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données sous une forme directement utilisable par les scientifiques et les techniciens. En 
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pas d'interprétation des bnndes. Ces compilations sont préparées le plus souvent à 
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ABSTRACT 

Fuentes-Yaco, C., P. Larouche, A. Vkzina, C. Vigneau, and M. Gosselin. 1995. Catalogue of 
phytoplankton pigment images from the Gulf of St. Lawrence: Coastal Zone Color Scanner 
data from 1979 to 198 1. Can. Data Rep. Hydrogr. Ocean Sci. 135: v + 91 p. 

This catalogue presents surface phytoplankton pigments concentrations (chlorophyll u plus 
phaeophytin) calculated using Coastal Zone Color Scanner (CZCS) images of the St. Lawrence 
Gulf. The data set consists of 80 images taken between M x h  and Septeinber for the yeass 1979 to 
1981. 

Fuentes-Yaco, C., P. Larouche, A. Vkzina, C. Vigneau, and M. Gosselin. 1995. Catalogue of' 
phytoplankton pigment images from the Gulf of St. Lawrence: Coastal Zone Coloi Scanncr- 
data from 1979 to 1981. Can. Data Rep. Hydrogr. Océan Sci. 135: v + 9 1 p. 

Ce catalogue prksente les concentrations de pigments de phytoplancton (chlorophylle ~r plus 
phaeophytin), calculees à partir des images du capteur Coastal Zone Color Scanner (CZCS) du 
Golfe du Saint-Laurent. Les donnees consistent en 80 images captées pendant la période compi-isi: 
entre les mois de mars et septembre, pour les années 1979 à 198 1. 



PREFACE 

This catalogue presents results of satellite remote sensing studies of ocean colour in the Gulf of St. 
Lawrence. This project was a joint effort between the Maurice Lamontagne Lnstitute of the canadian 
Department of Fisheries and Oceans and the Departement d'Océanographie of the Universite du 
Quebec à Rimouski. This report is part of the program "Recherche multidisciplinaire sur le climat 
oceanique du golfe du Saint-Laurent" of the Maurice Lamontagne Institute. The results are part of 
Cesar Fuentes-Yaco Ph. D. studies at the Universite du Quebec à Rimouski. 
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1.0 INTRODUCTION 

The Gulf of St. Lawrence (Fig. 1) is a semi-enclosed coastal sea located between 45-52' N and 56- 
70' W. Historical data obtained using standard shipboard methods have established that the 
phytoplankton pigment distribution pattern in the Gulf of St. Lawrence (GSL) is inl'luenced by the 
local physical and meteorological characteristics as well as by the availability of nutrients. Because 
of the large spatial and seasonal scales in the GSL, this sea cannot be considered homogeneous 
(Steven 1975; De Lafontaine et al. 1991) but is more accurately characterized as a large atypical 
estuarine ecosystem (Koutitonsky and Bugden 1991). 

To increase our knowledge of the spatio-temporal variability of phytoplankton pigrilents at 
intermediate and large synoptic scales, we analyzed remote sensing data from the Coastal Zone 
Color Scanner (CZCS). This sensor has often been shown to be useful for evaluating 
phytoplankton pigment distribution (Barale and Schlittenhardt 1993). The main ob jcc tive o f  the 
study was to describe the photosynthetic pigment concentrations (chlorophyll u and'pliacophytin) 
in the GSL as imaged by the CZCS. This catalogue presents the co~llplete set of images that were 
analysed. It is the most extensive number of synoptic views of phytoplankton pigments 
distribution available for the Gulf of St. Lawrence. 

2.0 METHODS 

At the begining of the study, 141 CZCS image I'iles (levcl 1 ) 01 the GSL wcic sclcclccl Irom 
NASA's browse data base. They covcr the ice-t'rec period cxtcnding I'rom Marc11 10 Octobci. 
between 1979 and 198 1. While the CZCS was operatic~nal until 1986, wc did not lise iinagcs ,il lcr 
1981 because the sensor was affected by erratic sensitivity losscs. The original set 01 14 1 I iles was 
then further reduced to 80 images by eliminating files whose intrinsic noise or crrors wei-c LOO high 
to allow accurate processing. Furthermore, some images that had been split into two scgmcnts 
were pasted together. The number of images is roughly equal for the three years st~idied (Table 1 ) ;  
however, the monthly distribution is not homogeneous, with the months of Junc and J~ily having a 
greater nurnber of images. Appendix 1 presents the charactcristics ol' the images uscd in the 
project. 

Corrections of radionletsic values were performed by applying the calibration coe1Sicients proposed 
by Williams et al. (1985) and the sensor sensitivity reduction correction I'actors of Gordon et  611. 

(1983b). Ekstein and Siiilpson's (1991a) method was used to mask cloiids and gi-ound, whilc 
pixels contaminated by signal overt'low werc dctected ~ising the Mucllcr (1988) proccdurc. 
Molecular scattering (Rayleigh) was evaluated using a single scattering mode1 (Gordon et (11. 
1983a) modified with a solar extraterrestrial radiance coel'ficient (Ekstein and Simpsun 1991 h) and 
an ozone optical depth value (Sturm 198 1). 

For the aerosol subtraction step, we used an interactive acrosol removal technique (Asnone and 
Laviolette, 1984) that is based on the fact that aerosol radiances at different wavclengths arc well- 
correlated over large areas while the water and aerosol spatial structures arc not. The Rayleigh- 
corrected CZCS band 4 (670 nm) is weighted by ü function of' the Angstriim cocl'ficicnt and 
substracted from each of the three visible Rayleigh-correctcd channels iintil the distinct spatial 
aerosol structures, if present, disappear. After the atmosphcric corrections wcre complctcd, the 
phytoplankton pigments werc calculatcd using the algorithm proposed by Gordon et cil. ( 1YX3a). 



Table 1. Time distribution of the final set of images 

Year April May June July August Sept. Total 

1979 2 5 7 7 5 2 28 

1980 3 3 6 5 6 3 26 

198 1 2 3 8 7 4 2 26 

Total 7 11 2 1 19 15 7 8 O 

Non-chlorophyll water components (suspended matter and coccoliths) contaminated the 
phytoplankton pigment calculations to different degrees. To detect these contaminated waters, the 
atmospherically corrected radiance files (CZCS bands 1, 2 and 3) were converted into reflêctances 
(Holligan et al. 1989) and then into IntensityIHuelSaturation (IHS) (Kruse and Raines 1984). The 
suspended matter and coccolith spectral signatures in the IHS color space were then used to 
determine and flag the pixels contaminated by non-phytoplankton material. In itself, this approach 
was not capable of detecting the dissolved organic matter (DOM) that nlay be present in the water. 
However, as most of the DOM is generally of terrestrial origin, we believe that it was probably 
included in the suspended sediment inasking process. 

The final processing step was the geoiiletric correction of the iniages. Wc ~iscd the scorcfcrcnccd 
data included in the CZCS level 1 files to produce a first approxiination correction. Wc Lhcn 
precisely adjusted this correction on a stereographic projection using the World Data Bank Fca ture 
Codes. The nearest-neighbour method was used as the rcsampling schcme in order not to distort 
the pixel's pigment content. The overall location accuracy is bettes than 1 pixel. We tricd as much 
as possible to retain the original spatial sesolution of CZCS throughout Lhc data proccssing. 

To evaluate the precision of the atmospheric correction, a validation of the calculated chlorophyll- 
like pigments was perfornled. Simultaneous irz sitii n~easuremcnts and satellite records were rixe 
for the area and time frame under consideration. Data were only avuilable fronl the lower St. 
Lawrence Estuary (J.-C. Therriault, unpublished data; Koutitonsky et uI. 1980), and from Jacques 
Cartier Strait and the Esquimalt Channel (P. Larouche, unpublished data). To do the coiilparisc~n, 
we calculated the mean chlorophyll a plus phaeophytin content measured in the top t'ifth of the 
euphotic layer. These values were then compared to the mean value of non-contaminatc~i pigmenls 
calculated over a 3x3 tile surrounding the central pixel corresponding to the location ol' the 117-sin1 
measurement. Figure 2 shows, the result of a lincar regsession mode1 applied to the data. The fit 
between the two sets of ineasurenlents appears very good and certainly within the t'actor of ~ w o  
generally found in similar studies. 

Images in appendix 2 show phytoplankton pig~llent n concentralions for spccific dates as calculatcd 
from CZCS data. Pigrnent concenti-ations (mg are colour-codcd l'rom blue and grccn (low 
values) to yellow and red (high values). The gray areas represent pixels contamiilatcd hy 
suspended matter (Sed) andlos unavailable data (Ndt). White a e a s  indicate overl'low (Ovf) nndlos 
erroneous (Ers) areas. The ground (Grd) andlor cloud (Cld) musk is shown in black. 
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Figure  1. Map of t h e  Gulf of S t .  Lawrence ecosystem. 





APPENDIX 1 

CHARACTERISTICS OF THE IMAGES USED IN THE PROJECT 



DATE (DAY-MONTH-YEAR) TIME (UTC) ORBIT NUMBER GAIN 







APPENDIX 2 

IMAGES OF THE CALCULATED PHYTOPLANKTON 
PIGMENT CONCENTRATION (mg m-3) 
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