC is a scaling parameter in the denominator to give the
user the option to change the units of the input time series
(e.g., 51.444 to change cm/s to knots, 30.48 to change cm to
feet) .

NCON is the number of constituents to solve for.

ITYPE specifies how to read in the constituents to be solved
for.
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If ITYPE is 1, a list of NCON constituent speeds (in
any order) are read in as

28.9841042, 28.4397295, 30.0000000, .

where up to 175 constituent speeds in degrees per hour
can be given. (They must be given exactly as in Table
B with 7 digits after the decimal point.)

If ITYPE is 2, a list of NCON constituent names (in any
order) are read in as

‘M(2)", 'N(2)", 'S(2)',.

The constituents must be specified as shown in Table B
within single quote marks.

If ITYPE is 3, the NCON constituents solved for are in
the standard order shown in Table B (e.g., if NCON =
37, the first 37 constituents in Table B are solved
for).

Line #6

The sixth line of the control file is the FORTRAN format of the
data in the input file. If INDATA=1 and KINDAT=1l, a speed and a
direction must be read in. If INDATA=1 and KINDAT=2, a scalar
value must be read in. If INDATA=2 and KINDAT=1, a time in
Julian days and a speed and direction must be read in. If
INDATA=2 and KINDAT=2, a time in Julian days and a scalar value
must be read in.

The last lines of the control file contain the list of

constituents to be solved for if ITYPE = 1 or ITYPE = 2. That
completes this control file.
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2.3. Sample Control File for Multiple Deployments

The least squares program can be used for data collected over
multiple deployments (up to 20) at a single station. The
following is a sample control file for reading in a time series
composed of four blocks of continuous data separated by three
data gaps. The third, fourth, fifth, and sixth lines of the
control file must be repeated for each block. The time used for
STTM should be the middle of the first sampling period. Note
that AZI, N, XYER, MONTH, DAY, STT, and STTM are different for
each block. The number of samples per hour NSPH must be the same
for all the blocks. 1If they are different, the random data
option (INDATA = 2) must be used. The four input data block
files were concatenated into the file tserl. Check the FORTRAN
format for the input data to make sure it is correct.

tserl ! Input data filename
0.000001 4 262 ! cutoff, nblk, njobx
121. 9504 [ 0.0 0.0 0.0 ! azi, n, nsph, cvar, umean, vmean
1990. 8 19. 19. 0. 75. 82.76 ! xyer, month, day, stt, sttm, tm, gonl
1 1 1.0 23 2 ! indata, kindat, vfac, ncon, itype
(9%x,2£8.3) ! FORTRAN format for 1nput data
'20(1) ', '0(1) ", "K(1) ", 'O0(1) ", "2N(2) ", "M(2) ", 'S (2) ", '2SM(2) '
"2MK(3) ', "MK (3) ', 'M(4 )' 'MS (4) "', '5(4)' 'M(6)','S(6)','M(8)H
Q1) ", "TM(1) ", 'J(1) ", TN(2) ", TL(2) ", "M(3) ", "MN(4) ',
'"RHO (1) "', 'P(1) "', 'MU(2 )','NU(2)' '"LAMBDA (2) ', 'K(2)"',
'S(1)','T(2)','R(2)"', '"MF', '"MSF', 'MM', "SSA"', "SA"'
122. 8784 [ 0.0 0.0 0.0 ! azi, n, nsph, cvar, umean, vmean
1990. 10 27. 19. 0. 75. 82.76 ! xyer, month, day, stt, sttm, tm, gonl
1 1 1.0 23 2 ! indata, kindat, vfac, ncon, itype
(9x%x,2£8.3) ! FORTRAN format for input data
114. 8496 [ 0.0 0.0 0.0 ! azi, n, nsph, cvar, umean, vmean
1991. 1 2. 19. 0. 75. 82.76 ! xyer, month, day, stt, sttm, tm, gonl
1 1 1.0 23 2 ! indata, kindat, vfac, ncon, itype
(9x%x,2£8.3) ! FORTRAN format for input data
123. 10944 6 0.0 0.0 0.0 ! azi, n, nsph, cvar, umean, vmean
1991. 3 12. 19. 0. 75. 82.76 ! xyer, month, day, stt, sttm, tm, gonl
1 1 1.0 23 2 ! indata, kindat, vfac, ncon, itype
(9x%x,2£8.3) ! FORTRAN format for input data
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2.4. Output Files

Two output files are produced by lsgha. An output file named
cons.out is produced with the constituents in standard
predictions format, which consists of a two line header, a line
containing a mean value, and six lines containing the amplitudes
and phases of 37 tidal constituents. This output file is the
same as the file produced by the Fourier harmonic analysis
programs harm29 and harml5 with modified local epochs (6'). The
program convert can then be used to convert it into other forms
(a standard predictions format file and an ellipse table file
with amplitudes in knots and the local epochs 6).

Sample cons.out output file in standard predictions format:

Harmonic Analysis of Data in tserl

Least Squares H.A. Beginning 8-19-1990 at Hour 19.00 along 120 degrees
2181
1539083380208773399 95113358307852470 2741 154271822477 0 0
2 22412573 11522836 617 267 0 0 3052285 0 0 9442604
3 13942823 0 0 0 0 7951051 11082566 0 0 0 0
4 0 0 0 0 0 0 0 0 51002469 0 0 0 0
5 5332214 0 0 18262551 7121204 25923435 22462718 0 0

6 2433056 10503509
Harmonic Analysis of Data in tserl

Least Squares H.A. Beginning 8-19-1990 at Hour 19.00 along 210 degrees
-95

1 25622664 11672623 2722415 16151249 1263415 12251255 5663342
2 526 767 912794 2862993 0 0 1901480 0 0 116 432
3 116 933 0 0 0 0 3662205 3181901 0 0 0 0
4 0 0 0 0 0 0 0 0 2411531 0 0 0 0
5 2563269 0 0 791311 388 873 1842366 5541270 0 0
6 1481916 2282407

If KINDAT = 1, the program first prints a solution for the major
axis component and then for the minor axis component. Otherwise,
if KINDAT = 2 (a scalar harmonic analysis) only one set of
constitutents is printed.

The output file Isqgout contains information about all the input
parameters and the intermediate steps along with the solution.
This output file has lines up to 132 characters long. The Unix
command lp -oc can be used to print text in small letters.
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Sample Isgout output file:

azi = 121.0 n = 9504 nsph = 6
cvar = .0 umean = .0 vmean = .0
xyer = 1990.0 month = 8 day = 19.0 stt = 19.0sttm
tm = 75.0 gonl = 82.76
indata = 1 kindat = 1 vfac = 1.0 ncon = 23 itype
Harmonic Analysis of Data in tserl
Least Squares H.A. Beginning 8-19-1990 at Hour 19.00
First data point of data set 1 is 61.70
Azimuth used = 121.00 degrees
9504 data values to be analyzed
Equally spaced data beginning Month 8 Day 19

Number of Julian Days to beginning of serie
Number of Julian Days from beginning of serie
Start time of data set 1 from beginning of s
Average of data set 4.6469 1.0016 Da
NCONST= 23 NYYYY= 1990 NDELTT= 6 CUTOFF= .10E-05 TZE
Harmonic Analysis considering 23 constituents.
The time interval between observations is .17 hours.
of the input data series are dropped. Harmonic consta

Binary control fields: 0 0 0 0 0 0 0 0 0 O

= .0
= 2
292.
Year 1990 Julian Day 231
s 230
s 0
eries is .00 hours
ta values 9504
RO= .10E-05 MINTRM= 0 MAXTRM= 0 NCOL=

Predictors which account for less than
nts are adjusted for the year 1990

azi = 122.0 n = 8784 nsph = 6
cvar = .0 umean = .0 vmean = .0
xyer = 1990.0 month = 10 day = 27.0 stt = 19.0sttm = .0
tm = 75.0 gonl = 82.76
indata = 1 kindat = 1 vfac = 1.0 ncon = 23 itype = 2
First data point of data set 2 is 70.60 125.
Azimuth used = 122.00 degrees
8784 data values to be analyzed
Equally spaced data beginning Month 10 Day 27 Year 1990 Julian Day 300
Number of Julian Days to beginning of series 299
Number of Julian Days from beginning of series 69
Start time of data set 2 from beginning of series is 1656.00 hours
Average of data set 3.2056 -.4167 Data values 8784
azi = 114.0 n = 8496 nsph = 6
cvar = .0 umean = .0 vmean = .0
xyer = 1991.0 month = 1 day = 2.0 stt = 19.0sttm = .0
tm = 75.0 gonl = 82.76
indata = 1 kindat = 1 vfac = 1.0 ncon = 23 itype = 2
First data point of data set 3 is 12.16 279.
Azimuth used = 114.00 degrees
8496 data values to be analyzed
Equally spaced data beginning Month 1 Day 2 Year 1991 Julian Day 2
Number of Julian Days to beginning of series 366
Number of Julian Days from beginning of series 136
Start time of data set 3 from beginning of series is 3264.00 hours
Average of data set -.2466 -.3408 Data values 8496
azi = 123.0 n = 10944 nsph = 6
cvar = .0 umean = .0 vmean = .0
xyer = 1991.0 month = 3 day = 12.0 stt = 19.0sttm = .0
tm = 75.0 gonl = 82.76
indata = 1 kindat = 1 vfac = 1.0 ncon = 23 itype = 2
First data point of data set 4 is 10.41 135.
Azimuth used = 123.00 degrees
10944 data values to be analyzed
DAYB = 232. DAYM = 372.
GHBS = .00 GRMS = 17.00
Original T.M. = 75.00 Corrected T.M. = 75.00
DAYB = 1. DAYM = 183.
GHBS = 5.00 GRMS = 17.00
Original T.M. = 75.00 Corrected T.M. = 75.00
Greenwich ( V(0)+U ) for the beginning of the series 1990
Node factors are for the middle of the series
20(1) 0 (1) K(1) 00 (1) 2N (2) M(2) S(2) 2SM (2
( V(0)+U ) 289.84 70.60 169.12 92.83 101.55 242.31 210.00 177.69
Node 1.1056 1.1056 1.0656 1.4007 .9823 .9823 1.0000 .9823
M(4) MS (4) S (4) M(6) S(6) M(8) (1) M(1
( V(0)+U ) 124.63 92.31 60.01 6.94 270.00 249.26 .22 102.63
Node . 9648 .9823 1.0000 L9477 1.0000 .9309 1.1056 1.0384
L(2) M(3) MN (4)
( V(0)+U ) 120.41 3.47 54.25
Node 1.3027 .9735 . 9648
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.0000010 of the variance

2MK (3) MK (3)
315.51 51.44
1.0282 1.0467

J(1) N(2)
242.09 171.94
1.1012 .9823



Equally spaced data beginning Month 3 Day 12 Year 1991 Julian Day 71

Number of Julian Days to beginning of series 435
Number of Julian Days from beginning of series 205
Start time of data set 4 from beginning of series is 4920.00 hours
Average of data set 1.1023 -.5977 Data values 10944
Data Block No. 1
From TRGSA: Gap in data between 9503.00000 and 9936.00000
Data Block No. 2
From TRGSA: Gap in data between 18719.00000 and 19584.00000

Data Block No. 3
From TRGSA: Gap in data between 28079.00000 and 29520.00000
Data Block No. 4
Data Block No. 1

From TRGSA: Gap in data between 9503.00000 and 9936.00000
Data Block No. 2
From TRGSA: Gap in data between 18719.00000 and 19584.00000

Data Block No. 3

From TRGSA: Gap in data between 28079.00000 and 29520.00000

Data Block No. 4

THE 23TH CONSTITUENT ACCOUNTS FOR ONLY .0000008 OF THE VARIANCE. CALCULATIONS FOR 22 CONSTITUENTS ARE GIVEN BELOW.
RESULTS OBTAINED LATER IN THE PROGRAM ARE OF DOUBTFUL VALUE.

(Major Axis)
Analysis based on 37728 observation points as indicated below

9504 observations at intervals of .17 hours Year= 1990 Month= 8 Day= 19 Hour=19 Min= 0
8784 observations at intervals of .17 hours Year= 1990 Month= 10 Day= 27 Hour=19 Mi 0
8496 observations at intervals of .17 hours Year= 1991 Month= 1 Day= 2 Hour=19 Min= 0
10944 observations at intervals of .17 hours Year= 1991 Month= 3 Day= 12 Hour=19 Min= 0
(Major Axis)
Harmonic Analysis of Data in tserl
Least Squares H.A. Beginning 8-19-1990 at Hour 19.00 along 120 degrees
Observed Mean = 2.181 units Observed Variance = 2923.919 sg units Observed Standard Deviation = 54.073 units
Constant in regression = 2.181 units Residual Variance = 258.624 sq units Residual Standard Deviation = 16.082 units
—---- Adjusted for a standard year ---- * Constituent R**2 this R**2 thru Selec- * Unadjusted values
Constituent (H) (K) (K'- K) (K") * Speed constituent this level tion * (R) (Z
Num. Label (units) (degrees) (degrees) (degrees) * (deg./hr.) only (1) screening(2) Number * (units) (degrees
6 M(2) 53.9078 317.40 20.60 338.00 * 28.9841042 .484898 .484898 1 * 52.9518 95.69
3 K(1) 30.7849 239.46 7.55 247.02 * 15.0410686 .169686 . 654584 2 * 32.8053 77.90
2 0(1) 27.1819 234.68 13.04 247.73 * 13.9430356 .153572 .808481 3 * 30.0523 177.12
7 5(2) 20.8767 324.34 15.52 339.86 * 30.0000000 .074957 .883449 4 * 20.8767 129.86
20 N(2) 9.5106 312.50 23.32 335.82 * 28.4397295 .015330 .898788 5 * 9.3419 163.88
17 Q(1) 5.1000 231.17 15.77 246.93 * 13.3986609 .005522 .904313 6 * 5.6385 246.71
21 L(2) 2.5924 325.66 17.88 343.53 * 29.5284789 .001928 .906251 7 * 3.3772 223.12
11 M(4) 2.7413 334.15 41.20 15.35 * 57.9682084 .001211 .907462 8 * 2.6450 250.72
10 MK(3) 2.2409 229.16 28.15 257.32 * 44.0251729 .000870 .908332 9 * 2.3456 205.88
9 2MK(3) 2.2464 238.18 33.64 271.82 * 42.9271398 .000896 .909229 10 * 2.3097 316.31
4 00(1) 