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New Jersey coastal waters have several scales of bathemetry, including a broad shallow shelf crossed by a deep valley, 50 km scale topographic highs associated with ancient river deltas, and the ubiquitous ridge and swale topography of the shore oblique sand ridges.  Coastal ocean processes occur on similar scales, resulting in the development of a nested grid of coastal research observatories, including the LEO-15 cabled observatory for time series at a point in space, the LEO Coastal Predictive Skill Experiments to collect the spatial datasets required for model assimilation, NJSOS as the sustained spatial shelf-wide observatory, and NEOS as a mechanism to develop a linked regional network for the Northeast.  

     For NJSOS, the three primary technologies, L-Band and X-Band satellites receivers, nested multi-static CODAR HF radars, and a long-duration autonomous underwater glider fleet are operated from a single observatory control room.  The present CODAR network includes 25 MHz high resolution and 5 MHz long range systems, with new 13 MHz systems scheduled for installation by summer.  The compact CODAR systems typically consist of a single transmit antenna, and a cross-looped receive antenna on a separate post.  Electronics are usually deployed in an environmentally sealed box.  They have been installed and continuously operated in a variety of locations around the world, including sustained operations in NJ since 1999.  

      One of the first research projects with the 25 MHz NJ systems was to determine what effects the antenna beam patterns, and how the beam patterns effect ocean current estimates.  By comparing different antennas deployed in different locations, system hardware was found to have little effect on the measured beam pattern.  The dominant source of distortion was the environment, including buildings, powerlines, and other conducting materials within the antenna near field (about 1 wavelength).  Using measured beam patterns improved the ability of the antennas to place the current vectors in the proper directional bins.  This enables antennas to be set up in an even wider variety of places.  Antenna pattern measurements is also being adopted by the phased array operaters, most notably those running the Michigan multi-frequency system.  

      Antenna calibration, followed by tidal analysis, GDOP constraints, and percent coverage statistics led to the development of a high quality research dataset for seasonal responses, storm responses, and upwelling events.  The datasets have been used by the Coast Guard for search and rescue and NOAA HazMat for oil spill response.  Nearshore directional wave spectra also are available and are regularly used by NOAA.

       In 2000, the first of a series of four long range (5 MHz) systems was deployed on the New Jersey Coast to form a nested array.  As usual, the first study was a validation study, and initial results indicated that horizontal shear, not just vertical shear, is an important contributor to the observed RMS difference between subsurface ADCP point measurements and the spatially averaged surface CODAR measurements.  RMS differences between vertical ADCP bins and between ADCPs deployed several km apart are found to be the same as the difference between CODAR and ADCPs.  After accounting for the same time averaging, interpolating adjacent directional bins to the point of the ADCP, and choosing time period with a tight mid-depth thermocline but little stratification in the upper layer, the minimum CODAR/ADCP RMS difference was 2.58 cm/sec, and the RMS difference due to horizontal shear between two ADCPs during the same time period was 2.82 cm/sec.  This comparison was conducted using the Tuckerton 5 MHz long-range site, which has our most distorted beam pattern.  Thus we conclude that the difference between the CODAR surface currents and the ADCP is real, and associated with a combination of both horizontal and vertical shear.

     Measured beam patterns, tidal analysis, GDOP maps and percent coverage maps are now being used to produce a similar research quality dataset.  Annual and seasonal variability of the shelf-wide circulation is being studies, with two preferred cross-shelf transport pathways for the Hudson Estuary and Delaware Bay identified for the first time. Storms can now be studied at the synoptic scale.  The shelf-wide maps are being used in combination with satellite imagery to direct a fleet of long-duration gliders to study such features as the cross-shelf transport pathways.

      The next major improvement in current mapping will be the ability to run CODAR systems in both standard monostatic backscatter mode, and in bistatic mode, where the transmitter is physically separated from the receiver.  In this case, constant time delay circles are stretched into ellipses, and the radial current components are now measured along hyperbolas.  Multi-static operations turn N radars into N2 radars, extending coverage nearshore and offshore, further decreasing GDOP, and providing the potential to get the vital cross-shore component of the flow out of estuaries from an offshore platform.  Several types of bistatic transmitters have been developed and tested, including shore to shore transmissions linking standard backscatter systems through GPS synchronization, boat to shore tests with bistatic transmitters, buoy to shore tests with self-contained bistatic transmitters, and shore to shore transmissions with portable bistatic transmitters. 

      Long-range CODAR systems have now been deployed along most of the Northeast coast, nearly filling in the envisioned regional backbone.  This is one prototype for the proposed national HF Radar network currently being proposed by the Ocean.US Surface Current Mapping Initiative.  One of the greatest challenges, that of sharing and continuously updating the radial datasets from the numerous sites in this network is being addressed by Scripps Institute of Oceanography.

     A third application of HF Radar is that of vessel tracking.  It is easy for a vessel to hide from a single radar by making its speed toward or away from the radar similar to that of the Bragg waves.  However, a ship cannot simultaneously hide in the Bragg peaks of multiple radars.  Thus multistatic networks for small radars provide an attractive alternative to single large vessel tracking radars.  Vessel tracking involves three steps, detection of the vessel peaks above a time and spatially varying background noise, association of a series of detections with a specific vessel, and fitting of a model track to the associated detection data.  The simplest track model breaks the track into a series of linear segments of constant course and speed.  It is found that once the Kalman filter locks on the track, it is good at holding the track.  Similar to the experiences of submarine tracking, Kalman filters are found to be good track keepers, but not good track finders.  To improve the ability to find that track, to aid in the association step in a multi-ship environment, and to improve the range of detection for smaller vessels, new superdirective compact antennas are being constructed and tested.   

