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Abstract

A description of the Watershed Reef Interconnectivity Scientific Study (WRIScS) is presented,
outlining the concept and measurements as well as the instrumentation that were deployed. The
overall goal of the marine research is to investigate the application of SeaWiFS data for coastal
water quality monitoring in Belize.  This research will attempt to identify and remove the seabed
interference/effects within the image, in order that water quality information can be interpreted
from the satellite data.

The area is optically shallow (less than 25 metres depth) and therefore seabed effects
must be taken into account.  The seabed is being characterised and mapped through both acoustic
(RoxAnn) and optical techniques (e.g. digital cameras and secchi disks).  The maps, together
with additional information e.g. from analyses of bottle samples and previous data sets, are being
stored within a Geographical Information System (GIS).  This in-situ data will be used to correct
the satellite ocean colour (primarily SeaWiFS) imagery so that maps of, for example, Suspended
Particulate Matter (SPM) can be derived.

Preliminary results are presented, including sample Sea-viewing Wide Field-of-view
Sensor (SeaWiFS) imagery, to show the extent of the site and variations caused by the
combinations of bathymetry and optical properties e.g. suspended particulate matter (SPM)
concentrations.

1. Introduction
WRIScS has been running since 1998 with marine data collection primarily being

undertaken by Raleigh volunteer teams, but in 2001 has also included students from the
University of Plymouth.  The overall objectives of the study include:

• looking at how land-use practices affect the discharge of sediment and contaminants to
rivers and subsequently to the sea

• studying the dispersion of sediment and associated contaminants within the sea (in
particular the ability of discharges to impact upon the inner margins of the barrier reef)

• identifying changes in the quantities and quality of river sediment affecting the barrier
reef

The fourth year of the project also includes a marine remote sensing based methodology,



as the project is looking to develop a low cost monitoring strategy (for water turbidity) that can
be continued after the project ends.

In 2001, expeditions are being carried out from March to May and July to September,
which are the dry and rainy seasons respectively. The fieldwork locations are in the north and
south of the Belize Coastal Zone (see Figure 1):

• Northern site is Long Cay, which is 20 km North-North-East of Belize City
• Southern site is Cary Cay, which is 110 km south of Belize City, and 20 km east of

Placentia (deployment and re-supply site).

Figure 1: Map of Belize (source Latin American Alliance, 2001).  The red circles show the
approximate locations of the two fieldwork locations.



The Raleigh ‘Venturers’ spend three weeks on one of the two fieldwork sites with their
first week spent undertaking dive training and the next two weeks forming the basis of the
scientific diving, when they undertake two dives per day.  Over the course of the expeditions the
divers cover a pre-defined grid of stations (see Table 1) to characterise the different regions of
the seabed. The dive boats use stand-alone GPS receivers to find the location of each site, and
the Universal Transverse Mercator (UTM) projection, based on Clarke's 1866 spheroid, and
known as NAD27 (North American Datum 1927), with local corrections for Central America,
has been used for all positioning within the project.

Table 1: GPS positions of the stations.

Cary Cay Stations Long Cay Stations

Station Latitude Longitude Station Latitude Longitude
1 16.5256 -88.3551 1 17.6575 -88.0144
2 16.5352 -88.3438 2 17.6480 -87.9859
3 16.5355 -88.3260 3 17.7020 -87.9756
4 16.5315 -88.3113 4 17.7565 -87.9671
5 16.5365 -88.2885 5 17.7891 -87.9900
6 16.5403 -88.2748 6 17.8026 -88.0051
7 16.5360 -88.2609 7 17.8107 -88.0231
8 16.5353 -88.2416 8 17.8111 -88.0437
9 16.5275 -88.2235 9 17.8106 -88.0705
10 16.5176 -88.2148 10 17.8105 -88.0893
11 16.5098 -88.2043 11 17.8099 -88.1086
12 16.5176 -88.1758 12 17.7832 -88.1357
13 16.5178 -88.1481 13 17.8104 -88.1385
14 16.5179 -88.1244 14 17.8108 -88.1655
15 16.5185 -88.1106 15 17.8096 -88.1940
16 16.5227 -88.0957 16 17.7473 -88.1923
17 16.5180 -88.0721 17 17.7471 -88.1648
18 16.5238 -88.0494 18 17.7463 -88.1356
19 16.5280 -88.0262 19 17.7468 -88.1073
20 16.5277 -88.0075 20 17.7472 -88.0791

21 17.7213 -88.0708
22 17.6933 -88.0619
23 17.6664 -88.0976
24 17.6662 -88.0605
25 17.7205 -88.0426

Stations were selected to cover a representative range of seabed types: coastal shallows;
coastal channels; mud/sand/vegetated zones with channel reefs, shallow main reefs and ocean-
side reefs; open oceanic water. These stations will therefore also cover a range of depths, bottom
conditions and water mass types/sources/colourations/temporal characteristics. Seabed data is
collected at all stations with depths of less than 20 meters at least once during the expedition,
which is nominally achieved by surveying one site per day. Some sites are also sampled more
than once per expedition to show variation inherent in the method and possibly seasonal
variability.  The field program also includes the collection of secchi disk measurements / bottle
samples taken at the stations as part of water quality surveys.

A critical stage, for using ocean colour satellite imagery in WRIScS, is the development
of a methodology for removing the effects of seabed reflectance. The problem has been
approached from several relatively independent sampling methodologies, but ultimately the
output will be combined to arrive at a final solution.



2. Methodology
The methodology has been divided up into several sections, which are being researched
independently to produce their own short-term goals, but also come together to meet the overall
project objectives.

2.1 Seabed Analysis
The seabed is being mapped so that we can determine the in-situ reflectivity of the sampling sites
and also, in the longer term, extrapolate this data to the whole Belizian coast. The first task was
to conduct a simple survey of all stations in order to identify those stations that are uniform or
complex (high degree of small-scale benthic variability).  This was used to prioritise stations for
detailed transect/quadrat mapping (in light of resource and time limitations).

Divers conducted a quick observational swim of the area around the station to identify
more complex areas (looking N-S or E-W).  A 9m line was laid through the station centre, in the
direction (N-S or E-W) with the most degree of variation. The transect was then mapped at a
resolution of one metre squared, and records made of the dominant sediment type, coral species,
epi-benthos and seabed colour. A digital photograph was taken of the seabed at each end of the
line, plus a photo of the water column above. Stations were then identified, from this first level
of survey, for degree of complexity and prioritised for the detailed transect/quadrat mapping.

The transect/quadrat mapping builds up a picture of what the seabed of the reef consists of
- the percentage areas occupied by live rock-building corals, bare coral rock and sediments of
various particle-size characteristics.  At the same time an idea can be gained of the range of life
forms of rock-building corals present, and the basic details of their ecology (distributions of species
with depth, aspect and sediment type; assemblages of species; sizes of individuals/colonies).
Information about the presence of other macro epi-fauna and flora species (grasses, algae, fans,
rods, whips, plumes) can also provide much insight into the ways in which the system is
functioning and possibly changing.

The data was collected using four survey techniques:

• Seabed scuba transects with observations of bed type and colour
• Digital photographs of bed type and colour
• RoxAnn data of acoustic variability of bed within a SeaWiFS ‘pixel’ (1 km squared)
• Profiling Reflectance Radiometer (PRR) measurements comparing downwelling with

upwelling light over different bed types.

The seabed scuba transects used a quadrat mapping approach where the divers determine:
if it is live rock-building coral, or dead coral rock, or sediment (with six sediment types for ID,
based on particle size); the dominant coral life form, if any is present (note: recording of data
here can be possible even though there is no ‘live coral’ entry under Section 1, as coral may not
be the dominant component of the square); the dominant sessile epi-benthos (soft coral, sponge,
algae or grasses) growing on the sediment/rock.  ‘Dominant’ has been interpreted in terms of the
total volume of the organism, not just the holdfast area.  In addition to this, the following
information will also be collected for each quadrat: seabed colour; seabed and water column
photographs; sediment sampling; depth and relief index of each m2.

Seabed photography records the different colours of the important physio-biological
components of the bed, around each station, creating a seabed colour map of the area that can be
used in the seabed correction of the satellite imagery. It was important that all photos were taken
in the best available natural light (after 8 am and before 4 pm), and were not shaded by the diver
(taken at an oblique angle).



Along the 50m transect, photographs were taken to represent the variety of different
colours and so a photo was taken at every distinct change in colour, regardless that this same
colour was previously photographed along that 50m transect.  However, problems were
experienced due to a limitation in camera memory, so a limit of 10 seabed photos per 50 meter
transect was set.  The photos were framed within a 1m2 quadrat, to ensure a constant sized area
for comparison. Photographs were also taken of the water column directly above the transect (to
look at the prevailing light conditions falling upon the seabed), the surface conditions (to give the
sea and sky state) and a primary colour chart (to provide information on the penetration depth of
the sunlight).  Example photographs are shown in Figure 2.

a) b)

c) d)

Figure 2: Digital photographs of a) the surface conditions 1, b) a quadrat mapping the
seafloor and then the primary colour chart at c) 3 metres and d) 6 metres depth.

Colour comparisons were made by matching Munsell soil colour charts to the seabed
sediment colouration. This provided additional seabed colour mapping for comparison with
seabed photography derived colour maps. Up to three dominant colours were identified per 1m2

quadrat and colour matching occurred at all mapped quadrats where sediment was visible.

The detailed transect/quadrat mapping of complex sites included the laying out of a 50 m
transect (in the direction determined by the first basic station survey), and the transect is then
mapped with one meter quadrats at 0.2m2 resolution.

2.2 Water Quality Measurements
The main objective of this aspect of the work is to provide a broad picture of water mass
properties through the study period. Water quality observations were ideally taken weekly
(depending on the prevailing weather conditions) and the basic observations included secchi
observations. Water sample collection and optical (PRR) measurements occurred once per phase
(every 3 weeks).



Secchi disk measurements are taken with 200mm secchi discs.  In deeper areas (where
the seafloor is not visible from the boat) the secchi disk is used in the vertical position and
viewed with an 'underwater viewing box'. In shallow areas (where the seabed is visible) the disk
is mounted on handheld poles for viewing horizontally, where the disk is lowered one meter
below the sea surface (from the side of the boat) and a snorkler then swims out with the secchi
line until the disk is not visible (viewed underwater at a depth of 1m).  As well as recording the
secchi vertical depth or horizontal distance, the time, position/station number, water depth on the
echo sounder (if available), and sun/cloud conditions (scale of 1 to 5 from bright sunlight to fully
overcast conditions) were made.

Water samples were collected by dipping a bucket over the side of the boat at each
station, being careful not to contaminate samples with such things as boat fuel etc.  Four litres of
water were collected and stored in plastic containers. The samples are analysed (partly in Belize
and the UK) for seston (including the inorganic/organic fraction and SPM concentration),
pigment absorption (to determine the chlorophyll concentration), coloured dissolved organic
matter (CDOM) absorption and phytoplankton species.

The PRR is used to measure downwelling irradiance (travelling vertically down) and the
radiance reflected back through the water column from the seabed.  The instrument was used in
two ways: to measure seabed reflectance (tied in with the quadrat mapping and photographs) and
to profile the water column (tied in with the secchi disk runs).  Profile were collected by
lowering (and then raising) the instrument over the sunny side of the boat in a slow and
methodical manner at each station.

2.3 Satellite Imagery
Near-real time SeaWiFS satellite imagery is being acquired from NASA (see Figure 3)

and provides an added dimension to the fieldwork expeditions (including the possible targeting
of resources if an interesting event occurs).  In the longer term, the relatively cloud free SeaWiFS
imagery is being downloaded and processed to level 2 (optical / biogeochemical products) using
the NASA SeaWiFS Data Analysis System (SeaDAS) version 4.

a) b)

Figure 3: SeaWiFS a) Level 1 and b) Level 2 (chlorophyll) quicklooks of Belize.

A result of the standard level 2 processing is that shallow areas are often lost due to an
inaccurate land mask and/or overactive cloud mask.  The code has therefore been changed so that
a non-water mask rather than the standard SeaDAS cloud and land masks is used. The mask is



based on the near infra-red (NIR) single scattering aerosol corrected reflectance, R:
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Where Ls is the sensor radiance, F0 is the extraterrestrial solar irradiance, θ is the solar
zenith angle and Rr is the Rayleigh corrected reflectance.  It uses both a comparison of two NIR
wavebands and threshold on a single band, see Figure 4, and resulted from the research of Moore
et. al. (1999).
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Figure 4: Decision tree for masking a non-water pixel.

A template with the study sites has been developed, and individual pixels (corresponding
to the stations) are extracted from each image. A time-series of reflectance and water quality
properties can then be extracted for each station (pixel).

3. Results
The fieldwork experiment will produce numerous amounts of high quality data, which are being
incorporated into an Arc/Info format GIS that will provide a means of both storing and cross
referencing the data. Several sets of results will be produced and will be used to define the water
column and seabed light-response characteristics. The seabed analysis will allow us to: catalogue
the range of conditions found in terms of optical bed properties, but based on the bio-
sedimentological system; quantify any seasonal variations in seabed properties; produce a
definitive list of optical bed types with a statistical description of the range of optical variability
(spatial and temporal) within each.

The water quality measurements will provide: a description of the spatial / temporal
variation that the water quality parameters; time-series-history of major events during the eight
months of the study period.  Together, the seabed analysis and water quality measurements will
allow us to define stations that are: optically deep 100% of time; optically shallow 100% of time;
temporally variable.  In the latter sites, we will need to determine when the sites are optically
deep or shallow and apply a seabed correction (based on an inverse optics model) to the optically
shallow stations.  Kutser et. al. (2000) found that the greatest variability in the spectra of
different coral reef bottom types was in the 500 to 680 nm wavelength range.  This would
correspond to SeaWiFS wavebands 4 (510 nm), 5 (555 nm) and 6 (670) nm.

Figure 5 is an example SeaWiFS image (shown as the normalised water-leaving radiance
at 555 nm) processed with the standard SeaDAS cloud and land masks or the non-water mask.
The images are mainly influenced by the seabed reflectance (when the penetration depth is



greater than bathymetric depth) and SPM concentrations. Figure 5b compared to Figure5a shows
that the loss of pixels, due to the cloud mask, has been significantly reduced when the non-water
mask is used instead.  Also a large patch off the coast of Honduras (possibly smoke from forest
fires), that is masked in Figure5a, is processed and the Bay Islands are visible in Figure5b.
However, cloud edge effects (higher radiance levels at the edge of the clouds due to part-cloud
pixels and adjacency effects) are also visible in Figure5b. Figure5c compared to Figure5d shows
that additional pixels within the barrier reef and three external reefs (e.g. Turneffe Islands) have
now been processed.

4. Discussion
Three objectives have been identified for this part of WRIScS and beyond:

• Short-term (within life of WRIScS).  To use ocean colour satellite imagery for time-series
monitoring of water quality optical properties at a series of optically shallow sites (2001
survey sites).

• Longer-term (continuation of project). To use ocean colour satellite imagery to monitor
water quality optical properties in all optically shallow locations within the Belizian
coastal waters.

• To provide guidance for coastal resource managers regarding the cost effectiveness of
developing an ocean colour monitoring facility for routine water quality monitoring in
Belize.

The critical issue (from the first objective) is the development of a methodology for
removing the effects of seabed reflectance from the ocean colour satellite imagery. If this is
achieved, the next step is to convert the station time-series (extracted from the satellite imagery)
to estimated values of water quality parameters e.g. SPM and chlorophyll. These can then be
examined in more detail and in relation to control data e.g. river discharge and wind conditions.
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a) b)

c) d)

Figure 5: Example SeaWiFS image (28th March 2000) processed with a) the standard
SeaDAS cloud and land masks and b) with the non-water mask.  With c) and d) showing

the area of interest in more detail.   The images show the normalised water-leaving
radiance at 555 nm with the colour indicating an increase in radiance as we go from blue to
green to yellow to orange and red.  Black areas are masked and a latitude / longitude scale

has been applied in white.
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