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It has been observed that the tide can be synthesized through the superposition of a series of 
simple waves. These waves have periods that can be grouped into five basic types:

•The periods of the Moon's orbit around the Earth and the Earth's orbit around the Sun 
(waves M2 and S2).

•The periods of waves that allow us to emulate the effects of elliptical orbits (L2, N2, R2, 
and T2) and the declinations of the Moon and Sun (K1, O1, and P1).

•The periods of long period waves (Mfm, Mf, Msf, Mm, MSm, Ssa, and Sa, among others).

•The periods of waves that simulate the effects of deformation due to wave velocity and 
friction, corresponding to double and triple frequencies of the basic ones.

•The periods of waves that simulate the non-linear interactions of the previous waves 
(MNS2, 2MS2, 2SM2, MK3, 2MK3, SK3, SO3, MS4, MN4, MK4, 2MS6, 2MN6, 2SM6, MSN6, 
3MS8, 2MSN8, etc.)
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HARMONIC ANALYSIS
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The harmonic analysis of observed tidal data enables:

•Establishing the basis for predicting the tide at a future instant.

•Explaining the behavior of the tide in a specific area through a few variables that contain the 
fundamental essence of the phenomenon.

•Interpreting the analysis results in terms of the hydrodynamics of the studied area (and its response 
to the tidal generating force).

The foundation of harmonic analysis is the assumption that the tidal variations at a given point can be 
represented as the sum of a finite number of harmonic terms, due to the fact that the angular 
velocity of these harmonics is known a priori.
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The length of the data record will determine the extent to which we can extract more or fewer waves from it. 
Typically, the so-called Rayleigh Criterion is used in the analysis of tide records. This criterion allows us to a 
priori determine which waves we will be able to extract from a data record of a given duration.

To study the problem, we can consider a pair of components with frequencies close to ω1 and ω2, and similar 
amplitudes.

The resulting combination of two waves with nearby periods and similar amplitudes forms a group oscillating 
with a period intermediate between the two, and an amplitude modulated by an envelope with a longer period.

The amplitude of this system exhibits maxima when the two constituent waves are in phase, and nodes 
when they are in phase opposition.
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The envelope period is also known as the Synodic Period:
TS = 2p/(w1 - w2)

If we want to analyze the data record and be able to distinguish that 
both waves w1 and w2 are present, it will be necessary to have 
observed the complete cycle of the envelope they produce.
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Therefore, to separate these two components, it is necessary to have at least 
one record covering the duration of a synodic period.

For example, to separate the M2 and S2 components, the minimum required 
recording period is:

   

Therefore, in this case, a recording period of approximately 15 days is 
necessary.

 

P1 K1 O1 Q1

P1 - 182.6 14.8 9.6

K1 - 13.7 9.1

O1 - 27.6

S2 K2 M2 N2 L2 2MS

S2 - 182.6 14.8 9.6 31.7 7.4

K2 - 13.7 9.1 27.1 7.1

M2 - 27.6 27.6 14.8

N2 - 13.8 9.6

L2 - 9.6
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There are many component combinations with synodic periods TS of approximately 29×n days (n=1,2,3, 
...).

Therefore, 29 days is generally considered the minimum necessary period to perform an 
adequate tide analysis.

Likewise, 369 days is also approximately a multiple of most synodic periods; thus, for more detailed 
prediction, a recording period of 369 days (1 year + 4 days) is usually considered.

In Spain, the tide is 
represented by 69 
harmonic constants.

When the tidal wave exhibits 
refractions, resonances, and 
other propagation issues, it 
will be necessary to increase 
the number of harmonic 
constants.
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The best approximation of the prediction series to the measured record from the tide gauge is 
calculated using the LEAST SQUARES FITTING METHOD. This method consists of minimizing 
the squares of the differences between the calculated value (formula) and the measured value 
(tide gauge record) at each instant.
We define:

η(τ)     as the calculated value at a given instant t.
ητ   as the measured value (tide gauge record) corresponding to that same instant.

The difference [η(τ) – ητ] between these two values represents the error made when trying to 
reproduce the tide measured by the tide gauge with our numerical prediction. This difference 
can be positive or negative. To simplify the subsequent calculations, this difference is squared 
so that the result is always positive. What we aim to minimize is the total accumulated 
error, that is, the sum of the squares of these differences, ideally reaching zero.
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LET’S GO TO DO THE PREDICTIONS
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Based on 
Foreman´s 
equation
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Option 1:
This option includes all the 
main Harmonic Constituents 
of astronomical origin, both 
diurnal and semidiurnal, 
whose theoretical 
amplitudes are greater than 
0.0025 (Total: 45 HCs).

Option A:
Includes the 24 
hydrodynamic origin 
constituents (from shallow 
waters), initially the most 
important, total: 26 CA.
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TIDE YEARBOOK The locations of tide stations are organized in a hierarchy:
 
a. PERMANENT TIDE CONTROL STATIONS are generally those that have been operating and producing data 
for 19 years or more, expected to operate continuously in the future, and are used to obtain a continuous record 
of water levels at a site. Tide Control Stations are positioned to maintain datum control for national applications 
and are located wherever necessary to control the datum.
 
b. PRIMARY TIDE STATIONS are those that have been operating for less than 19 years but more than one 
year and have a limited service life. They provide more accurate tide data for parcels, bays, and estuaries where 
local tidal effects differ from the nearest control station.
 
c. SECONDARY TIDE STATIONS are those that have been operating for more than one month but less than 
one year. Short-term water level measurement stations can have their data reduced or adjusted to 19-year tide 
datums if simultaneous mathematical comparisons are made with a nearby control station.
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