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1. Introduction
The analysis based on the digital images obtained from the MODIS, Landsat and ASTER satellites had shown that the Chlorophyll-a (Chl-a) content in estuarine environments in Sri Lanka is positively correlated with green band reflectance and negatively correlated with red band reflectance and therefore, the reflectance ratio of green channel to red channel had shown to be a reliable parameter to estimate Chl-a content in inshore coastal environments of Sri Lanka [1],[2]. The objective of this study was to test the feasibility of using the digital images of another satellite, namely the Advanced Land Observing Satellite (ALOS) for Chl-a mapping in the Negombo estuary and Puttalam lagoon, Sri Lanka.
2. study sites
The Negombo estuary (7o6’ – 7o12’ N; 79o40’ – 79o53’ E) is a shallow basin estuary in the Western coastal region of Sri Lanka (Fig. 1). The surface area of the estuary is around 35 km2 with a length of  about 10 km and a width of about 3.5 km at its widest points. Its mean depth is about 1.2 m [3]. Puttalam lagoon (7º45’- 8º25’ N; 79º 40’-79º 50’E) is one of the largest lagoons of Sri Lanka located in the north-western coastal belt (Fig. 2). It covers an area of about 230 km2. Both water bodies are of great significance to the local people due to the existence of productive fisheries. 
3. Methodology
3.1 In-situ data collection

In-situ measurement of Chl-a in Negombo estuary and the Puttalam lagoon was carried out at monthly intervals from January 2008 to January 2009. Water samples to detect the Chl-a content were taken in triplicate from 5 randomly selected sites in Negombo estuary and 15 randomly selected sites in Puttalam lagoon covering the entire water body (Figs. 1 & 2). The geographic location of each sampling site was recorded using a handheld GPS. Chl-a data were determined in laboratory using a spectrophotometer as described by [4].

3.2 ALOS image 
The ALOS has two optical sensors called PRISM and AVNIR-2, and an L-band Synthetic Aperture Radar called PALSAR. The wavelengths covered by the AVNIR-2 sensor include Band 1-blue (0.42-0.50 μm), Band 2-green (0.52-0.60 μm), Band 3-red (0.61-0.69 μm) and Band 4- near IR (0.76-0.89 μm) [5] spectra. Six ALOS images acquired for Negombo estuary on 10th February, 28th March 2007, 13th February 2008, 15th February, 03rd October 2009 and 18th February 2010 and eight images acquired for Puttalam lagoon on 28th March, 14th April 2007, 01st March 2008, 04th March , 05th December 2009, 20th January, 23rd July and 23rd October 2010 were analyzed in this study.
3.2 Data processing
In-situ Chl-a data collected on 2008.02.13 in Negombo estuary and 2008.03.01 in Puttalam lagoon were regressively analyzed with ALOS band ratios of the same date. The regression equation of the ALOS band ratio with the highest correlation was used to develop algorithms for generation of 10m resolution Chl-a distribution maps for Negombo estuary and Puttalam lagoon using atmospherically corrected time series ALOS imageries. A simple atmospheric correction, namely darkest pixel technique was performed in this study. From an operational point of view, the darkest pixel approach is preferred over more sophisticated techniques that require many atmospheric and meteorological data [5]. This technique is based on 2 assumptions: The first assumption is that the darkest pixel of the image on water area is due to the total absorption of light and the radiation light recorded by this pixel comes from the atmospheric path radiance. Secondly it is assumed that the atmospheric path radiance is uniform all over the image [6]. The darkest pixel was found by searching for the lowest value over water for all wavelengths. 

4. results
Figure 3 displays the 2-dimentional plot of the in-situ Chl-a content against ALOS [B2/B3] for the Negombo estuary and Puttalam lagoon. The correlation between ALOS B2/B3 and in-situ Chl-a content was found to be very high (R2=0.91). This ratio was used for the generation of ALOS-based Chl-a maps for these two water bodies. Figures 4 and 5 show 10m resolution Chl-a distribution maps of Negombo estuary and Puttalam lagoon respectively estimated from ALOS band 2/3 ratio using the developed algorithms. Results indicated that there were no eutrophic conditions in the Puttalam lagoon throughout the study period. However, localized eutrophication was recorded at the head region of the Negombo during certain periods of the year.
5. Discussion
 Results indicated that Chl-a distribution in Sri Lankan estuaries could be estimated using ALOS band 2/3 ratio. The Chl-a content was found to be significantly high in water stagnant areas of the Negombo estuary.  These areas also showed eutrophic conditions. Sudden fish kills often observed in Kuda ela area are the result of such eutrophic conditions. Domestic waste and waste from fish drying places directly enter this area resulting in high accumulation of nutrients. This, coupled with the disturbances caused to the circulation of water as a result of narrowing of the outlet channels leads to high algal growth and finally to sudden fish kills. High resolution Chl-a distribution maps as those developed in this study are useful to predict the areas prone to high eutrophication and therefore these studies would be helpful to mitigate the problems such as unpredicted fish kills in future. 
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Fig. 1. Map of Negombo estuary with in-situ Chl-a sampling locations.





Fig. 2. map of Puttalam lagoon with in-situ Chl-a sampling locations.





Fig 3. Correlation between the in-situ Chl-a and the ALOS [B2/B3]





Fig. 4. Example of Chl-a distribution map of Negombo estuary on Feb 13, 2008 derived from ALOS band 2/3 ratio 








Fig. 5. Example of Chl-a distribution map of Puttalam Lagoon on Mar 01, 2008 derived from ALOS band 2/3 ratio
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