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Thrust: Remote Sensing of Coastal Waters
Project 2: Field measurements in coastal waters for algorithm testing/development and
satellite validation
•

•

•
•

Relevance to NOAA’s mission and the strategic plan: This project is well in view with
NOAA’s vision and mission that establish a comprehensive understanding of the role of
the oceans and coasts to meet our Nation’s economic, social, and environmental needs. It
is aligned with the new priorities for the 21st century presented in the NOAA’s strategic
plan and in regards of coastal and marine resources through an ecosystem approach to
management. The research activities are helping to develop better and most costeffective tools to monitor coastal processes.
Relevance to NOAA Line Office (i.e., National Weather Service, National Ocean
Service) strategic plan: This project provides critical support for NOAA’s missions of
the National Ocean Service by using and validating environmental satellite data.
Especially, it is creating an important database of bio-optical properties from coastal
waters affected by rivers discharge. These field data are crucial to develop improved
algorithms for the estimation of water quality parameters in coastal waters.
Supervising PI or Co-Is: Fernando Gilbes Santaella
Publications (during performance period):
- Dissertations:
 Rosado-Torres, Marcos (2008) Evaluation And Development Of Bio-Optical
Algorithms For Chlorophyll Retrieval In Western Puerto Rico. UPRM-Marine
Sciences, 116 pages. (http://gers.uprm.edu/pdfs/thesis2_marcos.pdf)
 López-Rosado, Ramón (2008) Photosynthetic Efficiency Of Phototrophic
Plankton And Bio-Optical Variability As Influenced By Mesoscale Processes In
The Eastern Caribbean Basin. UPRM-Marine Sciences, 139 pages
(http://gers.uprm.edu/pdfs/thesis_ramon.pdf)
-Journal Publications with Students:
 Vilmaliz Rodriguez and Fernando Gilbes are finishing a paper that will be
submitted soon to Remote Sensing of Environment.
-On-line Publications:
 Cruz-Benitez, Alexis (2008) Spectral Effect of Minerals in Sediments of
Mayagüez Bay, 34 pages.
http://gers.uprm.edu/pdfs/topico_alexis1.pdf
 Hernández-Guevara, Natlee (2008) Grain Size, Composition and Spectral
Response of Deposited Sediments in Mayagüez Bay, 18 pages.
http://gers.uprm.edu/pdfs/topico_natlee2.pdf
-Books:
 Fernando Gilbes and students have continued working with their chapters for the
peer-review book about the oceanography and remote sensing of Mayaguez Bay,
including all the work sponsored by NOAA CREST. This book will be published
in collaboration with the Center for Hemispherical Cooperation (CoHemis) of
UPRM and the University of Puerto Rico Press.

•

Dollar amount of funds leveraged with CREST funds (during performance period):

Project Title

Study of Benthic
Habitats Using
Hyperspectral
Remote Sensing
Developing a
protocol to use
remote sensing as a
cost effective tool
to monitor
contamination of
mangrove wetlands
•
•
•
•
•
•

•

•

•

Sponsoring
Agency

PI/Co-PI/
Recipient/Group

Dollars

Start Date

End Date

NSF-CenSSIS

PI: Miguel Velez
Co-PI: Fernando Gilbes
among others

$50,000

March 2000

February 2010

University of
Puerto Rico Sea
Grant College

PI: Johannes
Schelekens
Co-PI: Fernando Gilbes

$30,000

June 2006

September 2009

Ongoing, New or Revised?: Ongoing
Staff: None
Students PhD: Marcos Rosado, UPRM-Dep. of Marine Sciences (this student worked in
a NOAA CREST related topic, but he was not directly funded by the project)
Students MS: Vilmaliz Rodriguez, UPRM-Department of Geology
Students Undergraduate: Nathlee Hernández, UPRM-Department of Geology (this
student worked in a NOAA CREST related topic, but she was not directly funded by the
project)
NOAA Collaborators: A site-specific algorithm has been developed and tested to
estimate Total Suspended Sediments (TSS) in Mayaguez Bay. This algorithm is being
incorporated in NOAA-NESDIS system as a “testing product” of TSS for Puerto Rico in
collaboration with Joaquin Trinanes, Acting NOAA CoastWatch Operations Manager for
the Caribbean Regional Node.
Other Collaborators: Eric Harmsen (UPRM-Department of Agricultural Engineering),
Carlos Ramos-Scharrón (Department of Geosciences, Colorado State University), Luis
Pérez-Alegría (UPRM-Department of Agricultural Engineering), and Roy Armstrong
(UPRM-Department of Marine Sciences).
Operational Impact: The on-going project aims to develop the appropriate techniques to
use ocean color sensors to monitor the conditions of coastal environments. Estimates of
Chlorophyll and Suspended Sediments from space can be used as proxy for the quality of
coastal waters. Continuous monitoring of such parameters with satellite sensors will help
to better understand and manage our coastal environments.
Status of the project with respect to the goals/objectives and benchmarks previously
identified: Processing of field data collected in Mayaguez Bay over the past seven years
was continued. A second version of a site-specific algorithm for the estimation of Total
Suspended Sediments in Puerto Rica coastal waters has been developed and its
implementation as “testing product of the NOAA CoastWatch program is underway.

Remote sensing reflectance measurements obtained with the GER-1500
spectroradiometer are being used to estimate these parameters and compared with
MODIS data. Several algorithms developed by different groups to estimate Chl-a using
ocean color sensors were tested in Mayaguez Bay using the GER-1500 remote sensing
reflectance data and modeling with Hydrolight. Additional biogeo-optical data have been
incorporated in GERSVIEW (the on-line GIS-database of the GERS Lab) for further
analyses and comparisons with satellite data. Good progress has been obtained in all
proposed tasks.

Tasks (For year III as per the Milestone Chart)

Task: Compare to satellite water leaving products and atmosphere retrievals

A large number of images were evaluated in order to select only high quality data for the
application of a previously developed algorithm to estimate total suspended sediments (TSS)
using MODIS band 1 data. It was found that in 2004 only 24 images were suitable for analyses;
this represents approximately 6.6% of the total of images generated in one year. Presently, this
algorithm is being evaluated for application to estimate TSS in all Puerto Rico coastal waters. A
GIS based model is being assembled to estimate sediment load to the Mayagüez bay to compare
it with same estimations derived from MODIS data. This model is based on the Revised
Universal Soil Loss Equation (RUSLE), which requires to spatially defining a series of factors
that promotes soil erosion. Basic information, such as LandUse, soil series and annual
precipitation, was used to define these factors. The resultant values are reasonable when
compare to previous studies and their spatial distribution responded to known characteristics of
the area. More details of this task can be found in Vilmaliz Rodriguez report appended at the
end.
Task: Intercomparison of the below/above water signals with aircraft and satellite data as
available.

We validated the MODIS 1km Chlorophyll-a product for the Mayagüez Bay and analyzed the
relationship of suspended sediments with this type of data. For such validation, comparisons of
values directly measured in the field were compared with MODIS chlorophyll-a estimates. A
correlation coefficient (R2) of 0.0283 was obtained for Terra satellite data and 0.0265 for Aqua
satellite. The R2 between Chlorophyll-a from Aqua and Terra and the suspended sediments were
0.0267 and 0.2327, respectively. We have found that characteristics of the sediments, like
composition and grain size distribution, have important implications in the optical properties of
the water. The composition of the grains shows more carbonates on Añasco River and more
terrigenous in Yagüez River. Along the three rivers is shown the lack of organic matter. The
XRD analysis shows the presence of quartz and halite as common mineral of the study site. The
reflectance curves (done with the GER-1500 spectroradiometer) demonstrate that the stations
with finer grain sizes reflect more. These results will also help to understand the dynamics of
suspended sediments in Mayagüez Bay and its relationship with the chlorophyll-a to provide
recommendations for future application of remote sensing in this region. More details of this task
can be found in Natlee Hernandez report appended at the end.

Project 3: Improvement/Development of algorithms for remote sensing of coastal waters
•

•

•
•

Relevance to NOAA’s mission and the strategic plan: This project is well in view with
NOAA’s vision and mission that establish a comprehensive understanding of the role of
the oceans and coasts to meet our Nation’s economic, social, and environmental needs. It
is aligned with the new priorities for the 21st century presented in the NOAA’s strategic
plan and in regards of coastal and marine resources through an ecosystem approach to
management. The research activities are helping to develop better and most costeffective tools to monitor coastal processes.
Relevance to NOAA Line Office (i.e., National Weather Service, National Ocean
Service) strategic plan: This project provides critical support for NOAA’s missions of
the National Ocean Service by using and validating environmental satellite data.
Especially, it is creating an important database of bio-optical properties from coastal
waters affected by rivers discharge. These field data are crucial to develop improved
algorithms for the estimation of water quality parameters in coastal waters.
Supervising PI or Co-Is: Fernando Gilbes Santaella
Publications (during performance period):
- Dissertations:
 Rosado-Torres, Marcos (2008) Evaluation And Development Of Bio-Optical
Algorithms For Chlorophyll Retrieval In Western Puerto Rico. UPRM-Marine
Sciences, 116 pages. (http://gers.uprm.edu/pdfs/thesis2_marcos.pdf)
 López-Rosado, Ramón (2008) Photosynthetic Efficiency Of Phototrophic
Plankton And Bio-Optical Variability As Influenced By Mesoscale Processes In
The Eastern Caribbean Basin. UPRM-Marine Sciences, 139 pages
(http://gers.uprm.edu/pdfs/thesis_ramon.pdf)
-Journal Publications with Students:
 Vilmaliz Rodriguez and Fernando Gilbes are finishing a paper that will be
submitted soon to Remote Sensing of Environment.
-On-line Publications:
 Cruz-Benitez, Alexis (2008) Spectral Effect of Minerals in Sediments of
Mayagüez Bay, 34 pages.
http://gers.uprm.edu/pdfs/topico_alexis1.pdf
 Hernández-Guevara, Natlee (2008) Grain Size, Composition and Spectral
Response of Deposited Sediments in Mayagüez Bay, 18 pages.
http://gers.uprm.edu/pdfs/topico_natlee2.pdf
-Books:
 Fernando Gilbes and students have continued working with their chapters for the
peer-review book about the oceanography and remote sensing of Mayaguez Bay,
including all the work sponsored by NOAA CREST. This book will be published
in collaboration with the Center for Hemispherical Cooperation (CoHemis) of
UPRM and the University of Puerto Rico Press.

•

Dollar amount of funds leveraged with CREST funds (during performance period):

Project Title

Study of Benthic
Habitats Using
Hyperspectral
Remote Sensing
Developing a
protocol to use
remote sensing as a
cost effective tool
to monitor
contamination of
mangrove wetlands
•
•
•
•
•
•

•

•

•

Sponsoring
Agency

PI/Co-PI/
Recipient/Group

Dollars

Start Date

End Date

NSF-CenSSIS

PI: Miguel Velez
Co-PI: Fernando Gilbes
among others

$50,000

March 2000

February 2010

University of
Puerto Rico Sea
Grant College

PI: Johannes
Schelekens
Co-PI: Fernando Gilbes

$30,000

June 2006

September 2009

Ongoing, New or Revised?: Ongoing
Staff: None
Students PhD: Ramón Lopez, UPRM-Dep. of Marine Sciences
Students MS: Vilmaliz Rodriguez, UPRM-Department of Geology
Students Undergraduate: Alexis Cruz, UPRM-Department of Geology (this student
worked in a NOAA CREST related topic, but she was not directly funded by the project)
NOAA Collaborators: A site-specific algorithm has been developed and tested to
estimate Total Suspended Sediments (TSS) in Mayaguez Bay. This algorithm is being
incorporated in NOAA-NESDIS system as a “testing product” of TSS for Puerto Rico in
collaboration with Joaquin Trinanes, Acting NOAA CoastWatch Operations Manager for
the Caribbean Regional Node.
Other Collaborators: Eric Harmsen (UPRM-Department of Agricultural Engineering),
Carlos Ramos-Scharrón (Department of Geosciences, Colorado State University), Luis
Pérez-Alegría (UPRM-Department of Agricultural Engineering), and Roy Armstrong
(UPRM-Department of Marine Sciences).
Operational Impact: The on-going project aims to develop the appropriate techniques to
use ocean color sensors to monitor the conditions of coastal environments. Estimates of
Chlorophyll and Suspended Sediments from space can be used as proxy for the quality of
coastal waters. Continuous monitoring of such parameters with satellite sensors will help
to better understand and manage our coastal environments.
Status of the project with respect to the goals/objectives and benchmarks previously
identified: Processing of field data collected in Mayaguez Bay over the past seven years
was continued. A second version of a site-specific algorithm for the estimation of Total
Suspended Sediments in Puerto Rica coastal waters has been developed and its
implementation as “testing product of the NOAA CoastWatch program is underway.
Remote sensing reflectance measurements obtained with the GER-1500
spectroradiometer are being used to estimate these parameters and compared with
MODIS data. Several algorithms developed by different groups to estimate Chl-a using

ocean color sensors were tested in Mayaguez Bay using the GER-1500 remote sensing
reflectance data and modeling with Hydrolight. Additional biogeo-optical data have been
incorporated in GERSVIEW (the on-line GIS-database of the GERS Lab) for further
analyses and comparisons with satellite data. Good progress has been obtained in all
proposed tasks.

Tasks (For year III as per the Milestone Chart)
Task: Analysis of optical field measurement together with Chl, TSS concentrations
This task is focused on the spectral response of minerals in suspended sediments of Mayaguez
Bay. Rio Añasco, Yagüez and Guanajibo are the three major rivers that affect the sedimentation
of Mayaguez Bay. Each river had three stations (Dentro, Boca and Playa) to obtain sediments
and compare the spectral response of total suspended sediments (TSS) and without organic
matter. Water samples were collected in September 21 and September 26, 2008. A laboratory
procedure was developed to obtain pure minerals from the sediments and take out the organic
material, which can affect the Remote Sensing Reflectance (Rrs). Rrs was obtained using the
GER-1500 spectroradiometer. In general, samples with minerals only showed higher Rrs than in
samples with TSS. The higher value of Rrs, in general, is related with high concentration of
minerals. These results will help to develop other studies in Mayaguez Bay and will provide
recommendations in remote sensing studies. More details of this task can be found in Alexis
Cruz report appended at the end.

Task: Evolution and tuning of algorithm for Chl retrieval in PR coastal waters
Mayagüez Bay cruises were used with the purpose of studying phytoplankton dynamics,
optically active water components and ultimately developing bio-optical algorithms for the
estimation of chlorophyll a (Chl a). Fourth derivative spectroscopic analyses were applied to
phytoplankton absorption spectra in order to determine phytoplankton pigments that could be
identified as chemotaxonomic markers and to quantify Chl a. Good correlation was found
between in situ Chl a concentration and the fourth derivative peaks associated to photosynthetic
pigments. Surface Rrs spectra were modeled with Hydrolight using a four component case 2
model with in situ data for input. It was determined that for the range of Chl a values normally
observed in Mayaguez Bay (0.1 to 1 μg l-1), mineral values over 5 mg l-1 were sufficient to
mask the Chl a signal. These results were used to tentatively set a TSS threshold of 5 mg l-1 over
which Chl a concentrations cannot be derived from the Rrs spectra. Three empirical algorithms
were developed for Mayagüez Bay. The quasi-analytical algorithm (QAA) from Lee et al. (2002)
was also evaluated with Mayagüez Bay data. More details of this task can be found in Marcos
Rosado Dissertation at http://gers.uprm.edu/pdfs/thesis2_marcos.pdf

Task: Development of GIS database for land sea interactions in Mayaguez Bay
Quality control of all data collected in Mayaguez Bay was continued during the reported period.
In addition, new analyses of the collected radiometric data were started. This data set was not
included during the first round of processing because the nature of processing and quality control

is more complicated and requires particular attention. Transfer of knowledge between Ramon
Lopez (Ph.D. student graduated in Dec 08) and Natlee Hernandez (new M.S. student) started in
order to continue the implementation and further development of GERSVIEW. More details of
this task can be found in Ramón Lopez report appended at the end.
Future Tasks (From the Milestones)
Efforts for developing site-specific algorithms for suspended sediments will continue. Other
optical data are being organized and they are getting ready for the GIS databases. Very soon
they will be exported to ArcIMS and be published in the web. This activity will allow people to
access and manipulate the data via internet for better understanding of land-sea interactions in
Mayaguez Bay. Natlee Hernandez (new M.S. student), will continue working with this
important aspect of the project. A publication by Vilmaliz Rodriguez will be submitted to the
Remote Sensing of Environment journal very soon. She is also working in another paper related
with the second chapter of her thesis. The PI and other students will continue working with the
chapters of the Mayaguez Bay book.

Using GIS and Remote Sensing techniques to estimate suspended
sediment load in a Tropical Open Bay
Vilmaliz Rodríguez and Fernando Gilbes

Department of Geology, University of Puerto Rico in Mayagüez

Abstract
A large number of images were evaluated in order to select only high quality data for the application of a
previously developed algorithm to estimate total suspended sediments (TSS) using MODIS band 1 data. It was
found that in 2004 only 24 images were suitable for analyses; this represents approximately 6.6% of the total of
images generated in one year. Presently, this algorithm is being evaluated for application to estimate TSS in all
Puerto Rico coastal waters. A GIS based model is being assembled to estimate sediment load to the Mayagüez
bay to compare it with same estimations derived from MODIS data. This model is based on the Revised
Universal Soil Loss Equation (RUSLE), which requires to spatially define a series of factors that promotes soil
erosion. Basic information, such as LandUse, soil series and annual precipitation, was used to define these
factors. The resultant values are reasonable when compare to previous studies and their spatial distribution
responded to known characteristics of the area.

Introduction
This project has focused on the development of site specific algorithms to estimate TSS by deriving empirical
relationships between total suspended sediments TSS, optical backscattering (bb), in situ remote sensing
reflectance (Rrs) and MODIS data. Currently this component of the study is in the validation stage and being
evaluated to generate operational products. One of the expected applications of these algorithms is not limited
to generate products of TSS but also use this information to estimate absolute values of TSS in kg/m3. This will
provide very useful information that can be related to landward processes such as flux of sediments. In order to
better understand these relations, GIS techniques will be incorporated in the analysis for estimations of
suspended sediment load.
Coastal environment dynamics are highly influenced by landward fluvial processes, such as soil erosion and
sediment deposition and transport. Different types of sources contributing to the sediment budget of a
watershed includes: landslides, debrisflows, gullies, treethrow and animal burrows. However, it is difficult to
account for all these considerations by identifying and classifying all of them in a single model, especially if the
study area has a large extension. This is the case of Mayagüez Bay watershed which has an area of 915 km2
which include Añasco, Guanajibo and Yagüez rivers watersheds (Fig. 1). The Revised Soil Loss Equation
(RUSLE) provides a simple method to estimate the amount of soil loss, caused by sheet and rill erosion,
occurring in a determined area for one year (Wischmeier, 1976). Products of this equation are normally used to
identify areas with higher potentiality of soil erosion and determine the effect of land use changes in sediment
production in small watersheds (Onyando et al., 2005; López et al, 1998; Cartwright, 2002). In this study the
equation product is combined with sediment delivery ratios information to generate an estimation of total
suspended load to the bay for a specific year. The product of this equation will be combined with estimations of
SS by MODIS data to raise a study that helps to better understand land-sea interaction processes. This report
includes the preliminary results obtained in this component of the study in this stage.

Estimating TSS using MODIS data
A previously developed algorithm to estimate TSS using MODIS band 1 data was submitted to Joaquín Trinanes,
a person in charge of the management of coast-watch image processing and product generation. The
expectation is to generate TSS operational products for Puerto Rico Coastal Waters. Various recommendations
are being evaluated such as perform of additional preprocessing routines using SeaDAS (MSL12) and use
exponential instead of linear equation, in order to improve the algorithm application.

Summary of 2004 images downloaded
All MODIS-Terra 2004 images that included the Mayagüez Bay Area were evaluated. After evaluation in an
image processing software (ENVI 3.X), only 24 images were selected for further analyses. The TSS algorithm
will be applied to these images when the recommendations offered (by Joaquín Trinanes) are incorporated in
the analysis. Generated products will be compared with discharge data of the rivers flowing into the bay
(Añasco, Guanajibo and Yaguez Rivers).

Defining RUSLE factors
A model is being developed to estimate soil erosion in the Mayagüez Bay watershed (Fig. 1). The Revised
Graph 1
Universal Soil Loss Equation (RUSLE; Renard et al., 1997) measures total soil loss, in units of tons/acre/year, by
multiplying different factors associated with erosion by water. Basic information was required to spatially
define the factors of this equation.

A= R * K * L * S * C * P
Where,
A= Soil erosion (Tons/acre/year); R= Rainfall factor; K= soil erodability factor; L= Slope length factor; S= Slope
steepness factor; C= Cover and management factor; P= erosion control practice factor. The P factor was not
included due to the lack of data.

Figure 2 illustrates information related to the origin of the data used to define all the factors:

Rainfall factor
The input information used to define the Rainfall factor was total annual precipitation measured in 15 gauges
stations in 2004 (Fig. 3). The following linear equation was defined by López et al. 1998 and it was used to
calculate the R factor.

y = 0.2629 x − 11.06

The Spatial Analyst extension of ArcGIS 9.2 (ESRI, 2002) was used to produce a R factor raster grid (Cell size=
10 m) for all the study. This extension has four interpolation methods: Inverse Distance Weighted, Spline,
Kriging and Natural Neighbors. Interpolation tests were made using all the methods and the results that better
responded to the properties of this parameter were the generated using the Spline method. The Spline method
is a general-purpose interpolation that fits a minimum-curvature surface trough the input points (ESRI, 2002).
The following figure illustrates some of the results obtained with the different interpolation methods.

Inverse Distance Weighted

Sline Tension

K factor
Based on digital soil survey data (USDA-NRCS) and a RUSLE attribute table downloaded from the website of
this agency, the K factor was defined for all the study area (Fig. 5).

C Factor
The C factor was defined based on a LandUse classification developed by the Puerto Rico Water Resources and
Environmental Research Institute (PRWRERI) in 2004. Although this is a very detailed classification, for the
purposes of this study it was not necessary all he information provided therefore it was reclassify to this general
classes:
Class
Water
Dense Urban
Closed Canopy
Less Dense Urban
Open Canopy Forest
Pasture
Agriculture
Barren Land
López et al., 1998

C Factor
0.000
0.001
0.014
0.020
0.023
0.032
0.050
1.000

Slope and Length Factor
A set of high resolution (10 m) DEMs were processed to produce a single elevation grid for all the area, which is
the basic input information to define the slope and length factor. The slope (percent) was calculated using this
grid as an input in a routine available in the Spatial Analyst extension (ArcGIS 9.2, ESRI). The only factor that
still needs to be defined is the length factor to estimate soil erosion (A).

Conclusion
An effort that is aiming to produce TSS operational products for Puerto Rico coastal waters is in progress.
However, the availability of good quality images remains significant limiting factor for the development and
application of algorithms in this area. GIS techniques will be used to estimate suspended sediment load to
Mayagüez Bay. Most of the factors included in the model were defined based on the Revised Universal Soil
Loss equation and the resultant values and spatial distribution corresponded to known properties of the area.
References:
Cartwright, J.H., 2002. Identifying potential sedimentation sources through a Remote Sensing and GIS analysis
of Landuse/Lancover for the Weeks Bay watershed, Baldwin County, Alabama. Master Thesis. Mississippi
State University.
ESRI, 2000-2002. Using ArcGIS 3D Analyst (ArcGIS 8.3 user manual), p.72-75
López, T., Mitchell, A., Scatena, F.N., 1998. The effect of Land Use on Soil Erosion in the Guadiana Watershed
in Puerto Rico. Caribbean Journal of Science, 34 (3-4): 298-307.
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Renard, K.G., Foster, G.R., Weesies, G.A., McCool, D.K. & Yoser, D.C., 1997. Predicting Soil Erosion by Water:
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Agricultural Research Service, Agricultural Handbook Number 703.
Wischmeier, W.H. 1976. Use and misuse of the universal soil loss equation. Journal of Soil and Water
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Understanding the spectral response of suspended sediments on Mayagüez Bay
Natlee M. Hernández Guevara
Geology Department, University of Puerto Rico, Mayagüez Campus

I. Abstract
The Mayagüez Bay is a difficult study area because has the influence of three rivers, have shallow and deep
waters and reefs in a very small area. The application of remote sensing to this area isn’t straight forward like in
other coastal environment. In this study we validate the MODIS 1km of chlorophyll-a product for the Mayagüez
Bay and analyze the relationship of suspended sediments with this type of data. Also, because the validation was
rejected, suspended sediments are affecting the signal received by remote sensors; it is necessary to better
understand their characteristics. For the validations of the chlorophyll-a, comparisons of its values directly measured
in the field, with MODIS chlorophyll-a and suspended sediments are presented. A correlation coefficient (R2) of
0.0283 was obtained between MODIS chlorophyll-a from the Terra satellite and the field chlorophyll-a. In the case
of Aqua satellite the R2 was 0.0265. The correlation of the suspended sediments and the Chlorophyll-a, both from
the field was 0.0903. The R2 relations between Chlorophyll-a from Aqua and Terra and the suspended sediments
were 0.0267 and 0.2327 respectively. By the other side, the characteristics of the sediments, the grain size
distribution demonstrates that the offshore stations have grains with lower diameter than the onshore samples. The
composition of the grains shows more carbonates on Añasco River and more terrigenous in Yagüez River. Along the
three rivers is show the lack of organic matter. The XRD analysis shows the presence of quartz and halite as
common mineral in the samples. The reflectance curves (done with the GER-1500) demonstrate that the stations
with finer grain sizes are A2, Y2 and G2, reflects more than the others in the dry measures. These results will also
help to understand the dynamics of suspended sediments in Mayagüez Bay and its relationship with the chlorophylla to provide recommendations for future application of remote sensing in this region.
Key words: Chlorophyll-a, MODIS, sediments, reflectance, physical characteristics.

II. Introduction
The oceans represent around 71% of the Earth, which means that they have a great influence in our lives,
including the food. The food chain in the ocean begins with the phytoplankton. These important microscopic plants
take up essential nutrients to produce carbohydrates (Stout, 2007), which are also vitals for other marine organisms.
To understand more the phytoplankton behavior on the Bay there were analyze MODIS imagery along five years
(2001-2006). MODIS is onboard Aqua and Terra satellites were used. This satellite has 36 bands, but currently from
8 to 36 (with a spatial resolution of 1Km) is used for the estimation of Chlorophyll-a (Cardwell, 1999). Terra
satellites have its orbit around the Earth from north to south across the equator in the morning and Aqua passes
south to north over the equator in the afternoon (Cardwell, 1999).
By the other way also exist the geological factor in this environment because we have the river discharges
along the Bay. Is very important to describe the two seasons (rainy and dry) of the year that affect more this rivers
discharges. Each season has a large influence in the dynamics and amount of sediments in the Bay. During the rainy
season, river discharge controls the concentrations of suspended sediments. During the dry season a large amount of
sediments are re-suspended due to strong waves (Fernando Gilbes, personal communication). Recurrent cold fronts
that travel across the Caribbean region during winter produce such wave action. Since this research project will take
place during this winter-spring semester, it will focus on the dynamics of re-suspended sediments from the bottom.
In this study case, sediments are re-suspended by the effect of the cold fronts. A front is the transition zone between
two air masses of different temperatures and a cold front occurs when cold dry stable polar air is replacing warm and
moist air (Donald, 2007). The repeated cycling of cold-front passages leads to positive feedback with transport
onshore during both pre- and post-front conditions, and effective attenuation of wave energy over the muddy inner
shelf inhibits erosion at the coast (Kineke et al., 2006).
Mayagüez Bay is located at 18° 10’ N and 18° 16’ N of latitude and 67° 10’ W and 67° 14’ W of longitude.
This Bay is affected by the discharge of the Güanajibo, Yagüez and Añasco rivers (Figure 1). However, for this
study its bathymetry (depth conditions) is also very important. The southern region of the bay is shallower than the
northern region, which produces more re-suspension there due to wave action (Fernando Gilbes, personal

communication). The sediments and nutrients from these rivers also affect the phytoplankton dynamics of the
Mayagüez Bay.

Figure 1: Study area and proposed sampling stations (adapted from Hernández, 2008)
The geology of the Mayagüez Bay is composed by Alluvium of the Quaternary. But it is not the only
formation that is important in this area. The geology of the river’s basin that discharge into this Bay is also
important. One of them is the Güanajibo River located at the south of the Bay. The formations that compose this
river basin are from CaboRojo, whose most abundant rock is the serpentinite. North to it, we found the Yagüez
River, which is composed by the Yauco Formation. The Yauco Formation is composed of volcanic sandstone,
siltstones, mudstones, claystone and limestone and the most abundant minerals are calcite, chlorite, epidote and
quartz. Another formation that has effects in the clasts and sediments that arrive in the Mayagüez Bay is the Maricao
Formation. It is composed by volcanic breccia with large phenocrysts, conglomerates, volcanic sandstone and
limestones. The most common minerals are augite, plagioclase, hornblende and magnetite. The last unit through
which the Yagüez River cuts is one composed by porphiriticaugite basalts. It also has minerals scaprolite,
plagioclase, magnetite and olivine (Curet, 1986). Those are the compositions of the sediments that are discharged
into the Mayagüez Bay (Figure 2). The concentration of sediments derived from bottom sediment re-suspension or
discharge of sediment-laden rivers is highly variable over a wide range of time and space scales (Miller and McKee,
2004). Therefore their changes affect the measured Chlorophyll in these coastal areas.

Figure 2: Geologic map of the Mayagüez area

III. Methodology
PhytoplanktonDynamics
The first step in this research was download the images from the NASA Ocean Color website. The
webpage has the capacity to let the users choose the sensor and the satellite, the specific date and the region of
interest, in this case, the Caribbean. After all the images from the sampling dates (Appendix 1) were downloaded for
the Aqua and Terra satellites, the next step was to process the images.
The used NASA webpage shows the swats files from the specifications provided. Also we have the
opportunity to choose the level of the image. They are from level 0 (completely raw), level 1A, level 1B (both
partially processed) and level 2 (processed products). I choosed the images at level 1A, which were processed on the
NASA-developed SeaDAS software. Here the level 1A images were geo-processed and change to level 1B and
finally level 2 (Figure 4).

Figure 3: Flow Chart of the process to acquire the chlorophyll-a.

The next step was to correlate MODIS and field data. Finally, the accuracy of the MODIS images with
1Km of spatial resolution for the Mayagüez Bay was established.

Example of a MODIS image for the Terra Satellite processed in SeaDAS

Sediment Characteristics
The first step of this project is the collection of 11 samples and their laboratory analyses. These samples will be
collected from the bottom along the Mayagüez Bay, in the west coast of Puerto Rico (Figure 1). The sampling
stations will be located considering the mouth of the three main rivers: Añasco, Yagüez and Guanajibo. Five
additional samples will be taken offshore for comparison (Figures 4a and 4b). The grain size and composition of the
sediments collected from the bottom will be analyzed in the laboratory using standard techniques.

Figure 4a: Vessel Pez/Mar used for offshore sampling.

Figure 4b: Sampling with the sediment grab.

Granulation was use for the grain size using a sieve shaker (Figure 5). The sieves sizes utilized were 0.25Φ, 1
Φ, 2.75Φ, 3.50Φ, 3.75Φ and 4Φ (Table 1). To calculate the diameter of the grains in mm, the following formula was
used:
D= D0 x 2-Φ;

Where D= diameter, D0 =reference diameter (equal to 1 mm) and Φ is the sieve size (Krumbein, W.
C. andSloss, L. L.,1963)
Table 1: Sieves sizes in Φ and mm

5
5
0
5

m.
4
0
5
9
7
25

Figure 5: Sieve Shaker

The mineral compositions will be measured using the XRD machine. For this test is not necessary to pulverize
the sample, only to dry them in an oven. The grain size used for this test is 4Φ and PAN.
Another test will be the percentage of carbonates or the terrigenous material. First the sample will be dried in an
oven on a previously weighed glass slide 10% HCl is then added to the dry sediments to dissolve the carbonate
present. They are weighted again and on the basis of the difference in weights, the percent of carbonates is
determined. The remaining portion is the terrigenous material. The organic component is determined by adding

NaClO at 10% instead HCl. Also for this test a grain size of 4Φ and PAN were used.
Reflectance spectra in the visible and infrared regions also were measured in the laboratory. The GER-1500
spectroradiometer with a spectral range from 400 to 1050 nanometers will be used to determine the reflectance in
the visible and near infrared regions (Chiques, 2005). The HR-1024 spectroradiometer were used to make the
reflectance measurements in the mid and far infrared regions.

IV: Results
Phytoplankton Dynamics
The results of this project demonstrate that the spatial resolution of the MODIS images is too large to for
Mayagüez Bay. The correlation values were very low due to several reasons. Among the most important are the
atmospheric conditions and the fact that we are working in coastal waters, were the optical signal is very
complicated. The average percent of good values for the Aqua satellite was 9% and for the Terra satellite was 39.6%
(Table 2).
Date
April 24-26, 2001
October 2-4, 2001
February 26-28, 2002
August 20, 21, 22, 2002
February 25, 26, 27, 2003
February 25, 26, 27, 2003
October 7, 8, 9, 2003
October 7, 8, 9, 2003
January 12, 13, 14, 2004
January 12, 13, 14, 2004
12-Feb-04
12-Feb-04
19-Aug-04
10-Mar-05
10-Mar-05
19-Jul-05
17-Aug-05
17-Aug-05
20-Sep-05
19-Oct-05
19-Oct-05
6-Dec-05
6-Dec-05
8-Mar-06
8-Mar-06
21-Apr-06
26-Sep-06
26-Oct-06
26-Oct-06

Satellite
Aqua & Terra
Aqua & Terra
Aqua & Terra
Aqua & Terra
Aqua
Terra
Aqua
Terra
Aqua
Terra
Aqua
Terra
Aqua & Terra
Aqua
Terra
Aqua & Terra
Aqua
Terra
Aqua & Terra
Aqua
Terra
Aqua
Terra
Aqua
Terra
Aqua & Terra
Aqua & Terra
Aqua
Terra

Used Data
0%
0%
0%
0%
8.3%
66.7%
0%
33.3%
44.4%
66.7%
0%
60%
0%
100 %
33.3%
0%
0%
16.7%
0%
0%
83.3%
0%
66.7%
0%
66.7%
0%
0%
100%
50%

Comments
Satellite not available
Satellite not available
Satellite not available
Clouds
Clouds
Clouds
Not image available for Puerto Rico
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Clouds
Not image available for Puerto Rico
Clouds
Clouds
Clouds

Table 2: Percentages of imagery used to determine chlorophyll-a

The correlation coefficient (R2) between the field chlorophyll-a and the MODIS chlorophyll-a was 0.028 for
Terra and 0.026 for Aqua (Graph 1 & 2). Factors that affect this correlation are the lack of values and the big spatial
resolution.

Graph 1:Correlation of the Chlorophyll-a between field and MODIS Terra data.

Graph 2: Correlation of the Chlorophyll-a between field and MODIS Aqua data

Correlations for the MODIS Chlorophyll-a and the suspended sediments concentration from the field were
also low for the Aqua satellite but they were higher for Terra.

Graph 3: Correlation of the Chlorophyll-a as measured with MODIS at Aqua and the field suspended sediments

Graph 4: Correlation of the Chlorophyll-a as measured with MODIS at Terra and the field suspended sediments

Sediment Composition
Grain size Distribution
The grain size distribution along the three rivers was determined by different grain sizes. For Grande de
Añasco River the dominant grain size is for 2.75Φ of diameter, showing a fine sand size.

Graph 5: Grain size distribution for the Añasco River.

The grain size distribution for the Yagüez River is very influenciated by very coarse sand to fine sand. The
dominant grain size in this river is from 0.25 Φ to 2.75 Φ on the Y1, Y3 and Y4 stations but in the Y2 we have a
large percent on more fine grains.

Graph 6: Grain Size Distribution for the Yagüez River.

For the Guanajibo River, we have a that the dominat grain size is of 0.25Φ to 2.75Φ of diameter. Which
implies a very coarse to fine sand sizes. For the G2 station the fine grains amount increases.

Graph 7: Grain size distribution for the Guanajibo River

The grain composition for the Añasco River is by carbonates; also have a similar amount of terrigenous and
a less amount of organic matter.

Graph 8: Composition of the sediments for the Añasco River

The grain composition of the Yagüez River is terrigenous material, followed by the carbonates and a little
amount of organic matter.

Graph 9: Composition of the sediments for the Yagüez River

For the Guanajibo River we have a dominant composition of terrigenous grains, followed by the carbonates
and a lower amount of organic matter.

Graph 10: Composition of the sediments for the Guanajibo River
Mineral Composition
The XRD shows that the quartz and the halite are the most common minerals on the samples. Quartz is
present in the following samples: A2, A3, Y2, Y3, Y4, G3 and G4. By the other way, halite is present in A1, G1,
G2, G4, Y1 and Y2.

Figure 8: Example of XRD for G4 station, which shows quartz and halite.
Figure 5: X-Ray Diffraction for the Guanajibo River.

-Spectral Response with the GER-1500:

Graph 11: Reflectance curves for dry samples

Graph 12: Reflectance curves for wet samples.

Graph 13: Reflectance curves for 7oz. of sample in water (these curves don’t include the water reflectance).

Graph 14: Reflectance curves for 7oz. of sample in water before 5 minutes (these curves don’t include the water reflectance).

Graph 15: Reflectance curves for the water in which the sediments were added.

Graph 16: Reflectance curves for 7oz. of sample in water (these curves include the water reflectance).

Graph 17: Reflectance curves for 7oz. of sample in water before 5 minutes (these curves include the water reflectance).

Reflectance with the HR-1024:

Graph 18: Example of the reflectance curves obtained by the HR-1024 for dry samples.

IV. Discussion
The correlations values found in this study proved that the MODIS 1Km spatial resolution and the standard
NASA algorithms for Chlorophyll are not appropriate for Mayagüez Bay.
Better correlations values were found for MODIS Terra, which cover the Mayagüez Bay during the morning.
This has an important implication because of the amount of clouds and the atmospheric conditions of the area.
Science Aqua passes the Bay in the afternoon the atmospheric conditions and the cloud cover increases and it makes
more difficult to detect a good signal from a satellite sensor.
The correlation values of the suspended sediments and the chlorophyll-a from the MODIS sensor were also low,
although for Terra we got a higher regression value. It was expected to find a good correlation with the suspended
sediments because they have a big influence in the phytoplankton dynamics. For example, suspended sediments
block the sunlight reaching the phytoplankton, which therefore reduces their production. More analyses are required
to better understand the relationship between suspended sediments and Chlorophyll-a in Mayagüez Bay. Also,
suspended sediments have a direct effect in the reflectance signal detected by satellite sensors, which also require
more research.
After analyzing the results of the experiments, the values of all these tests shows that all the sediments
deposited along the Bay have different characteristics. The grain size distribution demonstrates that the offshore
stations have grains with lower diameter than the onshore samples. Also the grain size varies along the different
rivers; on the Añasco River the grains are smaller then in the Yagüez and Guanajibo. The composition of the
sediments depends on the localization and the sources. In Guanajibo River we have more terrigenous components
than in Añasco and Yagüez and the lack of organic matter was evident in all the samples. The XRD, mineral
composition, reveals that the quartz is present in almost all the stations, which is reasonable because it is one of the
most resistant minerals. Also demonstrate that halite is present, it because the samples were collected in a marine
environment and when the sample was dried the salt precipitate and forms halite. The relation between the
reflectance curves and the minerals on the sample is because quartz is present in almost all the samples, this mineral
tend to have a high magnitude in the reflectance curve on the visible range (Chiques, 2004). The grain size also
affects the reflectance curve in the visible range. Decreasing the grain size, increase the number of mirrors off which
the light reflects (Vincent 1997) hence finer material will reflect more. However observations of the different
experiments, when comparing the effect of the mineral composition versus grain size over the reflectance curve, the

mineral composition influence the reflectance more than grain size (Chiques, 2004). On this research the stations
with finer grain sizes are A2, Y2 and G2, which reflects more than the others in the dry measures. The reflectance
percent on the sample after 5min. of mix the water and 7oz of sediments the Y3 station reflects more than the others
(30%), this station have 83% of 0.25Φ grain size.

VII. Conclusion
This project proved that MODIS 1Km spatial resolution does not work effectively in the Mayagüez Bay.
This was proved by low correlations values for MODIS mounted in the two satellites. Also this project showed low
relationship between suspended sediments and the phytoplankton chlorophyll-a, demonstrating the need of more
research in this area.
After finish this study of the bottom sediments of the Mayagüez Bay, I can conclude that they are
difference on the grain sizes along the rivers that affect the study area. Also they are a difference of composition, but
the minerals, quartz and halite are present in almost all the samples. The spectral response of the samples, in the
visible range, also varies. I can note that the samples of more percent of fine sediments reflect more on the dry
measure than the coarser grains. On the measures of the simulation of re-suspension, the coarser grain stations
reflect more than the fine sediments. The measures of due on the infrared range are not valid to due comparisons in
this study because the values are wrong. This is due to the card use for reference in the measures that not is allowed
to reflect on those wavelengths. Although the results on this study will help to future works on the study of the area
of the Mayagüez Bay.
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Spectral Effects of Minerals in Sediments of Mayaguez Bay
Alexis Cruz-Benitez
Department of Geology, University of Puerto Rico, Mayaguez Campus
P.O. Box 9017 Mayaguez PR, 00681
Abstract
This project is focus on the spectral response of minerals in suspended sediments of
Mayaguez Bay. Rio Añasco, Yagüez and Guanajibo are the three major rivers that affect the
sedimentation of Mayaguez Bay. Each river has three stations (Dentro, Boca and Playa) to
obtain sediments and compare the spectral response of total suspended sediments (TSS) and
without organic matter. Water samples were collected in September 21 and September 26, 2008.
In the project, a laboratory procedure was developing to obtain pure minerals from the
sediments and take out the organic material, which can affect the Remote Sensing Reflectance
(Rrs). Rrs was obtained from data obtained using the GER-1500 radiospectrometer. In general,
in the samples with minerals only, the value of Rrs is higher than in samples with TSS. The
higher value of Rrs, in general, is related with high concentration of minerals. These results will
help to develop other studies in Mayaguez Bay and will provide recommendations in remote
sensing studies.

Key Words: suspended sediments, minerals, remote sensing reflectance, GER-1500
radiospectrometer, concentration, Mayaguez Bay

Puerto Rico has two major seasons that affect the precipitation: the rainy season (May to
November) and the dry season (December to April). During these two seasons, the dynamics of
suspended sediments in the Mayaguez Bay is affected (Hernandez, 2008). Mayaguez Bay is
located in the west part of Puerto Rico at 18° 10’ N and 18° 16’ N of latitude and 67° 10’ W and
67° 14’ W of longitude (Figure 1). Mayagüez Bay has been studied for several years. Studies of
the bay have included the dynamics of suspended sediments, optical properties, conditions of
coral reefs, and others (Hernández, 2008, Quiñones, 2005, Rosado, 2000). During the rainy
season, the Añasco, Yagüez and Guanajibo rivers have the highest discharge over the Mayaguez

Bay, and therefore that affect the concentration and dynamics of the sediments transported by
these rivers and introduced into the bay (Gilbes et al., 1996). In September 21-24 of 2008,
Puerto Rico was affected by a tropical wave that caused flood and mass wasting over the island.
This was classified as an event of 200 years rainfall (R. Mojica, National Weather Service, San
Juan, personal communication, October 2008). This event caused precipitation over 30 inches
and large discharge in these rivers. Water samples from Rio Yagüez were collected in September
21, 2008, before the event, and water samples from Guanajibo and Añasco were collected in
September 26, 2008, after the event. In each river the samples were collected in three stations:
Dentro, Boca, and Playa. This project aimed to better understand the spectral effect of minerals
in suspended sediments of Mayaguez Bay.
The main objective of this project was to determine the effect of total minerals in the
spectral response of suspended sediments in Mayaguez Bay. This project is an effort for
identifying the optical properties of minerals in suspended sediments, which will provide
improvements and recommendations for remote sensing studies in coastal areas. In order to reach
the main objective, the secondary objective of this work was to develop a laboratory procedure
for determining the spectral response of total minerals in suspended sediments.
Water samples were filtered using pre-weighted Milipore HA 0.45 μm cellulose acetate
membrane filters. Three replicates from each study site were obtained for comparison. All filters
o

were heated at 70-80 C during at least 6 hours to reduce water content before weighting. Water
samples were filtered using pre-weighted Milipore HA 0.45 μm cellulose acetate membrane
filters. Three replicates from each study site were obtained for comparison. All filters were
o

heated at 70-80 C during at least 6 hours to reduce water content before weighting. After preweighting, the filters were placed on the filtration system and using a vacuum machine, between
100 and 300 ml of water samples were filters. The filtrated volume depended on how much
sediments were in the water. Filters were washed with plenty distilled water to remove salts from
the filters. After this, the filters were removed and place in a dry chamber. The filters were
o

heated again at 70-80 C during at least 6 hours to remove residuals of water. After dry, the

filters were placed in the dry chamber and weighted again. The concentration of total suspended
sediments (TSS) was determined by the difference of weight between pre and post filtration.
This concentration has two major potential errors: settling of the sediments in the plastic
containers and contamination by salts. For that reason, the plastic containers were shaken very
well and rinsed with plenty of distilled water. The non-mineral particles were removed using a
o

standard commercial bleach. All filters were heated again at 70-80 C during at least 4 hours to
remove the bleach and get them ready for weighting again. A second set of reflectance
measurements was taken. In this case it was expected to have in the filter only minerals.
Reflectance of TSS was determined by measuring the sediments retained on the filters using the
GER-1500 spectroradiometer. The measurements collected by the GER-1500 spectroradiometer
were used to calculate the Remote Sensing Reflectance (Rrs) using the following equation:
Equation 1
Lw=upwelling radiance, Ed=downwelling irradiance. The unit is steradians-1.

Some Results are given in the next graphics.

Figure 1 Rrs of Añasco River vs. Wavelength. The graphics that not have ‘TSS’ are
graphics of inorganic matter.

Figure 2 (below) Rrs of Yaguez River vs. Wavelength. The graphics that not have
‘TSS’ are graphics of inorganic matter.

Figure 3 Rrs Guanajibo River vs. Wavelength.

Figure 4 Regresion of Rrs on 450 nm of Añaco with TSS.

Figure 5 Regresion of Rrs on 450 nm of Añaco with Inorganic Matter (minerals).

Figure 6 Regresion of Rrs on 550 nm of Yagüez with TSS.

Figure 7 Regresion of Rrs on 550 nm of Añaco with Inorganic Matter (minerals).

Figure 8 Regresion of Rrs on 450 nm of Guanajibo with TSS.

Figure 9 Regresion of Rrs on 450 nm of Guanajibo with Inorganic Matter (minerals).

Data collected in this study were affected by the high precipitation and discharge that
occurred during September 21-24 in Puerto Rico. It was a unique event that produced extreme
values of sediments concentration. A relation can establish that the Rrs in sediments for this
project has a high value. Comparing Rrs data for each station before and after the removal of
organic matter, the value of Rrs on Añasco with TSS was less than the Rrs with inorganic matter
(minerals) only. A possible interpretation of this is that the organic matter reduces the spectral
signal. In other words, it highly absorbs the radiation. Binding et al. (2007) establish that the
organic matter may vary the absorption coefficient and affect the spectral signal. In this research,
the organic matter may be the responsible for absorption of the radiation and affect the spectral
signal that is received from the sediments. It looks like the minerals reflect more when are
without organic matter. This was found in all the stations of Añasco and Guanajibo. In Rio
Yagüez, only the station of Yagüez Dentro shows a higher value of Rrs with minerals than with
TSS. The other two stations do not show it. This could be produced by the composition of
minerals that are transported by Rio Yagüez, which may reflect less than those from the other
rivers. Other possible reason is low concentration of organic matter in the sample, which
produced very similar Rrs curves. Most of the differences in the Rrs curves were detected in the
red and infrared regions of the spectrum. In general, Rrs at those wavelengths decreased with an
increase in TSS concentration. After bleaching and have only minerals, the graphs of regression
show that with high [inorganic matter] (or [only minerals]), the value of Rrs increase. The
expectation was true, because in Froidefon et al. (2001) said that a high concentration of
minerals induces a high value of Rrs. However, in Guanajibo stations show a high value of Rrs
without organic matter, but when is compared with [inorganic matter], the values of Rrs
decrease. This could be by the type of minerals that Rio Guanajibo transported, or the organic
matter was not totally removed. In conclusion, the total suspended sediments showed lower
values of Rrs that the sediments without organic matter. A higher concentration of organic matter
makes that the Rrs decrease. However, a higher concentration of minerals makes a higher value
of Rrs. For future research, the methodology must be improved and errors of weighting, the use
of bleach and methods of calculations need to be changed. The next step in this research is to
identify the minerals that are in the suspended sediments of each one of the rivers. Reprocess and
new analyses of the collected data will also be necessary

Remote Sensing of Coastal Waters Progress report
Development of the GERSview Data portal
Ramon Lopez UPRM-Marine Sciences Department
Overview

My contribution to the Mayaguez bay project for the September through December 2008
period included the conclusion of the web based data portal (briefly described below), the
analysis of existent radiometric data, and the orientation of laboratory mates on the procedure to
construct the data portal projects. This period also include the ending of my dissertation final
draft, the defense and the submission to graduate school of the final document.
Dissertation completion and defense
During the last semester of 2008 I submitted my last draft to my graduate committee. Once
the draft was approved the final document was presented to graduate school during the month of
October. The presentation and defense of the document took place on November 26, 2008 and
the final corrected document was approved and submitted graduate school during the month of
December. A copy of the approved dissertation can be accessed through the following address
http://grad.uprm.edu/tesis/lopezrosado.pdf .
The Web based data portal
The existent laboratory optical and biogeochemical data is been share with the general
public and scientific community through a web based data portal, using the Web Map Server
ARCIMS. This map server provided the means to serve maps across the internet in a similar
arrangement as it would by a GIS desktop tool. This allowed the layers of the Mayaguez bay to
be overlapped and be related to the different ancillary parameters that were included in the
ARCMAP project. Figure 1 shows a screen shot of one of the published pages. The web
address to the portal is http://gersview.uprm.edu. Besides the user being able to visually analyze
the layer interactions it will be possible to access the data that originated them.

Radiometric data analysis
Radiometric data is available for the Mayaguez bay project sampled days since
2001(Table 1). This data set includes irradiance and radiance measurements profiles of each
sampled station (Figure 2). The first step in its analysis was the organization and filtering of

these stations profiles, once step one was accomplish the next step was to derived diffuse
attenuation coefficient (Kd) profiles to analyze behavior of the light field as its affected by the
river plumes of the area (Figure 3). This analysis is still in process and will be completed by the
remaining NOAA Crest students of the lab. Once completed, the surface Kd will be used to
create GIS layers for ARCMAP projects, this new data will be then added to the existent web
based portal. In addition GIS layers of remote sensing reflectance will also be included in these
new ARCMAP projects. When these tasks are completed the web based data portal will include
an extensive array of parameters that span from the biochemical properties to the biogeo-optical
properties of the Mayaguez bay.

Figure 1 Screen shot of a published data set through the http://gersview.uprm.edu data portal.

Figure 2 Example of downward irradiance at the Añasco station 1 during the sampling of April 2006.

Figure 3 Example of diffuse attenuation coefficient profile at Añasco station 1 during the
sampling of April 2006.

Table 1 Available data sets for the cruises to the Bay Mayaguez
Apr-01

Oct-01

Feb-02

Aug-02

Feb-03

Aug-05

Sep-05

Oct-05

Dec-05

Mar-06

Sampled Months
Oct-03
Jan-04
Apr-06

Sep-06

Feb-04

Aug-04

Oct-06

May-07

Mar-05

Jul-05

Mar-08

Presentations at Scientific meetings

November 14, 2008. Sixth meeting on Remote Sensing and Geographic Information
Systems (PRYSIG, for Spanish) held at University of Puerto Rico at Mayaguez
Presentation: Remote Sensing and Bio-optical Properties of the Mayaguez bay
By Ramon Lopez Rosado and Vilmaliz Rodriguez Guzman
http://gers.uprm.edu/pdfs/pres_lopez_rodriguez.pdf
November 26, 2008. Doctoral dissertation presentation and defense
Presentation: Photosynthetic Efficiency of Phototrophic Plankton and Bio-Optical
Variability as Influenced By Mesoscale Processes in the Eastern Caribbean
Basin.

