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ABSTRACT: Analysis on the relationship of chlorophyll-a and sea surface temperature helps us understand the 

distribution of fish species in the sea. Remotely-sensed data provide great alternatives in understanding these 

characteristics. Normalized fishing season map of chlorophyll-a concentration and sea surface temperature derived 

from a regression model converting Landsat 8 OLI image reflectance and radiance, around the municipal water of 

Carmen, Agusan del Norte were used to estimate the distribution of small pelagic fish species in relation to the 

seasonal variation of chlorophyll-a concentration and sea surface temperature. Participatory mapping with local fisher 

folks was conducted and fishing grounds were located where each fish catch were observed and recorded.  Using the 

normalized fishing season for December, January and February (DJF), chlorophyll-a map, and sea surface 

temperature map, each fishing grounds were analyzed and it shows that the chlorophyll-a concentration of each point 

varies from 0.4 mg/m3 to 0.6 mg/m3 and its corresponding sea surface temperature varies from 20°C to 20.5 °C. Using 

multivariate statistical analysis (MSA), fishing grounds were classified based on their similarities and dissimilarities 

and a regression model was developed based on the values of chlorophyll-a and sea surface temperature. Out of seven 

species, only two resulted into an R2 > 0.50. Each equation were employed in estimating the catch distribution of the 

two fish species. 

 

1. INTRODUCTION 

 

Fishing is one of the activity which provides food and income to the Filipinos. And as fishers, Filipinos are well-

versed on the areas to which abundance of different fish species occur.  Changes in fish distribution in each areas 

occur due to varying characteristics of seawater in that particular period. That is the reason “no catch” days occur. 

High catch occurs when seasonal abundance of fish species in the country occurs in different periods or biological 

conditions in which fisher folks has already the knowledge when. 

 

This study is all about mapping and estimating the distribution of fish species and the effects of different sea water 

characteristics to the distribution in municipal water of Carmen, Agusan del Norte by employing remote sensing 

techniques and statistical analyses in which resulting models were utilized to generate maps using Geographic 

Information System. A distribution map was produced and analyzed based on the fishing grounds where fisher folks 

commonly do their fishing activities. Two sets of points were collected as sampling points, the first set of points were 

identified by the fishermen and second set of points were pre-identified from the satellite image. In this study, 

chlorophyll-a concentration and sea surface temperature were used as the main seawater characteristics and was 

analyzed on how this two characteristics affect the distribution of fish species. 

 

Chlorophyll-a, an ubiquitous photosynthetic pigment often associated with other pigments in freshwater and coastal 

marine phytoplankton, would serve as a useful indicator for both the photosynthetic potential and biomass of 

phytoplankton (Flemer, 1969). Phytoplankton are photosynthesizing microscopic organisms that inhabit the upper 

sunlit layer of almost all oceans and bodies of fresh water (World Heritage Encyclopedia). They are agents for 

"primary production," the creation of organic compounds from carbon dioxide dissolved in the water, a process that 

sustains the aquatic food web (World Heritage Encyclopedia) (Ghosal, et al., 2011). At present, different satellite 

images are available which estimates the presence of ocean chlorophyll through instruments onboard of satellites. 

Moderate Resolution Imaging Spectroradiometer (MODIS) aboard the Terra (EOS AM) and Aqua (EOS PM) 

satellites is an example of an instrument which measures the chlorophyll-a concentration of oceans around the world 

that are available at any time. Like chlorophyll-a, sea surface temperature can also be measured through instruments 
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on board of satellites like the MODIS instrument of Aqua and Terra Satellites and the Thermal Infrared Sensor of 

Landsat 8 satellite. 

 

Through the advent of modern technologies, chlorophyll-a concentration and sea surface temperature were commonly 

used by some studies as basis in studying the behavior of marine biodiversity since acquiring data of these two 

characteristics is not that hard. Satellite images for chlorophyll-a concentration and sea surface temperature are 

available.  

 

The main objective of this study is to generate a distribution map of small pelagic fish species in the municipal waters 

of Carmen, Agusan del Norte in relation to seasonal variation of sea surface temperature and chlorophyll-a 

concentration and analyze the seasonal changes and relationship of chlorophyll-a and sea surface temperature and its 

effects in the distribution of small pelagic fish species. However, small pelagic fishes consist of many species, hence, 

this study will focus only to the distribution of small pelagic fish species that will be recorded during the period of 

validation of fish catch in the study area.  

 

 

2. STUDY AREA 

 

This study was conducted in the municipal waters of Carmen, Agusan del Norte. Carmen is one of the coastal 

municipality of Agusan del Norte. Carmen is the first town of Agusan del Norte that is strategically located in the 

Western Agusan Corridor. It is bounded on the north by the Butuan Bay, on the South by the municipality 

of Buenavista, on the east by the municipality of Nasipit and on the west by the province of Misamis Oriental. Carmen 

is a fourth class municipality, has a total land area of 21,142 hectares and a population of 19,781 (2010). In Carmen, 

fishing is one of its primary source of income since the municipal water is part of Butuan Bay which is the primary 

source of marine resources in Agusan del Norte. 

 

 

 

 

 

3. METHODOLOGY 

 

This study used MODIS Aqua and Landsat 8 OLI+TIRS satellite images which was converted into Chlorophyll-a 

and SST maps using remote sensing techniques. Field survey was conducted in order to record actual fish catch for 

every sampling point. Using GIS software, the data gathered from field survey, and chlorophyll-a map and SST map, 

were manipulated to generate a distribution map. Multivariate Statistical Analysis (MSA) were used to classify the 

Figure 1. The study area 



 

 

sampling points and develop an equation using linear regression to create an estimated distribution map of fish 

species. 
 

 

Figure 2. The methodology framework of the study 

 

3.1 Satellite Images and Processing Techniques 

 
Satellite images used in this study was Landsat 8 OLI + TIRS images downloaded from Earth Explorer USGS 

website. One image per season without or with less clouds in the municipal waters of Carmen were downloaded from 

the above-mentioned website that was atmospherically corrected using radiometric calibration from ENVI® 5.0 

Software. Two corrected images for every season were produced where each digital number value per pixel were 

converted into reflectance and radiance.  MODIS Aqua chlorophyll-a image was also used in this study. 

 

3.1.1 Chlorophyll-a Image Processing 

 

In processing chlorophyll-a image, this study utilized atmospherically corrected Landsat 8 OLI image with reflectance 

value per pixel and 4-kilometer daily MODIS Aqua chlorophyll-a image.  

 

Blue, green, red and near infrared band from Landsat images are most associated with chlorophyll-a (Han, n.d.). 

Using these bands, band ratio algorithm was then developed combining two bands. Each band ratio was evaluated in 

order to determine which among the band ratios can give regression models with better coefficient of determination 

(R2). 

 

 



 

 

 

 

3.1.2 Chlorophyll-a Model 

In developing chlorophyll-a model, fifteen (15) sampling points were selected from the MODIS Aqua chlorophyll-a 

image with corresponding geographic coordinates and chlorophyll-a concentration per point. The image was 

processed using SeaDAS® 7.0.2 software downloaded from Ocean Color website of NASA.  

 

Since each point has known geographic coordinates, reflectance value for each sample point was then recorded using 

the different band ratios from the atmospherically corrected Landsat 8 OLI image. The reflectance from each band 

ratio and chlorophyll-a concentration was correlated using Microsoft Excel to generate the best regression model for 

chlorophyll-a. 

 

Table 1. R-square with different regression models. 

Regression 
Landsat 8 Band Ratios R2 

B2/B3 B2/B4 B2/B5 B3/B4 B3/B5 B4/B5 

Exponential 0.7667 0.6153 0.2949 0.0668 0.0246 0.0274 

Linear 0.8517 0.6253 0.2566 0.0375 0.0066 0.0089 

Quadratic 0.864 0.7303 0.374 0.3764 0.6587 0.5822 

Logarithmic 0.8582 0.5683 0.2129 0.0491 0.0037 0.0319 

 

As observed from the Table 1, band 2/band 3 or blue/green band has the highest R2 out of six band ratios. Thus, this 

band ratio was 

considered to 

yield a good 

R2 in 

determining the 

regression model. 

The plot in Figure 

4 shows an R2 of 

86.4% for the 

band ratio band 

2/band 3. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

y = 0.9573x2 - 4.2494x + 5.0618
R² = 0.864
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Figure 3. Methodological flow for Chlorophyll-a Map Processing 

Figure 4. Chlorophyll-a Band Model derived from Band 2 over Band 3 of Landsat 8. 



 

 

3.1.3 Generating Chlorophyll-a Map 

 
After developing band model for chlorophyll-a, the regression model is now applied to the raster image of Landsat 8 

OLI to convert each pixel of the image from reflectance to chlorophyll-a concentration. Then, land and cloud masking 

was done in order to eliminate the values of the land and the clouds features from the image since the study is focusing 

on the body of water. Lastly, density slice was done in order to classify the values of chlorophyll-a for each pixel and 

convert the raster image into shapefile that will be used in generating the final output of the study. 

 

3.1.4 Sea Surface Temperature (SST) Map 

 

In generating sea surface temperature (SST) map, formulas for converting radiance values of each pixel into units of 

temperature (from Kelvin then converted to degree Celsius). Landsat 8 TIRS image was used in this process. 

 

First, Landsat 8 TIRS image was corrected and converted its digital number values of each pixel into radiance using 

Radiometric Correction from ENVI 5.0 Software. Then, the radiance values was converted to Kelvin using the 

equation: 

 

    Temp K = K2 / ln (K1/x + 1)             (1) 

  where:  

  x = Radiance value 

  K1 = Calibration constant 1 for Landsat 8 TIRS images 

  K2 = Calibration constant 2 for Landsat 8 TIRS images    

 

Using Band Math Function of ENVI 5.0, the equations are applied and the resulting Kelvin values were converted to 

degree Celsius by subtracting 273.15 from the Kelvin values. 

 

After converting the digital values to temperature value (°C), land and cloud masking was applied in order to eliminate 

the values of land and clouds and to generate a raster map. Finally, Density Slice will be applied in order to classify 

the sea surface temperature pixel values and convert the raster map into shape file to be used in the final output of the 

study.  

 

3.2 Multivariate Statistical Analysis 

 

After actual fishing of predetermined points and actual fishing grounds, fish catch data were recorded (fish species 

name, catch number and weight). Using the geographic locations of points, the corresponding chlorophyll-a 

concentration and sea surface temperature of each point were also recorded. After gathering data and tabulating it, 

cluster analysis was employed to group the validation points sharing similarities and/ dissimilarities of characteristics 

and to identify the group which can describe more the validation points. A Multiple Linear Regression (MLS) models 

were used to identify which cluster will be used. 

 

3.3. Participatory Mapping 

 

Acknowledging the valuable knowledge of the kings in the fishing grounds, a participatory mapping was conducted 

to produce an initial distribution of fish species for this study. During the participatory mapping, 25 fisher folks were 

invited to contribute in the participatory mapping. Also, each participating fisherman was interviewed about their 

fishing methods and experiences. A map of municipal water of Carmen was presented to them in order for them to 

locate their fishing grounds and the different fish species they caught at that area. They were also asked to provide 

information on fishing seasons per fish species and the volume of their fish catch.  

Figure 5. Flowchart for SST Map Processing. 

 



 

 

 

3.4 Linear Regression and Distribution Estimation 

In order to estimate the fish distribution map, an equation was generated using linear regression analysis under the 

SPSS® 16.0 platform. These equations used chlorophyll-a concentration, sea surface temperature and catch weight. 

Species with most number of catch location were analyzed and models with R-square greater than 0.5 were 

considered. These equations were applied using Raster Calculator function of ArcMap 10.1 resulting to an estimated 

distribution map of selected species. These equations used the raster maps of chlorophyll-a concentration and sea 

surface temperature of each normalized fishing season. 

 

 

 

 

4. RESULTS AND DISCUSSION 

 

Based from the results of field validation and image processing, the chlorophyll-a concentration of each point varies 

from 0.4 mg/m3 to 0.6 mg/m3 and its corresponding sea surface temperature varies from 20°C to 20.5 °C. Fishing 

grounds with chlorophyll-a values ranging from 0.5 mg/m3 – 0.6 mg/m3 corresponds to a strong fish catch which 

varies from 4.25 kg – 19 kg and an average of 10.05 kg per point. While points with 0.4 mg/m3 – 0.5 mg/m3 

corresponds to a catch of 3 kg – 12 kg and an average of 7.55 kg which is lower than the average of previous group 

of validation points. 

 

4.1 Normalized Fishing Season Maps 

 

A normalized fishing season map was generated using the data gathered from the field observation and validation, 

the chlorophyll-a concentration map and the sea surface temperature map. Each season was represented by two maps 

(chlorophyll-a map and sea surface temperature map) overlaid with fishing hotspot locations in which these maps 

were used to analyze the changes of the distribution of small pelagic fishes that corresponds to the movement and 

changes of chlorophyll-a concentration and sea surface temperature.  

 

 

 

Figure 6. Normalized Fishing Season Sea Surface Temperature Map 

Figure 7. Normalized Fishing Season Chlorophyll-a Map 



 

 

4.2 Distribution of Small Pelagic Fishes 

 

Based from the data gathered from the participatory mapping, normalized fishing season of March-April-May 

(MAM) is considered a strong catch month for every fisher folks having different fishing gears. And as observed 

from the chlorophyll-a map and SST map, MAM season has a range of 0.4 mg/m3 to 1.2 mg/m3 and an average of 

0.572399 mg/m3 for the whole area of Carmen and 0.45304 mg/m3 for the whole bay. In case of sea surface 

temperature, MAM season is summer and SST ranges from 20°C to 26°C and an average of 24.18021°C and 

24.27153°C. This season is good for fishing small pelagic fishes such us scads, trevallies, sardines, anchovies and 

breams. By observing the fishing hotspots, every point is considered a good spot for fishing since the range and 

movement of chlorophyll-a is good and the sea surface temperature is in good condition.  

 

For normalized fishing season of June-July-August (JJA), chlorophyll-a concentration ranges from 0.4 mg/m3 to 1.3 

mg/m3 and an average of 0.567941 mg/m3 for the whole area of Carmen and 0.92304 mg/m3 for the whole bay. In 

case of sea surface temperature, JJA season’s SST ranges from 20°C to 21°C and an average of 20.11034°C and 

20.20559°C. This season is also considered a strong fishing season. As observed from the map, the concentration of 

chlorophyll-a of every fishing hotspots is increasing from the center of the bay up to the coastal areas. This means 

that hotspots near the coast (1 km from the coast) has a stronger catch. 

 

For normalized fishing season of September-October-November (SON), chlorophyll-a concentration ranges from 0.4 

mg/m3 to 1.17 mg/m3 and an average of 0.515682 mg/m3 for the whole area of Carmen and 0.5153794 mg/m3 for the 

whole bay. In case of sea surface temperature, SON season’s SST ranges from 19°C to 21°C and an average of 

20.72°C and 20.10°C. This season is also considered as a strong season for fishing since it has a cooler temperature 

and high average of chlorophyll a concentration all over the bay. Each hotspot can be considered as a strong one since 

the area has high chlorophyll-a and cooler temperature.  

 

For the normalized fishing season of DJF, which was also used in the observation for validation, the chlorophyll- 

concentration varies from 0.4 mg/m3 to 0.7 mg/m3 and an average of 0.492626 mg/m3 for the whole area of Carmen 

and 0.456341 mg/m3 for the whole bay. In case of sea surface temperature, DJF season’s SST ranges from 18°C to 

21°C and an average of 20.30°C and 20.65°C. Fishing hotspots has varying concentration of chlorophyll-a and a 

much cooler temperature. 
 

4.3 Relationship of Chlorophyll-a and SST 

 

The relationship of chlorophyll-a and sea surface temperature shown in the graph below, is calculated using the mean 

chlorophyll-a concentration and mean sea surface temperatures of each normalized fishing season for the whole bay 

area. It is observed based on the graph that the two characteristics are inversely proportional which means that 

chlorophyll–a concentration increases while sea surface temperature decreases. These phenomena are due to the 

upwelling process. When upwelling occurs, the bottom layer with colder water and rich nutrient will rise to the surface 

and will encourage phytoplankton blooms (S. Nurdin, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4 Multivariate Statistical Analysis Results 

 

Figure 8. Relationship of Chl-a and SST 
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Hierarchical Cluster Analysis was run for the classification of fishing grounds. From this results, fishing grounds 

were classified into five groups having similarities. The first cluster is composed of five (5) validation points 1,2,3,4 

and 10. The second cluster are validation points 5 and 12 in which they share SST ranging from 20.44°C – 20.46°C. 

The third cluster are points 5, 11 and 12 where in this group of validation points have the same fish species caught. 

The fourth clusters is represented by validation points 6, 7, 8, 9 and 11 in which their SST ranges from 20.21°C – 

20.27°C. Lastly, the fifth cluster is composed of points 16, 17, 18, 19 and 20 where in these locations, the chlorophyll-

a concentration is ranging from 0.45 mg/m3 - 0.47 mg/m3. 

 

4.5 Regression Model for Selected Small Pelagic Fishes 

 

The selected fish species presented in the previous maps were analyzed using linear regression. Two of the seven 

species has R2 more than .50. Using these species, an equation using the coefficients derived using SPSS® 16.0.  

 

The first estimated seasonal map generated was for the giant trevally (Wangog). The regression model for this species 

has an R2 of .540 based on its relationship to chlorophyll-a and SST. An equation was formulated resulting to catch 

volume based on its relationship with both chlorophyll-a and sea surface temperature. The equation is: 

 

    Est. Catch = 16.676 (SST) – 10.256(Chla) -328.96                                   (2) 

 

 

For the second species, Limbahon, this species has an R2 of .829 based on its relationship to chlorophyll-a and SST. 

Also, an equation was formulated resulting to catch volume based on its relationship with both chlorophyll-a and 

sea surface temperature. The equation is: 

 

Est. Catch = 4.605 (SST) + 30.629(Chla) – 107.305      (3) 

 

 

 

 

 

Figure 9. Estimated Seasonal Distribution of Giant Trevally 

 

Figure 10. Estimated Seasonal Distribution of Limbahon 

 



 

 

5. CONCLUSION 

 

The main objective of this study was to estimate the distribution of small pelagic fishes in Carmen, Agusan del Norte 

in relation to seasonal variation of chlorophyll-a concentration and sea surface temperature. Results of this study 

demonstrated that a medium resolution image such as Landsat 8 OLI + TIRS Images can be utilized in generating a 

chlorophyll-a and sea surface temperature map by applying regression models. Results showed that the seasonal 

variation of chlorophyll-a concentration and sea surface temperature can affect the distribution of small pelagic fishes. 

Further, the initial results reported in this study serves as a baseline mapping for estimating fish catch of certain 

species in the study area through the use of Chlorophyll-a Map and Sea Surface Temperature Map. To further validate 

and improve the generated fish distribution map for this study, in-situ measurements can be considered.  
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