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Resumen:

Ladinamico fluvial del rio Amozonos, entre laIsla Coreo (Colombia) y lo
Isla Aromosa (Brosil), noroeste y sureste de Leticio, respectivomente, fue
onolizodo poraun periodo de 18,1 ofios. Este onalisis fue realizado con el
uso de técnicos de procesomiento de imagenes de sotélite en imagenes de
diferentes fechos. Las imagenes LANDSAT fueron comporados o través
del software Brasilefio SPRING, con el método de closificacion no
supervisada ISOSEG, para distinguir entre los categorios de tierray oguo.
Los imagenes fueron adquiridos el 04 de ogosto de 1986, el 20 de
noviembre de 1999 y el 14 de septiembre de 2004, y fueron seleccionados
de 44 imagenes LANDSAT, con base en minimas variociones diorios del
nivel del rio, con la mayor variacion temporal. El onalisis multitemporol
revelé moderados combios en lo morfologia del rio: incremento en lo
acrecion laterol de islas (19,19%) y deposicion reciente (35,80%) poro el
periodo analizado, indicondo una tendencia deposicional. El porcentoje
de la tosa de migrocion (8,61%, 0,48%/afio) y su valor maximo (133,56
m/afo) sugieren que en lo actuolidod hay un potrén de formocion de
meondros en este trecho del rio. Este tipo de onalisis provee informocion
basica pora subsecuentes estudios geomorfologicos y sedimentologicos
detallados y es uno herromienta excelente para. comprender la dinamico
holocenade sistemos fluviales omozonicos.

Abstract:

An onolysis of fluviol dynamics of the Amozon River between Corea
Islond (Colombiao) ond Aremoso Islond (Brozil), northwest ond
southeast of Leticia, respectively, wos corried out for a period of 18.1
years. The onalysis wos made using remote sensing imoge processing
techniques opplied to imoges acquired ot different times. LANDSAT
images were compored using the Brozilion Softwore SPRING with the
method of unsupervised classification ZSOSEG, to distinguish between
lond ond water cotegories. LANDSAT scenes ocquired on August 4
1986, November 20 1999 and September 14 2004 were selected from o
dotabose of 44 LANDSAT imoges bosed on minimal doily woter level
voriotions, with the lorgest temporal voriotion. The multitemporal
onolysis reveoled moderote chonges in the Amozon River's
morphology. Increase of loteral accretion of islonds (19,19%) ond
recent deposition (35,80%), over the period of time onolyzed (18,1
years), indicate its depositional tendency. The percent migrotion rote
(8,61%, 0,48%/year) ond the moximum migrotion rate (133,56 m/year)
suggest the current pottern for this reach of the Amazon River is
meondering. This type of onalysis provides importont basic
information for subsequent detailed geomorphological ond
sedimentological studies, ond is on excellent tool for understonding the
dynemics of holocene Amazon fluvial systems.

Palabras clave: Rio Amozonos, Sensores Remotos, Analisis

multitemporal.
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1. INTRODUCTION

he Solimdes River, which is the western Amozon

River, upstream of the mouth of the Negro River,

wos initially classified os having meondering ond
onostomosing reaches (Baker, 1978). Some reaches of the
Peruvion Amozon River hoave been described os
predominontly meondering ond even straight (Kolliola.et
al., 1992). The middle Amozon River has been clossified
s o typicol onatomosing river (Iriondo, 1982; Lotrubesse
ond Fronzinelli, 2002; Mertes et al., 1996; Rozo, 2004)
ond more recently occording to o new classification
introduced by Nonson ond Knighton, (1996) as
onobronching (Latrubesse, 2008). These clossifications
ore bosed on remote sensing since it is the primory source
to identify the channel pattern. Some deposits have been
charocterized to identify the specific strotigrophy in eoch
fluvial pottern (Iriondo, 1982; Latrubesse ond Fronzinelli,
2002; Rozoetal.,2005).

This mixed system of different chonnel styles is
evidenced by the presence of reaches that ore stable os
well os reoches that exhibit high migration rotes.
According to Rozo et al., (2005), the reach between
Monous ond the mouth of the Modeira River underwent
migration rates of 0.37% over 15 yeors (1986-2001). For
comporison, the Madeira River mouth exhibited
migration rotes of 10.19% for the some period. In the
Amozon River neor Monous, moximum migrotion rotes
of 41.98 m/year have been reported (Rozo et ol., 2005),
which seem very low in comparison with rotes of 140
m/yeor in Fonte Boa, upstream of Manous (Mertes et ol.,
1996) and 400 m/yeor neor Iquitos, Peru (Kalliola et al.,
1992).

The data availoble to compaore different reaches of the

Amozon River and charocterize them in the context of
chonnel patterns is still scarce, especially in the case of
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the Colombion Amozon River for which no published
doto exist on migration dynomics. This study is o
preliminary evoluation, based on remote sensing doto, of
chonnel pottern ond the chonges in the Amazon River
between Corea Islond, Colombio ond Aromoso Islond,
Brozil from 1986 to 2004 (Figure 1).
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Figure 1. Locotion mop

2. MATERIALS AND METHODS

A preliminory selection of LANDSAT imoges (WRS-2,
path 004, Row 063) for the study areo was mode from
three different dato bases: 1) Eoarth Resources
Observation and Science Center (EROS) from the United
States Geological Survey, 2) Global Lond Cover Focility
(GLCF) from the Notional Aeronoutics ond Space
Administration (NASA) ond The University of Morylond
ond 3) Imoge Generotion Division (DGI) from the
National Institute for Space Research (INPE) Brozil. A
visual evoluation of the cloud cover wos undertoken for
the imoges availoble, ond 44 imoges were selected bosed
on minimal or absent cloud cover neor or over the main
chonnel.

The daily water level of the acquisition date of each of the
44 imoges wos obtained to select the imoges with the
minimol daily woter level variations. Only water level
variations equal to or less than 50cm were considered.
Another consideration wos to select images acquired
during the dry season, which ollow better detection of
fluvial dynamic chonges. The time foctor was introduced
to allow selecting imoges with the largest temporal
variotion ond minimal doily woter level voriations. Three
LANDSAT imoges were selected according to Toble 1.

The moximum temporal voriotion wos 18.1 yeors
between the imoges 04/08/1986 and 14/09/2004. The
imoge from 20/11/99 wos selected boased on the level
variotions ond to be used as a.primory temporol control for
the first 13.3 years. Daily level water dota of the Amozon
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Table 1. Islonds evolution from 1986 to 2004

1986 1999 2004
Corea North Corea North Corea
Corea Corea
Corea South
Corea West
Micos Micos Micos
Ronda Ronda Ronda
Rondinha Rondinha Rondinha
Rondinha West
Fantasia Fantasia Fantasia
Santa Rosa Santa Rosa Santa Rosa
Aramosa Aramosa Aramosa
Aramosa 1
Aramosa 2
Aramosa 3
Aramosa Aramosa
Central Central
Aramosa West | Aramosa West
Brasil

River, meosured ot the stotion Tobotingo (Brozil), were
obtained from Agéncio. Nocional de Aguos, (ANA)
Brozil.

Image processing: The imoges were processed using the
Georeferenced Information Processing System
(SPRING) 4.1 developed by The National Institute for
Space Research (INPE) Brozil. Segmentation ond
classification were opplied during imoge processing. The
method of segmentotion was region growing to color
compositions R(5)G(4)B(3). Following segmentation, on
extroction of the ottributes of the regions was corried out.
The clossifier used wos Isoseg. The areos clossified by the
system, following on unsupervised process, were
grouped into two predefined closses: water ond lond. This
process allowed the delimitation by regions of the water
bodies ond the non flooded lond. The classified imoges
underwent aprocess of vector generation from the motrix
format of the clossified imoge. Digital processing of
the imoges provided the contours of the fluvial system
of the Amazon River between Corea Islond in Colombia
ond Aromoso Islond in Brozil. These results were
orgemized os informotion loyers inside a SPRING
project.

Edition: The clossified imoges were exported os ESRI
shopefiles to be edited. In ArcMop monual corrections
were mode bosed on elimination of clouds ond shadows
ond to correct possible errors during the clossification
process. Areas inside the main chonnel ond that were
devoid of any vegetation cover were clossified os recent
deposition areos. Finolly, the oreos of the moin chonnel,
islonds and recent deposition were calculated.

The areos of each geoform were compared to obtoin o
percentoge of chonge between 1986-1999, 1999-2004
ond 1986-2004. The loteral occretion area of the islonds
wos colculoted os the totol area of chonge, between the
dates, expressed as a percentoge. And finolly the percent
migration rate of the River was calculated bosed on the



orea. of chonge (main chonnel, recent deposition ond
islonds). These percentoges were also expressed in
migroation rates by yeor. Migration rates in meter per yeor
were measured ot specific locotions where there is on
evident tendency of the River for erosion or deposition.

3. MULTITEMPORAL ANALYSIS

Area variation between 04/08/1986 and 20/11/1999: The
areo. comporison of the fluvial chonnel, islonds ond oreas
of recent deposition between 04/08/1986 ond 20/11/1999
ollowed us to obtoin the relative variotion of eoch
geoform for aperiod of 13.3 years (Toble 2). The area of
the Amazon River's main chonnel for the reach studied
wos reduced by -0.02%. The areos of recent deposition
were increosed by 67.39%, as were laterol accretion orea
of islonds 14.19%. Individually, the islonds Coreo North
(14.65%), Corea (2.89%), Ronda (3.90%), Rondinha
(27.05%), Fontosia (140.61%) ond Aromosa (2.33%)
increased their areos. New islonds were emerged in this
period: Corea West, Aromoso Centrol, ond Aromoso West.
The islond of Corea South was occreted to Corea Islond,
os well as Aromosa 1, 2 ond 3 which were added to the
moin Aromosa Islond. A few islond decreosed their size:
Micos (-4.24%) ond Sonto Rosa (-9.80). The migrotion
rote for the River in this reach wos 7.26%, or 0.55%/year.

Table 2. LANDSAT dato used in this study

Dataset 5(TM) 7 (ETM+) 7 (ETM+)
Acquisition  04/08/1986 20/11/1999 14/09/2004
data

Water level 570 (cm) 592 (cm) 550 (cm)
Water* 0 22 20

Time** 0 13.3 18.1
Database 1 2 2

* level voriation reloted to 04/08/1986. ** (years) voriation reloted to 04/08/1986.
http://glovis.usgs.gov/
http://glcf.umiacs.umd.edu/index.shtml

Area variation between 20/11/1999 and 14/09/2004:
Toble 3 indicates the areo variotion for a period of 4.8
years between the mops produced in 1999 ond 2004. The
area of the main chonnel wos increased by 0.31%. The
areos of recent deposition were decreased by 18.87% ond
the laterol accretion of the islonds increosed by 4.38%.
The islands of Ronda (0.97%), Rondinha (10.41%),
Aromosa(2.65), Aromosa Central (22.84%) ond Aromosa
West (4.43%) increosed their oreos respectively. The
islonds of Rondinha West ond Brosil emerged in this
period. The islonds of Corea (-0.38), Micos (-14.50),
Fontosio (-5.39), Sonta Rosa (-10.57%) were affected by
erosional processes. The islonds of Corea North ond
Corea West were added to the main Corea Islond. The
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Table 3. Areo variotion between 04/08/1986 and 20/11/1999

1986 1999 1986 - 1999
Change

Feature Aream’ Feature Aream’ A Aream’ %
Corea North L. 2381697.18 Corea North L. 2730624.34 348927.16 14.65
X Corea L. 10180617.55  Corea L. 10474958.54  294340.99 2.89

Corea I. 7840405.50 - -

Corea South I 2340212.05 Accreted to Corea Island -
Did not exist 0.00 Corea West L. 4343903.45 4343903.45 -
Micos 1. 4144396.52 Micos 1. 3968668.12 -175728.40  -4.24
Ronda L. 8136717.94 Ronda I. 8454103.70 317385.75 3.90
Rondinha I. 8665117.12 Rondinha L. 11009250.03 234413291  27.05
Fantasia I. 442910.61 Fantasia L. 1065699.49 622788.87 140.61
Santa Rosa I. 2091579.27 Santa Rosa . 1886554.87 -205024.40  -9.80
% Aramosa I. 5792022149 Aramosa . 59270897.35  1350675.87 233

Aramosa I. 53338275.09 - -

Aramosa 1 1. 1038994.20 Accreted to Aramosa Island

Aramosa 2. 3175505.68 Accreted to Aramosa Island

Aramosa 3 1. 367446.51 Accreted to Aramosa Island

Aramosa  Central

Did not exist 0.00 L 888111.05 888111.05
Did not exist 0.00 Aramosa West 1.~ 3202834.59 3202834.59 -
Amazon River 139127261.36  Amazon River 139105074.82  -22186.54 -0.02
Total recent dep.  6010415.46 Total recent dep. ~ 10060761.03  4050345.57  67.39
Total islands 93963257.68  Total islands 107295605.52  13332347.85 14.19
Total area 239100934.50  Total area 256461441.38  17360506.88 7.26

migration rate for the River in this reach wos 1.26% or
0.24%/year.

Area variation between 04/08/1986 ond 14/09/200:. The
comparison between 1986 ond 2004 represents the
moximum possible temporal intervel (18.1 years) to
evoluate the fluviol dynomics on the Amozon River
(Table 4). The area of the Amozon River's moin chonnel
increased by 0.29%. The oreas of recent deposition
increased by 35.80%, os well os islond laterol accretion by
19.19%. The islonds Corea (39.16%), Ronda (4.90%),
Rondinha (40.29%), Fontosia (127.64%) ond Aromosa.
(5.04%) increosed their respective areas. New islonds
were created in this period Rondinha West Aromosa
Central, Aromoso West ond Brasil. The islonds of Corea
South and Corea North were accreted to Corea Islond, os
well os Aramosa 1, 2 ond 3 which were added to the main
Aromosa Islond. Only two islonds incurred size
reduction, Micos (-18.13%) ond SemtaRosa(-19.33). The
migrotion rate for the River in this reach wos 8.61% or
0.48%/year.

Table 4. Areo voriotion between 20/11/1999 ond 14/09/2004

1999 2004 1999 - 2004
Change

Feature Aream’ Feature Area m’ Adream’ %
X Corea L. 1754948633 Corea L. 17481943.06  -67543.27  -0.38

Corea I. 10474958.54 -

Accreted to
Corea North 1. 2730624.34 Corea Island
Accreted to

Corea West I~ 4343903.45 Corea Island - -
Micos L. 3968668.12  Micos . 3393052.36  -575615.76  -14.50
Ronda . 8454103.70  Ronda I. 8535732.58  81628.89 0.97
Rondinha I. 11009250.03  Rondinha I. 1215586193 1146611.89 10.41
Did not exist 0.00 Rondinha West L. 1263964.21 1263964.21 -
Fantasia I. 1065699.49  Fantasia I. 1008221.09  -57478.40  -5.39
Santa Rosa L. 1886554.87 Santa Rosa L. 1687178.98  -199375.89  -10.57
Aramosa L. 59270897.35  Aramosa L. 60842094.41  1571197.06  2.65
Aram. Central . 888111.05 Aramosa Central I 1090959.36 20284831  22.84
Aramosa West I 3202834.59 Aramosa West 1. 3344846.66 142012.07 443
Did not exist 0.00 Brasil L. 1189935.46 1189935.46 -
Amazon River 139105074.82  Amazon River 139536187.18 431112.36  0.31
Total recent dep.  10060761.03  Total recent dep. 8162383.28 1898377.75 -18.87
Total islands 107295605.52  Total islands 111993790.10  4698184.58 4.38
Total area 25646144138 Total area 259692360.57 3230919.19  1.26
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Migration rates in the main channel margins: Migration
rotes, in meters per year, of the Amozon River's moin
chonnel where estimoated ot the following locations
(Figure 2): Northwest of Sonta Sofia villoge, this orea
underwent deposition from 1986 to 2004 with on increose
of the depositional rote between 1999 ond 2004
(47.52m/year). West of Corea Islond, ot the right morgin
of the Amozon River, the process that predominated
between 1986 and 2004 wos erosion, with o moximum
rote of 79.50m/yeor in the 1999-2004 period. West of
Rondinha Islond erosion took ploce between 1986 ond
2004, with o moximum rote for the 1999-2004 period of
142.62m/yeor. One of the most octive depositional areos
wos the right morgin of the Amozon River, northwest of
Aromosa Island with 172.48 m/yeor deposited between
1999 and 2004. In controst, the most severely eroded area
wos west of Aramosa Islond with o migration rate of
143.21m/year between 1986 and 1999. As o preliminory
evaluation of morgin migrotion ot specific locations of the
Leticia ond Tabotingo towns, we report erosional process
in the left morgin of the Amozon River next to runwaoy 12
of the Tabotinga International Airport of 12.18 m/yeor
between 1999 ond 2004. Another selected location wos
the fluvial port of Leticia, with erosional rates of 1.55
m/yeor between 1986 ond 1999, and depositional rotes
between 1999 ond 2004 with amoximum of 21.65m/yeor.
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Figure 2. Chonges in the River indicoting its meondering tendency ond location of the
migrotion rotes in meters/yeor

4. DISCUSSION

The multitemporal onalysis of this reach of the Amozon
River indicates importont elements of the dynomics of
this fluviol system between 4 August 1986, 20 November
1999 ond 14 September 2004. Chonges in the chonnel,
islonds ond oreos of recent deposition are evident ofter o
simple visual evoluation from the maps generated on
these three dotes.

Between 1986 ond 1999 there is a cleor depositionol
period. This is indicated by areduction of the area of the
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Amozon's moin chonnel by 0.02%, increose of recent
deposition by 67.39% ond lateral accretion of the islonds
(14.19%). Another importont occurrence doting this
period is the emergence of new islonds Coreo West,
Aromosa, Centrol ond Aromoso West, os well os the
occretion of Corea South to Corea Islond ond the islonds
Aromosa 1, 2 ond 3 to the main Aromosa Islond. From
1999 to 2004 the Amazon River shows a tendency of
being more erosional. This is indicoted by the increose of
the main chonnel area (0.31%) ond the reduction in the
area of recent deposition (-18.87%). Although there wos
on increose in the laterol accretion of the islonds by
4.38%, this percentoge is low compared with the previous
period. Additionally, twice as mony islonds os in the
previous period reduced their size. For the entire time of
comparison avoiloble (1986 - 2004) the tendency is
depositional. This is evident from the increose in the orea
of islonds (19.19%), recent deposition (35.80%) ond the
very modest increase in the river's main chonnel (0.29%).
Most of the islonds increased size, with Fontosia Islond
reaching 127.64% of its original size. New islonds were
formed in this period: Rondinha West, Aromosa Central,
Aramosa West ond Brosil. The islonds of Corea South ond
Corea North were accreted to Corea Islond, as well as
Aromosa 1, 2 ond 3 which were odded to the moin
Aromosa Islond. Figure 3 shows the dynamics of the
islonds, which were accreted, emerged, eroded or
remained the some during the period, the figure shows
clearly the occretion ond emergence of new islonds
towards 2004.

Chahges bintweds TSER ez T
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Azl leco tilien
AmazonRiver 2204

Figure 3. Changes in the Amazon River from 1986 to 2004

The percent migrotion rotes for the Amozon River between
the Negro River ond Madeira River presented by Rozo et
aol., (2005) were recolculated in order to be compared with
the data presented in this poper. These migrotion rates of
0.37% (0.02%/yeor) over aperiod of 15 years (1986-2001)
indicate o very stoble system which, with additionol
geological doto, is clossified os onostomosing. An
evoluation of the mouth of the Madeira River shows a
migrotion rote of 10.19% (0.68%/year) which identifies o
meondering tendency of the River. In this context, the
values of percent migrotion rotes obtoined for the Coreo-
Aramoso reach of 7.26% (0.55%/year) for 1986-1999,
1.26% (0.24%/year) for 1999-2004, ond 8.61%



(0.48%/year) clearly show on octive system with
meondering charocteristics. This is also corroborated by the
moximum migrotion rotes estimoted of 143.21m/yeor
(1986-1999), 172.48 m/yeor (1999-2004) ond 133.56
m/yeor (1986-2004). Bosed on this dato, figure 4 shows the
current meondering tendency of the system. It is cleor thot
the right margin is more active thon the left morgin in this
reoch. The moximum migrotion rotes occur on the right
morgin ond according to Figure 3, the left morgin hos very
low migrotion rotes from 1986 to 2004. This is due to the
fact thot the right margin is constituted by fluvial sediments
of the Amozon River thot ore more vulneroble to the
Amozon's dynomics, while the left morgin is formed by
older fluvial sediments (terraces) ond Tertiory deposits,
which creote more resistonce to the river's flow.

The percentoge of migrotion rote for the Amozon River between
the Purus ond Modeira rivers wos estimoted by Mertes et ol.,
(1996) through imoges of the RADAMBRASIL Project (1971-
1972) ond navigotion chorts from the Brozilion Navy (1979 ond
1980). The volues obtoined were less thon 0.2% in Monocopuru,
0.3% in Séo José¢ do Amotori ond 0.4% in the Modeira River
mouth. These outhors indicote thot their volues are considered of
low accurocy due to avoariety of different mopping techniques thot
result in evident variotions in the chonnel. In this poper, these
problems ore less prominent becouse we compored LANDSAT
dota.ocquired under very minimol woter level variotions (less thon
50cm), ond which were processed ond edited following the some
techniques. However, more accurote results will depend on the
spotiol resolution of the imoges ond scole used. The moximum
migrotion rotes for this reach of 143.21m/year (86-99) 172.48
m/yeor (99-04), ond 133.56 m/year (86-04), still reflect o.more
active system thot the reoch of the Amozon River between the
Negro River ond the ModeiraRiver, with its moximum migrotion
rotes of 41.98 m/yeor (Rozo et ol., 2005). Similor migrotion rotes
were estimoted by Mertes et ol., (1996) ot 140m/yeor in the
Amozon River neor Fonte Boo, Brosil. However, more octive
reoches ofthe Amozon Riverneor Iquitos (Peru) exhibitmigrotion
rotes of 400m/yeor (Kolliolo et ol. 1992). The overoll migrotion
rotes meosured in the southeost Colombion Amozon River do not
reflect the erosional or depositional tendency of the system in the
periods studied. From 1986 to 1999, the Amozon River wos more
depositional ond the greotest punctuol migrotion rote is erosionol.
The situation also occurs in the period 1999-2004 with o cleor
erosionol tendency ond o moximum punctucl depositionol
migrotion rote. Between 1986 ond 2004 the doto suggest o
depositional river ond once ogein the moximum punctuol
migrotionroteis erosionol.

5. CONCLUSIONS

The multitemporal onolysis ollowed the identification of
o meondering pottern of the Amozon River between
Corea Islond, Colombio and Aromosa Islond Brozil
between 1986 ond 2004. This pattern is recognized by the
octive migration rotes ond increase in the area of islonds
ond recent deposition. The river shows a.clear tendency to

17

José Max Gonzalez Rozo, Carlomogno Soto Castro

be depositional with a more octive right morgin, ond
fluvial deposits reworked by the River, compored with
the left margin developed over old terraces ond Tertiory
deposits that clearly control the river's dynomics. Further
geomorphological ond sedimentological studies ore
required to charocterize this reach from a geological
perspective, and reaches upstream ond downstreom must
be studied to understond its overall behavior. This type of
temporol onolysis provides importont bosic information
obout the dynomics of fluvial systems in the Holocene.
Extreme care must be taken in the selection of imoges to
be compared, based on river level variations, because in
areos such s the Amozon o few meters in level voriation
tronslate into kilometers of oeriol chonge. Also, the
occurocy of the results will depend on the spatiol
resolution of the images used, but this is adirect function
of the scole used.
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