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Calendar of Oceanic Physical Phenomena
Energy moving across the deep oceanic waters surrounding Puerto Rico continuously arrives to our
shores. Here on the island, surfers regularly enjoy the swells from the Northwest that are generated in
the North Atlantic, by distant storms during autumn and winter. Puerto Ricans are familiar with the
season of strong waves, waves of a long period (T ≥ 10 s), extending from late October until mid-April.
On the contrary, from May to September, wave activity is lower, but a close pass by a strong storm or
hurricane may alter this period of relative calm for several days. The annual cycle of the wave regime is
well known by the inhabitants of the northwest coast of PR. Below we show a graph that fully outlines
the annual cycle of wave heights in Rincon, PR.

Annual cycle of the average height of the waves in Puerto Rico. The blue bars correspond to the data
registered in the NDBC 41043 station, about 170 nautical miles NNE of San Juan, and the Red bars to
data recorded by the buoy of CarICOOS in corner (located 1 mile from the Rincon lighthouse).
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There are other ocean physical phenomena that also have an annual cycle, but these are unknown to
the majority of Puerto Ricans. We then present a calendar that summarizes some of these ocean-coastal
phenomena that affects Puerto Rico.

The above calendar indicates with a color bar the season of each oceanic physical phenomenon. This
calendar was constructed using data from many years of observation by CarICOOS, CO-OPS program
from the US NOAA, the DART program and data collected and provided by the author of this document.
Another phenomenon of interest that appears in the second position in the calendar, are storm tides
generated by the passage of storms and hurricanes through our region. It usually occurs between the
months of August and October. I want to clarify, that we can experience storm tides even as the path of
the hurricane not crosses over Puerto Rico. Systems with extreme low barometric pressures, such as
was the case of Hurricane Gilbert (1988), can increase the height of the water by the effect of the
inverted barometer effect, despite going rather far away from the South Coast of PR.

The observed storm tide height includes the effect of the astronomical tide. Figure is a courtesy of
NOAA.
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Maximum height of the storm tides registered at the station 9759110 of NOAA/NOS/CO-OPS, Isla
Magueyes (1988-2013)
The highest storm tide (2.5 feet) took place on 22 September 1998, during the scourge of H. Georges on
the SW of Puerto Rico.
In the third position of the calendar stand the short period waves (T < 10 s), occupying the months from
June to October. The hurricane season extends from June 1 to November 31. During those months the
tropical waves approaching from the East are accompanied by a strong breeze (25-30 knots), which is
capable of generating short period waves locally.
In the fourth position in the calendar we locate the highest tides of the year. These generally occur in
the months of October and November. The highest astronomical tide between the years 1995 to 2012,
took place on 6 November 2006.

Details are from the station 9759110 from NOAA/NOS/CO-OPS, Isla Magueyes (1995-2012) and the
station 975371 in la Puntilla, San Juan.
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The lowest low tides have been reported between December and January, when we are close to the
perihelion. They have also reported during April and June-July. The lowest low tide record occurred on
June 11, 1968 (- 0.878 ft).
Based on the last 4 years of current measurements from the ADCP installed in the PR-1 buoy of
CarICOOS, located south of Caja de Muertos, we identify 10 events where the currents have a
magnitude greater than 2 knots (103.2 cm s-1), these events take place in the period from late August to
late October. In the calendar, this period is identified with a purple band. Below, the table details such
events. Strong currents respond to the perigee, the equatorial tide, the tropical tide and the spring tides.
Some events are combined with the passage of a tropical cyclone, but its track pass at a safe distance
from the buoy.

Strong currents events with magnitude equal to or greater than 2.0 knots. Based from records of the
ADCP in the PR-1 CariCOOS buoy located south of Caja de Muertos.
So far the fastest current at PR-1 - with a magnitude of 3 knots - took place on 2 September 2012 at
2100 GMT, with a value of 155.2 cm s-1 (3 knots). Another strong current, 113 cm s- 1, was detected on
June, by Dr. Jorge Capella in the Tourmaline, at the northwestern end of the Cabo Rojo-Mayaguez
insular platform.
In the seventh position of the calendar we have the extreme coastal seiches, who are excited by the
arrival of packages of internal solitary waves (ISW), which, in turn, are generated at the Aves Ridge and
make a journey of 450 km - in 4-5 days - so they hit the submarine slopes of the southwest of Puerto
Rico. Therefore, the occurrence of coastal extreme seiches will depend on the frequency with which
these ISW’s are generated and reach Puerto Rico, with enough energy to excite them. Below we show a
graph that shows the frequency of both phenomena. The extreme coastal seiches occur in the period
from April to May, and later on September and November, while increasing the frequency of them. Also
on September and November the sensor MODIS/Terra/Aqua satellite detected most frequently ISW’s
generated at Aves Ridge. The extreme coastal seiche (67.4 cm), called the Super Seiche, took place on 9
November 2006 in Magueyes Island, three days after the highest astronomical tide, which we already
mentioned above.
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Frequency of occurrence of internal solitary waves and coastal seiches.
In the eighth position indicate that the meteotsunamis are locally generated in August and September.
During this period, jumps in atmospheric pressure are accompanying the arrival of strong tropical wave
from the East. The jump generates a surface wave, travelling in the shelf waters with the same speed
that the atmospheric pressure jump and acquiring more power and increasing its breadth; to then reach
the port where occurs a second amplification of the wave. In Puerto de Fajardo the meteotsunamis are a
common occurrence on August (see table below).
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List of Meteotsunamis occurred in the port of Fajardo during the years 2011-2014.
Finally, the calendar shows that the transatlantic meteotsunamis occur during the month of April, May
and the first half of June. The meteotsunamis are generated in the continental shelf break outside New
Jersey, during the exit into the ocean of Derechos. These windstorms occur during the spring and
generated an extensive band of winds that exceed the 58 MPH and gusts of up to 75 MPH. The Derecho
moves at 47 MPH from East to West. When the Derecho exits to the sea, it begins to impart energy to
the wave, and a few minutes after the wave emerges from the shelf break, it can cross 1478 miles of the
Atlantic Ocean in 3.25 hours, to reach the coasts of Puerto Rico. The speed of the meteotsunami can
reach 455 MPH, but on average is 427±24 MPH. Below we show a table with the transatlantic
meteotsunamis reported by the station of 9759938/CO-OPS located west of Mona.

Speed and height of the transatlantic meteotsunamis detected in Mona Island.
The Calendar of ocean physical phenomena tries to capture the annual cycle of various phenomena
that are unknown to the majority of the inhabitants of Puerto Rico. Given that we live on an island, it is
important to know the oceanic phenomena that affect us and when they occur.
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