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Abstract: An analysis of sea level synoptic variations in the Gulf of Batabanó is carried out
starting from data of direct measurements. Spectral analysis is applied. It is corroborated
with new elements the prevalence of meteorological variations in part of the southwestern
shelf, and the spectral structure of this shelf is characterized. The influence of
meteorological factors is evaluated. It is demonstrated the influence exerted by the
southern component of the wind on this variations. There are signs of the possible
influence of ENSO on sea level monthly variability at La Coloma; and there is a great
similarity between this variability and that of Siboney.
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Introduction

The Gulf of Batabanó is located in the southwestern part of the Cuban insular shelf. It
possesses an area of 20 870 km2, a width of 90 to 140 km and its depth fluctuates
between 3 and 6 m, except for the channels and the fringes nearest to the coastline. Its
littoral is mostly low and muddy and the exchange with the Western Caribbean Sea is
limited in some sectors due to the existence of barriers of keys and reefs (Fig. 1).

Fig. 1: Geographical distribution of tides gauges and Casablanca meteorological station.

It is one of the four areas of the Cuban insular shelf on which the meteorological
phenomena characteristic of the Great Caribbean exercise greater influence. The tropical
storms that usually occur between June and November impact with more frequency on the
western half of Cuba and the majority of the most intense hurricanes that have affected
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Cuba, has passed by the Gulf of Batabanó or its surroundings (National Atlas of Cuba,
1985). It is at the beginning and end of the season when these phenomena present a
tendency to be formed in the Western Caribbean Sea and they usually follow northward
trajectories (López and Rubiera, 1988). Although they have affected the southwestern
shelf in other moments of the hurricane season, as it happened with hurricane Frederic in
September, 1979.  The "southern winds" act on the western half of Cuba between
September and May, with directions from the SSE to the SSW and with speeds that have
sometimes surpassed the 100 km/h (27.8 m/s) (Rodríguez and Ballester, 1985), like the
one on March 16, 1983 that reached 122 km/h (33.9 m/s). Cold fronts that take place in a
greater number between October and April can also reach remarkable wind speed values,
like that on December 22, 1971 with 115 km/h (31.9 m/s) (National Atlas of Cuba, 1985).

These phenomena contribute to the increase in speed of the currents in the Gulf of
Batabanó, to an increment in the wave, and should accentuate the meteorological
character of sea level variation, characteristic of the north of this area of the Cuban insular
shelf, mainly due to the influence that the wind exercises on the rather shallow marine
areas. According to Blázquez (1988), the currents in the Gulf of Batabanó are relatively
slow in general, although under "certain aeolian conditions, quick currents can take place."
There are no data of direct measurements of wave in the Gulf of Batabanó, but from the
results of the application of indirect methods it is known of the influence that atmospheric
phenomena can exercise on this area (Boletín Hidroclimático, 1991, 1992 and 1993). It is
stated that sea level variations possess a "markedly meteorological" character in the north
area of the Gulf (Rodríguez and Rodríguez, 1983).

As a consequence of the climatological and physical–geographical  characteristics of the
Gulf of Batabanó, the populations settled on its coasts have suffered the impact of sea
penetrations to a greater or lesser extent. In the map of danger of coastal floods the Gulf
of Batabanó is pointed out as the area of more danger (Moreno, A. , R. Pérez, G. Omar, P.
Miguel, I. Salas, I. Mitrani, R. Casals, A. Pérez, C. Rodríguez, J. Peguero, J. Guerra,  M.
Hernández, J. Simanca, J. Batista and M. Sánchez, 1998). One of the main factors of
these hydrometeorological events is the sea level synoptic component.

The sea level synoptic component is constituted by non periodic variations generated by
the atmospheric phenomena of the synoptic interval of frequencies, which possesses a
duration that fluctuates between 3 and 15 days according to the geographical region. In
the marginal seas and in the open ocean, these variations are manifested as free waves or
forced waves of shallow waters, and they appear reflected in the spectrum of the non
periodic component of sea level as a maximum of energy, which is known as "synoptic
maximum." This maximum points out an area of the energy spectrum, in which a greater
influence of the generating forces of the synoptic component occurs (Guerman and
Levikov, 1988).

In the consulted bibliography there is no information on the variability of sea level synoptic
component in the Gulf of Batabanó, obtained starting from the analysis of the series of
hourly height data collected at the tide gauges. Only in Chapter 5 of the final report of the
project "Forecast of Coastal Floods. Prevention and Reduction of Their Destructive Action"
(Moreno et al., 1998) it can be found a description of the non periodic variations of sea
level in the domain of mean frequencies that corresponds to an interval of frequencies
comprised between 0.002 and 2 cycles per day (hereinafter cpd). This interval is wider
than that of the synoptic component that extends from 0.03 up to 2 cpd.  In Mitrani I., I.
Salas, M. Ballester and Y. Juantorena (2000), a study is done of sea penetrations that take
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place in the coastal stretch adjacent to the Gulf of Batabanó due to the influence of
"southern winds" with emphasis on the sea level rise under the current and future
conditions, according to the foreseen increments in mean sea level due to Climate
Change. In this case data of direct sea level measurements are not used. Numerous
works can be found in the international bibliography dedicated to the topic of sea level non
periodic variations of the synoptic scale, among which stands out the monograph of
Guerman and Levikov (1988). It should also be mentioned Hamon and Hannan (1963), Gill
and Schumann (1974), Miyata and Groves (1971), Wang D.P. (1979) and Marmorino
(1983).

The existence of data of direct measurements and the need for a greater knowledge of
shallow water dynamics in the Cuban archipelago motivated the realization of the present
work. Its objective is the general characterization of sea level non periodic variations of the
synoptic scale of frequencies in the Gulf of Batabanó, as a modest contribution to the
hydrometeorological knowledge of the Cuban archipelago.

Materials and methods.

Series of data of sea level hourly heights recorded at level sites of the National Tidal
Network were used as primary information (Fig. 1). Their main characteristics are shown in
Table 1.

Table 1.  Tide gauges and records used.

n/n Tide gauge Latitude N Longitude O Records used
1 Batabanó 22 40.8 82 17.5 X/1970 to V/1972
2 La Coloma 22 14.5 83 34.5 VIII/1971 to VII/1972
3 La Coloma 22 14.5 83 34.5 From 1991 to 1998
4 Siguanea 21 37.0 82 58.8 XII/1971 to III/1972
5 Cayo Largo del Sur 21 38.0 81 29.0 I/XII 1983

The non periodic variations were separated from the other sea level components by
means of numeric filters. Of the sea level hourly heights series, the main components of
the astronomical tide were previously excluded by means of Doodson's filter of 39
pondering coefficients (Groves, 1955; Matuchevski and Pribalski,1968; Guerman and
Levikov, 1988).  The sea level low-frequency variations were excluded by means of a
running mean value of the order n = 360 (Guerman and Levikov, 1988).

Spectral Analysis was applied to the new series obtained after using the filter. This
technology represents a powerful and well-known tool for the investigation of geophysical
processes, successfully applied to oceanographic parameters. It is broadly described in
the literature (Jenquis and Watts, 1968; Newland E.D., 1983; Bendat and Piersol, 1983,
Otnes and Enochson, 1983, Efimov V.V., 1985).

The spectral (1) and coherence (2) functions and that of the phase difference (3) of the
analyzed process were calculated.

Serie Oceanológica. No. 1, 2003 ISSN 2072-800x

12



[ ]
x

f

x

f T

T

G lim limlim xf
f f f

f f T
t f f dt( )

,
( )

( , , )=
+

=
→ → →∞

∫
∆ ∆

∆

∆ ∆
∆

0

2

0

2

0

1ϕ
  (1)

xy
x y

f
xy
f f

G f
G G

2

2

1γ ( )
( ) ( )

( )
= ≤                                                                                    (2)

xy
xy

xy

f
f

f

Q
CΘ ( ) arctg

( )

( )
=














                                                                                         (3)

The variance (4) of the analyzed data series was also calculated .

∑ −
=−

=
n

i
xxin 1

22 )(1
1

σ                                                                                          (4)

),,( fftx ∆  - Components of the )(tx function with frequencies in the interval comprised
between f  and ff ∆+ .

)()()( fjff QCG xyxyxy
−= - Crossed spectrum.

)( fC xy
- Real part of the crossed spectrum: Co-spectrum.

)( fQxy
- Unreal part of the crossed spectrum: Quadrature spectrum.

Data of direct measurements of wind speed and direction recorded at Casablanca station
between 1991 and 1993 were also used. This allowed to carry out the analysis of the
coherence function with the series of the sea level synoptic component, thanks to the
hourly character of these observations and to the absence of interruptions.

Results and discussion

Most of the available data series are of short duration, which does not allow to determine
the entire régime of sea level synoptic component (hereinafter SLSC) in all the above
mentioned localities. Only at La Coloma there are enough data available to fulfill this
objective. However, doing a careful analysis some conclusions can be drawn from the
results of the statistical processing.
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From the physical point of view, the variance represents an indicator of the average
variability of the geophysical parameter analyzed; thus it allowed to establish a comparison
among the variability of the SLSC at the different localities of the Gulf of Batabanó.

In Batabanó the annual variance of the SLSC can reach a value of 43.37 cm2 (Table 2);
while at La Coloma, located 144.5 km away from Batabanó, the value of the annual
variance was much lower, not only in 1991 (15.97 cm2), but also in the remaining six years
analyzed. It was not possible to have more 1991 data for other localities. But without trying
to establish a comparison, it should be considered that the annual variability of SLSC
during 1983 was even lower (9.42 cm2) at Cayo Largo del Sur tide gauge, in the periphery
of the Gulf.  This last result represents at least a quantitative value of the annual variability
of the synoptic component at local scale in Cayo Largo del Sur.

In Rodríguez and Rodríguez (1983) it is pointed out that in the north part of the Gulf of
Batabanó a "markedly meteorological tide" takes place when considering the qualitative
characteristics of a section of the tidal record in Batabanó.  Blazquez (1988) affirms that
the tide currents in the Gulf of Batabanó generally present "...a greater definition toward
the outer border of the shelf...". Figure 2 shows sections of simultaneous tidal records of
Batabanó, La Coloma and La Siguanea obtained in 1972 between January and March;
and another section of a tidal record for Cayo Largo del Sur, for the same months but in
1983. From a qualitative point of view, the aspect of the graphic of Batabanó tide gauge
differs from the three latter for the eminently random character conferred to it by the
prevalence of sea level non periodic variations induced by meteorological factors.

Fig. 2: Sea level variations at Batabanó, La Coloma and La Siguanea tide gauges, during
the first 72 hours of March, 1972; and  at Cayo Largo del Sur tide gauge during the first 72
hours of March,  1983.

The ratio of the variance of SLSC and the variance of the observed sea level expressed in
percent provides a quantitative estimate of the relative contribution of the first  to the total
of the variability (Table 2, sixth column). The values of the contribution of the synoptic
component in Batabanó were quite higher  than those in the other localities.
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From the analysis previously exposed it is deduced that the average annual variability of
the SLSC is higher in the coastal locality of Batabanó, in the inner area of the Gulf, than in
places near the oceanic frontier of the southwestern shelf.

As it is known, the frequency of occurrence of severe atmospheric events as well as some
of their characteristics of more influence on water dynamics, change along the annual
cycle. Also from one year to another the number of such phenomena and their average
intensity are usually different. Therefore, the seasonal and multiannual variability of the
phenomena of water dynamics that they generate should also be variable, in the medium
and long terms.

From October to May, when the largest number of cold fronts, extratropical storms and
great part of the "southern winds" take place, the variability of SLSC was higher than
between June and November, during the hurricane season, in most of the analyzed years
(Table 2).

The monthly sea level variability shows positive monthly anomalies during the ENSO years
(1991-1992 and 1997-1998), with an alteration of the annual cycle (in the graphic it is
denoted with two red points), phenomenon that has already been pointed out by
Hernández and Díaz (2000a and 2000b). It is remarkable the similarity of the monthly
variability between Siboney and La Coloma (Fig. 3), though it is somehow higher in the
first. The monthly variance also shows high values during the 1991-1992 ENSO (Fig. 4),
and in general it does not have any similarity to the monthly variance in Siboney possibly
due to the dissimilar physical-geographical conditions of these localities: Siboney is on an
open coast of deep waters and La Coloma in a wide shelf of shallow waters.

Fig. 3: Variability of sea level monthly anomalies at La Coloma and Siboney. The red
points denote the positive anomalies of the annual cycle.
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Table 2: Results of the calculation of the variance of sea level synoptic component (SLSC)
and of the observed sea level in the Gulf of Batabanó.

n/n Time Interval analyzed Locality σ2 CS-NM
[ cm2 ]

σ2 Observed
[ cm2 ]

CS-NM/Observed
        [ % ]

1 1991. Whole year Batabanó 43.37 115.04 37.70
2 1991. Hurricane Season. Batabanó 16.12 70.87 22.74
3 X/71-IV/72 Winter. Batabanó 95.00 164.68 57.69
4 I to III. Winter de 1972. Siguanea 92.84
5 1991. Whole year La Coloma 15.97 118.75 13.45
6 1992. Whole year La Coloma 12.66 126.64 10.00
7 1993. Whole year La Coloma 16.25 99.92 16.26
8 1995. Whole year La Coloma 15.02 126.78 11.84
9 1996. Whole year La Coloma 21.31 143.61 14.84

10 1997. Whole year La Coloma 18.07 107.66 16.78
11 1998. Whole year La Coloma 26.33 113.30 23.24
12 1991. Hurricane Season La Coloma 6.91 77.32 8.94
13 1992. Hurricane Season La Coloma 10.76 67.91 15.84
14 1993. Hurricane Season La Coloma 9.96 71.65 13.9
15 1995. Hurricane Season La Coloma 10.03 94.50 10.62
16 1996. Hurricane Season La Coloma 14.85 125.36 11.85
17 1997. Hurricane Season La Coloma 12.24 93.23 13.13
18 1998. Hurricane Season La Coloma 14.02 93.20 15.04
19 X/91 - V/92. Winter La Coloma 16.08 98.20 16.37
20 X/92 - V/93. Winter La Coloma 17.43 119.02 14.64
21 X/93 - V/94. Winter La Coloma 20.33 112.34
22 X/94 - V/95. Winter La Coloma 12.69 119.40 10.63
23 X/95 - V/96. Winter La Coloma 24.68 158.52 15.57
24 X/96 - V/97. Winter La Coloma 18.14 96.56 18.79
25 X/97 - V/98. Winter La Coloma 45.05 125.23 35.97
26 1983. Whole year Cayo Largo

del Sur
9.42 116.63 8.07

27 1983. Hurricane Season Cayo Largo
del Sur

6.61 75.80 8.72

The area comprised between the graphic of the spectral function of the SLSC and the axis
of coordinates was bigger in Batabanó than in La Coloma in 1991 for the whole band of
frequencies (Fig.5).  On the other hand, a greater extension of the graphic of the SLSC
spectrum is appreciated in Batabanó, toward the end of the high frequencies. In the
interval of frequencies between 0.16 and 0.65 cpd (periods of 7 and 1.5 days
approximately), synoptic maxima can be observed in both graphics that possess a better
definition in Batabanó.
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Fig. 4: Monthly variance at La Coloma and Siboney. Most of the higher values of monthly
variance took place between October and March. The highest variance value at La
Coloma corresponds to February, 1998; and at Siboney to February, 1992.

The coherence of the non periodic variations between Batabanó and La Coloma (Fig. 6)
reached high values in the interval of frequencies comprised between 0.07 and 0.36 cpd in
1991 (variations between one and a half day and two weeks approximately). This indicates
that in that band of frequencies there existed quite a high lineal ratio of sea level synoptic
variability between both localities. Toward the end of the high frequencies, the coherence
tends to be lower starting from 0.35 cpd (T = 2.88 days), which suggests that in that sense
the local scale phenomena begin to exercise a greater influence on the SLSC. The graphic
of the phase difference (Fig. 7) corroborates what has been previously exposed: The non
periodic variations tend to take place with the same phase toward the end of the low
frequencies, synchronism that tends to decay in an almost lineal way toward the end of the
high frequencies.

Fig. 5: Spectral functions of synoptic variations at Batabanó and La Coloma; and  wind
speed southern and zonal components at Casablanca in 1991.
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The wind is the meteorological factor of more influence on shallow water dynamics and in
the Gulf of Batabanó it is decisive in diverse aspects of the dynamics. For example, it is
known that the circulation pattern of the waters in the southwestern shelf is determined by
the prevalence of the trade winds in the annual cycle (Emilsson and Tápanes, 1971;
Blázquez and Romeu, 1982 and Blázquez et al. ,1988); although that is a temporary scale
of low frequencies, different from the one analyzed in this work.

Fig. 6: Coherence between the synoptic variations at Batabanó and at La Coloma in 1991.

It was possible to have access to a series of hourly data of wind speed and direction of
Casablanca tide gauge from 1991 to 1993. This tide gauge is located in Havana (Fig. 1),
32 km away from the Gulf of Batabanó. The graphics of the spectral function of the
southern and zone components of the wind in 1991 (Fig. 5) show that the first possesses
greater energy. In fact the value of the variance of the southern component was of 80.13
km2/h2, and that of the zonal component was 33.99 km2/h2 during that period.
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Fig. 7: Phase difference of synoptic variations between Batabanó and La Coloma in 1991.

The coherence function was calculated among the annual series of SLSC for Batabanó
and La Coloma, and the southern and zonal components of the wind in Casablanca (Fig.
8). In general a high coherence of SLSC was obtained in both localities with the southern
component of the wind, with values between 0.7 and 0.8 in the frequency band from 0.1 to
0.3 cpd, in spite of the relatively long distance between the meteorological and tidal
measurements. The distance among the tide gauges should have exerted certain
influence in obtaining slightly higher coherence values (around 0.80) between Batabanó
and Casablanca than between La Coloma and Casablanca (hardly 0.75).  The coherence
with the zonal component was lower and more unstable.

Fig. 8: Coherence function between the synoptic variations at Batabanó and the southern
and zonal components of the wind in Casablanca meteorological station; and between the
synoptic variations at La Coloma and the southern and zonal components of the wind in
the above-mentioned station, in 1991.
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These results demonstrate that the meteorological phenomena that strengthen the
southern component of the wind, possess greater influence on the non periodic variations
of sea level registered in the north coast of the southwestern shelf than the phenomena
that increase the zonal component of the wind.

In Fig. 8, as in Fig. 6,  it is also observed a decrease in the coherence values starting from
0.35 cpd (T = 2.88 days) toward the end of the high frequencies of the graphic, although in
a more abrupt way. This indicates that as an annual average, the wind regional processes
are not decisive in the generation of sea level non periodic variations of the synoptic scale
in the mentioned frequency band. It may  therefore be supposed that in Batabanó as well
as in La Coloma, high frequency variations of the SLSC can take place due to the
influence of local factors, the water dynamics, the relief or the wind.

The maximum value of coherence (0.88)  of the non periodic variations between La
Coloma and Batabanó in 1991 took place with a frequency of 0.17 cpd (5.76 days), with a
phase difference of 341 degrees (Figs. 6 and 7). The maximum coherence values of the
southern component of the wind in Casablanca with the SLSC of La Coloma (0.73), and of
Batabanó (0.81), correspond to the frequency of 0.19 cpd (5.32 days) (Fig. 8). As it can be
appreciated in both cases, the maximum coherence values are obtained with very near
values of frequency (0.17 and 0.19 cpd).  It may then be assumed that the influence of the
meteorological phenomena responsible for the generation of sea level synoptic component
in the north coast of Cuba's southwestern shelf can be the greatest in a band of
frequencies of 0.17 up to 0.19 cpd, according to these results. The difference among the
frequency values are surely due to the  distance existing among the tide gauges and the
meteorological station.

The spectral processing of data from La Coloma and from the southern and zonal
components of the wind for Casablanca in 1992 and 1993 (Fig. 9 and 10) produced results
similar to those obtained with the data of 1991: The graphics of the spectral functions
indicate that the southern component possesses greater energy than the zonal component
of the wind in Casablanca. It was also obtained a greater coherence of sea level non
periodic variations with the southern component than with the zonal component. In 1992
and 1993, the values of the coherence function diminished toward the end of the high
frequencies starting from 0.3 cpd, differing very little from the results of 1991. Although in
1992 the coherence between the components of the wind and the sea level synoptic
component was lower than in 1991 and 1993.

The spectral processing of sea level data allowed to know better the nature of the
variability of SLSC in the inner area of the Gulf of Batabanó, and it demonstrated the
complexity of this variability.
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Fig. 9: Spectral function of synoptic variations at La Coloma and southern and zonal wind
speed components at Casablanca. Coherence between  La Coloma and the southern and
zonal components of the wind, in 1992.

Fig. 10: Spectral function of the synoptic variations at La Coloma (blue), the southern
(yellow) and zonal (violet) components of the wind at Casablanca; and coherence between
La Coloma and the southern (brown) and zonal (green) components of the wind, in 1993.
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Lastly, Figure 11 shows the graphics of the sea level variation observed at La Coloma tide
gauge, and of the sea level synoptic component in presence of the extratropical storm of
March 1993, which caused severe damages in Cuba's western coastal sectors. The
maximum value of SLSC was 16.1 cm at 16:00 hours on March 12, when strong winds of
southern component took place. Although the maximum value of the observed sea level
was registered 10 hours later, when the SLSC was already somehow lower. This
phenomenon could be due to non lineal effects characteristic of sea level variations in
shallow waters (Guerman and Levikov, 1988), but this should be the object of analysis in
another work.

Fig. 11: Sea level synoptic variation at La Coloma and Siboney; and synoptic  variation of
the southern and zonal components of the wind in presence of the extratropical storm of
March, 1993. Note the increase in the sea level synoptic component due to strong winds of
southern direction on March 12.

CONCLUSIONS

The annual average variability of the SLSC is greater in the coastal locality of Batabanó, in
the inner area of the Gulf, than in sites near the oceanic frontier of the southwestern shelf;
and it presents a wider range of high frequency variations.
It is remarkable the similarity of sea level monthly variability between La Coloma and
Siboney, in spite of the dissimilar physical-geographical conditions. At La Coloma, positive
monthly anomalies are also appreciated during the ENSO years.
The average variability of the SLSC is greater during the months when cold fronts and
"southern winds" prevail than during the months of the hurricane season.
The meteorological phenomena that strengthen the southern component of the wind
possess a great influence on the sea level non periodic variations registered in the north
coast of the southwestern shelf, much more than the phenomena that increase the zonal
component of the wind.
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In Batabanó and in La Coloma,  non periodic variations of local origin take place due to the
influence of local factors, of water dynamics, of the relief or of the wind. They occur with
frequencies higher than 0.3 cpd.

Recommendations

In the Gulf of Batabanó, it is necessary to carry out long-term systematic measurements of
sea level and of other oceanographic and meteorological parameters. It would be
convenient to maintain the tide gauges at La Coloma, Batabanó and Cayo Largo del Sur
(in this case in its oceanic side). Other tide gauges should also be added, on the north,
south (in Carapachibey) and west of the Isle of Youth. Although the astronomical tide is
small, the synoptic component can be very big in presence or under the influence of
severe atmospheric events. The facts occurred and the studies carried out demonstrate it.
Meteorological measurements in marine areas should also be added, from buoys fixed to
the bottom or in some of the keys of the inner part of the Gulf; since the measurements
carried out in terrestrial stations are not representative to follow up the mentioned
phenomena. A modeling work would require of a denser temporary network.
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