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PLAN EDITORIAL SELPER

A partir de las decisiones adoptadas en el marco del XIIl Sim-
posio Latinoamericano de Percepcion Remota y Sistemas de
Informacién Espacial, llevado a cabo en La Habana, Cuba, en
setiembre de 2008, la edicion de la Revista SELPER estadispo-
nible en lapéagina de nuestra Sociedad: http://www.selper.info.
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() Metodologia empleada y materiales

f) Resultados obtenidos

@) Conclusiones
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corresponda.

Los titulosy subtitulos de cada seccion deberan
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Se deberd enviar una copia del trabajo en
formato Word y una copia papel. La extensién
total del trabajo no debera superar las 12 paginas,
(DIN-A4).

Los trabajos se enviaran a: editorial@selper.org
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RESUMEN

A principios del siglo XX, el sector continental
argentino  (2.791.810 km? se encontraba
cubierto por, aproximadamente, 100 millones de
hectareas de bosques nativos, superficie que se
redujo a 33 millones a finales del mismo;
incrementandose en forma notoria la tasa anual
de deforestacion en los ultimos 30 afios. Parte
de esa superficie forestal se desarrolla en las
provincias de Salta y Jujuy, con alrededor de 5
millones de hectareas que representan
ecosistemas ambientalmente criticos para el
mantenimiento de la biodiversidad regional. Los
datos obtenidos a partir de los sensores remotos
resultan un aporte significativo para la
evaluacion de los cambios producidos en estos
ambientes. El presente trabajo se enmarca en el
Proyecto denominado “Evaluacion de cambios
en areas de monte nativo y su relacién con
situaciones de vulnerabilidad ambiental en la
ecorregion de Selvas subtropicales andinas
(Yungas) mediante la fusion de datos Radar —
Opticos” y tiene como principal objetivo
generar insumos tematicos que seran utilizados
en la elaboracion de indicadores ambientales
relacionados con la vulnerabilidad ambiental en
esta ecorregion. La zona seleccionada
corresponde al departamento Ledesma de la
provincia de Jujuy, una de las dos Areas pilotos
definidas para llevar a cabo este estudio.
Mediante imagenes de la Shuttle Radar
Topography Mission (SRTM), disponibles
gratuitamente en la web, fueron definidos
parametros geomorfoldgicos que permitieron
establecer el comportamiento de determinadas
variables. Los resultados obtenidos
corresponden a diferentes capas tematicas
relacionadas con parametros como: Sombreado

analitico, pendiente, aspecto, zona de captacién,
indice de humedad, Factor LS, limitacion de
subcuencas y red hidrica secundaria, los que a
partir de su integraciéon en un Sistema de
Informacion Geografica permitiran contribuir en
la elaboracién de indicadores relacionados con
la vulnerabilidad ambiental en la zona bajo
estudio.

Palabras  clave: Yungas -  parametros
geomorfolégicos — teledeteccion — SIG -
vulnerabilidad

ABSTRACT

In the early twentieth century, the continental
sector of Argentina (2,791,810 km?) was
covered by about 100 million hectares of native
forest area. This area was reduced to 33 million
by the end of the century. Over the last 30 years
the anual deforestation has noticeably increased.
Part of the forest area is in Salta and Jujuy
provinces, with about 5 million hectares
representing critical environmental ecosystems
for the regional biodiversity maintenance. The
remote sensor data are a significant contribution
for environment change evaluation. This work
belongs to the Project: "Evaluation of changes
in native forest areas and their relation with
environmental vulnerabilities in subtropical
Andean Forest ecoregion (Yungas) using radar
— optical data fusion". The aim of this study was
to generate thematic inputs in order to use them
for the development of environmental indicators
related to the environmental vulnerability in this
ecoregion. The selected area belongs to
Ledesma department (Jujuy province) and is
one of the two selected study sites to carry out
this work. Geomorphological parameters were



defined using Shuttle Radar Topography
Mission (SRTM) images, which are freely
available in the web. These parameters were
useful to settle down certain variable behaviour.
These results correspond to different thematic
layers related to parameters such as analytical
shading, slope, aspect, catchment area, moisture
index, LS factor, watersheds delimitation and
secondary hydric network. The integration of
these parameters into a GIS system will
contribute to the development of indicators
related to environmental vulnerability in the
under study area.

Keywords:  Yungas - geomorphological
parameters - Remote sensing - GIS-vulnerability

INTRODUCCION

Entre los problemas ambientales que causan
mayor preocupacion a nivel mundial merecen
citarse los que se relacionan con la degradacion
de las tierras. En Argentina son diversas las
actividades que se desarrollan en este sentido y
colocan en situacion de severo riesgo a
ambientes naturales, generando conflictos socio-
ambientales de diversa magnitud; entre otras, la
mineria a cielo abierto (Donadio, et al. 2009), la
introduccién de especies exéticas y la
incorporacion de extensas areas de monte nativo
a la actividad agricola (Paruelo, et al. 2005).

En los Gltimos afios, la sobreexplotacion de los
recursos forestales muestra un acelerado
incremento; esta situacién se presenta en la
mayor parte de los montes nativos de nuestro
pais donde se vienen implementando acciones
tendientes a aumentar la productividad, las que
han generado situaciones problematicas de
transformacion de sus espacios, asi como de un
aprovechamiento irracional de los recursos
naturales. En el caso particular de la Selva
Tucumano-Oranense, también  denominada
Yungas, el impacto antrépico ha favorecido la
fragmentacion del paisaje a partir del avance de
la frontera agropecuaria, afectando en forma
negativa la biodiversidad de dicho ecosistema,
dando origen a condiciones de vulnerabilidad
ambiental.

La vulnerabilidad, en términos generales, es la
relacion entre una condicion, susceptible de
recibir dafio, en referencia a otra, condicién no
dafiada, donde se manifiesta el orden, el peligro
y el riesgo (Macias, 1999). La vulnerabilidad
ambiental es un concepto que se relaciona con
la susceptibilidad o predisposicion intrinseca del
medio y los recursos naturales a sufrir un dafio o

una pérdida, siendo estos elementos fisicos o
biolégicos (Gaspari, et al; 2011).

El analisis conjunto de factores que permiten
definir situaciones de vulnerabilidad ambiental
se ha facilitado con la introduccion de los
Sistemas de Informacion Geografica (SIG),
herramienta ideal para el analisis de parametros
con un alto grado de variabilidad espacial.
Desde la puesta en oérbita de los primeros
satélites, hasta el presente, el desarrollo de las
tecnologias espaciales ha evolucionado de
manera continua; las imagenes o productos
elaborados a partir de datos aportados por los
satélites de observacion terrestre se encuentran
disponibles en diferentes servidores y suponen
una fuente de datos para los SIG (Buzai, G.,
2000).

Su aplicaciéon a los recursos hidricos y en
particular al manejo de cuencas, resulta una
herramienta indispensable para conocer el
ambiente y de esta manera hacer un uso
sustentable del mismo. Un ejemplo de ello lo
configuran los parametros geomorfoldgicos
derivados de imégenes topogréficas que
permiten establecer el comportamiento de
determinadas variables y ser incluidos en
modelos mas complejos como la Ecuacion
Universal de Pérdida de Suelos (USLE), entre
otros (Di Franco, et al; 2012).

Las imagenes de la Shuttle Radar Topography
Mission (SRTM), disponibles gratuitamente en
la web, favorecen la extraccion de estos
parametros brindando informacién topogréfica
del &rea (NASA, 2005).

El presente trabajo se enmarca en el Proyecto
denominado “Evaluacién de cambios en areas
de monte nativo y su relacion con situaciones
de vulnerabilidad ambiental en la ecorregion de
Selvas subtropicales andinas (Yungas) mediante
la fusion de datos Radar — Opticos” y tiene
como principal objetivo generar insumos
tematicos que seran utilizados en la elaboracién
de indicadores ambientales relacionados con la
vulnerabilidad ambiental en esta ecorregion.

MATERIALES Y METODOS

Area de estudio

La zona seleccionada para llevar a cabo este
estudio comprende el departamento Ledesma,
uno de los 16 departamentos de la provincia de
Jujuy; corresponde a una de las dos Areas
Pilotos definidas para llevar a cabo el Proyecto
marco. Este departamento se encuentra situado
al este de la provincia de Jujuy, sus coordenadas
geogréficas lo ubican entre los 63°30" y los
65°20' de longitud oeste y los 23°45' y 24°00' de
latitud sur. Posee una superficie de 3.249 km?,



limita al norte con la provincia de Salta, los
departamentos Tilcara y Valle Grande, al este
con el departamento Santa Barbara, al sur con el
departamento San Pedro y al oeste con los
departamentos Doctor Manuel Belgrano y
Tumbaya. Pertenece a la ecorregién de las
Yungas, también llamadas Selvas Subtropicales
de Montafia 0 Selva Tucumano-oranense; esta
definida por una franja de aproximadamente
700 km de longitud norte-sur y 50 km de ancho,
que se extiende a lo largo de las laderas
orientales de las montafas del norte del pais, en
las provincias de Salta, Jujuy, Tucuman vy
Catamarca (Figura 1). Abarcan las laderas y
valles, con alturas que van de 400 msnm, al este

hasta los 3.000 msnm, al oeste. Aunque so6lo
representan el 2% del territorio nacional, junto
con la Selva Misionera constituyen los
ambientes de mayor riqueza de especies y
recursos naturales de nuestro pais. En conjunto,
albergan alrededor del 50% de la biodiversidad
de Argentina. Las serranias que la circundan
son: Calilegua y Santa Barbara. El clima,
subtropical con estacion seca, esta caracterizado
por un régimen térmico altamente influenciado
por el relieve, afectdndolo fundamentalmente, la
latitud y altitud; la temperatura media anual es
de 21,5° C, siendo enero el mes mas calido, con
temperatura maxima de 28,2 °C y julio el mes
mas frio con 13,5 °C.

Figura 1. Ubicacion del area de estudio

Materiales y Métodos

Para la realizacion de este trabajo se utilizaron
dos imagenes correspondientes a la Shuttle
Radar Topography Mission (SRTM), Path and
Row 231/076 y 231/077 de fecha febrero de
2000. Estas imagenes son generadas a partir de
datos radar en banda C con una longitud de
onda de 5,6 cm. La descarga de los datos se
realiz6 a partir de la web de la Universidad de
Maryland; el tipo de SRTM correspondié al
Unfilledfinished_B, que presentaba algunos
valores anémalos que fueron corregidos
mediante el proceso de interpolacion (Sanders,
2007; Verdin, et al, 2007). El SRTM tiene una
resolucion espacial de 90 metros, radiométrica
de 16 bit y formato geotiff (Farr, 2007).

Para poder realizar la delimitacién de la cuenca
del rio San Francisco, principal curso del
departamento de Ledesma, que recibe varios

afluentes por su margen izquierda, entre otros el
Negro, el Ledesma, el San Lorenzo y el de Las
Piedras y por su margen derecha, los rios del
Medio, de las Conchas y Santa Rita, fue
necesario generar un mosaico a partir de las dos
escenas adquiridas ya que el area comprendida
por la misma excedia las imagenes individuales;
este mosaico fue generado mediante el empleo
de la herramienta Mosaic Tools, del ERDAS.

Una vez obtenido el mosaico satelital se
procedid a la delimitacion de la cuenca
mediante el empleo de la herramienta de
Hidrologia con el software ARCGIS 10.1. El
procedimiento para la delimitacién incluyo la
correccion de los valores andmalos presentes en
el SRTM, identificados con el valor -32768.
Este procedimiento se realiz6 con la
herramienta Fill Skins. Ademas de corregir
estos valores permite completar aquellos lugares



denominados  sumideros en donde el
escurrimiento presenta incongruencias. En la
Figura 2 se puede observar el mosaico
generado, con valores anémalos (a) y el

mosaico obtenido luego de la interpolacion y
correccion a través de la herramienta Fill skins

(b).

(@)

(b)

Figura 2. Mosaico SK I M con huecos, presencia de valores anomalos (2) y corregido (b)

El paso siguiente consistio en la obtencion de la
capa tematica denominada Flow direction que
crea un raster de direccion de flujo desde cada
celda hasta su vecina. En esta nueva capa raster
el valor asignado a la celda puede contener ocho
valores que corresponden a la direccidn de flujo.
La capa Flow accumulation, que crea un raster
de flujo acumulado a partir de la cantidad de
celdas que aportan a ella, en conjunto con la
capa Flow direction, configuran los principales
insumos para calcular los pardmetros.

Para definir los limites topogréaficos de la
cuenca bajo estudio se utiliz6 la herramienta

Cuenca hidrogréfica, ésta genera una capa raster
que posteriormente se convierte a formato
vectorial. Mediante la utilizacién de estas capas
raster se extrajo la red hidrica principal y
secundaria. Una vez identificada la cuenca
principal se procedié a la delimitacion de las
diferentes subcuencas utilizando como punto de
afogue la union de los diferentes tributarios con
el cauce principal. En la Figura 3 se puede
observar la red hidrica principal y secundaria (a)
y la delimitacion de las diferentes subcuencas
dentro del departamento de Ledesma (b).

(@)

(b)

Figura 3. Red hidrica principal y secundaria (a) y delimitacion de las
diferentes subcuencas dentro del departamento de Ledesma (b)



Una vez completados los pasos metodoldgicos
tendientes a delimitar las cuencas y subcuencas
del area de estudio, se procedi6 con la segunda
etapa del trabajo que consistid en seleccionar los
parametros morfolégicos para describirla,
utilizando los criterios de la hidrologia
superficial.  Esta etapa se realiz6 con el
programa SAGA (System for Automated
Geoscientific Analyses) un software enmarcado
en Free Open Source Software (FOSS),
desarrollado por el Departamento de Geografia
Fisica de Gottingen, Alemania. La herramienta
seleccionada fue Basics Terrain Analysis que
permitid escoger siete entre los once parametros
morfométricos disponibles. Los parametros
seleccionados fueron:

= Factor LS: factor de inclinacion de la
pendiente (S) y de su longitud (L), muy
utilizado en la Ecuacién Universal de Perdida de
Suelo (USLE) y en la Ecuacién Universal de
Perdida de Suelo Revisada (RUSLE). Es un
parametro adecuado para evaluar el riesgo de
erosion a escala de cuenca.

= indice de humedad topografica: se
utiliza para describir patrones espaciales de
humedad en una regidn. Se calcula a partir de la
pendiente, siendo himedas aquellas zonas
donde las pendientes son bajas y sus areas de
contribucion grandes, y las secas corresponden a
mayor pendiente y menor area de contribucion.

= indice de convergencia: Es un
indicador de la configuracion o forma del
terreno siendo las areas cdncavas las que
concentran el drenaje superficial mientras que
las convexas diluyen el drenaje hacia celdas
vecinas.

= Zona de captacion: es el érea
geogréfica donde el agua superficial drena hacia
un punto determinado.

= Sombreado analitico: es una simulacion
de sombreado basada en valores de iluminacion
solar sobre la superficie terrestre con propositos
cartogréficos. El efecto visual esta dado por la
diferenciacion en los tonos de la imagen
resultado.

= Pendiente: definida como el angulo
existente entre el vector normal a la superficie
en ese punto y la vertical.

= Aspecto: se puede definir como la
direccion de la pendiente y se mide en grados
(0° a 360°) en tanto que las zonas planas poseen
un valor de -1.

En la Figura 4 se plantea el esquema
metodoldgico que incluye los principales pasos
realizados para la obtencion de los parametros
definidos para este estudio, los que
posteriormente seran integrados en un SIG
desarrollado ad hoc.
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Figura 4. Esquema metodoldgico



RESULTADOS

La metodologia aplicada para evaluar los
parametros morfométricos en el &rea bajo
estudio proporcion6 como resultados la
siguiente caracterizacion:

Factor LS: Este factor topografico muestra las
zonas con mayor potencial de erosion hidrica,
gue en la imagen aparecen en colores marrones

oscuros mientras que las zonas donde se realiza
la deposicion del material extraido corresponden
a colores verdes oscuros. En funcién de este
parametro se pueden determinar, en las
diferentes subcuencas, las areas con mayor
riesgo de deslizamiento. En estas zonas resulta
elemental conservar la cobertura boscosa para
minimizar las consecuencias de este tipo de
fendmenos (Figura 5).

Figura 5. Niveles del

Factor

topogréfico LS

indice de humedad topogréafica (TWI): Este
indice resulta atil para cuantificar el control de
la topografia en los procesos hidroldgicos e
indicar la espacialidad de la humedad del suelo
y la saturacién de la superficie. En el oeste del
departamento, lugar donde las pendientes son
maximas, indicadas en colores ocres, el indice

presenta los valores de menor potencial de
retencién de humedad de suelo, mientras que
aquellas  zonas correspondientes a las &reas
planas, indicadas en colores azules, presentan
mayores potenciales de retencién y saturacion
(Figura 6).

Figura 6. Niveles de Indice de humedad topogréfica (TWI)



indice de convergencia: Este factor se calculd resultante del andlisis de este factor permite

teniendo en cuenta las celdas adyacentes, su establecer, para cada subcuenca, las areas
aspecto y su relacion con la celda central. neutras en relacion al drenaje superficial (tonos
Determiné como decrece o crece la celda grises) (Figura 7).

circundante en relacion a la central. La imagen

Figura 7. Niveles de indice de Convergencia

Zona de captacion: En este factor se determina captacion mientras que las de color azul
el tamafio del area de aporte en cada subcuenca. representan la red hidrica por donde el agua
Las zonas de color blanco representan el &rea de escurre transportando sedimentos (Figura 8).

Cotchmont Lros

Figura 8. Zona de captacion y red hidrica con transporte de sedimentos

Sombreado analitico: este tipo de raster permite tienen en cuenta como la luz del sol iluminaria
crear mapas que favorecen la interpretacion al la superficie en un punto dado para una posicion
facilitar la comprension del relieve, ya que particular. En este producto se observa que



aquellas laderas que resultaron con menor
iluminacion aparecen en tonos oscuros mientras

que las mayores iluminaciones se observan en
tonos claros (Figura 9).

Figura 9. Sombreado analitico

Pendiente: muestra las 4&reas de fuerte
pendientes en tonos rojizos que indican, en este
caso, aquellas zonas criticas con respecto a la
perdida de suelo por erosién hidrica. Como
medida de conservacion se debe proteger la

cubierta boscosa dado que el riesgo de erosion
es elevado. Mientras que las zonas de tonos
amarillos representan las &reas con menor
pendiente y por lo tanto menor factor de erosion
(Figura 10).

Figura 10. Pendiente

Aspecto: La direccion de la pendiente muestra
la forma de exposicién de la superficie. En
general las laderas de exposicion norte (tonos
claros) presentan suelos con menor contenido de

humedad que las laderas de exposicidon sur
(tonos oscuros) y por lo tanto menor cobertura
vegetal y mas bajo contenido de materia
orgénica representando suelos méas erodables
(Figura 11).



Figura 11. Aspecto

CONCLUSIONES

Los pardmetros de sombreado analitico,
pendiente y aspecto describen caracteristicas del
relieve de la cuenca que permiten una mejor
visualizacién de la misma; tanto la pendiente
como el aspecto presentan relacién con las
caracteristicas morfométricas lineales y el
relieve de las diferentes subcuencas.

En base al analisis de los diferentes parametros
seleccionados se  pudo  establecer el
comportamiento hidrolégico de la cuenca. El
mismo se encuentra intimamente relacionado
con la topografia y con las caracteristicas
fisiogréficas.

Los resultados obtenidos en el presente estudio
aportan informacién temética en formato raster;
la integracién de estas capas en un SIG
permitirdn realizar un analisis espacial mas
complejo que conducird a una  adecuada
evaluacion y diagnostico de las condiciones que
afectan la vulnerabilidad ambiental,
estableciendo mejores estrategias de gestion y
planificacién  sustentables en  ambientes
amenazados.

Una etapa posterior deberia incluir informacion
de uso y cobertura de la tierra basandose en
datos satelitales.
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ABSTRACT

The CEI Preview Estimate (CEI-PE) is an
alternative  approach that uses images
acquired prior to peak canopy development to
antedate soybean detection up to 45 days
comparing to the original CEIl technique. Our
goal in this paper is to assess three preview
soybean mapping in municipal level by using
CEI-PE over Mato Grosso State in crop year
2005/2006. To compose MaxEVI, the last
image used by the original CElI in Mato
Grosso State is a 16-day composited EVI
MODIS image acquired from Day Of Year
(DOY) 49 to 65 (MaxEVI-65). In the three
CEI-PE we composed MaxEVI using images
acquired up to DOY 49, 33, and 17,
retrieving CEI-49, -33, and -17 mapping,
respectively. Finally, we compared CEI-PE
against original CEl map to look into mapping
errors in 42 municipalities that comprised 92%
of the State soybean acreage. Our results
showed decreasing errors in soybean mapping
from CEI-17 to -49 for all municipalities.
Likewise, we identified 22, 7 and 3
municipalities with spatial accuracy over
90% in CEI-49, -33 and -17 mappings,
respectively. Furthermore, omission errors
were higher than commission ones in all CEI-
PE as well as more intense in the southeastern
portion of the State. We also noticed smaller
errors over municipalities with large soybean
area within the main producing regions for all
CEI-PE mappings. Nevertheless, we observed
large errors also in CEI-49, indicating that the
composited MODIS image acquired from
DOY 49 to 65 was crucial to map soybeans
fields for those municipalities.

Keywords: Area estimation; vegetation index;
spatial agreement; MODIS

1. INTRODUCAO

A agricultura é a base fundamental para a
seguranga alimentar das popula¢Bes e uma das
principais atividades econdmicas da
atualidade. A soja ocupa posi¢do de destaque
entre os cultivos mais importantes na
agricultura mundial, com 102 milhGes de
hectares cultivados na safra 2011/2012 (USDA,
2012). Para a mesma safra o Brasil cultivou
uma area superior a 25 milhGes de hectares de
soja (IBGE, 2012; USDA, 2012) e o estado o
Mato Grosso (MT) apresentou 27% da area
cultivada no pais nessa safra (IBGE, 2012).
Esta cultura gerou ao Brasil aproximadamente
75 milhdes de toneladas de grdos na safra
2010/2011 (CONAB, 2012a; USDA, 2012).
Deste total, parte foi destinada as exportacdes,
gerando 24 bilhdes de dolares em divisas para o
pais (CONAB, 2012b). Estes nimeros tornam o
Brasil segundo maior produtor e exportador
mundial de soja (MDIC, 2010).

As formas de obtencdo de informacdes sobre
area cultivada e volume de producdo de uma
atividade agricola s8o as mais diversas.
Entretanto, as técnicas tradicionais utilizadas
disponibilizam somente valores de 4rea
plantada, produtividade e produgdo, ndo
indicando a localizacdo espacial das areas
cultivadas. Logo, através destas técnicas
ndo € possivel conhecer a distribuigdo
espacial dos cultivos em uma mesma safra, tdo
pouco no decorrer de varias safras. Quando
buscamos valores de area cultivada, podemos
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utilizar os sensos agropecuarios (Pino, 1999)
ou levantamento sistematico para cultivos
agricolas realizado por amostragem, tal qual
0 Levantamento Sistematico de Producdo
Agricola (LSPA; IBGE, 2002), realizado pelo
IBGE (Pino, 2001). Entretanto, ambas as
técnicas de estimativa contém limitacGes
guanto a agilidade de disponibilizacdo de suas
informacgdes, capacidade de captar as pequenas
variagbes entre safras, particularmente em
areas de fronteira agricola, e dificuldade de
adocdo de ferramentas de controle dos
erros em funcdo dos custos relativamente
altos para a sua realizagdo.

Alternativamente a estes problemas, muitos
trabalhos apontam a utilizacdo de imagens
padrdo Landsat como opgdo para a geracdo
de mapas de culturas e estimativas de area
em escala regional (Rizzi & Rudorff, 2005;
Rudorff et al., 2005). Estas imagens
possibilitam o mapeamento das areas por meio
de fotointerpretacdo. Para tanto, séo
necessarias imagens adquiridas em momentos
especificos para a cultura e a regido em estudo.
Entretanto, a presenca de cobertura de
nuvens neste tipo de imagem é o principal
empecilho para a aplicacdo desta metodologia
em grandes regifes, e quando o objeto de
estudo sdo regides tropicais, tal qual o MT, isso
é ainda mais critico (Asner, 2001).

Com o lancamento do Sensor orbital
MODerate resolution Imaging
Spectroradiometer (MODIS) e a
disponibilizacdo de imagens compostas ao
longo de vérios imageamentos efetuados pelo
sensor, o problema de cobertura de nuvens foi
minimizado. Isso tornou-se possivel em fungédo
das caracteristicas desse sensor, que realiza o
imageamento completo do globo a cada dois
dias. Assim, as composices sdo elaboradas
com os pixels de melhor qualidade disponivel
no periodo (Leeuwen et. al, 1999; Huete et
al., 1999; Didan & Huete, 2006). As imagens
compostas podem ser utilizadas para
reproduzir os diversos indices de vegetacao,
tal como o Enhanced Vegetation Index (EVI)
(Huete et. al, 1997).

A partir das limitagcGes impostas pelos métodos
de mapeamento de areas cultivadas
anteriormente citados, Rizzi et al. (2009)
desenvolveram o Crop Enhancement Index
(CEI), para mapear e estimar as areas de soja.

De modo que sua configuracdo possibilita
obter um mapa para a cultura da soja no MT
a partir do inicio de marco. Assim, a
disponibilizacdo desta informacéo pode ndo ser
produzida em tempo suficiente para a
antecipacao de alguns movimentos de mercado
pelos envolvidos na cadeia produtiva da soja.
Além disso, projetos operacionais, que utilizam
a metodologia CEl como base, tal como a
Moratoria da Soja (Rudorff et al.,, 2012)
também demandam a informagdo antecipada
sobre as areas cultivadas com soja.

No intuito de antecipar o mapeamento e a
estimativa de area cultivada com soja no estado
do MT, Eberhardt et al. (2011) desenvolveram
a metodologia Crop Enhancement Index-
Preview Estimate (CEI-PE). Esta metodologia
possibilita antecipar a identificacdo, o
mapeamento e a estimativa de area com a
cultura da soja em até um més e meio em
relacdo a metodologia CEIl. Desta forma,
disponibilizando sucessivamente trés mapas de
estimativa prévia, entre meados dos meses de
janeiro e fevereiro. Entretanto, a exatiddo
espacial do mapeamento gerado através de
CEI-PE foi avaliada somente em nivel de
estado, podendo assim, existirem erros
concentrados em algumas regides, nao
captados pela avaliagdo em nivel estadual.
Assim, o0 objetivo deste trabalho foi identificar
0 acerto espacial dos mapas de soja CEI-PE em
nivel municipal no MT na safra 2005/2006.

2. MATERIAL E METODO

Foram definidos como objeto de estudo os
principais municipios produtores de soja do
MT que possuiram darea cultivada com soja
maior que 30 mil hectares na safra 2005/2006,
de acordo com a metodologia CEI. Este critério
restringiu a area de estudo a 42 municipios,
distribuidos nas principais regides produtoras de
soja do MT na safra 2005/2006, os quais
englobam 5,38 milhdes de hectares de soja
(92,4% do total cultivada no estado) (Figural).
As imagens utilizadas foram as de EVI (produto
MOD13Q1) produzidas a partir de composicGes
de 16 dias e com resolucdo espacial de 250
metros, adquiridas pelo sensor MODIS (Huete
et al. 1999; Leeuwen et. al, 1999).
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Fig. 1. Localizacéo geogréfica da area de estudo, no Estado do Mato Grosso.

A metodologia CEI usa imagens EVI
adquiridas em dois periodos especificos da
cultura da soja, chamados de Minimo
(MinEVI) e Méximo EVI (MaxEVI). No
presente trabalho o MinEVI foi formado pelas
imagens adquiridas entre os DA 161 e 224,
extraindo o minimo valor observado para cada
pixel no periodo. Esta antecipa¢do do periodo
de composi¢do do MInEVI teve por objetivo
aproveitar o maior potencial de contraste do
EVI entre as areas de soja e demais classes de
uso/cobertura do solo no periodo seco
reduzindo a possibilidade de utilizar imagens
contaminadas com nuvens e/ou sombra de
nuvens que podem ocorrer a partir de setembro,

Equagdo 1:

As metodologias CEl e CEI-PE apresentam
algumas similaridades, ambas utilizam imagens
EVI em dois periodos especificos a
identificacdo da cultura da soja. Contudo, no
periodo do MaxEVI ocorrem as diferencas
em relacio a metodologia CEIl. De tal
modo, foram utilizados os periodos entre os
DA 321 a 48; 321 a 32 e 321 a 16, gerando as
imagens MaxEV1-49, -33 e -17,
respectivamente. Esta denominagdo tem
origem na data posterior a Gltima imagem
EVI utilizada em sua composi¢do. Ademais, a
imagem CEI-PE recebe a identificacdo do
MaxEVI utilizado, por exemplo, em CEI-49
foi utilizada a imagem de MaxEV1-49.

O passo seguinte € a classificacdo das imagens
CEI-PE, quando foi definido um valor de

CEI=G~*

guando inicia o periodo de chuvas no Mato
Grosso (Risso et al., 2012). Semelhantemente,
a partir das imagens adquiridas entre os DA
321 e 64, é obtido o MaxEVI. Assim, as
imagens de Max e MiInEVI séo aplicadas na
equacdo que retorna a méaxima diferenga
registrada entre os periodos, nesta equagdo se
utiliza ainda o coeficiente de realce (S= 102) e 0
fator de ganho (G = 10?), gerando a imagem
CEI (Equacdo 1). De maneira que as diferencas
registradas entre periodos oscilam entre -1 e +1,
em que os pixels com valores mais elevados
apresentam maior probabilidade de
representarem 4&reas cultivadas com soja.

(MaxEV1+S)—(MInEV1+S)

(MaxEV1+S)+ (MIinEV1+S)

limiar de fatiamento a partir do qual um pixel
da imagem CEI-PE pertence a classe soja. De
tal forma que foi utilizado um limiar diferente
para cada estimativa prévia. Isto ocorre, para
que o valor total de area de soja mapeada na
safra  2005/2006, em nivel estadual, seja
similar em todas as abordagens. Para tanto, os
valores de limiar apresentaram uma ordem,
onde CEI-49>CEI-33>CEI-17, sendo todos
inferiores ao valor utilizado em CEl
original. Posteriormente, os mapas de CEI-PE
receberam a aplicacdo de um filtro de moda
com janela mével de 5 x 5 pixels, tal qual ao
utilizado na metodologia CEIl original. Esta
operacdo visa eliminar os pixels classificados
ou ndo que se apresentam isolados nos mapas,
oriundos provavelmente de ruidos nas imagens



MODIS.

A partir dos mapas de estimativa prévia
obtidos com CEI-PE e do mapa de soja CEl
original, foram gerados 0s mapas de
comparacdo para cada estimativa prévia.
Estes apresentam trés classes tematicas, sdo
elas acerto, omissdo e inclusdo. Em seguida,
estes mapas foram confrontados a um mapa
contendo os limites politico-administrativos
dos municipios analisados, de maneira a
originar  um novo mapa contendo a
identificacdo dos municipios e das classes
teméticas analisadas. Em seguida, para cada
estimativa prévia, foi gerado um mapa de
resultados, individualizando as  classes
tematicas acerto, omissdo e inclusdo. Neste
caso, 0s pixels coincidentes nos mapas CEI-
PE e CEIl sdo definidos como acerto. Os
pixels identificados como soja somente em
CEI-PE sdo denominados de inclusdo. Ja
aqueles identificados como soja somente em

CEl pertencem a classe omissdo. Cabe
ressaltar ainda, que foi definido que todos os
municipios com valores de acerto espacial
acima de 90% apresentavam concordancia
minima entre os mapas de soja CEI-PE e CEl.
Foi definido este wvalor de concordancia
entre 0s mapas, como forma de tornar
possivel  a utilizagdo do CEI-PE como
ferramenta de apoio a projetos operacionais,
visto que uma metodologia precisa apontar as
sua confiabilidade para se tornar (til aos
possiveis usuarios. Como exemplo de possiveis
usuérios desta ferramenta estd a Moratdria da
soja e projetos de monitoramento de
desmatamento. Para facilitar a interpretacdo dos
resultados os mapas foram reclassificados em
faixas de intervalos definidos, de maneira a
agrupar as classes mais similares em um
menor ndmero de classes sem que ocorram
prejuizos na andlise destes mapas, (Fig. 2).

Fluxograma
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-33e-17

Classificagdo
(fatiamento)

1
1

Mapas de resultados
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Fig. 2. Procedimento de analise espacial dos mapas gerados através da metodologia CEI- PE vs CEl,
no MT para a safra 2005/2006

3. RESULTADOS E DISCUSSAO

A estimativa CEI-49 apresentou 0 maior
namero de municipios (22 dos 42 analisados)
com acerto acima de 90%. S&o eles: Comodoro,
Tagara da Serra, Brasnorte, Porto dos Gatchos,
Campo Verde, Rondondpolis, Santo
Antonio  do Leste, General Carneiro,
Queréncia, Diamantino, Tapurah, Ipiranga do
Norte, Santa Rita do Trivelato, Vera, Nova
Ubiratd, Jaciara, Campos de Julio, Sapezal,
Campo Novo dos Parecis, Nova Mutum, Sorriso
e Lucas do Rio Verde. Em CEI-33, somente 7
municipios foram identificados com tal acerto
espacial, sejam eles Sapezal, Campo Novo dos

Parecis, Santa Rita do Trivelato, Campos de
Julio, Nova Mutum, Lucas do Rio Verde e
Sorriso. Na estimativa CEI-17, somente 0s
municipios de Nova Mutum, Sorriso e Lucas do
Rio Verde alcancaram o valor de concordancia
minima. Quando analisados em conjunto 0s
municipios nos mapas de resultados contendo os
acertos, observou-se que existem duas regides
com maior acerto espacial nas estimativas CEI-
49 e -33, uma na porcdo oeste do MT nas
circunvizinhangas de Sapezal e outra nos
arredores do municipio de Sorriso. Entretanto,
quando tratamos da estimativa CEIl- 17, os
maiores acertos estdo concentrados somente na
regido de Sorriso (regido em tons de verde na



Fig. 3). Ademais, estes municipios melhor
identificados nesta estimativa apresentam
tradi¢do no cultivo de soja e ndo estdo entre os
municipios de expansdo de fronteira agricola.
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CEI-33

Estes fatos apontam para a possibilidade de
existir uma maior sincronia e precocidade de
plantio da cultura nesta regido, de modo a
possibilitar maiores acertos ja em CEI-17.
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Fig. 3. Mapas de resultados para o acerto espacial, originados entre a Metodologia CEI-PE e
CEl, para CEI -49, -33 e -17, para a safra 2005/2006.

Para a classe inclusdo, na estimativa CEI-49 é
possivel constatar que a maioria dos municipios
apresentou valores abaixo de 10%, com a
distribuicdo destes erros mais homogénea nos
42 municipios analisados. Esse erro foi ainda
menor (até 3%) para alguns dos principais
municipios produtores de soja do Estado, tais
como Campos de Jalio, Sapezal, Brasnorte,
Campo Novo dos Parecis, Diamantino, S&o
José do Rio Claro, Nova Mutum, Lucas do
Rio Verde, Nova Ubiratd, Santo Antonio do
Leste e Alto Taquari. Para CEI-33 e -17 ocorreu
um aumento dos erros de inclusdo, observando-
se somente o municipio de Campos de Jalio
com erro menor que 3%. Por outro lado,
alguns municipios apresentarem valores de
inclusdo elevados mesmo em CEI-49, como o
municipio de Pedra Preta, localizado na regido
Sul do MT. Este municipio sempre apresentou
um dos maiores erros de inclusdo entre todos
0s municipios nas trés estimativas prévias e
apresenta uma das menores &reas cultivadas
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com soja dentre os municipios analisados. Da
mesma forma, a regido sudeste do MT
apresentou maiores erros de inclusdo em relacéo
ao restante do estado. Ademais, fica
demonstrado que nos municipios analisados,
podem existir um ou mais cultivos implantados
durante com calendarios agricola similares ao
da soja, que apresentam acréscimo de biomassa
capazes de produzir valores de indice CEI-PE
similares aos da soja (por exemplo, milheto
utilizado como fonte de palha para o plantio
direto do algoddo no més de novembro),
gerando maiores erros de inclusdo nas
estimativas CEI-33 e -17. Esta ocorréncia é
menor em CEI-49 por conta da utilizacdo de
um valor de limiar mais elevado para a
classificacdo nesta estimativa prévia, sendo
este limiar mais proximo aquele utilizado em
CEl original, de tal forma que os pixels assim
classificados apresentam maior probabilidade de
representar soja, fato este evidenciado pelo
menor erro de inclusdo registrado em CEI-49.
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Fig. 4. Mapas de resultados para inclusdo, originados entre a Metodologia CEI-PE e CEl,
para CEI-49, -33 e -17, para a safra 2005/2006

Por fim, os resultados de omissdo em CEI-49
demonstraram um ndmero maior de municipios
com erros abaixo de 3% (Fig. 5). Sendo eles

Comodoro, Campos de Jalio, Nova Mutum,
Ipiranga do Norte, Santa Rita do Trivelato,
Vera, Nova Ubiratd, Jaciara, Tapurah, Lucas



do Rio Verde e Sorriso. Para as estimativas
CEI-33 e -17 foram observados com erros de
omissdo inferiores a 3%, respectivamente,
quatro e dois municipios (Nova Mutum, Sorriso,
Jaciara e Lucas do Rio Verde) e (Sorriso e
Lucas do Rio Verde). Por outro lado, em CEI-
17 evidenciaram-se municipios com elevados
valores deste erro, como por exemplo, Alto
Taquari e Nova Maringa que apresentaram 37%
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de omissdo. Este fato pode estar associado a
semeadura e/ou desenvolvimento mais tardio da
soja em relacdo ao restante do Estado.
Consequentemente, provocando aumento de
omissdo das areas de soja a medida que reduz-
se 0 periodo de composicdo do MaxEVI, de tal
forma que as areas cultivadas com soja ainda
ndo apresentam valores de indice CEI dentro dos
valores de limiar em CEI-33 e -17.
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Fig. 5. Mapas de resultados para a omissao, originados entre a Metodologia CEI-PE e
CEl, para CEI-49, -33 e -17, para a safra 2005/2006

Em suma, constata-se que alguns municipios
apresentaram acerto espacial acima de 90% ja
em CEI-17, como por exemplo, Lucas do Rio
Verde, Sorriso e Nova Mutum, tornando estes
municipios passiveis de uma estimativa prévia
mais  confiavel.  Semelhantemente,  estes
municipios permaneceram entre aqueles de
maior acerto também em CEI-49 e -33.
Ademais, todos o0s municipios apresentaram
maior acerto espacial em CEI-49 quando
comparados a CEI-33, da mesma forma de CEI-
33 quando comparados a CEI-17. Entretanto,
outros municipios apresentaram valores de
acerto acima dos 90% somente em CEI-49. Da
mesma forma, os maiores valores de erro de
inclusdo e omissdo foram identificados em
municipios  que representam menores
percentuais da area cultivada. Ou seja,
aparentemente existe uma relacéo positiva entre
porcentagem de area cultivada por municipio
e 0 acerto espacial nas estimativas prévias.

4. CONCLUSAO

A cada estimativa prévia realizada através de
CEI-PE, um mesmo municipio apresenta
diferentes valores de acerto espacial na
comparagdo com o mapa CEl. Assim, através
de CEI- PE com mais de 90% de concordancia
com CEIl foram identificados 22, sete e trés
dentre os 42 municipios estudados nas
estimativas CEI-49, -33 e -17,
respectivamente. De modo geral, em uma

mesma estimativa prévia 0os municipios com
maior area cultivada no estado apresentaram
valores mais elevados de acerto espacial em
relacdo aqueles de menor area cultivada. Para
cada um dos 42 municipios analisados, quando
comparados  individualmente  nas  trés
estimativas prévias, sempre ocorreram maiores
valores de acertos em CEI-49, decrescendo até
CE-17. Entretanto, alguns municipios nao
apresentam um valor de acerto espacial elevado
nem mesmo em CEI-49. Ademais, os erros de
omissdo foram maiores que os de inclusdo
para a maioria dos municipios nas trés
estimativas prévias. Com alguns municipios
apresentando elevados erros de inclusdo ou
omissdo em CEI-49.

Por outro lado, identificaram-se alguns
municipios com acertos espaciais acima de
90% de quando comparados ao mapa de
referéncia ja& em CEI-17. Entretanto, a maioria
dos municipios foi identificada com maior
acerto somente em CEI-49, e ainda, com uma
ordem decrescente de acerto espacial de CEI-
49 a -17. Deste modo, evidenciando que
para estes municipios com menor acerto
espacial as imagens EVI adquirida entre os
DA 49 e 64 sdo cruciais para a correta
identificacdo das areas de soja.
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ABSTRACT

Sandy beaches affected by mud in an open-
coast, wave-dominated setting are rare. Using
aerial photographs from the 1950s and satellite
images from 1986, beaches on the muddy,
Amazon-influenced coast of French Guiana
have been classified into three categories, each
with a characteristic morphodynamic pattern:
(1) short embayed pocket beaches (0.1-1 km-
long), (2) longer (>2< 5 km-long) more open
beaches between bedrock headlands, and (3)
open, non-embayed chenier beaches. Beach
morphodynamics are essentially controlled by
alternations between phases when mud banks
migrating northwestwards from the mouth of
the Amazon River attain French Guiana, leading
to mud-mound beaches associated with virtually
total wave energy dissipation, and ‘inter-bank’
phases characterised by relative scarcity of
mud, enhanced wave activity and ‘normal’
beach morphodynamics. As type 1 beaches are
strongly constrained by headlands, their
dynamics during inter-bank phases involve
essentially cross-shore sand mobility. Type 2
beaches are less constrained and undergo a
process of ‘rotation’, involving active longshore
sand fluxes that generate periodic alternations in
erosion and recovery at the two ends of the
beach under a globally balanced sand budget.
Type 3 beaches are cheniers generally formed in
the vicinity of river mouths under the strong
influence of a ‘hydraulic-groyne’ effect in which
estuarine liquid discharge favours mud
liquefaction and sandy deposition. The remote
sensing data highlight marked differences in

the timing and intensity of mud-bank and inter-
bank phases, a problem in terms of beach
management in the rapidly developing context
of French Guiana.

Keywords: Muddy beach, Beach rotation,
Amazon mud banks, Remote sensing, French
Guiana

1. INTRODUCTION

Intertidal beaches affected periodically or
permanently by mud on wave-dominated coasts
are extremely rare, because of
hydrodynamically controlled non-deposition of
mud, and the common lack of substantial
nearby mud supplies. Generally, sandy beaches
evolve alongshore into muddy tidal flats as a
function of wave energy. Where mud supplies
are important, this longshore energy segregation
may also occur across shore with low-tide mud
fronting a high- tide sandy beach. The influence
of mud on sandy beaches has, however, elicited
little interest in the literature, no doubt because
of the rarity evoked above. Where abundant
mud supplies occur, their effect on sandy
beaches is generally vested in varying degrees
of dissipation of wave energy. This dissipation
can range from partial to total. In the former
case, this can induce longshore and cross-shore
variations in sand flux and the ensuing beach
morphodynamics, and in the latter case, in no
sand flux. Fine examples of mud-affected sandy
beaches in an open-coast, wave-dominated
setting occur in French Guiana, which lies on



the world’s longest muddy coast between the
mouths of the Amazon and the Orinoco
Rivers (Figure 1). Using a remote-sensing
approach, we identify the various beach

types in this muddy setting, and show the joint
influence of the local geomorphic context and of
mud from the Amazon on sand fluxes and,
hence, the morphodynamics of these beaches.

Figure 1. The general setting of the French Guiana coast in an ALOS 2007 satellite image showing the
muddy coast of South America between the Amazon and the Orinoco river mouths

2. REGIONAL SETTING AND METHODS

The sedimentary geology and morphodynamics
of the coast of South America between the
mouths of the Amazon and the Orinoco are
dominated by the massive fine-grained sediment
discharge of the Amazon. The influence of the
Amazon is essentially imprinted via a unique
system of successive mud banks that circulate
alongshore. The dynamics of these banks and
their interactions with the shoreline have been
recently reviewed by Anthony et al. (2010).
Each mud bank can be up to 60 km-long and 30
km-wide, and can contain several times the
annual mud supply of the Amazon (ca. 750-
1000 million tonnes per annum (Martinez et al.,
2009)). In this Amazon-dominated coastal
environment, one of the muddiest in the
world, sandy beaches are rare, and generally
form cheniers, and in French Guiana, headlound-
bound bay beaches in Cayenne and Kourou
(Figure 1). The beaches in French Guiana are
characterised by relatively uniform coarse to
fine quartz sand, a variable amount of heavy
minerals and a very small fraction (<1%) of
shelly debris. These sandy beaches, of limited
length, are important both economically and
ecologically on this muddy coast because they
provide locations for human settlement and
routes. The rare beaches on this part of the South
American coast are also important for the
successful nesting and ecology of protected
marine turtles (Lepidochelys olivacea, Chelonia

mydas, Eretmochelys imbricata, Dermochelys
coriacea). The sandy beaches of Cayenne offer
rare recreational space and egg-laying sites for
marine turtles for over 300 kilometres of muddy
shore west of the mouth of the Amazon (Figure
1).

French Guiana beaches are affected by trade
winds from the northeast that are mainly active
from January to April. Waves have periods
ranging from 6 to 12 s, indicating a mix of trade
wind-waves and longer swell, while offshore
modal heights are up to 1.5 m. The longer-
period swell waves (> 10 s) are generated by
North Atlantic depressions in autumn and winter
and by Central Atlantic cyclones in summer
and autumn. The most energetic trade wind-
waves are observed between January and April
in response to peak wind activity while swell
waves appear to be most frequent in autumn and
winter, reinforcing the relatively high winter to
early spring wave-energy regime induced by
the trade winds. Tides are semi-diurnal and the
spring tidal range is mesotidal (2.5 to 3.1 m).

The longshore migration of the mud banks,
essentially under the influence of waves (Gardel
and Gratiot, 2005; Gratiot et al., 2007, 2008),
results in marked space- and time-varying
coastal geomorphic changes that can be
summarized in terms of alongshore-alternating
‘pbank’ and ‘inter-bank’ zones (Anthony and
Dolique, 2004). Differences in migration rates
also account, in part, for variations in the
spacing between the banks, and possibly bank



morphology as well, notably where mud banks
are ‘stretched” alongshore. Banks and their
mangrove vegetation dissipate wave energy,
protecting the coast from wave attack. Inter-bank
areas between the dissipative mud banks are
associated with a deeper shoreface. They are
either subject to rapid shoreline retreat (Anthony
et al., 2011) over timescales corresponding to
the inter-bank phases (order of years) where the
coast has previously accreted through mud bank
‘welding” onshore, or exhibit, where sandy
beaches  are  present,  typical beach
morphodynamic behaviour.

The French Guiana beaches have been monitored
using a multi-scale approach involving remote
sensing, observations from low-flying aircraft
and field measurements. The overall database
covering these sources involves 60 years of
coverage provided by aerial photographs and 26
years of SPOT satellite images. Given the time
frame of beach change under the influence of the
large migrating mud banks (migration rates of
the order of 1-5 km/yr), such long-term time
series of remote sensing data are important in
attempting to characterise the morphodynamics
of beaches in this muddy context and to decipher
ensuing cycles of beach change.

3. RESULTS AND DISCUSSION

Beaches in French Guiana fall into three
categories: (1) highly embayed short pocket
beaches (0.1-1 km-long), locally referred to as
anses (literally small bays), (2) longer (>2< 5
km-long) more open beaches between bedrock
headlands, and (3) open, non-embayed chenier
beaches. Type 1 beaches are limited to the
bedrock promontories of Cayenne and Kourou
(Figure 1), the hard-rock headlands of which
consist of migmatites and granulites. The longer
embayed type 2 beaches are located exclusively
in Cayenne. The embayments between these
headlands are bound by narrow (<500 m)
sandy fringing beaches that generally abut
older, probably Pleistocene, deposits that form a
stiff, widespread reddish clay deposit. Locally,
pronounced beach erosion may lead to exposure
of these deposits in the backshore area. Type 3
chenier beaches are generally formed in the
vicinity of river mouths. Cheniers are poorly
developed in French Guiana, probably because
the debouching rivers are small, and, therefore,
the sand supply to be expected from these
rivers rather limited, and significantly
blanketed by mud from the nearby Amazon
which dominates the coastal progradational
regime (Anthony et al., in press).

3.1. Type 1 beaches

The numerous small type 1 pocket beaches of
Cayenne and Kourou are particularly prone to
prolonged trapping of mud, because of their
commonly highly embayed plan shape, even
during transitional phases (Dolique and
Anthony, 2005). As a result of the prolonged
protection offered by mud in these embayed
settings, changes in upper beach morphology are
rather mild, even during inter-bank phases.
However, on all pocket beaches, transitional and
inter-bank phases are characterized by an
increase in incident wave breaker heights that
goes apace with erosion of subsisting mud
inshore and lowering of the muddy low-tide
surface. During these phases, sand released by
seasonal erosion of the upper beach is
transported offshore, forming diffuse sand
blankets overlying mud. During the low-energy
season, this sand is washed out of the muddy
profile and transported back up the beach. The
recovery trend is thus characterized by seasonal
beach behaviour. As the full inter-bank phase
occurs, more significant erosion of mud by
larger incoming waves leads to an important
seaward relocation of the mud-sand contact.
Observations of the overall beach morphology
suggest that the temporal profile variability of
these pocket beaches basically involves
fluctuations in the level of the lower beach mud
surface and mild cross-shore sand movements.
The profile changes and the morphology suggest
little longshore movement of sand.

3.2. Type 2 beaches

Four SPOT images corresponding to the years
1986, 1995, 2003 and 2011 summarize the
general medium-term dynamics of the three type
2 beaches in Cayenne (Figure 2). The situation
in Figure 2a corresponds to a ‘bank’ phase in
1986. In this situation, mud has welded directly
onshore, but the image does show the presence
of a sandy beach only in the southeastern sectors
of Montjoly and Remire beaches, thus suggesting
erosion or fossilisation of the beaches in the
northwestern sectors of both beaches by the
important muddy foreshore which is up to 1 km-
wide. The image follows at least two years of
complete  mud-bounding and  mangrove
colonization of the mud, and shows the inception
of mud erosion, especially in the southeastern
sector of Montjoly and of the neighbouring
Rémire beach. Within the ten- year interval
between the 1986 and 1995 images, the
return to an inter-bank phase had resulted in
complete erosion of the welded part of the
mud bank and the instauration of ‘normal’
wave-beach interactions. The 1995 image



(Figure 2b) shows the recovery of the beaches
and fairly balanced beach widths. The 2003
image (Figure 2c) corresponds to a new bank
phase. Unlike the 1986 situation where all the
beaches of Cayenne were completely mud-
bound (Figure 2a), the 2003 situation was one of
partial mud welding on the main Cayenne
beaches, with welding becoming much more
significant on just the western part of the
Cayenne promontory, notably covering Montabo
beach. The image shows an eroded Montjoly
beach bound by a significant patch of mud. The
2011 image shows a full inter-bank phase and
the remarkable recovery of the beaches, with
abundant sand accumulation in the northwestern
sector of Montjoly beach (yellow box in Figure
2d).

3.3 Type beaches
Cheniers are important on this muddy coast as,
in addition to serving as settlement areas and

providing coast-parallel routes, they protect
low-lying inland areas against flooding. These
beaches consist of local concentrations of fine to
coarse quartz sand winnowed out from subtidal
mud (Figure 3). This sand is generally supplied
by the local rivers, or

derived from the reworking of older, fossil
cheniers inland that are attacked during phases of
severe inter- bank erosion. As cheniers develop
and gain volume, they sometimes provide a
continuous alongshore pathway for sand
transport, punctuated by washover zones that
may lead to their dismantling. Strong alongshore
gradients in sand drift are thus generally
observed during chenier formation. In Surinam
and Guyana, however, where larger rivers
debouching on the coast have supplied sand,
significant bands of cheniers have been
incorporated in the prograded muddy coastal
plain.

Figure 2. Four SPOT images showing changes in embayed, headland-bound type 2 beaches on the
Cayenne promontory associated with bank and inter-bank dynamics: (a) bank phase in 1986 resulting in
completely mud-bound beaches; (b) inter-bank phase in 1996 and the instauration of ‘normal” wave-beach
interactions; (c) bank phase in 2003 but with only partial welding of mud on beaches that had earlier
undergone marked erosion in their northwestern sectors; (d) inter-bank phase in 2011. Yellow box
highlights zone of clear changes in beach width that are a signature of beach rotation (see text for
explanation)



The liquid discharge of these Guiana Shield
rivers appears to induce a ‘hydraulic-groyne’
effect on mud-bank translation alongshore that
needs to be taken into account in the analysis of
chenier formation (Anthony et al., in press). This
hydraulic-groyne effect may be responsible for
more persistent muddy accretion on coastal
sectors updrift of these large river mouths by
slowing down mud-bank migration and
encouraging mud concentration. A corollary of
this is associated hindered muddy

sedimentation downdrift of the river mouths
due to significant offshore deflection of mud
banks in transit alongshore. These differences
can be quite marked on either side of these river
mouths due to this ‘groyne’ effect. Downdrift
mud deficit induced by this effect may go hand
in hand with the more common sandy chenier
formation exhibited by the downdrift sectors of
the coast, as seen on either side of the Maroni on
the French Guiana-Surinam border.

Figure 3. Oblique aerial photograph showing a set of sandy cheniers
in western French Guiana

At the largest spatio-temporal scale, the
morphodynamics of the three beach types in
French Guiana is essentially controlled by
interactions between waves and the massive
mud banks that dissipate wave energy as they
migrate alongshore at rates of a few
kilometres a year. Since these banks are
separated by mud-deficient inter-bank zones
associated with a much less dissipative inner
shoreface, such inter-bank zones (and inter-bank
phases) are the loci of sand concentration within
this predominantly muddy environment. The
presence of mud significantly alters  the
behavioural patterns of beaches on this
muddy coast, which is normally influenced by
seasonal changes in wave energy due to
trade-wind activity. The aerial photographs
clearly show that the chief effect of mud banks
on the morphodynamics of type 2 beaches is
periodic alternations in longshore drift that
lead to a rare form of beach rotation that does
not result from variations in deepwater wave

approach directions, as is generally reported for
non-mud bank-affected beaches (e.g., Thomas et
al., 2010). In the case of the French Guiana
beaches, beach rotation is a medium-term (order
of a few years) process due to changes in
shallow shoreface bathymetry induced by the
migrating subtidal to intertidal mud banks.
These bathymetric changes affect wave
refraction and dissipation patterns, resulting in
marked longshore gradients in incident wave
energy. These strong wave energy gradients
along sections of the shore facing the leading or
trailing edges of the mud banks generate lateral
movement of sand in these headland-bound
beaches, resulting in alternations in erosion and
accretion over time, without net sediment loss.
Illegal sand extractions, however, might finally
endanger this equilibrium. These beach
morphological changes have been defined in
terms of a simple, four-stage conceptual
model comprising bank, inter-bank and two
transitional phases (Figure 4).
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Figure 4. A four-phase model of sandy beach morphological change involving rotation of type
2 beaches in Cayenne, French Guiana, in response to Amazon mud-bank activity. The cycle comprises a
bank, an inter-bank and two transitional phases, as a typical mud bank attains and migrates past the
Cayenne promontory. The transitional phase between bank and inter-bank phases shows the most rapid
(days to months) and most spectacular beach changes because the natural longshore drift (from southeast
to northwest) generated by trade-wind waves on this coast is reinforced by longshore gradients in wave
height due to inshore dissipation by mud trapped by northwestern headlands. This occurs as the trailing
edge of a mud bank goes past each headland-bound beach in Cayenne. Modified, from Anthony and
Dolique, 2006

The short, type 1 mud-affected pocket beaches
do not show the rotational response of the
longer open beaches. In these highly embayed
pocket beaches, this situation is due to both the
more limited sand accommodation space which
goes with a lower overall beach volume, and
marked refraction of waves. Due to the short
length of these pocket beaches, longshore wave
energy gradients generated by variations in the
nearshore mud cover cannot develop properly.
Beach plan-shape morphological changes are
therefore much less spectacular than those
affecting the longer beaches. Changes are
essentially  cross-shore, involving  profile
erosion and trapping of sand within the
inshore mud prism and recovery during the
low-energy season. This seasonal frame of
beach morphological change occurs essentially
during the inter-bank phase, as these short
pocket beaches can be significantly mud-bound
even during the transitional phases.

While the model of evolution of type 2 beaches
is inscribed in a cycle of rotation, there is
presently no certainty as regards cycle duration.
Each bank-to-bank cycle apparently involves
periods of several years, certainly exceeding a
decade. The 60-year aerial photographic
coverage suggests mesoscale cycles of 10 to 20
years. The SPOT image coverage depicted in
Figure 2 suggests a cycle of 17 years between

the 1986 and 2003 bank phases. However, this
periodicity involves several uncertainties and
the two bank phases are quite dissimilar, the
2003 one being only partial, and, thus,
conducive to strong longshore gradients in
sediment flux. Apart from this condition of the
degree of mud-bounding, the duration of this
accumulation limb of the bank-to-inter-bank
cycle is totally dependent on the rate at which
the next bank intrudes on the beaches of
Cayenne. In the present cycle, this duration has
now attained 10 years (2002-2012), and will be
interrupted in the next two years given the
proximity of the next incoming mud bank. This
heralds the onset of a new cycle of sand flux
towards the southeast on both Montjoly and
Rémire beaches under an impending bank phase.
This phase will ultimately induce a new beach
rotation cycle involving the erosion of the
northwestern sector of Montjoly beach adjacent
to the lagoon, as in 1998-2000. Gratiot et al.
(2007) noted a poor correlation between wave
forcing and migration rates because of the
contribution of other mechanisms to bank
migration, such as local morphology.
Regarding type 3 chenier beaches, there is also a
need for a better comprehension of Guiana
Shield sand inputs to the coast and of river-
mouth  dynamics in their  development,
especially as regards the interaction between the



river-mouth hydraulic jet and mud banks
migrating alongshore.

4. CONCLUSIONS

Sandy beaches in French Guiana are important
in terms of coastal zone management and
ecology. Three beach types have been defined
from aerial photographs and satellite images,
which have provided long-term remote sensing
data for analysing beach morphodynamic
patterns on this muddy coast. The morphology
and behaviour of these beaches are controlled by
their local morphological context as well as by
mud-bank and inter-bank phases that determine
levels of wave-energy dissipation. Type 1
pocket beaches show little longshore mobility
while longer type 2 beaches between bedrock
headlands in Cayenne are subject to periodic
beach rotation, the time frame of which appears
to be irregular, dependent on mud- bank size and
migration rates. The formation and maintenance
of type 3 chenier beaches are associated with
estuary-mouth interactions with the migrating
mud banks. These interactions require further
studies.
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ABSTRACT

Remote sensing data now allow for an accurate
description of a variety of physical and
biological parameters at global scale with a
temporal resolution hardly available from other
measurement methods. The ANR GlobCoast
first objective is to analyze, for the first time,
the seasonal, interannual and decadal variability
of the global coastal waters in term of
biogeochemical composition using various
descriptors available from ocean color
remote  sensing  (i.e.  Chlorophyll g,
suspended particulate matter, dissolved and
particulate organic carbon concentration). In the
frame of GlobCoast, the latter parameters will
be, in a first step, assessed through innovative
approaches allowing to face the challenge
represented by the development of inversion
algorithms in optically complex waters such as
the coastal waters. In the second step, time
series for the latter biogeochemical parameters
will be analyzed conjointly with various
physical forcing parameters as obtained from
remote  sensing (wind, sea surface
temperature, altimetry), in situ measurements,
and modelling outputs. French Guiana coastal
waters represent one of the coastal domains that
will be particularly investigated in the context of
GlobCoast. First results have emphasized the
interest of classifying these coastal waters for
better characterizing of the dynamics of French
Guiana coastal ecosystems and potentially
improving the accuracy of the SPM retrieval
from space. Further, the analysis of the SPM
time series computed for the MODIS archive
over the French Guiana coastal domain has
allowed to characterize the dynamics of local
geomorphological  processes (mud banks
migration) and regional hydrodynamical
forcings (north Brazilian retroflection current)

on these coastal waters.

Keywords: ocean color, coastal waters, French
Guiana, ANR-GlobCoast .

1. INTRODUCTION

Knowing that coastal areas concentrate about
60% of the world’s population (within 100 km
from the coast), that 75-90% of the global sink
of suspended river load takes place in coastal
waters in which about 15% of the primary
production occurs, the societal and economical
benefits of this project are potentially huge: fish
resources, aquaculture, water quality
information, recreation areas management, etc.
Large uncertainties remain on the evaluation of
the stocks of the main biogeochemical
parameters in coastal waters and their
seasonal, inter-annual, and decadal evolutions.
In that context, satellite Remote Sensing of
ocean colour is a very powerful tool for the
management of resources and activities of
continental ~ shelf waters. However, the
exploitation of these data in such a complex
environment, where the optical properties do
not necessarily covary with phytoplankton,
requires the development of specific inverse
methods to assess the required bio-optical and
biogeochemical parameters. While some
recent progress has been achieved, challenges
still remain (IOCCG, 2000, 2006).

The French national ANR GlobCoast project
(ANR Blanc, 2011-2013,
http://www.foresea.fr/globcoast/, Partners:
LOG, ULCO-Wimereux, GET-Toulouse,
LEGOS- Toulouse, Hygeos-Lille) has been
built in that context and is based on three main
objectives.


http://www.foresea.fr/globcoast/
http://www.foresea.fr/globcoast/

The first one is to assess and analyse the
seasonal, year-to-year, and decadal evolution of
the global coastal waters in terms of
biogeochemical composition as revealed from
satellite ocean colour observations, for the very
first time. Basic (inherent optical properties,
chlorophyll a, as a proxy for phytoplankton
biomass and suspended particulate matter
concentrations) as well as more innovative
products (particulate and dissolved organic
carbon) will be assessed from new approaches
developed in the frame of GlobCoast.

In the second part of the project, time series for
the latter biogeochemical parameters will be
analysed conjointly with various physical
forcing parameters as obtained from remote
sensing (wind, sea surface temperature,
altimetry), in situ measurements, and modelling.
This will help to gain a better understanding of
the origins of the temporal variability of
biogeochemical parameters over the coastal
ocean. This part will be performed over
highly contrasted areas covering a great variety
of environmental, biological and bio-optical
conditions encountered in coastal areas.

The third main objective of this project is to
analyse the potential link between the variability
of the environmental parameters as assessed in
the first parts of the project, and the variance in
the recruitment and stocks of higher trophic
level organisms (i.e. fishes). While fishing
pressure has a strong impact on recruitment and
stocks, the contribution of environmental
fluctuations to the variability in recruitment is
now clearly demonstrated, especially thanks to
remotely sensed data from satellite.

The achievement of the different objectives
proposed in the frame of GlobCoast will
hopefully lead to a better understanding of
coastal biogeochemical cycles, and their
relationship with physical forcing occurring in
coastal areas, and the evolution of productivity
and fish resources. The results of this project
obtained over the global coastal ocean and over
long-term  observations, could help to
distinguish non-systematic natural variability
from trends and regime shifts in coastal
ecosystems that have often been related to
eutrophication or anthropogenic disturbances. In
the same way, the spatio-temporal scales
considered in this project, as well as the
diversity of the data, will facilitate the
assessment of the role of environmental

conditions in the variability of stocks and
recruitments of fishes. The data set generated in
this project from ocean colour satellite
observations is also of great interest for the
validation of coupled biogeochemical-physical
models designed for coastal waters. Significant
discrepancies still remain between models and
observations, and a number of key processes are
still poorly quantified. The chlorophyll (Chl),
suspended particulate matter (SPM), and
particulate (POC) and dissolved (DOC) organic
carbon products are particularly relevant for
such models especially through the use of
assimilation schemes.

French Guiana (and more largely regions
influenced by the Amazon river outputs) coastal
waters represent one of the coastal domains
that will be specifically investigated in the
context of GlobCoast especially regarding the
two first objectives of this project. This coastal
area which is one of the most dynamic coast
in the world, especially due to the influence of
the immense discharge of the Amazon river,
which influences on the biogeochemical cycles
and ecosystems functioning over the whole
Guianese coastal area still remain to be better
constrained. This works aims to present some of
the applications that will be developed in the
context of GlobCoast over the the French
Guiana coastal waters illustrated in the
present paper through first results obtained
within this coastal region.

2. METHODS

2.1 Inversion of ocean color products from a
classification-based approach

The development of inversion algorithms
needed for relating satellite radiometric
measurement to bio-optical (IOPs: particulate
backscattering coefficient, bpp, its spectral
slope, g, or other descriptive parameters
of the flocsize distribution, the absorption
coefficients of phytoplankton, dissolved and
non algal particles aphy, acdom, and anap,
respectively, diffuse attenuation coefficient Kq)
and biogeochemical (e.g. Chlorophyll a, POC,
DOC SPM concentrations) products of interest
needed to develop specific inversion approaches
allowing to face the different issues related to
the optical complexity of coastal ecosystems.
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Figure 1: a) Location of the in situ data used in GlobCoast

These data are from various LOG, LEGOS, and
GET cruises, the NASA/NOMAD data set, and
other cruises performed in the frame of
international collaborations involving some of
the GLOBCOAST partners. b), c): Maps of the
recent field campaigns already performed in the
frame of GlobCoast and in collaboration with
other research projects in French Guyana
(GlobCoas), and from the Barbados to the
Amazone River (ANACONDAS cruise,
WHOI).

While existing inversion methods will be
compared in the first steps of the project (e.g.
Loisel and Stramski, 2000; Loisel et al., 2006;
Lee et al., 2002; Maritorena et al., 2002; Morel
and Gentili, 2009), the development of
innovative approaches (Jamet et al.,, 2010,
Vantrepotte et al., 2012) will also be considered
in the context of GlobCoast. In particularly, the
inversion of 10Ps and biogeochemical products
will performed using an approach based on the
optical classification of the coastal domain.
In practice, prior to the inversion of bio-
optical  parameters in  such  complex

environments, each satellite pixel will be
classified according of its optical characteristics
(Figure 2). Then class-specific algorithms will
be applied for improving the accuracy of the
different inverted parameters. Considering such
a classification approach within the inversion
scheme should allow to reduce the dispersion
usually found in the I0OPs-Biogeochemical
Components (BC) relationships, and then to
significantly  improve the retrieval of
biogeochemical components.

For that purpose, mean specific IOPs values and
reflectance spectral shape for each class should
be established. This will be performed from an
optical and biogeochemical data base gathering
existing measurements  which  will  be
supplemented  through  dedicated cruised
planned in the frame of GlobCoast including
some cruises in the French Guiana Coastal
waters (Figure 1). This would also help to better
as to validate the products developed in the
characterize this coastal domain at both an
optical biogeochemical point of view as well
frame on this ANR project.
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Figure 2: Methodology for the identification of optical water classes developed in the frame of
GobCoast. The class-specific mean reflectance spectra (b) are obtained from classification techniques
applied to a large data set of in situ reflectance (Rys) spectra (a). Using novelty detection techniques,

these classes will be compared to the satellite reflectance spectra to identify some homogeneous areas in
terms of bio-optical properties (c)

Note that different approaches will be also used
in the frame of GlobCoast for developing
innovative atmospheric correction schemes
in order to improve the accuracy of the
normalized water-leaving radiance (nLw)
retrieval which often limit our ability to derive
valuable satellite signal in coastal waters (Jamet
et al, 2011). This will be for instance
specifically performed through an optimization
technique like the POLYMER algorithm
(Steinmetz et al., 2011), developed by Hygeos.

2.2 Analysis of the inter-annual and decadal
variability of the coastal ecosystems

Major patterns of temporal variability for
the bio-optical and biogeochemical
parameters (Task 3) as well as for sea surface
temperature, wind and SSH will be described
over the global coastal waters. The different
ocean color products aimed in the context of the
GloabCoast project will be assessed for the
SeaWiFS (1997-2011, MODIS (2002-) and

MERIS (2002-2012).

Temporal changes in many physical variables
(e.g. river outflow, upwelling indices, tides, etc)
will also be described for the various coastal test
sites, the dynamics of which are supposed to be
highly heterogeneous. In practice, patterns
of temporal variability for the various
parameters collected will be characterized
considering successive time scales:

1) First, the characteristics of the seasonal
cycle relevant to the general dynamics of
the various coastal ecosystems will be described
through the assessment of basic statistics from
annual climatology (minimum, maximum, peak
duration....).

2) Second, time series, when sufficiently long,
will be analyzed to define the major
characteristics  of  inter-annual  temporal
variability associated with the environmental
and biogeochemical data in the various coastal
sites.

3) Finally, variations occurring at longer time



scales (i.e. decadal) will also be characterized
for the selected coastal areas. The potential of
comparing the chlorophyll loads provided by
the Coastal Zone Color Scanner (CZCS) archive
(1979-1986) to those derived from SeaWiFS
(1997-2007) for characterizing changes in
marine biogeochemistry over the last 2
decades will be investigated. Note that the
availability of CzZCS data is however too
restricted for allowing p decadal analysis over
the French Guiana coastal waters.

The  different  temporal patterns  of
biogeochemical parameters as well as their
interactions with the various environmental
forcing will be compared specifically over the
Amazon- influenced coast (mainly French
Guiana).

To achieve the previous objectives, advanced
time series analysis techniques will be applied
to the time series generated for the different
ocean color optical sensors. For instance time
series for the different ocean color record
considered will be decomposed into terms
representing a seasonal cycle, a trend and
irregular variation using the Empirical Mode
Decomposition methods (Huang et al., 1998) as
well as the Census X-11 iterative bandpass filter
algorithm  (Pezzuli et al. 2005) which
advantages for describing ocean colour
seasonality (i.e. relative importance and year-
to year stability) and non-linear long term
patterns have been demonstrated (Vantrepotte
and Mélin, 2011).
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3. RESULTS AND DISCUSSION

The following sections present some of the
preliminary results obtained over the French
Guiana coastal waters in the frame of
GlobCoast which provide some illustrations of
the applications that will be performed in the
frame of this project in the latter coastal region.

3.1. Application of the classification-based
approach over French Guiana coastal waters
Based on a cluster analysis applied to a wide
range of coastal waters, a recent study has
demonstrated that class-specific mean Ryg
spectra significantly differ from one coastal
environment to another in relation to variation
in the bio-optical properties (Lubac and Loisel,
2007). This approach has been recently
developed in the frame of GlobCoast
(Vantrepotte et al., 2012) emphasizing the
interest of performing an optical classification
of coastal waters for dynamically describing
changes in the optical properties and therefore
in the water masses quality of the coastal
waters of French Guiana (Figure 3). The four
optical water types which been identified until
now allow to account for about 2/3 of the
optical variability of these coastal waters.
Further, the advantages of the classification-
based approach for improving the accuracy in
the SPM concentration from satellite remote
sensing  techniques  have also  been
demonstrated.

55" =54
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Figure 3: Daily illustration of the classification approach (from Vantrepotte et al., 2012) that will be
developed and adopted in the frame of GlobCoast to assess bio-optical products from ocean color
observations. Each color corresponds to a given bio-optical environment, for which specific bio-optical
algorithm will be applied (Lubac and Loisel, 2007, Vantrepotte et al., 2012). This approach will allow
the water masses optical quality to be dynamically monitored, and the retrieval accuracy of the marine
products to be improved.



3.2.  Characterization of French Guiana
coastal waters dynamics as revealed from
ocean color remote sensing data.

First results computed from the application of
the Census X-11 decomposition method on the
SPM times series derived for the MODIS
archive has allowed to emphasize the impact of
the north Brazilian retroflecting current system
on the coastal water of French Guiana which
lead to strong irregular temporal variations
in the particulate matter content over this
coastal region. Furthermore, the analysis of long
term trends in SPM in the Guianese coastal

waters has revealed the presence of peculiar
alternating increasing and decreasing patterns
which have been related to the impact of
mud-bank migration over this coastal region
(Figure 4). Further, specific results obtained
over the French Guiana coast have illustrated
the potential of ocean color data for precisely
monitoring the dynamics (e.g. assessment of
migrations rates) of mud banks over long time
scales which will potentially allow for a
discrimination of the environmental forcings
driving these complex geomorphological
processes (Vantrepotte et al., under review).

Figure 4: Application of the Census X-11 (Vantrepotte and Mélin, 2011) method for analyzing
the temporal variation patterns of suspended particulate matter, SPM, in the French Guiana coastal
waters over the MODIS period (2002-2010). The temporal variability in a large area offshore French
Guiana is mainly explained by irregular variations (a) presumably associated with the formation of
hydrodynamic rings linked to the north Brazilian retroflection current system. Significant trends
in the SPM contents over this 8-yr period b) (Guianese coast) and ¢) (French Guiana) shows a clear
alternation between increasing and decreasing areas that might be associated with the migration of mud
banks particularly dynamic in this coastal region (Vantrepotte et al., under review).

4. CONCLUSION

French Guiana coastal waters (and more
largely coastal waters influenced by the
Amazon river outputs) will be specifically
investigated in the frame of the ANR
GlobCoast project. The different optical (IOPs,
Kd) and biogeochemical (Chla, POC, DOC,
SPM) descriptors which will be assessed from
innovative approaches in the frame of this
project will provide new and crucial
information for understanding the
biogeochemical processes occurring in the
latter coastal domain. In particularly, the
analysis of the time series generated for the
various optical sensors considered in the frame
of this project (SeaWiFS, MODIS, MERIS)

will provide relevant insights on the dynamics
of French Guiana coastal waters. The various
scientific

achievements planned in the context of the
GlobCoast project will in particularly help to
better characterize the impact of the Amazon
river outputs and related hydrodynamic
processes on the biogeochemical dynamics of
the Guianese ecosystems. As a matter of fact,
some of the GlobCoast outputs will for
instance provide precise information helping to
better characterize and understand the
dynamics of complex geomorphological
processes (i.e. mud banks migration) occurring
over the Guianese coast.
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