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SUMMARY

The water quality control of dams is fundamental, since these constitute indispensable renewable water resources for a
variety of purposes. A feasible low cost approach for monitoring water quality bio-optical quantities is to use satellite
spectral measurements that allow to continuously and globally follow the evolution of the water surface spectral
reflectance. The present approach takes advantage of the Medium Resolution Imaging Spectrometer (MERIS)
measurements, onboard ENVISAT satellite, as well as of the in situ samples of chlorophyll-a, cyanobacteria and total
suspended solids (TSS), regularly collected and analysed. The method is applied to Alqueva dam the largest artificial
lake in Europe in terms of surface area (250 km2), located in the south of Portugal (Alentejo). It is based on the use of a
neural network that, after trained with a proper set of data, is capable of predicting the concentrations of the bio-optical
parameters from the atmospherically corrected satellite spectral radiance.

1. INTRODUCTION

The successful launch of ENVISAT in March 2002 pa®n a
great opportunity to understand the optical changgswater
surfaces, including inland waters such as lakesdamds, through
the use of the Medium Resolution Imaging Spectron{MERIS).
The potential of this instrument to describe vévia of optically
active substances has been examined in the Alggdeve located

The parameters analysed in this study are chlotbphy
cyanobacteria and TSS, all obtained fronsitu analysis (Serafim
et al., 2006). All of these quantities are impottiadicators of the
water quality, therefore their monitoring is of aamount
importance.

The neural network employed is a backpropagatioa (ee
online athttp://www.gnetv2k.com/gnet2000doc.hHtnwhich is an
extremely effective learning tool that can be agyplto a wide

in the south of Portugal, where satellite spectealiances are \ariety of problems. Backpropagation related pamadigequire
correlated within situ measurements of several bio-optical Watersupervised training. This means they must be tausing a set of

quantities. MERIS data has already been used to shedwater
quality of lakes (Bukata et al., 1995; Reinart andr&in, 2004;
Odermatt et al., 2007), including Alqueva artificiake (Potes et
al., 2007). Nevertheless, a new methodology is aitqul here,

training data where known solutions are supplikdthis study, the
neural network is trained using water surface ctdleces at ten
different wavelengths (Table 1), as well as therespondingin
situ measurements of the abovementioned bio-opticahtijies

based on a neural network approach, which bettertrea the need  (chiorophyll-a, cyanobacteria and TSS). Subseqygithté artificial
to compare thén situ measurements with the spectral satellite datagral network  is employed to estimate the sameopiizal

An artificial neural network is a mathematical engutational
model based on biological neural networks. In nmastes it is an
adaptive system that changes its structure basedxtminal or
internal information that flows through the netwodkring the
learning phase. In more practical terms, neuravords are non-
linear statistical data modelling tools. They canused to model
complex relationships between inputs and outputstoorfind
patterns in data.

In the present work, the atmospherically correcsatellite
measurements, representative of the water surfguectral

quantities for different situations, that is onlyetwater surface
spectral reflectance is provided. In this way, st possible to
estimate the water quality parameters whenever ethare
atmospherically corrected water surface reflectavalaes at the
ten wavelengths (Table 1). This enables the eniaegé of the
spatial, as well as temporal coverage ofithaitu measurements,
which are routinely taken locally, once a month.

Tabela 1 -Comprimentos de onda MERIS utilizados(MERIS

reflectance, together witln situ measurements of chlorophyll-a, Wavelengths used)

cyanobacteria and total suspended solids (TSS)used to train
the artificial neural network used, which allowsbsequently for
determining the variations of these limnologicakgmaeters for
situation when nén situ data is available.

2. METHOD

MERIS spectral
atmosphere are corrected for the atmospheric sffecobtain the
surface spectral reflectance, which can in turnelteged with thén
situ measurements of limnology (Bukata et al., 1995).

For this purpose, the 6S radiative transfer modelused
(Vermote et al., 1997). The necessary inputs pealig the code
are: the solar and satellite geometry; the aerdsalacterization in
terms of concentration, size distribution and cleatomposition,
and the water vapour vertical column concentratioeing the
latter two obtained from the AERONET site locatedtlie CGE
observatory in Evora (see online at http:/aergsét.nasa.gov/);
the ozone column concentration is obtained from MERNVel 1b
data. The radiative transfer calculations allow @dtaining the
corrected surface spectral reflectance, which aserdial to study
the surface water properties.

radiances measured at the top of the

MERIS band Central Band width (nm)
number wavelength (nm)
1 412,5 10
2 4425 10
3 490 10
4 510 10
5 560 10
6 620 10
7 665 10
8 681,25 7,5
9 708,75 10
10 753,75 7,5

3. RESULTS

The maps in the next figures illustrate the resolitained for
Algqueva Dam on 6 February 2006. Figure 1 referslaoophyll-a
concentration, Figure 2 to cyanobacteria perceraagerigure 3 to
TSS concentration.
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Figura 1 - Concentracéo de clorofila-a obtida para 6 de Fever® de
2006, Barragem de AlquevdChlorophyll- a concentration obtained for
6 February 2006, Alqueva Dam.)
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Figura 2 - Percentagem de cianobactérias obtida para 6 de Fee&o
de 2006, Barragem de AlquevéCyanobacteria percentage obtained for
6 February 2006, Alqueva Dam.)
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Figura 3 - Concentracéo de solidos suspensos totais (SST) datpara
6 de Fevereiro de 2006, Barragem de Alqued@otal suspended solids
(TSS) concentration obtained for 6 February 20068igeva Dam.)

4. CONCLUSION

The study enhances the great capabilities of MERIS®,
associated with a powerful mathematical tool sagtan artificial
neural network, to monitor the quality of inland ters. The
methodology allows to retrieve the chlorophyll-adamSS
concentrations, as well as the cyanobacteria peges. Although
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results are preliminary, the comparisons with ireeent
measurements give encouraging results.

Critical issues for the water quality parameteriegal from
satellite spectral measurements are the existehneasurements
that allow for an accurate atmospheric correctidgfurther
investigation is planned, including a campaign ireatly measure
the water surface reflectance, aiming at validatihg method
followed here.

5. ACKNOWLEDGEMENTS
The work was funded by the Portuguese FCT througfegts

PDCTE / CTA / 49826 / 2003 and POCI / CTE-ATM / 59773 /

2004.

Image data has been provided by ESA in the frame of

ENVISAT projects AOPT-2423 and AOPT-2357.

The authors wish to thank Prof. Ana Maria Silva lier effort
in establishing and maintaining Evora AERONET STiee authors
also thank Prof. Maria Manuela Morais and the Watdyoratory
of the University of Evora, EDIA and INAG for prioling the
water quality in situ measurements used in thiskwor

6. REFERENCES

Bukata, R. P., Jerome, J. H., Kondratyev, K. YaPRd&zdnyakov, D. V.
(1995): “Optical Properties and Remote Sensingultaind and Coastal
Waters”, CRS Press.

Odermatt, D., Nieke, J., Kneubuhler, M., ltten, (R007): Time Series of
Automatically Determined Chlorophyll-a in Swiss lesk based on
MERIS Data in 2003-2006"Proceedings of the Envisat Symposium
2007, 23-27 April 2007, Montreux, Switzerland. SP-6BI8,462691.

Potes M., M.J. Costa and J.C.B. da Silva (2007jud$ of the Water
Quality of Algueva Artificial Lake in the South dPortugal Using
MERIS Data”. Proceedings of the Envisat Symposium 2007, 23-27
April 2007, Montreux, Switzerland. SP-636, N° 46044

Reinart, A., Pierson, D., (2004): “Water Quality Mtring of Large
European Lakes using MERIS Full Resolution Dalaxgc. of the 2004
Envisat & ERS Symposium, Salzburg, Austria.

Serafim, A., Morais, M., Guilherme, P., Sarmento, Ruivo, M. &
Magrico, A. (2006): “Spatial and temporal heteragign in the
Alqueva reservoir, Guadiana river, Portugdlimnetica, 25(3), 771-
786.

Vermote, E., Tanré, D., Deuzé, J.L., Herman, M. &rbtette, J.J. (1997):
“Second simulation of the signal in the solar speut(6S): User guide
version 2", 218pp.



