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Summary

Satellite images of MODIS/Terradua sensor and photos taken by NASA astronauts from the ISS
(International Space Station) durifgrtuitous sunglintconditionsin the waters of the Mon#®assage
reveal the surface signal associated with a packattefnal solitary waved$W), also cded internal
solitons(AlfonseSosa, 2013)The ISW packets ageneratedin a narrowand shallowsill of Banco
EngafnaFigure 1) This bank is locatdad the western margin of the Mona Passage, east of the
DominicanRepublic. Specificallythe southern edge of thaarrowsillislocated nearl8o n @1 n# Qb
10.01QW position, about 12.0NM Eastof Cap Cana Marina, True Head@®73. Thesill depth is
about 300 mandits narrowest parisabout6 km wide (NS direction)Figure 2)Thestrong
semidiurnalmeridional tidal fow over this ridge that is the source of the waves observed in the MODIS
and ISS image$he ISW packets are generated on Maye andAugust. This strong seasonality is
possibledue tochanges in the stratificationearthe sill depth (300 m). Increasesthre Brurt-Vaisalla
frequency at 300 m generally ocoom MayJune and Augus$eptembe at the Caribbean Series Time
Series (CaTS) station located abobd km SE129°)from the sill(Figure 4) Only during these periods
when the BV frequency is nea8.71 CPH, the characteristic slope of the semidiurnal (M2) tidal beam
matches the topographic slogé.17°)of the narrowsill (Figure 3)During this critical conditigrwhen

the slope parametep equalsone,the semidiurnal flow can generate internal solitary wave packgts.
semidiurnal barotropic tidal flowat 304 m in the ADCP2 statielocated about 7 km south of the slilhs
been described bgemidiurnatidal ellipsegparameters(RosarieLlantin, 2000)Thesemimajor axis of
the tidal ellipgs during one deploymefSEFDECL997)was 1002 cm/s oriented 1823° from North,

and on the gcond deploymen{JULDEC 298)was 224 cm/soriented 203.36 from North.Both flows
crossnearlyperpendicular the ridgg-or both cases the semiminor axis was less tham/$.cThe value
of the tidal excursion parameter &s75during abarotropic current speeaf 10 cm/s.Thisspeedat 300

m is enough tagenerate ISWdHgures 5 to Showthe ISWs deparhg from Banco Enga. Close tahe
source regionthe separatingdistarce betweeneach solitonwavefront isless thanl km. But it can
increaseup to 3 kmwhen the soliton idocatedmore than 3Ckm away from the source regidfigure
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Figure 1Top: Bathymetry of Mona Passage shows the location of Banco Engafio. Bat®DIS
image overlaid on the bathymetry shows an ISW packet moving away from Banco Engafio in a SW




direction and a second one in a NW direction.
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Figure 2. Top:Bathymetry of Eafgp Bank. The narrowesection of the sillsignalby a white line, about
6 km wide. The blue lines mark the position of the ISW frdrite. yellow pins mark soliton origin
approximate positions (SOA&timated from satellite image3 he red pin markthe position of the
ADCP2 mooring, located about 7 km from the southern edge of thBaillymetry map is from



Mercadoand Justiniano (2000Bottom: A longitudinal profile across the narrow sill of Banco Engario.
The sill depth is about 300 m along a 6 km wptilgeau. The topographic gle is about 1.17 degrees.
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Figure 3The BruniVaisala frequency profile on M&yl-1999 for ocean waters near Puerto Rico. The
left and middle panels arexpressed in radians per secofrdd/s)and in cycles per hour (CPH),
respectivelyThe right panel shows agfile of the characteristic slope of treemidiurnakidal beam.



BV Frequency in CaTS throughout the year
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Figure 4. The annual cycle of Bryfdisala frequency in the Caribbean Time Series Station (CaTS). A red
line marks the 300 m deptilue ellipses mark the increases of BV frequency ondMag andAugust
SeptemberThis isFigue D.11 (top) fromAlfonsoSoseet al.(2002).



Three different MODIS images (See Below) show the packets nsmutigandsouthwest. Two of the
images corresponding to 2011 and 201®dicate the same point of origifThe three MODIS images
correspond to the following dates: 14AY-2011 15:15 UTC, 2dAY-2013 15:20 UTC, 28AY-2013
15:05 UTC.

Event ~ Date ~ Datel ~ Date2 |~
Mayaguez High Tide 5/23/2013 10:30 5/25/2013 12:30 5/18/2011 13:00
Max. Morthward Speed \V at 18.4 N 68.2 W 5/23/2013 8:00 5/25/2013 10:00 5/18/2011 10:00
Max. Southward Speed \V at 18.4 N 68.2 W 5/23/2013 13:00 5/25/2013 15:00 5/18/2011 16:00
Departure Lee Wave 5/23/2013 11:00 5/25/2013 12:50 5/18/2011 13:45
MODIS Image 5/23/2013 15:20 5/25/2013 15:05 5/18/2011 15:15
Time Interval (h) 4.33 2.25 1.50
Lead Soliton Travel Distance (km) 14.0 9.8 9.8
Speed (m/s) 0.90 1.20 1.81

Edwin Alfonso-Sosa, 2013

The photo taken from the I§8iternational Space Station) on dayN14-2010 14:23 UTC artde

image of MODI\quaon AGO01-2013 17:45 UTC showsgjanerationpoint of the packet inside a circle
of about 6 NMaroundBanco Engafio (POS 18.55 N 68.03TWgsepackets move north unlike previous
events.

BancoEngafds asourceof alternatingbipolar internal solitonpackagegsee images below). The
directionof outbound packets alternates with the tidal current that initially generatieem. Consider
the following example, if there is a strong tid&@midiurnainorthward current inBanco Engariat 0800
GMT, abouthree hours later (1100 GMT) the magnitude of tidal current approaches zero (slack
water),thenthe packet is released from the generation area and begins to move southward. The tidal
current changes direction towards the south, reaching its highegjnitude about two hours later, at
(1300 GMT). Anothretwo hours later, (1500 GMT), the package already was about 14y from the
generation area. lin the previous example, the initial tidalirrentpushes the wateoff to the south
then the solitonpacketwould heal north. These events indicateg mechansm of generation may be a
"lee wave"generated bya turn in thestrongspring tidecurrentsnear BancoEngafio during conditions
of lunar perigeeandsyzygy.



The speed range of the leadgjsoliton in each package goes from 0.90osl.81 ms™. These
velocities are near the generation area (<14 km) (see table).

Figure 5This image of the Mona Passage shows a newly genesatédn packet leavinddanco Engafio
and moving to the auth. Another package previaly generated is moving to therth. Image
MODIS/Terra on Mayt8-2011
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Figure 6Soliton origin approximate positions (SOAFBanco Engafio

Mona Passage SOAP Coordinates

Soliton Origin Approximate Positie(SOAPat Mona Passage.

Date (UTC) |~ LAT - LON - | Bathymetric Feature - | Sensor -
6/14/10 14:23 18.613636° -68.062945° Engafio Bank 155024-E-5967 Photo
8/1/1317:45 18.584928° -68.142481° Engarfio Bank MODIS/Aqua
5/25/13 15:05 18.438716° -68.166663° 10 NM SW of Engafio Bank MODIS/Terra
5/18/1115:15 18.439626° -68.166312° 10 NM SW of Engafio Bank MODIS/Terra
5/23/13 15:20 18.390042° -68.200020° 10 NM SW of Engafio Bank MODIS/Terra
5/10/12 17:45 18.536170° -67.815671° 12 NM East of Engafio Bank MODIS/Aqua
8/1/1317:45 18.259309° -67.695423° Mona Passage Sill MODIS/Aqua
6/14/10 14:23 18.242832° -67.371562" Bajo de Sico 155024-E-5968 Photo
6/14/10 14:23 18.187177° -67.381599° Tourmaline Bank 1S5024-E-5968 Photo

COcean Physics Bducation Inc., 2013,




Figure 7 Soliton package leav&ancoEngaficand movesorth. ImageMODIS/Aqua on Audr2013.



Figure 8Photo taken byhe 1S224 on 14 June 2010. A soliton package fissions into multiple internal
waves.
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