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Abstract — This work assesses time delay effectstiveen the
acquisition of orbital and in situ data on models to estimate
chlorophyll concentration in the Amazon River varze lakes.
To carry out this assessment, a MERIS image, acqud
concurrently with water radiometric and liminological
property measurements was used. Correlations wereamied
out between MERIS spectral bands and MERIS simulat@
bands using field spectra. Correlation was evaluate for
samples with time delays ranging from zero up to sidays
between orbital andin situ acquisition. With zero delay the
average correlation between MERIS reflectance and ERIS
simulated reflectance was 0.98. For time delays ap to 6 days
after satellite overpass, the correlation ranged bween 0.54
and 0.95. Regression models using ratio of spectrédands
(infrared/red) to estimate the concentration of chbrophyll,
resulted in determination coefficients (%) of 0.84 forin situ
data against 0.64 for orbital data.
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1. INTRODUCTION

The aquatic environments are characterized by & ksjgace-
temporal variability when compared with terrestr@ies. This
variability, associated with low revisiting rate ofbital systems,
with optical sensor susceptibility to weather caiodis, and with
the size of Amazon basin aquatic systems (Hesk 20@3; Junk
1997) makes it difficult to develop high accuracyodsals.

(Rudorff, 2007; Novo et al., 2006). However, despthese
limitations, remote sensing is a key tool for stady and

monitoring of Amazonian lakes. Thus, it is vital &ssess the
effect of time delay between the acquisition ofi@lbdata, in

which the scene is registered in a few secondsiarsitu data,

whose measurements are carried out over severs] daymodels
for estimating chlorophyll concentration (kirk, 138This

assessment may guide the planning of new grounBratbn

missions by determining acceptable time delaysknohforming

on model’s accuracy. The objective of this worlerdifiore, is to
assess this time delay effect. For this, an ENVISAHRIS image

acquired concurrently to a 14 day field missionttie Amazon

River floodplain lakes was used.

2. MATERIALS AND METHODS
2.1 Test site
The floodplain of Lago Grande de Curuai (LGC) watested
because its size is adequate to the MERIS 300mDByn3spatial

resolution. The LGC floodplain is located in thenAzon River
near Obidos city (Brazil), 900 km upstream from #tantic

Ocean (Fig. 1). The dynamics of flooding in LGQetated to the
seasonal fluctuation of Amazon River, having an uahn
monomodal pattern (Junk et al., 1989) with a mimmwater
level, early November, and a maximum late May-ealyne.
During the rising water stage, Amazon River walew§ into the
floodplain enlarging lake area from 700 %mo 1600 km

(Barbosa, 2005). The flooding dynamics in Curuan dae

characterized by four stages: rising water staggh tvater stage,
receding water stage and low water stage. Risird) raneding
stages are characterized by maximum changes i Veatel (at

rateslarger 3.6 cm d) and low and high stages are characterized

by minimum changes in water level (at rates smalian 1.2 cm
dh
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Figure 1. Test site location illustrated by a LsaidTM imagem at
low water stage.

2.2 Methodology

Figure 2 summarizes the main steps adopted fosthdy.

Data collection: The in situ data gathering was carried out
between June 06 and 19, 2004, during the high veaéeye with
minimal change in the water level. The working hyyesis is that
during high water stage the stability of the waéstel in the lake
brings about stability in the aquatic system inhsacway that
water spectral reflectance becomes more conneocteditst
composition. During this period water samples fetedmining the
concentration of optically active components (cbidryll,
sediments in suspension and organic matter dis$plveere
collected simultaneously with bidirectional refi@ete spectra.
Reflectance spectra were measured with Spectron598E-
Seventy water samples for laboratory analysis tfrophyll, total
suspended sediment (TSS) were collected,.integrdtin water
column from surface to Secchi depth. The sample® Wept at
cool temperatures and filtered on the same day. T&S
determined based on Wetzel and Likens (1991) atataghyll
analyses were based on Nush (1980).
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Figure 2. Summary of the methodological approach

The MERIS image with spatial resolution of 300 metel5
spectral bands between 400 and 900 nm and speesaltion of
10 nm in most of the bands was acquired on .Jur‘fé 2604.
Figure 3 shows both a color composite of MERIS ienagd the
location of theén situ sampling stations.

Figure 3. Color composite [Band 8 (Red), Band Ee¢®), Band
2 (blue)] of MERIS image at high water stage (208413) with
red dot corresponding ta situ sampling stations.

MERIS image was acquired in full resolution modéQ3n) and
both Level 1 and Level 2 products have been andlyzevel 1
product contains geolocated and Top-Of-Atmosphef®A)
calibrated radiances and information about the renwmental
conditions prevailing at the time and place of tmuisition
provided by the European Centre for Medium-term ihVea
Forecast (ECMWF).

evaluate the performance of MERIS data, regressiodels were

generated using ratio spectral bands (infrared/ted@stimate the

chlorophyll concentraiorGoodin et al. 1993; Quibell, 1992;
Rundquist et al., 1996).

3. RESULT AND DISCUSSION

Figure 4 shows examples of spectra in which idieduié spectral
features can be observed in both MERIS and contimiirositu
spectra. Note that apart from the intensity, bofBRVS andin situ
reflectance are very similar. Intensity differergan be explained
by the uncertainty introduced by MERIS atmosphencrection
and by the variability inherent ton situ radiometric data
acquisition (Pereira Filho, 2005). The comparistnMERIS
spectra andn situ continuous spectra highlights that MERIS band
positioning matches almost perfectly the diagnostectral
features of optically active components presenniand aquatic
systems, case Il water (IOCCG, 2000).
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Figure 4. Examples of spectra. (a,b)satellite pases (c) one day
time delay (d) six day time delay.

Figure 5 summarizes the correlation analyses betWHeRIS and
SIMMERIS spectra for each sample. Ten samplingtpaivere
used for each day. The average correlation for delay (Table 1)
was 0.98, with a maximum of 0.99 and a minimum &70 The
average correlation between MERIS and SIimMERIS tfore
delays ranging from 1 to 6 days after the satetiiterpass varied
from 0.54 to 0.95.

Data processing: MERIS image was atmospherically corrected

using SMAC processor provided by ESA in the BasRSE&
Envisat (A) ATSR and MERIS Toolbox (BEAM). SMAC &
semi-empirical approximation of the radiative tf@nsin the
atmosphere, which calculates surface reflectanom fsatellite
measurements. MERIS reflectance at e@chtu sample station
was acquired for all its spectral bands. situ spectra were
resampled to MERIS spectral resolution to enableetation
analysis between them

As shown on table 1, low average correlation folay time delay
is explained by the occurrence of negative coimatThe data
analysis shows, however, that only 2 out of 10 demhad
negative values, and only 3 presented low cormlatioefficient.
The remaining samples showed correlation coefftsieanging
from 0.70 and 0.96, with an average of 0.82. Byng@ring the
geographic position of samples displaying negativeelation, it
was observed that they were located at the lakenday, in
regions of transition between open water, aquatacrophyte

Data analysis: The first analysis consisted of comparing the shapstands and flooded forest. As such targets tengrésent high
of MERIS spectra, continuous situ spectra and in-situ simulated infrared reflectance even when in sub-pixel dimensithey might

MERIS (SIimMERIS) for each sampling station, assgnthat
water spectral reflectance is modulated by its assitjpn. In the
second analysis the correlation between MERIS amME&RIS
reflectance spectra for each sample was computezicdrrelation
analysis was carried out for time delays rangirgfrO up to 6
days between ground sampling and satellite overasally, to

have contributed to modify the spectral responsewafer in
MERIS image. On average, for a period between 3 dmfore
and 6 days after the satellite overpass, averagelation ranged
between 0.54 and 0.95. Figure 5 shows the comelatefficient
dispersion as a function of time delay. Its analyiows that the



correlations tend to be high very close to 1, witherages
exceeding 0.8.

Low correlation values represent exceptions exphhity the
position of the sample in regions of transitionviEsn land and
open water, which contaminates the reflectance tduaormal
mixtures of targets in 300 meter pixels. The catiehs for time
delay larger than 3 days before the satellite m@&sshowed less
consistency, with values ranging from high negativerelations
and high positive correlations what indicates ebphde change in
lake limnological conditions.

Tabela 1. Correlation coefficient values.

day | Maximo| Minimo| Média
-3 | 0.98 0.59 0.84
-2 1099 0.88 0.95
-1 ] 0.99 0.51 0.88
0 0.99 0.95 0.97
1 0.96 -0.30 0.54
3 0.98 0.88 0.94
6 0.99 0.87 0.95
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Figure 5. Box plot of correlation between MERIS @ithMERIS.

The effect of time delay between MERIS anditu data was also
evaluated by using empirical models to estimatectiierophyll

concentration in the water. That was carried ousdlgcting band
ratio suggested in the literature (Goodin et a@3; Ruibell, 1992;
Rundquist et al., 1996). The band ratio (708/684} wetermined
for both data sets and used as input in linearessipn models
according two experiments: 1- for all collectedadé&iadiometric
and chlorophyll concentration); 2- for the datdected on the day
of the satellite overpass. The results in Figurehéw that in
experiment 1 there is a decrease of the frfrd®n the SIMMERIS

(R? = 0.84) to MERIS data @R= 0.64). These results were already

expected because of the poor correlation betweeRIBHata and
SIMMERIS measured 3 days before the satellite @sspwhich
indicates a change in the aquatic system opticalpgsties
probably induced by winds. This optical change, éesv, did not
interfere in the SIMMERIS model accuracy becaussesitu
reflectance measurements were carried out simuteshe with
water sampling for chlorophyll determination. Iretexperiment 2
R? was 0.95 against 0.74. This improvement of bothdet® is
explained by the larger optical homogeneity of wateasses
sampled in a single day. The lowet dsplayed by MERIS model
can be explained, among other factors, by sub-mbmld cover
and sub-pixel target mixture of macrophyte floatistands
dragged by the wind, which are very common durhig season.

Another factor that may explain this differencehie chlorophyll
quantification method, which is based in water sesymtegrated
from surface up to Secchi deptin situ water samples are
collected at the same 0.0% spectrometer foot print from which
in situ reflectance are measured. Because of that, tids@phyll
values do not represent the phytoplankton patchimésa pixel
integrating an area of 90 x 46%, such as MERIS. These results
demonstrate that MERIS image is better than theesassl
accuracy because @f situ data was not fit to represent within
pixel variability. Therefore MERIS image is suitatfor mapping
the spatial chlorophyll distribution even usinddielata lagged of
up to 9 days, provided that aquatic system optmalperties
remain constant.

In order to have a better assessment of MERIS acgurewin

situ data collection are being planned.
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Figure 6. Relationship between chlorophyll anddoeatio for all

MERIS andin situ collected data.
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4. CONCLUSIONS

The results show that in spite of the 300 by 30Gesplution,
MERIS sensor can be efficiently applied to estimai®rophyll
concentration in Amazon floodplain lakes, case dters. MERIS
model accuracy, however, is not as high as SimMERISonly
because of the time delay but alsositu reflectance failed to
represent phytoplankton patchiness. There is aellext match

between MERIS spectra and bathsitu continuous spectra and

SIMMERIS spectra in spite of the intensity diffecen These
intensity differences might have affected model uaacy
assessment and can be overcome by using speafitel raapping
approaches such as SAM (Spectral Angles Mapperighaik not
sensitive to it.

Model accuracy is also affected by aquatic systptital property

stability duringin situ data acquisition. Provided that optical

conditions did not change, time delay betwéersitu sampling
and satellite overpass is not a critical constraimt model
development. That is an important aspect in aaggisamples to
calibrate images for large aquatic systems where ehtire

variability of the area cannot be precisely repmese by samples

collected in a single day.
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