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Executive Summary

The redesigned Namaqua mooring system was deployed in January 2005, and is currently providing real-time multi-sensor data. The mooring has been extensively redesigned, and now consists of two buoys on a dual tight line mooring; a design adopted to minimise mooring stress and improve sea-keeping. The principal scientific buoy has also been reconfigured, and is now based on a pencil or spar buoy design to improve sea-keeping and robustness, with additional improvements made to the electronic system design. Data from field trials and the initial deployment period indicate that data are of high quality, as is the hydro-mechanical performance. Instrumentation consists of two hyperspectral radiometric sensors, a pressure sensor, a fluorometer, a thermistor chain, and an ADCP. The project web site is currently being updated twice daily with mooring derived algal descriptors and physical data, and daily with MERIS (Medium Resolution Imaging Sensor) and MODIS (Moderate Resolution Imaging Sensor) derived synoptic biomass imagery.

The reflectance algorithms used to produce algal descriptors from radiometric data have undergone further refinement and development. Fluorescence line height and quantum yield models have been incorporated into the algorithm structure: such data potentially offer both an algal physiological proxy and instantaneous production estimates. The algorithms have also been adapted for use with the MERIS instrument, and have demonstrated the utility of both biomass and size descriptors for synoptic bloom detection and tracking. Whilst MERIS data thus offer significant potential for HAB monitoring, there are considerable problems with atmospheric and turbid water flagging routines which need to be addressed for full operational use. 

The data set from the initial mooring deployment in 2004 is undergoing further analysis, and preliminary results have been presented orally and with posters at both the BCLME Forecasting Workshop and the 11th International HAB conference in Cape Town. Finally, the potential future role of the project in a HAB forecasting system is discussed.
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1. Rationale
The Benguela system suffers from frequent occurrences of a variety of toxic and otherwise harmful algal blooms (HABs). Such blooms can have severe negative impacts on local marine ecosystems and communities, in addition to commercial marine concerns such as rock lobster and mariculture operations. Effective ecosystem management requires a greater understanding of the variability of HABs as ecologically prominent phenomena, and a means of monitoring critical system locations. Coastal management agencies would benefit greatly from a real time capability to detect precursive and formative bloom conditions, and to monitor the advective movement, growth and decay of surface blooms.

This project will seek to demonstrate the utility of real time bio-optical data as an integrated management tool for coastal agencies, and an early warning system with regard to HAB detection and ecosystem protection. Ocean colour data will be used in conjunction with numerical techniques recently developed at UCT to provide algal bio-mass and chemotaxonomic assemblage descriptor data. The real time availability of algal assemblage data on a variety of spatial scales, and with high temporal resolution, will provide a highly effective tool for the prediction, monitoring and ecological analyses of HABs in the Benguela system. 

The primary focus of the project will be to construct, deploy and maintain a demonstration bio-optical mooring, to be located on the southern Benguela Namaqua shelf. Additional daily synoptic ocean colour data from the MERIS sensor, supplied under the auspices of the Coastwatch program by ACRI in France, will provide broader scale coverage of the system. Data will be disseminated in near real time via the project's web portal, which will also seek to provide additional public health and related educational material.

2.1 Buoy Design and Development

The new buoy was been designed as a pencil or spar buoy for its enhanced sea-keeping abilities. Such buoys have lower pitch and roll motions than surface following buoys [e.g. Carpenter et al 1995] and similar buoy designs have been used successfully in Antarctic waters. Key components of a spar buoy design are to ensure that the buoyancy is maximal at the waterline, is just sufficient to keep the buoy hanging from the surface, and that the bulk of the weight is located as far below the waters surface as possible. 

To keep the windage of the buoy as low as possible, the mast of the buoy was designed with minimal projected surface area. The payload at the top of the mast was kept to a minimum, consisting of the GPS and GSM antennae, the irradiance sensor and navigation light. Flexible solar panels wrapped around the mast supply power to the system and charge the battery – panel configuration was changed after sea trials. Optimum power generation is achieved from solar panels that are orientated towards the sun and at an angle of 45°; this cannot be achieved with a flexible solar panel wrapped vertically around the mast. Calculations show that enough power could be generated from the chosen panels to support the system despite the sub-optimal configuration. The deployment requirements of the radiance sensor are that it should be vertically orientated, as close to the surface as possible and free from shading by the buoy structure. To meet these criteria, a stainless steel bracket was attached to one side of the buoy to which the SCUFA fluorometer, radiance sensor and depth sensor were attached. 

The buoy was constructed from PVC pipe encapsulated in fibreglass. Two smaller diameter pipes were attached to the lower section of the buoy, adding to the strength of the structure and providing housing for the cables running through the buoyancy unit down to the Ocean-i data logging system. A stainless steel cage bolted to a flange at the bottom of the buoy houses the Ocean-i system, battery and ADCP. These are the heaviest components of the system and provide ballast at the bottom of the buoy as well as a clear line of sight for the ADCP. In an ideal system the ballast should be as far below the waterline as possible. However increasing the length of the buoy poses several difficulties - making handling of the buoy from a small boat more problematic and potentially causing loss of surface current data from the ADCP. A compromise was reached in which the length of the structure below the waterline was made ~2 m; ADCP data collection starts at 4 m. Buoyancy of the structure below the waterline was minimised to enhance stability.  Housing the instruments in the open stainless steel cage reduced buoyancy, in addition to allowing the lower section of the PVC pipe to be flooding with a vent hole at the top of the pipe. The surface flotation unit consists of closed-cell foam (Sondor Industries SPX33) encapsulated in fibreglass. The buoy has been named the Benguela Optical Buoy (BOB).
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Figure 1. Schematic of the new spar buoy design - the Benguela Optical Buoy (BOB)
2.2 System Design and Development

A number of changes have been made to the Ocean-i data logging system to accommodate changes in the buoy configuration. Ocean-i is now positioned in the cage at the bottom of the buoy, along with the battery and ADCP, and has therefore been re-housed in a depth rated case.  The chassis on which the electronics are mounted was designed to include space for the thermistor board and batteries in order to eliminate the need for an additional waterproof housing for the thermistor chain controller. 

[image: image3.jpg]09.26.2004 14:39




Figure 2: Ocean-i electronics chassis
A reduced solar panel area and thus power is available in the new buoy configuration. This required a concomitant reduction in the amount of power used by the system. It was discovered that at 12 volts the radiometers drew an ambient current of 40mA and that they could be more optimally powered at 7.8 volts reducing the power draw to 7mA. To facilitate this reduction in power a power supply board for the radiometers was designed and integrated into the Ocean-i system to step-down the power supplied to the radiometers from 12 to 7.8 volts.

The use of a spar buoy design for the new buoy bus means that the buoy undergoes enhanced vertical motion in response to the wave field. In order to produce remote sensing reflectance measurements from the radiometer data, the radiance data must be propagated to the surface. This requires knowledge of the depth at which the radiance measurement was made. The previous design of the buoy as a surface following platform meant that the depth of the radiance sensor remained relatively constant and could be measured before deployment. In order to obtain a measurement for depth on a vertically moving platform a pressure sensor has been incorporated into the system and is located next to the radiance sensor. The Ocean-i system has six instrument channels, all of which were already utilized by sensors. The incorporation of a pressure sensor required the sharing of an existing instrument channel. Readings from the thermistor chain were originally collected throughout the two minute sampling burst. This was changed to take one reading from the thermistor chain before the start of the sampling burst and then change the baud rate and utilise the same channel to collect pressure sensor readings along with each radiance measurement throughout the two minute burst.

The incorporation of the pressure sensor, which is an analogue instrument, involved the addition of an A/D converter in order to interrogate the instrument. This is built into the Ocean-i system and has the secondary advantage of enabling power monitoring of the buoy. A measurement of battery voltage is collected alongside each depth measurement and saved with the data. Buoy diagnostics now available in real time thus include power, tilt and roll, and depth, allowing assessment of both system and hydromechanical performance.
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Figure 3A. Scientific buoy prior to field trial deployment showing solar panel and radiometer bracket.

Figure 3B: Scientific buoy prior to field trial deployment showing radiometer bracket and instrument cage.

2.3 Mooring Design

In addition to modifications to the bus and system structure of the principal scientific buoy, the structure of the mooring itself has been substantially modified. The single point tether system used by the first mooring was sub-optimal for several reasons: it resulted in significant stress to the scientific buoy, the thermistor chain was at risk of damage, and the marker buoy suffered from excessive bio-fouling and low visibility. A new marker buoy of improved design and visibility, named the Benguela Optical Marker Buoy (BOMB) was thus constructed alongside the principal buoy. A dual tight line mooring was adopted, consisting of pairs of trawl floats with plumb weights as dampers, BOMB and BOB, all connected by 6m strops.  The mooring was oriented into the dominant south-westerly current – a schematic is shown in Figure 4. 
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Figure 4. Schematic of the Namaqua shelf dual tight line mooring.
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Figure 5.  The marker (BOMB) and principal scientific buoys (BOB) in position on the tight line mooring (above) and BOB (left). The solar panels, irradiance sensor, and radiance bracket are clearly visible.

2.4 Field Trials

The new buoy and mooring were deployed and underwent field trials in Lamberts Bay in December 2004. 
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All systems were found to be operational, providing good data with the depth and tilt/ roll sensors giving an insight into the movement of the platform. Two eight pound and two seven pound dive weights were attached to the bottom of the cage opposite the radiometer bracket to act as a counter weight and enable the buoy to float vertically. The overall buoy performance was good and the buoy hydromechanics performed as expected. Observation of the buoy led to the conclusion that the mast length on the buoy was too great, contributing to increased tilt and roll of the buoy and stress on the structure. The flange at the base of the mast was identified as a weak point, and it was concluded that the mast should be shortened and made into one continuous length in order to increase the robustness of the buoy.

Figure 6. Depth, tilt and diagnostic bio-optical data from the field trial deployment.

Buoy Modifications

The mast of the buoy was shortened by one metre to improve the structural strength and sea-keeping abilities of the buoy. The flange was removed from the base of the mast and the mast was fibreglassed into one section; this removes the ability to detach the mast from the rest of the buoy - considered unnecessary with a reduced length mast. Reduction of the mast length decreased the area available for the mounting of solar panels; however calculations of power consumption for the system demonstrated the feasibility of running the buoy from two smaller 11W panels. These panels were mounted back to back on the shortened mast, using Sondor SPX33 closed cell foam.

A PVC flange at the base of the buoy was identified as a weak point, and a sleeved stainless steel flange was inserted to disperse the stress and drag from the cage through the structure. Additional retaining bolts were inserted through the sleeve to further increase the integrity of the structure. The total length of the buoy is now 3.9m; the decrease in length of the structure above the waterline adds to the ease of handling and the sea-keeping abilities of the buoy. 

The buoy was deployed on the mooring in Lamberts Bay on the 26th January 2005. Hydromechanical performance of the buoy has been greatly improved by the reduction in length of the mast section. Stress from the mooring is transmitted intermittently to the scientific buoy when waves pass along the mooring. This could potentially be alleviated by attaching a weight to the seaward mooring line between the marker buoy and scientific buoy to dampen some of the pull from the mooring line. The buoy also appears to have a tendency to lean into the current high current speeds, due to drag on the instrument cage in. This characteristic will be monitored under different sea conditions with the tilt, roll and depth diagnostic data.

Diagnostic data from the first few days of the deployment (Figure 7) illustrate the heave of the buoy in response to the wave field (with the radiance sensor depth varying between 0.2 and 0.6m), the tilt and roll of the buoy, and the battery power. The two 11W solar panels are providing adequate power to the system with the battery voltage dipping at midnight and being recharged during the day. Overall the battery voltage remains [image: image11.jpg]


within a constant range, indicating a well balanced system with regard to power consumption.
Figure 7. Diagnostic data from BOB for the first five days of mooring, subsequent to the mast and solar panel modifications. The data indicate suitably low variations in depth, tilt, roll and power.

2.5 Second Phase Sample Data

[image: image12.jpg]


Data are displayed for the first five days of the buoy deployment. During this time small scale patches of red tide were seen around Lamberts Bay. These can be observed in the elevated fluorescence voltages, where patches were coincident with the mooring position during sampling. A current reversal from north easterly to south westerly flow is visible in the ADCP data around the 28th January. Following the reversal, surface temperatures are seen to increase along with deepening of the surface mixed layer.
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Figure 8. Temperature, ACDP, reflectance at 709 nm (proportional to algal biomass), and fluorometer data from the first five days of buoy deployment, from 26th January.
3. Analysis of First Phase Mooring Data

[image: image14.png]


Whilst the primary function of the mooring is the operational detection of HABs, the high frequency multi-parameter Eulerian dataset offered by the moorings allow considerable insight into both algal dynamics and causal physical processes. An example of this is offered by initial wavelet frequency analyses conducted on the ADCP, fluorometer and temperature data collected from the first 2004 mooring phase. The frequency analyses emphasise the importance of understanding the physical mechanisms underlying HAB formation – clear inertial signals (~23 hrs) are visible in all data, apart from surface temperatures which appear predominantly tidal (~25 hrs). In addition, lower frequency signals (~3.5 days and 9-10 days) are visible, potentially corresponding to remote frontal movement and wind stress relaxation on the shelf. The appearance of these lower frequency signals in the power spectrum from both physical and biological data again highlights the dominance of physical control mechanisms.

Figure 9. Wavelet frequency analyses of ADCP, surface temperature and fluorescence data for the Lamberts Bay station, May 2004.

4. Reflectance Algorithm Development

Incorporation of Fluorescence Parameters

Natural fluorescence of phytoplankton in the sea offers information, available from both moorings and satellites, pertaining to algal physiology and rate processes such as primary production [Young & Beardall 2003]. Such data have obvious relevance to HAB detection and monitoring, and the analytical structure of the reflectance algorithm allows derivation of fluorescence products with relative ease. 

Sun-induced fluorescence of phytoplankton can be quantified by retrieval of the fluorescence signal from near-surface radiance data, either using in situ real time radiometers, or ocean colour satellites. As application of the latter, data were acquired from the Medium Resolution Imaging Spectrometer (MERIS). A fluorescence line height (FLH) algorithm is applied to the measured upward radiance spectra to isolate 

chlorophyll fluorescence from elastic scattering at fluorescence emission wavelengths (Figure 10).

[image: image15.emf]
Figure 10. Explanation of fluorescence line height derivations

Spectral integration of FLH* provides the total contribution of fluorescence to the upward radiance (i.e. FLH).

The reflectance signal at MERIS wavebands 665nm, 681.25nm, and 708.75nm is employed to determine FLH. MERIS reflectance is converted to upward radiance by applying the Gregg & Carder [1992] spectral solar irradiance model. A Gaussian distribution centred at 681.25 represents the resulting MERIS fluorescence peak.

Determination of fluorescence quantum yield from FLH offers insight into algal physiology, and the potential to derive rate processes using space-based data. The fluorescence quantum yield, and instantaneous production rates, are calculated in the following way:
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Note that ((c/(f)max and kcf are empirical constants with values of 2.3 carbon atoms/photon and 133(mol quanta.m-2.s-1 respectively.

In order to obtain fluorescence quantum yield from remotely sensed data, the chlorophyll concentration and phytoplankton absorption coefficients are provided by the inverse reflectance algorithm.
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To demonstrate the application of the procedure discussed, the algorithm was applied to the time series of reflectance data from the initial mooring period in 2004. Elevated fluorescence quantum yields are seen to coincide with newly upwelled waters. These results are consistent with previous observations, where the enrichment of illuminated surface waters with nutrients during upwelling causes an increase in production and therefore increased fluorescence.

Figure 11. Application of the combined fluorescence algorithm to reflectance data from the initial deployment period of the Namaqua mooring. Temperature data are shown at bottom to illustrate periods of increased upwelling.

Results obtained from the application of the fluorescence line height technique to MERIS data revealed strong correlations between chlorophyll concentration, FLH, and production. Values of fluorescence quantum yield were relatively low, which is expected for the surface, as confirmed by the literature. At the surface and in the light-saturated state, a proportion of absorbed quanta are redundant, i.e. they are not used for photosynthesis and therefore cannot be fluoresced. Assemblages of high effective diameter appear to display an increased fluorescence quantum yield. 

Acquiring relationships between optically derived parameters and cell physiology such as diameter versus yield, provide the potential for biomass independent assemblage distinction, which is essential for effective remote detection and prediction of bloom events.

It can be deduced that spectrally integrated fluorescence line height is a good estimate of biomass from space and in situ real time radiometers. The results discussed above show that it also provides a method for acquiring production remotely. Satellite derived synoptic physiological proxies and instantaneous production estimates thus appear to have considerable potential application in the detection of harmful algal blooms.
5. Development of Ocean Colour Capabilities

Modification of the reflectance algorithm for MERIS has allowed derivation of synoptic chlorophyll and algal effective diameter products. These products have demonstrated their utility in several bloom situations, providing more accurate chlorophyll estimates at high biomass, and a biomass independent assemblage descriptor through algal size. An alternative simple chlorophyll algorithm for high biomass waters, based on the MERIS 709 nm band, is also being developed. The algorithm is effectively based upon algal backscattering, as opposed to conventional empirical algorithms which rely indirectly upon absorption, and is thus more responsive at high biomass concentrations.
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Sample imagery from both the reflectance and 709 algorithms are displayed in Figure 12, showing a very high biomass bloom ~ 35 km north of Lamberts Bay.

Figure 12. MERIS data from 26th January 2005, showing chlorophyll concentrations from the reflectance algorithm (upper left) and the 709 algorithm (upper right), effective diameter (lower left), and fluorescence quantum yield (lower right). The imagery shows an as yet unidentified red tide of very high biomass approximately 35 km north of Lamberts Bay, in addition to lower biomass patches of red tide in the vicinity of Lamberts and Elands Bay (visually confirmed).

Further examples of reflectance algorithm output can be seen in Figure 13, demonstrating the utility of algorithm output for the analysis of mesoscale shelf processes. Two features in the imagery are of particular interest. The effective diameter data display an extensive feature of relatively high algal size, extending from the northern boundary of the Agulhas current, through the retroflexion zone and into the south Atlantic - closely following the thermal front visible in the SST imagery. Another feature of interest is the high fluorescence quantum yield values corresponding to active upwelling in the Namaqua cell. These data demonstrate that reflectance algorithm biological and physiological outputs, when interpreted in combination with physical data, have much to offer with regard to the remote sensing of algal dynamics.
Operational use of satellite ocean colour data for HAB detection is still hampered by the atmospheric correction and flagging routines employed. Whilst the project receives daily data from both MERIS and MODIS (Moderate Resolution Imaging Spectrometer), much of the data is unusable due to excessive flagging – typically from atmospheric and case 2 water type identifiers. At times the whole of the southern Benguela reception area can be obscured through this excessive flagging. It is not unusual to receive perhaps one image a month that yields useful data. Investigation of these data losses, by comparing equivalent imagery from both ACRI and those ordered retrospectively from the European Space Agency, have shown that up to four flags are responsible for these data losses. Figure 14 shows typical data losses associated with the three flags responsible for the majority of data losses: those for dust like atmospheric absorbing aerosols, case 2 turbid water, and case 2 anomalous scattering. Whilst further research is needed into the matter, not least regarding the criteria needed for specific flag activation, it is likely that some if not all of these flags are needlessly applied.

Resolution of the overflagging issue is extremely important – the MERIS data has shown itself to be of high quality and, in combination with the reflectance algorithms discussed above, could fulfill a potentially critical operational role in HAB detection and forecasting. In addition, the project is already receiving near real-time data – a capability that took more than a year of negotiation – and is an approved science partner for MERIS. It is therefore highly recommended that a dedicated effort is made to resolve the flagging issue through collaboration with ACRI and the European Space Agency.
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Figure 13. Sea surface temperature and MERIS derived chlorophyll concentration, effective diameter and fluorescence quantum yield data from 1st March 2004. Note the feature corresponding to elevated effective diameter values in the thermal front extending from the northern boundary of the Agulhas current, through the retroflexion area and into the south Atlantic. Also note the dramatically elevated fluorescence quantum yield values corresponding to active upwelling at the northern boundary of the imagery.
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Figure 14A. Loss of data due to flagging routines for a MERIS fluorescence line height image from 10th March 2004.

Figure 14B. Loss of data due to flagging routines for a MERIS fluorescence line height image from 2nd April 2004

6. Web Site Development

The web site currently displays real time multi-sensor data from the Namaqua mooring, and the most recent available MERIS and MODIS imagery. Registration of the site to the hab.org.za domain has been postponed, due to scheduled changes in the server address, and the only recent availability of real-time mooring data. Registration is expected within the next two months - the site can currently be accessed at http://sea.uct.ac.za/hab
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Work is currently underway to automatically update the site with mooring time series data, of greater use to coastal management than a single snapshot as the relative change in conditions can be assessed. In addition, some of the experimental MERIS products discussed above will be made available in near-real time, starting with high biomass chlorophyll estimates from the 709 algorithm. Full operational implementation of the reflectance algorithm products, which are computationally costly, will only be realized once the overflagging issues previously discussed can be resolved. Recent examples of mooring snapshots and satellite data from the site can be seen in Figure 15.

Figure 15. Web site mooring and satellite data screenshots, 31st January 2005.

7. Workplan and Personnel Budget

Segment 4
February 2005 – July 2005


Activities
· Mooring demonstration for Namibian interests, Lamberts Bay

· Consolidation of complete project mooring, synoptic and ancillary datasets

· Production of final project and data report, and associated scientific publications

· Identification of key objectives for Phase 2 operational implementation and forecasting requirements

Segment 4
February 2005 – July 2005

Deliverables & Personnel Budget
· Final Report: Bio-optical, ecological and time series analyses of cumulative data set, further operational aspects of mooring.

· Final project publications in scientific literature

· Production of final M.Sc dissertations
Project management work hours:
1008

M.Sc work hours:


2016

8. Outlook: Development of a Forecasting System
The project has demonstrated the utility of multi-sensor coastal moorings and satellite data for HAB detection - conditions at the time of writing can be used as an illustration. The Namaqua mooring detected patches of high algal biomass from the 26th to the 29th of January (Figure 8), whilst MERIS imagery from the 26th of January reveal a high biomass red tide of large spatial extent located ~ 35 km north of Lamberts Bay (Figure 12). Temperature data from the mooring and SST satellites indicate warm stratified surface waters during this period – conditions conducive to dinoflagellate growth. Subsequently, ADCP data from the mooring have shown a current reversal to south-westerly flow, indicating a relaxation event and potential southward transport of the bloom. Dependent upon prevailing weather conditions, there is considerable risk of this bloom impacting the coastline in the vicinity of Lamberts and Elands Bay. The outlined acquisition and interpretation of such data can be regarded as a preliminary HAB prediction scheme; there is considerable scope for developing a more effective and sophisticated operational forecasting system.

Given the inherent uncertainties in biological prediction, such as the spatial growth and species dominance of phytoplankton, real time observations will form the critical core of any HAB forecasting scheme in the Benguela. The combination of multi-sensor coastal moorings and near real-time satellite data required for such a system are under development. A fully operational forecasting system calls for the continued development and maintenance of these real time observation facilities, in addition to the development of suitable hydrodynamic and probabilistic ecological models, and the subsequent integration of these components. The accurate prediction of bloom shoreline impact and residence time are the most important aspects of these models; such predictions can be realised through real time simulation or catalogues of typical circulation patterns generated off-line.

It is clear that the full operational potential of the real time observation techniques under development by this project will be best realised as an integrated component of a sub-ecosystem HAB forecasting system, such as that outlined in Figure 16. The current phase of the project will continue for six months – if provision is not made to incorporate the continued maintenance and development of the Namaqua and other future HAB related moorings into a regional HAB forecasting scheme, the gains made by the project in developing real time observation techniques may not fully capitalized on. [image: image24.jpg]2]
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Figure 16. Schematic of a harmful algal bloom early warning and integrated forecasting system for the southern Benguela.
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10. Notation

ACRI 
Mecanique Des Fluides Observation De La Terre  Sciences De L'Environnement 

ADCP

Acoustic Doppler Current Profiler

AVHRR
Advanced Very High Resolution Radiometer

BOB

Benguela Optical Buoy

BOMB

Benguela Optical Marker Buoy

BOKKOM
Name of the first phase mooring
GSM

Global System for Mobile Communications
GPS

Global Positioning System

HAB

Harmful Algal Bloom

HSCSD
High Speed Circuit Switched Data

M&CM

Marine and Coastal Management

MERIS

Medium Resolution Imaging Spectrometer

MODIS
Moderate Resolution Imaging Spectrometer

SCUFA
Self Contained Underwater Fluorescence Apparatus

UCT

University of Cape Town

Appendix I

In kind support and value additions

Marine and Coastal Management

RDI Sentinel 300 ADCP (moored instrument)


ZAR
   300,000

Turner Designs SCUFA (moored instrument)


ZAR
   160,000

Apprise Technologies Templine Thermistor Chain


ZAR
     35,000

Estimated boat time and logistical support



ZAR
   150,000

In addition to making supplementary mooring instrumentation available to the project, M&CM will provide boat time for mooring deployment and servicing, and has provided test facilities, technical and logistical support.

Oceanography Department, University of Cape Town

Apprise Technologies Templine Thermistor Chain


ZAR
     30,000

Estimated diver time and logistical support



ZAR
     15,000

Saturn Solutions, UK (John Cheriton)

Communications and software development



€
       5,000

MTN (South Africa)

MTN have offered a great deal of technical support, including sending an engineering team into the field during initial deployment to make local GSM upgrades. MTN have asked for a sponsorship submission and are currently considering material sponsorship of the project.

Total Estimated In-kind support




ZAR
  730, 000




� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





(1, (3 	- fluorescence spectral range


(2 	- fluorescence emission band


L1, L3	- upward radiance of baseline 


L2	- radiance value at (2


FLH*	- non-integrated fluorescence line height
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( f 	- quantum yield of fluorescence


FLH	- integrated fluorescence line height


KPAR	- vertical attenuation coefficient for scalar PAR


a(685)	- absorption coefficient at 685nm


PAR	- photosynthetically available radiation


[chl]	- chlorophyll-a concentration


â*(	- mean absorption coefficient of phytoplankton 	   per unit of chlorophyll-a


Q*a(685)	- package effect at 685nm


(c	- quantum yield of photosynthesis


((c/ ( f)max - max value of the ratio of quantum yields


Ff 	- rate of natural fluorescence


Fc 	- rate of photosynthesis


kcf 	- value of irradiance at ½ ((c/ ( f)max
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