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Abstract

An investigation called Applicatio of the Soiland Water Assessment To(BWAT) to
Estimate Discharge and Sediment Yeelilom the Rio Grande de AfiasRGA) watershed
located in western Puerto Ridunded by the UPFSea Grant, aims to understand the relationship
between runoff and sedant yields from the RGA watershed with the dynamics of sediment
plumes. The project is aiming to find a better accuracyotal suspended sedinte(rSS)
estimation to accomplighis. Thecurrent undergraduate studyed theESA's ENVISAT1 and its
MERIS sensor to estimafESSin the Mayagluez Bayrovidingdataset for further comparisons with
the results from the SWAT moddl28imageswith 300 meters of spatial resolutiarere chosen
based on low cloud cover around the RGA pluanea these were procesten BEAM, an
opensource software for viewing, analyzing, and processinggemote sensing raster datiaen
transferred té\rcGIS v10.1 softwaréor analyses anglume dynamienappingIt was determined
thatRi o Gr ande de ®Ad dysamiosovee very demendenpdf different river
discharge flowsduring 20052011 The river plume indicated movement and area coverage
towards the northwesduring high and moderate flow discharges. During low flow discharges
suspended sediments maintained their tmosiand area coverage near the mouth area and
alongside the coast line of the Afasco bBygh sediment values showed little extension
maintaining theirposition near the river mouth. Mediusediments values showed greater
extension and movement towar@sthwest than high valugghilelow sediment values showed a
much greater extension than the previdtisveling northwest and further away from the Afasco
bay. The Afiasco bay has an area of approximately 57.63fkom 2005 through 2011, suspended

sediments in average covered an area of 39.4% Khere were one or two high peaks of sediment



area coverage occurring each y@drese high peaks occurred during the months of the wet season
from August to November, demonstrating that from 200%1 the Afaso bay had the largest
sediment area coverage during the wet sealmese sediment areas impacted a coral reef@one

the Afasco bayThe @ral reef was greatly impacted by low suspended sediment values on the
other hand it was reasonably impacted by inmadvalues. High values barely affected the coral
reef, the reason being that high values maintaining their position near the river mouth, while
medum and low TS$alues display enuch greater extension especially low sediméatiability

issues were fauwd when correlating sediment data with discharge data on the Afasco bay,
specifically near the river mouth ardanear correlatiorcoefficient (R) results were less than
expected, none were bigger thau@ due to the fact that high sediment values maieth their
position near the river mouth for the 128 images from 2Z8WBL. Because of this there was a lack

of sediment variabilitySedimenat5.5 km away from the river moutklatedwith dischargelata

had the bes®? resultan R of 5.0.
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1.0Introduction

Rio Grande de Afasco (RGA)'s watershed is located in western Puerto Rit@xenhds

over seven of the§/municiplities of Puerto Rico (Figure)1The mainchannel has a length of

74,000m from the elevationof 1,204m to the Caribbean Sea and draamsarea of 520000 #n
(Diaz and Jordan, 1987). The river rises in the mountaindaeas, enter the loweilley at El
Espino, and discharges to the sea in the Aflascqfgyre 2)in the latitude 18°15'56.2K and
longitude 67°11'22.53"\\Diaz and Jordari,987).

Soils in the mountain region are predominantly red, acid soils with siltpcties. In the
coastal valleys soils have developed from sediments of the upland soils. The coastal valley soils
have varying textures, but are generally fine to moderately fine and vary in drainage properties
from well to poorly drained (Gierbolini, 1975). Threweain typesof geologic groups
predominate in the Rio Grande de Afasco ba3uarternaryalluvium deposits predominate in
the lower flood plains and the rivealleys. The northern part of the watershed including Atalaya
Mountains consists of Tertiary and Late Ceoetaus volcanic and sedimentary rocks. In the
eastern, central and southern parts of the watershed, Cretaceous sedimentary and volcanic rocks
predominate (Gierbolini, 1975). Warm, wet summers, and warnadtyutvinters describe the
weather conditionsyith progressively cooler temperatures occurring in the mountainous regions.
The longterm average annual rainfall is approximately 220 cm (Harmsen et al., 2009). A wet
season usually occurs from August through November and a drier season from December through
May (Gilbes et al., 1996). During the dry season a large amount of sedimentsaspeareded
due to strong waves. Recurrent cold fronts that travel across the Caribbean region during winter
produce such wave action. Labdsed activities (as traditionalramylture) typically induce an

increase in the amount of sediment being exported from watersheds and therefore represent a



threat to near shore coral reef systems (Ramos and Gilbes, 2012). Such localized increase in
anthropogenic activity is perceived te Bn important cause of the generalized declireoial
cover observed throughout the Caribbean Re@werdeveloped oalteredcatchments, such as
logging, deforestatiorharvestinggrazing and urban development kiightenecerosion on less
vegetatedandscapes, wilbringmore sediment to the coast coral segfi et al., 2013). &liment
inputs to coral reefs haxamplified over the last 150 years in some parts of the wdulet(al.,
2013) Sedimentation has become one of the nsighificant distuwbance factors on the
degradation oghallowcoral reefs in the world. Ineased suspended sediment cotredion in
the water column would lead to an increase in seawater turbidity, reduce light availability for
zooxanthellagphotosynthetic algae thatvé in coral tissuepand ultimately decrease the food
source for coral colonied.i(et al., 2013. Sediment accumulation directly on the coral surface
may result insuffocatingand bacterial infection of coral tissumsd lead eventually its death (Li
et al, 2013).

An investigation calledApplication of the Soil and Water Assessment Tool (SWAT) to
Estimate Discharge and Sediment Yields from the Rio Grande de ANageoshed Puerto
Rico funded by the UPfSea Grant, aims to understand tie&ationship betwen runoff and
sediment yields from the RGA watershed with dyaamics of sediment plumes. The project is
aiming to find a better accuracy in Tosaispended sediment (TSS) estimation to accomplish this.
The Sea Grant funded project is addressing wateesgssgsment actions recommended by the US
Coral Reef Task Fordey quantifying and modeling water discharge and sediment yields from the
Rio Grandale Afasco in western Puerto Rico. In collaboration with a parallel study, runoff and
sediment yield estimagewill be used to better understand sediment transport dynantios

AnfasceMayagiez Bay (Ramos and Gilbes, 2012). Among several possible ways tahgtudy



river plumes in the Mayagiez Bay, the current undergraduate study will useS#e
ENVISAT-1 andits MERIS sensor to estimate TSS in the Mayagliez Bay androslide a dataset
for further comparisons with the results from the SWAT model.

The MERIS sensor had a spatial resolution of 300 meters and aimed to be tieedinstolor
sensor that is adegte for coastal remote sensing (Kratzer et al., 2007). It also had an improved
spectral resolution, with 15 programmable spectral bands fidmeh to 900nm (Table)1The
MERIS Case 2 water algorithm is a neural network, which uses the logarithm antloger
sensing reflectance above the water surface in eight of the fifteen MERIS bands after atmospheric
correction. The eight bands used for deriving the level 2 products are centered at 412, 442, 490,
510, 560, 620, 665 and 7081 (Kratzer et al., 2007ESA announced on April 2012 that they
lost contact with ENVISAT. The spacecraft was still in a stable orbit, but attempts to contact it
were unsuccessful. Operations ceased on May 2012, but its timeframe functioned well for the
proposed work (Ramos artgilbes, 2012). Previous studigsg. AlvarezRomero et al. 2013:

Delvin et al. 2012Hu et al. 2004), suggests that river plume extent is associated with high river
discharge frequencies. Concentrations of TSS are higher than rmingl these types of enis
as well as its spatial distribution.

Based on a previous undergraduate study (Aceituno, 2013), it was hypothesized in this study
that the RGA plume moves northward generalwith a large extent tohe west during high
discharge events on watasonAugustNovember). It waslsoexpected that peak of sediments
discharge will affect benthic and the coral reef commundreshat area. On the other haitd,
was expected thaturing the dry season the RGiume will not make aignificant impact on
Afaso Bay.

2.0 Methods



2.1 Image Search and Download

MERIS images with 300 meters of spatial resolution covering the western mddgrarerto
Rico were downloaded from ESA's CoastColour Project archive
(http://coastcolour.org/data/archive/puertorjcoESA launched the CoastColour projectully
exploit the potential of the MERIS instrument for remote sensing of the coasta
(Brockmann, 2011). The product requirements have been derivedafragerconsultation
process. CoastColour is developing, demonstrating, validatingirsectomparing different
Case 2 algorithms over a global range of coastal water tygpajfying best practices, and
promoting discussion of theesults in an open, piic form (Brockmann, 2011). The images

available for Puerto Rico were from 2005 to 2011.
2.2 Image and Data Selection

307 MERIS images were downloaded and processed from level 1 (raw image) to level 2
(final products) as described in Aceituno (2013)vdle2 images contain the concentration of
chlorophyll (CHL), total suspended matter or sediments (TSM), coloured dissolved and detrital
matter (CDOM) among many others. The main interest of this research was to obtain the
concentration of TSM and therefdiee other products were not used. The concentration of TSM
was obtained using the MERIS Case 2 Regional Processor, which consist of three different
algorithms. The regional algorithm relates the radiances measured by MERIS to the first
atmospherically coected reflectance and then to water quality constituents. Each image was then
saved as BEAMDIMAP in order to process the images faster. BEAM is an @oemce software
for viewing, analyzing, and processing of remote sensing raster data that waslpuigwealoped
to facilitate the utilization of image data from Envisat's optical instruments

(http://www.brockmansconsult.de/cms/web/beam). Some processing parameters were established


http://coastcolour.org/data/archive/puertorico/

for every image before the processing. These were an atmospherici@osresgional water
algorithm, 1.0 TSM conversion exponent, and 1.73 TSM conversion factor. After this initial
processing the band with the TSM product (calculated from the 620 nm band) was chosen
(Aceituno, 2013). TSM is given in g/m3. All images usethia project were processed to TSM in

the previous undergraduate research.

Out of the 307 images collected from 2005 and 2011, 128 were chosen based on low cloud
cover around the RGA plume area. These 128 images of TSM were processed in this stady using
different tool on BEAM so they could be transferred in a format recognized and used by the
ArcGIS v10.1 software. This is a GIS software used for different tasks, including mapping, data
compilation, spatial analysis, geodata and image management, aghpjec information
sharing (http://tinyurl.com/ArcGI5lelp101). Each image was georeferenced (establish its map
projection and coordinate system) using the "Reprojection” tool on BEAM. The tool creates a new
file with a chosen projected Coordinate Refare System (CRS). In this investigation the geodetic
datum used was World Geodetic System (WGS) 1984 with a geographic latitude and longitude
projection. After each image was georeferenced an offset and scalingvwastcalculatedand
applied automatidly to each imagesing theBEAM tool "Create Band % Band Math so that
TSM values would not change  hen transferre to ArcGIS
(http:/ftinyurl.com/BEAMHelp-Forum).The tool creates mewimagefile with the TSM product
Finally, the new image was expaite ArcGIS as a GeoTIFF file, which allows georeferencing

information and TSM values to be embedded within the file

In addition, stream discharge data collected by a USGS gauging station located on the
main RGA channel (USGS 50144000) was downloadedmfrthe USGS website

(http://pr.water.usgs.gov/), analyzed and categorized for the same dates of the images. Dr. Carlos



Ramos Scharron, the main investigator of the Sea Grant funded project did the initial processing
and analysis of these data, which inves\wdetermining the frequency of different types of flow

conditions during the 2062012 period.
2.3 ArcGIS Processingand Analyses

All TSM raster images without clouds over the RGA bay were exported to ArcGIS as
GeoTiff files in order to create maps @atial frequency and distribution, and generate statistical
analyses of the RGA river plume. Most of the images showed other areas of the Caribbean, not only
Puerto Rico, therefore the tool called "Clip" was used to generate a new image of the anessbf inte

showing only Puerto Rico. These clipped images were used for the rest of the ArcGIS processing.
2.3.1Visual Analysis

The discharge analyses were made by Dr. Carlos Ramos Scharron based on the available
data from the USGS station (50144000) betwed0D2and 2012. He determined the frequency in
which different types of flow conditions occurred during this period. The basin hydrological
conditions that were considered are the total amount of flow that proceeds the time the image was
collected; startingvith the cumulative flow 4 hours before the image was created until 3 days (72
hours) before the I mage was created. Dr. Ramo!
the basin associated with each river plume image. Therefore, based on théssahalymages

were divided into four categories

1 LowFlow - Means thatneans that Z of the time the streamflow regime was higher than
thevaluesshown(extremely dry conditions with very little runoff/sediment input into the
Bay)

1 Moderate Flow Meansthat 50% of the time the streamflow regime was higher than those
values (moderatelpow, close to average runoff/sediment delivery into the bay)

1 High Flow- Means that 25% of the time the streamflow regime was higher than those



values (et periods of higlunoff/sediment delivery into the bay

9 Very High Flow- Means that onlp% (none)of the timethe streamflow regime was
higher than those values (very wet periods with extremely high runoff/sediment delivery
into the bay).

It is important to note thahese values represent water discharge in the middle of the
basin and not in the mouth. It is difficultdetermine how long it woulhke the water to get from
the gauging station (USGS 50144000) to the mouth because there are not any gaugisg station
near the RGA6s mouth (Figure 3). Figure 4 show
flow categories based on cumulative discharge for 24 hours prior to the time when the image was
obtained. This period was selected because it showed the betatocamrbetween cumulative
discharge and TSM. Table 2 shows the 128 images and their category for the 24 hour cumulative
discharge. Maps were constructed to visually show the dynamics of the river plumes in each
category from 2002011, except for very higflow, because no image fell in that category.

An initial visual analysis was made to construct frequency maps demonstrating how the
river plume as a whole behaves under the influence of each category; a spatial analyst tool called
"Cell Statistics" wasused. Cell Statistics calculates statistics (Majority, Maximum, Mean,
Median, Minimum, Minority, Range, Standard DeviatiSammary and Variety) pepixel from
multiple raster images and creates a whole new raster image representing the statistical analys
For this research only the median statistic was used, as it represents best the average of the values
of TSM on each pixel, itlescribesbest thedynamicsof the plume for each category from

20052011 (Figure 5).

2.3.2TSM Area Coverage

An analysisof TSM area coveragever the Aiascbay was made using vaus ArcGIS

tools The purpose was to calculat8M area km?) coveragef the 128 imageand use the data



for mappingthe plumesediment concentration and distributmmthe Afiasco bagndto anajze

how it impacts nearby coral reefs.modelwascreated to simplify the processing of the 128

images as each imagequired the use of variodgcGIStoolsto generate the resultdodels are

workflows that string together sequences of geoprocessitgy feeding the output of one tool

into another tool as input. ModelBuilder can also be thought of as a visual programming language

for building workflows Figure GpresentsheArea Coverage Mdel(ACM) used for this process

the model was created by Mgilmaliz Rodriguez. For this process an analysis grid over the

Anasco bay had toebcreated (Figure)7Some nearby coral reefs were not considered for this

analysis grid because they are in shallow waters and their spectral signal is confused with TSM
signal on the MERIS sensor making it difficult to differentiate them. Only one coral reef zone is

not expected to display this issue and it was included in the anggsisfigure 7) The ACM

first uses the ACI I pd t oo hesiaeradd restrcting thénireageto i gi n
the Afasco bay. The ACM then wuses the WAProj
transformation from WGS 1984 to North America Datum (NAD) 1983 State Plane Coordinate
System. The TSM values on these newly georete@nmages are then divided in categories
similar to the Discharge and fl ow categories
tool changes the values in a raster images into three classes: High (1), Medium (2) and Low (3)

TSM values

Old Values | New Values
g/m?® g/m?®

0-0.82 No Data
0.83-3.33 3
3.34-18.57 2
18.58-60 1

The model then turns these new values on the Afasco bay into polygon shape files using



the ARaster to Polygonodo tool ( acomnectey spaquenceo b | e c |

of x,y coordinate pairs). With the input of
again to cut the polygons restricting them
merges the polygons based on their respecliSM category, creating a categorized polygon
shape file based on the three classes (1, 2,
three categoriegr classeito a singlepolygonshape file Fi nal | y t h@lculated e |
Area Fie | @adlto calculate the area syuareKilometers (knf) for each class and the area of

the combination of these class@&se final output products of the model wet23 categorized
polygon shape fieshowing theTSM area coverage of eaclassand 128jeneral uncategorized
polygon shape fieshowing the overall TSM area coverage of each imBamgi(e8).

The TSM area coverage data was extracted as tables and analyzed in various forms. The
average TSM area coverage (uncategorized) from-200% wascalculated, along with the
average TSM area coverage for each of the 3 classes or categories fro20200%)sing
Mi crosoftds Excel mont hl y tr e raculatednzedignandwe r e
mean TSM area valuesachof the 12 months fromhe years 2002011. Sediment movement
maps were created on ArcGIS using the area outlines of the resulting polygons shape files the
ACM created. One map is based on the TSM dynamics under the influence of High, Moderate
and Low Flow for 24nhr cumulative dicharge. The other map is based on the dynamics of each
class (High (1), Medium (2) and Low (3) TSM values) on the Afiasco bay. Lastly a Coral Reef
impact analysis was made visually using these polygon shape files. The analysis consists on
calculating the prcent at which the river plume impacted the coral reef and the impact percent of

each class (Tablg).

2.3.3 TSMand Discharge Correlations

t

c



To study the relationship between total suspended matter and river discharge, various
analyses were made. Firgpiael with decimal degrees coordinate81.193083, 18.266528) was
chosen to represent the mouth of the RGA River. The asdbdalicalled "Buffer" (Figure Pwas
used to create a buffer of 2.5 laround that location, thus creagia new zon€Figure 10Q. This
zone was used to run statistical analyses (maximum, minimum, sum, stexashard deviation
and range) usinghe Zonal Satistics Model (ZSM) (Figure 31 The model uses th&onal
Statistics as TabléSpatial Analyst) twattothe 128 images as séer input along witlthe 2.5
km buffer zone areat create the statistial analysedor each imagen that buffer zone; ialso
generates a table with the data out@utly the mean, maximum (Max) agdimmary(Sum) were
correlatedwith 24-hour cumulativedischargedata The Sum, summarizes the values of a raster
within the zones of another dataset and reports the results to &tablkeasons later discussed on
results, various analyses of suspended sediment and discharge correlation were made using
different methods For each of these different correlation analysks 24 hour cumulative
discharge correlation witbediment datavas the one that would show the best results out of the
other cumulative discharges-f# cumulative, &r cumulative, 1zhr cumdative, up to 7zhr
cumulative).

A series of transect points (labeled 0, 1, 2, 3, 4, 5, 6 and 7)spébific coordinates
(Figure 12 were created and placed along the extansn the RGA river plume to determine
how the sedimentlata in these diffent locations relates with discharge. The first point (0)
correspond to the same coordinates chosen to represent the mouth of the river. The second point
was created at 0.5 km away from the mouth and the rest of the points were located every 1.0 km
away flom each other giving a transect of 6.5 km. The spatial analyst tool called "Extract Multi

Values to Points" was used to extract the values of each selected location from the 128 images and



record them in a table. The TSM values for each point were cewdleldth the discharge data.
Then, a second analysising the pointhat showed the best sediment and discheogelation
was madautilizing the ZSM When the analysis grid was appliedtite transect point witthe
best sediment and discharge correfaiemall square of approximately 4karea covered the
point, this zone was used with the ZSM to run TSM statisticalysis Only the mean, Max and
Sum were correlated with Z#bur cumulative discharge datanally, the area calculated from

the ACMwascorrelated with the river discharge

3.0 Results& Discussion

3.1 Visual Analyses

The resultingmaps from the cell statistics analysis &achdischargecategory(High,
Moderateand Low) are preseted infigure 13. These maps represemtedian TSM valesof the
128 images$rom 20052011 During High Flow discharggdap A), suspendedediments show
a great extension and movement towards northwest, while Moderate flow disoiMageB)
triggers a smaller sediment extension and movement towards ndrtidvesig Low flow
dischargegMap C)suspendedediments seem to maintain their position near the mouth area and

along the coast line of the Afiasco bay
3.2 TSM Area CoverageAnalyses

Table 3shows thaincategorized SM area coverag@ squarekilometerscalculated by the
ACM for all the imagesThe Afiasco bay haan area ofipproximately57.63 knf, this area is
based on the analysis grid and does not include area outside of the analysis grierddge TSM
area coveragfrom 20052011 was calculate@nd the result was an average3$ .44 knf. This
means that for the period of 2005 through 2019M in averageoveredan area of 39.44 khon

the Afasco bay based on the anialgsid constructed.



Table 4showsarea coverage isquarekilometerscalculded by the ACM forsuspended
sedimentclasses High (1), Medium (2) and Low (3) TSM values) present on each image
throughoutthe 7 yearsHigh sedimentvalues are in red color, mediusedimentvalues are in
yellow color and lowsedimentvalues are green lys. The average area for each class was
calculated and the results for High TSM values fi20052011is an average area df72 knt.

The result for Medium TSM values is an average ardd df0 knf and the result for Low TSM
values is an average area26t70 knf. This means that for the period of 2005 through 2011, high
TSM values in average covered an area of 1.72 kmadium TSM values in average covered an
area of 11.10 kAand low TSM values in average covered an area of 26 Z@kthe Afiasco bay
based on the analysis grid

Figurel4 shows the area outlines of the resulting polygons created by the ACM and based
on the TSM dynamics under the influence of High, Moderate and Low Flow {flor @dmulative
discharge for the 2008011 period. Map A rapsents TSM movement during High Flow
discharges; Map B represents TSM movement during Moderate Flow discharges; Map C
represents TSM movement during Low flow Discharges and Map D represent the combination of
the threeSuspende&edimentseemto covergreater areasorthwestduring highandmoderate
flow dischargesDuring low flow dischargesuspendedediments maintagdarea coverage near
the river mouth area aralongsidethe coastFigure 15 shows the area outlines of the resulting
polygons createdythe ACM and based orSM classegHigh (1), Medium (2) and Low (3) TSM
values) on the Afasco bay from 262811.Class I(Map A) sediment valueshow little extension
maintainng their position near the river moutflass 2(Map B) sedimentssalues shownuch

greater extension than clasntimovementowards northwestClass 3Map C)sediment values



show a much greater extensioraiththe previous classes travelingrthwest andurther away

from the Afasco bay

Using Microsoft 6s tendcharts were ereatedpasadod themeedian h | y
and mean TSM area values of the 12 months from the years22005which helped understand
how sediment behaved during each moRiigure 16shows yearly TSM area trend graph, the
graph indicates one or twoigh peaks of sediment area coverage occurring each year. To
comprehend at what time of these years these peaks occurred a monthly trend chart was created
Table 6 shows the calculatedean, median and standard deviation for each méinglare 17
shows thenedian TSM area trend graph for each month from ZI8 and-igure 18shows the
mean TSM area trend graph for each month from ZIA with their respective vertical error
bars. Both graphs indicate that these high peaks occurred during the monthasif September,
October and November which are the months of the wet season in Puerto Rico.

Reef impact analysis resulted i®H40% of TSM impact from 2002011 because out of
128 images a total of 1Ishowed river plumes impacting the caréf. Ou of those 117 images,
the coral reef was impacted by allsgédiment classg#ligh (1), Medium (2) and Low3) TSM
values)0.85% of the time 27.35% of time the coral reef was impacted by sediment cldssesl
3 only. 71.80% of the timeit was impactedby class 3 onlyDuring the 20052011 period, the coral
reef was greatly impacted by low TSM values on the other hand it was reasonably impacted by
medium TSM values. High TSM values barely affected the coral reef, the reason is (as indicated in
the previougnap results}hathigh TSMvalueshavelittle extension maintaining their position
near the river mouth, while medium andvld'SM valuesdisplay a much greater extension

especially low TSM values whidhaveledfurtheraway from the Afiasco bay.

3.3 TSM and Discharge Correlations



A correlation analysis between TSM and river discharge for the 2.5 km buffer zone near
the RGA mouth was dong&igure 19shows the TSM Sumesults from the zonal statistics model
(ZSM) analysis(from 20052011) correlated witlthe 24 hour cumulative discharg®um results
showed the best results compared with mean and Max reduiitsjesultinglinear correlation
coefficient (R) was0.41 These were not the expectegbults;it was expectedhat sediment
valueson the buffelarea(near the river moutrgssociateery wellwith dischargdlows, a higher
R?value was expecteBecause these were not theected results otheorrelation analyses were
made using different methods. A series of transect points (labeled 0, 4,%,3% and 7) with
specific coordinates were created and placed along the etenmsithe RGA river plume to
determinehow thesedimentdata of these different points relates with discha@ of those
points, wint 6 showed the best correlatidifrigure 20), it has the same linear correlation
coefficient as the 2.5km buffer correlation analy&$= 0.41), the difference is that this point is
about 55 km awg from the river mouth and hdsss sedimendata. To add more dathe ZSM
was ugd withthezone area o# kn¥ that covered the point when integrating the anatysis(see
figure 12) addingmore TSM datathe TSM Sum results from the zonal statistics modaielated
with 24 hour cumulative discharge shovtle best correlation with an’Rf 0.48, which can be
rounded up to an$f 5.0 (Figure 21)The last correlation analysis was created using the area data
gathered from tharea coverage model, figure 22ows the resulting correlation analysiswan
R®of 0.45

Therewere variability issus when correlatingsediment data witklischarge data on the
Anasco bay, specifically near the river mouth algaear correlation coefficierresults were less
than expected, none were bigger than 5.0s Tiasdue to the fact thatigh sediment value

maintained their position near the river mouth for the 128 images fromZ{as indicated in



the TSM area coverage analyses result). Because of this there was a lack of sextiaislity
throughouthe first 4.5 km away from thever mouth At goproximately 5 km away from the river
mouth sediment started to show variability, this is the reason why p&r& Bm)correlation with
discharge had the best linear correlation coefficient resatitherpossible factor as to why linear
correlation cefficient results were less than expected is the fact that discharge values represent
water discharge in the middle of the basin and not in the mBlaghUSGS gauging station located

on the main RGA channel (USGS 50144000) is about 28.20 km away fronottike (See figure

3). There is 28.20 km afnknown discharge data.

4.0 Conclusion

Ri o Gr ande rideepluad]dyrsamics e very dependentdifferent river
discharge flows. The river plumedicatedmovementand area coveragewardsthe northwest
during high and moderatibow discharges. Duringow flow dischargesuspendedediments
maintained their positioand area coveragear the mouth area and alongside the coast line of the
Afasco bayClass 1 (highyediment values shaallittle extensiommaintaining their position near
the river mouth. Class @nedium)sediments values shed greaterextension and movement
towardsnorthwest than class Class Jlow) sediment values shasla much greater extension

than the previoug classegravelingnorthwest andurtheraway from the Afiasco bay.

The Afiasco bay has an area of approximately 57.63 knom 2005 through 2011,
suspended sediments in average covered an area of 3344 lwverage class 1 sediment values
covered an area of 1.72 kntlass2 sediment values covered an area of 11.164m class 3
sediment values covered an area of 26.70kmthe Afiasco bayrom 2005 through 2011 there

were one or two high peaks of sediment area coverage occurring eaci hese.high peaks



occurred dung the months of the wet season from August to November, demonstrating that from

20052011 the Afasco bay had the largest sediment area coverage during the wet season.

Coral reef sediment impact analysis from 208 1 resulted in an impact of 91.40% df th
time. During the 2002011 period, the coral reef was greatly impacted by low suspended
sediment values on the other hand it was reasonably impacted by medium values. High values
barely affected the coral reef, the reason being thatvailgiesmaintainng their position near the
river mouth, while medim and low TSM values displaynauch greater extension especially low

sediment.

Variability issues were found when correlating sediment data with discharge data on the
Afasco bay, specifically near the nivaouth area. Linear correlation coefficieasults were less
than expecteduk to the fact that high sediment values maintained their position near the river
mouth for the 128 images from 20@911.Because of this there was a lack of sediment varigbilit
throughout the first 4.5 km away from the river mouth. At approximately 5 km away from the river
mouth sediment started to sheariability. Another possible factor as to why linear correlation
coefficient results were less than expected is the factdisaharge values represent water
discharge in the middle of the basin and not in the mouth. The USGS gauging station located on
the main RGA channel (USGS 50144000) is al2@20 km away from themouth;thereis 28.20

km of unknown discharge data.
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Figure 1. R2o0 Grande de Afasco (RGA) 6s iowdtomr shed

Ramos and Gilbes (2013
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Figure2.Afasco Bay showing RGAOGs river pl ume.
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Figure 3. Discharge valesrepresent water discharge in the middle of the basin and not in the
mouth. It is difficult to determine how long it would it take the water to get from the gauging
station (USGS 50144000, see arrow) to the mouth because there are not any gauggisgetati
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Figure 4. Graph showing imageagpresentinghe different flow categories based on cumulative
discharge for 24 hours prior to the time when the image was obtained. This period was selected
becaise it showed the best correlation between cumulative discharge andCr&ated byDr.

Carlos Ramos Scharron



Median
» Determines the median value of the inputs on a cell-by-cell basis.

o If the number of inputs is odd, the median value is calculated by ranking the values and selecting the middle value. If the number of inputs is even,
the values will be ranked, and the middle two values will be averaged. This value will be truncated to an integer if all the input grids are of integer

type.
o Ifall the inputs are integer, the output is integer. If any of the inputs are floating point, the output is floating paint.

InRasl InRas2 InRas3 OutRas

OutRas = CellStatistics([InRasl, InRas2, InRas3], "Median")

Figure 5. Cell statistics, median calculation descripti@ell Statistic2ool calculates statistics

(Majority, Maximum, Mean, Median, Mininma, Minority, Range, Standard Deviation, Summary,

and Variety) pepixel from multiple raster images and creates a whole new raster image representing
the statistical analysigrom ArcGIS Desktop 10.1 Help.
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Figure 6. CompleteArea Coveragdlodel. Themodel was used to calculate suspended sediment
area coverage from 20#9)11.Model created by Vilmaliz Rodriguez using ArcGIS Desktop 10.1.



Figure 7. Analysis grid over the Aflasco hayeated by Vilmaliz Rodrigue3ome nearbygoral

reefs (South of the gridjvere not considered for this analysis gtitey are in shallow waters and
their spectral signal is confused with TSM signal on the MERIS sensor making it difficult to
differentiate tem. Only one coral reef zone did rdisplay ths isse. Map Created by Josué

Aceituno Diaz using ArcGIS Desktop 10.1.



TSM Area Coverage

Figure 8. Exampleof anArea Coverage Mod@roduct.Map A are theategorized polygon shape
files created, it shows the area coverage of each TSM; dass 1in red, class 2 in yellow and
class 3 in green. Map B is tgeneral ncategorized polygon shape fdbowirg the overall TSM
area coveragéap Created by Josué Aceituno Diaz using ArcGIS Desktop 10.1.



Buffer (Analysis)

Title Buffer (Analysis)

Summary
Creates buffer polygons around input features to a specified distance.

Illustration
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Figure 9. ArcGIS huffer analysis tool descriptioffhe tool was used to create a buffer zone of 2.5 km
of length away fronthe mouth pixel.From ArcGIS Desktop 10.1 Help.



Buffer (2.5km)

Figure 10.Buffer zone of 2.5 kmCreated by Josué Aceituno Diaz using ArcGIS Desktop 10.1



Figure 11 CompleteZonal Statiics Modelused to run statistical analyses (maximum, minimum,
sum, mean, standard deviation and ramgethe 2.5km buffer zone from 20@911.Model
created by Vilmaliz Rodriguez using ArcGIS Desktop 10.1.



