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Caribbean Regional Association for Coastal Ocean Observing (CaRA)

HF Radar Gap Analysis for Puerto Rico 
and the US Virgin Islands
Prepared by: Jorge Corredor, Julio Morell, Roy Watlington, Jorge Capella
HF radar constitutes a robust technology for detection and visualization of surface ocean currents in real time to distances of 200 km making it a highly desirable tool for maritime safety, operations planning, emergency response and environmental management. HF radar can be further used for vessel identification and tracking adding further to its contribution to security. The CaRA region, encompassing the Exclusive Economic Zones of Puerto Rico (PR) and the US Virgin Islands (USVI) currently lacks HF radar installations. As part of its Integrated Coastal Ocean Observing initiative, CaRA is developing a regional HF Radar Plan based on expressed regional stakeholder needs, existing knowledge of current variability patterns and hot spots, and fiscal constraints. The Plan contemplates phased implementation of a nested network of mid and short-range stations encompassing the region. Proposed implementation phases are prioritized according to user needs. Given administrative differences between PR and the USVI, we propose to develop two complementary but largely independent systems for the two sub-regions. This strategy will allow the administrative flexibility necessary particularly for permit applications and management.
The HF radar installations will complement CaRA’s plans for in situ ocean current monitoring using upward looking ADCP and CaRA’s coastal current modeling component. A major limitation of ADCP is that it cannot provide near-surface data. Such data is critical for several applications including search & rescue, spill trajectory monitoring and dispersal of floating eggs and larvae of many commercial species. The combination of HF radar and ADCP can thus provide full water column coverage. In addition, HF radar data will serve for model validation and refinement, especially in the case of near coastal single layer ADCIRC runs. 

PR-USVI Currents: The status of knowledge
Considering the magnitude of ocean traffic around Puerto Rico and the USVI and the intensity coastal development, coastal currents are not satisfactorily mapped. Comprehensive databases of current measurements with adequate QA/QC do not exist. The reliable current meter data that exists has resulted from widely varying research by various scientists. Data resulting from public works and private development projects are generally regarded as unreliable. While fishers and other sailors and navigators may seem to have excellent grasp of the prevailing currents around Puerto Rico and the USVI, the region is still unable to predict temporal and small-scale spatial variability of currents in many important areas.  
The current status of our knowledge of coastal currents in the CaRA PR-USVI region is depicted in Figure 1.   The overall coastal circulation field, accounting for topographic steering, is one of westward flow along the south coast, northward flow along the west coast, eastward flow along the north coast and northward flow in the Vieques Passage. Arrows in the plot are the resultant vectors for the velocity time series at each station.  This is a collection of data from different deployments, using a variety of modern current meters, each configured and deployed to meet specific needs.  Only stations with long-term time series are included; long-term being loosely defined as longer than one lunar month, except for a couple of shorter time series that display a very steady flow.  However, most time series are significantly longer than a month, and several span at least one year. All deployments from the same instrument at a given location have been combined in the calculation of the resultant vectors.  Note that the magnitude of resultant vector is always less than the mean speed of a velocity time series due to the oscillatory nature of coastal currents.  Also, the direction of the resultant vector may differ from the main axis of tidal oscillation. Arrow lengths are scaled to the magnitude of the vectors.  

The longest vector, the strongest resultant flow, was observed in the Mona Passage (MP) to the west of PR and represents a magnitude of 16.6 cm/s.  Mid-depth ADCP data are used since most current meter moorings were designed to sample at mid-depth. The rather counterintuitive west coast and north coast coastal flows have been previously observed using different techniques.  Johns et al. (1999) conducted shipboard acoustic Doppler current profiler (ADCP) observation in the MP and observed a persistent countercurrent (i.e., out of the Caribbean) along the west coast of PR with average speeds over 10 cm/s, maximum at the surface.  This northward countercurrent seems to be part of a near-coastal boundary layer within the predominantly southward, i.e., into the Caribbean, flow through the MP.  Variability of the flow was as high, or even higher, than the average velocity.

Segura (2000) obtained 2-year time series of moored ADCP velocities at three locations in the MP and observed a similar northward flow west of Mayaguez PR, indicative of a northward flowing coastal boundary.  Strong northward mean currents have also been observed at the Mayaguez-Cabo Rojo shelf edge (Capella et al., 2006).  Taken together these observations suggest a continuous northward coastal current along the west coast of PR.  Dynamical constraints link the predominantly westward flow along the south coast to the northward coastal current along the west coast and also to eastward mean flow along the north coast of PR. In this discussion about mean flows we must not forget that currents around PR are strongly modulated by the tide, with the semidiurnal tidal current component accounting for the single largest flow variance component (Capella et al, 2003). Capella et. al ( 2003) and numerous unpublished observations have established that the mean coastal circulation along the north coast of PR is towards the east.  A very interesting Lagrangian trajectory was described by Williams (1986) giving the first indication of eastward flow north of PR and of large-scale mesoscale circulation features in the region.

Gaps:

1. Is the apparent clockwise coastal circulation around the western half of PR a continuous feature or a series of dynamically independent flows?

2. What happens at the confluence of flows off northeast PR?

3. Where is the shear boundary between the northward coastal flow off western PR and the southward flow in the Mona Passage?

4. Where is the shear boundary between the eastward coastal flow off northern PR and the westward flow in the Tropical north Atlantic?

Dynamical understanding of the forcing functions that drive coastal circulation in the CaRA region.
Criteria for Gap Analysis

Urban populations in PR are concentrated in the metropolitan areas of San Juan to the northeast, Ponce to the south and Mayaguez to the west. Recreational use is heavy on these coasts as well as in the Vieques Sound area to the east where there are several large marina complexes. There is intense small boat traffic in this sound between the big island and the smaller islands of Culebra, Vieques and the USVI. Ferry, container vessel and other shipping is intense between St. Croix and St. Thomas as is recreational boat traffic and ferry traffic between St. Thomas and St. John. CaRA recognizes the importance of vessel routes between these islands and the British Virgin Islands and oil tanker traffic into and out of the Hovensa refinery on St. Croix’s south coast. CaRA intends to engage the BVI and Hovensa in the hope that their considerable resources can contribute to extending HF radar coverage to vessel routes relevant to them.  
 
Proposed medium range HF Radar emplacement sites for PR and USVI are listed in tables 1 and 2 below. These sites will provide close to uninterrupted coverage for the entire island of PR and full coverage for the south coasts of St. Thomas and St. John and the north coast of St. Croix. Numerous small but tall islands and limited available emplacement sites preclude full coverage for the USVI archipelago. Proposed short range HF Radar emplacement sites for PR are listed in tables 3 below. All sites were selected using the criteria of:
· User needs

· Gaps in knowledge regarding current patterns

· Known current “hot spots”

· Unimpeded range at the site
· Permit viability 

· Electrical power availability
Nonetheless, some sites will still require autonomous power supplies. 
Table 1. Proposed mid-range HF Radar emplacement sites for Puerto Rico.


[image: image2.emf]Group Proposed HF Radar Site Latitude NLongitude W

1 Cabo Rojo Lighthouse 17.933 67.189

Cayo Cardona Lighthouse 17.954 66.634

2 Club Deportivo del Oeste 18.101 67.187

USCG Station Aguadilla 18.500 67.141

Punta Higuero Lighthouse 18.357 67.269

3 Arecibo Lighthouse 18.476 66.693

Punta Salinas Radar Site 18.472 66.176

Las Cabezas Lighthouse 18.375 65.618

4 Palmas del Mar Resort 18.073 65.791

Roosevelt Roads ex-Naval Base 18.207 65.600

Punta Figuras Lighthouse 17.953 66.042



Table 2. Proposed mid-range HF Radar emplacement sites for the US Virgin Islands.


[image: image3.emf]Group Proposed HF Radar Site Latitude NLongitude W

1 St. Thomas

S Water Island 18.304 64.954

St. John

VIERS Lameshur 18.309 64.722

St. Croix

Ham's Bluff 17.768 64.871

Cottongarden Bay 17.754 64.583

2 Vieques

Punta Este 18.135 65.268


Table 3. Proposed short range HF Radar emplacement sites for Puerto Rico.


[image: image4.emf]Group Proposed HF Radar Site Latitude NLongitude W

1 Punta Higuero Lighthouse 18.357 67.269

Club Deportivo del Oeste 18.101 67.187

Mayaguez Harbor 18.222 67.170

2 Punta Salinas Radar Site 18.472 66.176

Punta Cangrejos 65.988 18.456

Vieques Lighthouse 18.153 65.439

3 Palmas del Mar Resort 18.073 65.791

Roosevelt Roads ex-Naval Base 18.207 65.600

Las Cabezas Lighthouse 18.375 65.618

4 Cayo Cardona Lighthouse 17.954 66.634

Caja de Muerto Lighthouse 66.519 17.889

Vieques Punta Este 18.135 65.268


Figure 1. Current patterns in the CaRA region: status of knowledge. Current velocities in cm.s-1.
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Figure 2. Proposed mid-range HF Radar emplacement sites for Puerto Rico


[image: image6]
Figure 3. Proposed short range HF Radar emplacement for Puerto Rico
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Figure 4. Proposed mid-range HF Radar emplacement for USVI
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BUDGET

Cost for system including deployment costs: 


$125K

Cost for full time technician: 





$70K

Annual cost to operate a site:


 


$10K
Administration costs per year





$30K

Indirect costs: 48.8% excluding equipment
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$K

FY13: 

$K

4 MR Systems:  $500 4 MR Systems:  $500

2 SR Systems:  $250 2 SR Systems:  $250

Annual Operations (6 sites) $60 Annual Operations (24 Sites): $240

Spares:  $100 Spares:  $100

Technicians (2) $140 Technicians (8) $560

Administration costs $30 Administration costs $30

Indirect costs $161 Indirect costs $454

Total $1,241 Total $2,134

FY11: 

$K

FY14: 

$K

4 MR Systems:  $500 1 MR Systems:  $125

2 SR Systems:  $250 4 SR Systems:  $500

Annual Operations (12 Sites): $120 Annual Operations (29 Sites): $290

Spares:  $100 Spares:  $125

Technicians (4) $280 Technicians (12) $840

Administration costs $30 Administration costs $30

Indirect costs $259 Indirect costs $627

Total $1,539 Total $2,537

FY12: 

$K

Grand Total $9,138

4 MR Systems:  $500

2 SR Systems:  $250

Annual Operations (18 Sites): $180

Spares:  $100

Technicians (6) $320

Administration costs $30

Indirect costs $307

Total $1,687
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_1275911716.xls
Geo

		Site		Long W																		Lat N												Long Dec		Lat Dec

		Arecibo Lighthouse		66°41'59.13"W				66				41		59.13		W						18°28'54.65"N		18				28		54.65		N		-66.6931883333		18.475775

		Cabo Rojo LH		67°11'31.44"W				67				11		31.44		W						17°56'0.31"N		17				56		0.31		N		-67.1885733333		17.933385

		Cayo Cardona Lighthouse		66°38'5.95"W				66				38		5.95		W						17°57'24.42"N		17				57		24.42		N		-66.634325		17.95407

		El Morro Lighthouse		66° 7'24.96"W				66				7		24.96		W						18°28'16.98"N		18				28		16.98		N		-66.1208266667		18.4694966667

		las cabezas lighthouse		65°37'5.50"W				65				37		5.5		W						18°22'51.54"N		18				22		51.54		N		-65.6175833333		18.3752566667

		Punta Figuras Lighthouse		66° 2'50.08"W				66				2		50.08		W						17°57'17.22"N		17				57		17.22		N		-66.04168		17.95287

		Punta Higuero lighthouse		67°16'14.72"W				67				16		14.72		W						18°21'44.16"N		18				21		44.16		N		-67.26912		18.35736

		vieques lighthouse		65°26'36.92"W				65				26		36.92		W						18° 9'15.99"N		18				9		15.99		N		-65.4394866667		18.152665

		Caja de Muerto Lighthouse		66°31'15.60				66				31		15.6								17°53'34.77		17				53		34.77				-66.5192666667		17.8891283333

		Club Deprtivo del Oeste		67°11'23.31"W				67				11		23.31		W						18° 6'3.60"N		18				6		3.6		N		-67.1872183333		18.1006

		USCG Station Aguadilla		67° 8'45.53"W				67				8		45.53		W						18°30'0.98"N		18				30		0.98		N		-67.1409216667		18.5001633333

		Palmas del Mar Resort		65°47'45.70"W				65				47		45.7		W						18° 4'36.88"N		18				4		36.88		N		-65.79095		18.0728133333

		Roosevelt Roads ex-Naval Base		65°36'2.19				65				36		2.19		W						18°12'43.21		18				12		43.21		N		-65.600365		18.2072016667

		Crashboat Beach		67° 9'53.38				67		°		9		53.38								18°27'26.32		18				27		26.32				-67.1588966667		18.4543866667

		Punta Salinas Radar Site		66°10'56.77				66		°		10		56.77										18				28		32.26				-66.1761283333		18.4720433333

		Mayaguez Harbor		67°10		18.09"		67				10		18.09								18°13		18				13		29.68				-67.1696816667		18.2216133333

		Caja de Muerto Lighthouse		66°31				66				31		15.6										17				53		34.77				-66.5192666667		17.8891283333

		Punta Cangrejos		65°59				65				59		30.61								18°27		18				27		37.38				-65.988435		18.45623





For Post

		-66.693		18.476		Arecibo Lighthouse

		-67.189		17.933		Cabo Rojo LH

		-66.634		17.954		Cayo Cardona Lighthouse

		-65.618		18.375		Las Cabezas Lighthouse

		-66.042		17.953		Punta Figuras Lighthouse

		-67.269		18.357		Punta Higuero Lighthouse

		-65.439		18.153		Vieques lighthouse

		-67.187		18.101		Club Deportivo del Oeste

		-67.141		18.500		USCG Station Aguadilla

		-65.791		18.073		Palmas del Mar Resort

		-66.519		17.889		Caja de Muerto Lighthouse

		-65.600		18.207		Roosevelt Roads ex-Naval Base

		-67.159		18.454		Crashboat Beach

		-66.176		18.472		Punta Salinas Radar Site





for table

		Group		Proposed HF Radar Site		Latitude N		Longitude W						Group		Proposed HF Radar Site		Latitude N		Longitude W

		1		Cabo Rojo Lighthouse		17.933		67.189						1		Punta Higuero Lighthouse		18.357		67.269

				Cayo Cardona Lighthouse		17.954		66.634								Club Deportivo del Oeste		18.101		67.187

																Mayaguez Harbor		18.222		67.170

		2		Club Deportivo del Oeste		18.101		67.187

				USCG Station Aguadilla		18.500		67.141						2		Punta Salinas Radar Site		18.472		66.176

				Punta Higuero Lighthouse		18.357		67.269								Punta Cangrejos		65.988		18.456

																Vieques Lighthouse		18.153		65.439

		3		Arecibo Lighthouse		18.476		66.693						3		Palmas del Mar Resort		18.073		65.791

				Punta Salinas Radar Site		18.472		66.176								Roosevelt Roads ex-Naval Base		18.207		65.600

				Las Cabezas Lighthouse		18.375		65.618								Las Cabezas Lighthouse		18.375		65.618

		4		Palmas del Mar Resort		18.073		65.791						4		Cayo Cardona Lighthouse		17.954		66.634

				Roosevelt Roads ex-Naval Base		18.207		65.600								Caja de Muerto Lighthouse		66.519		17.889

				Punta Figuras Lighthouse		17.953		66.042								Vieques Punta Este		18.135		65.268

				Crashboat Beach		18.454		67.159






_1275975626.xls
Geo

		St. Thomas

		S Water Island		64°57'21.91"		18°18'25.79"N		64		57		21.91						18		18		25.79				64.9536516667		18.3042983333

		VIERS Lameshur		64°43'32.92"		18°18'56.69"		64		43		32.92						18		18		56.69				64.7221533333		18.3094483333

		St. Croix

		Rust-Op-Twist		64°46'47.24		17°47'2.12"		64		46		47.24						17		47		2.12				64.77454		17.7836866667

		East Point		64°35'0.27		17°45'25.47"		64		35		0.27						17		45		25.47				64.5833783333		17.754245

		Vieques

		Punta Este		65°16'5.20		18° 8'7.22"		65		16		5.2						18		8		7.22				65.2675333333		18.1345366667





for table

		Group		Proposed HF Radar Site		Latitude N		Longitude W

		1		St. Thomas

				S Water Island		18.304		64.954

				St. John

				VIERS Lameshur		18.309		64.722

				St. Croix

				Ham's Bluff		17.768		64.871

				Cottongarden Bay		17.754		64.583

		2		Vieques

				Punta Este		18.135		65.268





Sheet3

		






_1275977803.xls
Sheet1

		HF Radar budget		PR only

				y 1		y 2		y3		y 4

		Personnel

		Administrative		50		50		50.0		55.0

		Radar tech		67		67		67		67

				50		50		50		55

		Equipment		300		600		450		600

		Travel		20		20		20		20

		Other		100		100		100		100

		Total Direct Costs		587		887.0		737.0		897.0

		Indirect Costs		264.0		264.0		264.0		273.2

		TOTAL		851.0		1151.0		1001.0		1170.2



Jorge Corredor:
48K/y+fringe

Jorge Corredor:
1% increase/y



Sheet2

		FY10:		$K				FY13:		$K

		4 MR Systems:		$500				4 MR Systems:		$500

		2 SR Systems:		$250				2 SR Systems:		$250

		Annual Operations (6 sites)		$60				Annual Operations (24 Sites):		$240

		Spares:		$100				Spares:		$100

		Technicians (2)		$140				Technicians (8)		$560

		Administration costs		$30				Administration costs		$30

		Indirect costs		$161				Indirect costs		$454

		Total		$1,241				Total		$2,134

		FY11:		$K				FY14:		$K

		4 MR Systems:		$500				1 MR Systems:		$125

		2 SR Systems:		$250				4 SR Systems:		$500

		Annual Operations (12 Sites):		$120				Annual Operations (29 Sites):		$290

		Spares:		$100				Spares:		$125

		Technicians (4)		$280				Technicians (12)		$840

		Administration costs		$30				Administration costs		$30

		Indirect costs		$259				Indirect costs		$627

		Total		$1,539				Total		$2,537

		FY12:		$K				Grand Total		$9,138

		4 MR Systems:		$500

		2 SR Systems:		$250

		Annual Operations (18 Sites):		$180

		Spares:		$100

		Technicians (6)		$320

		Administration costs		$30

		Indirect costs		$307

		Total		$1,687
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Geo

		Site		Long W																		Lat N												Long Dec		Lat Dec

		Arecibo Lighthouse		66°41'59.13"W				66				41		59.13		W						18°28'54.65"N		18				28		54.65		N		-66.6931883333		18.475775

		Cabo Rojo LH		67°11'31.44"W				67				11		31.44		W						17°56'0.31"N		17				56		0.31		N		-67.1885733333		17.933385

		Cayo Cardona Lighthouse		66°38'5.95"W				66				38		5.95		W						17°57'24.42"N		17				57		24.42		N		-66.634325		17.95407

		El Morro Lighthouse		66° 7'24.96"W				66				7		24.96		W						18°28'16.98"N		18				28		16.98		N		-66.1208266667		18.4694966667

		las cabezas lighthouse		65°37'5.50"W				65				37		5.5		W						18°22'51.54"N		18				22		51.54		N		-65.6175833333		18.3752566667

		Punta Figuras Lighthouse		66° 2'50.08"W				66				2		50.08		W						17°57'17.22"N		17				57		17.22		N		-66.04168		17.95287

		Punta Higuero lighthouse		67°16'14.72"W				67				16		14.72		W						18°21'44.16"N		18				21		44.16		N		-67.26912		18.35736

		vieques lighthouse		65°26'36.92"W				65				26		36.92		W						18° 9'15.99"N		18				9		15.99		N		-65.4394866667		18.152665

		Caja de Muerto Lighthouse		66°31'15.60				66				31		15.6								17°53'34.77		17				53		34.77				-66.5192666667		17.8891283333

		Club Deprtivo del Oeste		67°11'23.31"W				67				11		23.31		W						18° 6'3.60"N		18				6		3.6		N		-67.1872183333		18.1006

		USCG Station Aguadilla		67° 8'45.53"W				67				8		45.53		W						18°30'0.98"N		18				30		0.98		N		-67.1409216667		18.5001633333

		Palmas del Mar Resort		65°47'45.70"W				65				47		45.7		W						18° 4'36.88"N		18				4		36.88		N		-65.79095		18.0728133333

		Roosevelt Roads ex-Naval Base		65°36'2.19				65				36		2.19		W						18°12'43.21		18				12		43.21		N		-65.600365		18.2072016667

		Crashboat Beach		67° 9'53.38				67		°		9		53.38								18°27'26.32		18				27		26.32				-67.1588966667		18.4543866667

		Punta Salinas Radar Site		66°10'56.77				66		°		10		56.77										18				28		32.26				-66.1761283333		18.4720433333

		Mayaguez Harbor		67°10		18.09"		67				10		18.09								18°13		18				13		29.68				-67.1696816667		18.2216133333

		Caja de Muerto Lighthouse		66°31				66				31		15.6										17				53		34.77				-66.5192666667		17.8891283333

		Punta Cangrejos		65°59				65				59		30.61								18°27		18				27		37.38				-65.988435		18.45623





For Post

		-66.693		18.476		Arecibo Lighthouse

		-67.189		17.933		Cabo Rojo LH

		-66.634		17.954		Cayo Cardona Lighthouse

		-65.618		18.375		Las Cabezas Lighthouse

		-66.042		17.953		Punta Figuras Lighthouse

		-67.269		18.357		Punta Higuero Lighthouse

		-65.439		18.153		Vieques lighthouse

		-67.187		18.101		Club Deportivo del Oeste

		-67.141		18.500		USCG Station Aguadilla

		-65.791		18.073		Palmas del Mar Resort

		-66.519		17.889		Caja de Muerto Lighthouse

		-65.600		18.207		Roosevelt Roads ex-Naval Base

		-67.159		18.454		Crashboat Beach

		-66.176		18.472		Punta Salinas Radar Site





for table

		Group		Proposed HF Radar Site		Latitude N		Longitude W						Group		Proposed HF Radar Site		Latitude N		Longitude W

		1		Cabo Rojo Lighthouse		17.933		67.189						1		Punta Higuero Lighthouse		18.357		67.269

				Cayo Cardona Lighthouse		17.954		66.634								Club Deportivo del Oeste		18.101		67.187

																Mayaguez Harbor		18.222		67.170

		2		Club Deportivo del Oeste		18.101		67.187

				USCG Station Aguadilla		18.500		67.141						2		Punta Salinas Radar Site		18.472		66.176

				Punta Higuero Lighthouse		18.357		67.269								Punta Cangrejos		65.988		18.456

																Vieques Lighthouse		18.153		65.439

		3		Arecibo Lighthouse		18.476		66.693						3		Palmas del Mar Resort		18.073		65.791

				Punta Salinas Radar Site		18.472		66.176								Roosevelt Roads ex-Naval Base		18.207		65.600

				Las Cabezas Lighthouse		18.375		65.618								Las Cabezas Lighthouse		18.375		65.618

														4		Cayo Cardona Lighthouse		17.954		66.634

		4		Palmas del Mar Resort		18.073		65.791								Caja de Muerto Lighthouse		66.519		17.889

				Roosevelt Roads ex-Naval Base		18.207		65.600								Vieques Punta Este		18.135		65.268

				Punta Figuras Lighthouse		17.953		66.042

				Crashboat Beach		18.454		67.159






