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Abstract. The coast of Tuban is a fairly dynamic area where the lives of fishermen depend on fishing. 

Ecosystem changes that occur in the coastal area of Tuban greatly affect the fishing effort. The presence of 

the phytoplankton themselves cannot be sensed directly. However, the green leaf substance present in the 

bodies of the phytoplankton can be sensed by sensors in the form of the chlorophyll-a content of the water 

bodies on the coast. In this study, the distribution of chlorophyll-a on the coast will be mapped using Terra 

Modis satellite imagery and then analyzed by modeling the distribution so that future predictions can be 

made on handling water quality on the coast of Tuban so that the economy of fishing communities on the 

coast of Tuban can be improved. The method used for the mapping is Remote Sensing. The result is a liner 

mathematical model y = 28.012 x, y is Chlorophyll and x reflectance Rrs_488 which is blue with a degree 

of determination R2 = 0.9535, and the availability of thematic maps of chlorophyll-a content on the coast 

of Tuban.

1 Introduction 

Tuban Regency is one of the regencies in East Java in 

the westernmost region with an area of 183,994.561 

Ha. Geographically, Tuban Regency is located at 

coordinates 111º30'-112º35' East Longitude and 6º40'-

7º18' South Latitude. The length of the coastal area in 

Tuban Regency is 65 km, stretching from the east in 

Palang District to the West in Bancar District, with an 

area of sea covering 22,608 km
2
. Administratively, 

Tuban Regency is divided into 20 Districts and 328 

Villages. The boundaries of the Tuban Regency area 

are as follows: To the north: the Java Sea; East: 

Lamongan Regency; Southside: Bojonegoro Regency; 

West side: Blora Regency and Rembang Regency, 

Central Java Province Administrative boundaries for 

Tuban Regency can be seen in Map 6.1 Administrative 

Boundaries for Tuban Regency. Administratively, 

Tuban Regency consists of 20 districts. Grabagan 

District is a new sub-district that is a division of three 

sub-districts: Semanding, Rengel, and Soko Districts. 

The North, South, and East coasts of East Java can be 

used to categorize its coastal and marine regions. One 

of the northern coastal regions is the Tuban Regency. 

East Java's northern coast is a low-lying region with an 

elevation that is about equal to sea level. Residential 

areas, aquaculture, tourism, and other activities are 

frequently carried out in coastal locations. Because 

various elements, including wind, sea currents, tides, 

abrasion, sedimentation, and others, affect 

environmental conditions, using coastal regions 

effectively necessitates good management  [1] 

The fishermen who live around the shore of Tuban 

depend on fishing for their livelihood. The fishing 

effort is significantly impacted by ecosystem changes 

in the coastal region of Tuban, where one parameter 

that may be noticed is the distribution of chlorophyll-a 

content in the water bodies along the shore. 

Chlorophyll-a (Chl-a) is a plankton green pigment used 

in photosynthesis. All phytoplankton contain 

chlorophyll-a, which weighs approximately 1-2% of 

the dry weight of algae   [2]. 

The purpose of this paper is to find out the existence of 

the coast of Tuban Regency, whether it is still within 

safe limits considering that the availability of natural 

resources owned by the coast of Tuban has not been 

exploited properly and correctly, besides that the 

existence of spots that are believed to contain levels of 

chlorophyll-a in seawater is not widely known   [3,4]. 

This could be due to the lack of interest in finding and 

exploring these sources or the existence of 

technological limitations that have not allowed 

researchers to make further observations about the 

feasibility of seawater on the coast   [5], where the 

value of chlorophyll-a in seawater can be used as a 

reference for fishermen and for related officials to be 

able to take a policy, relating to the global use of 

fishing in the coastal areas of Tuban Regency. 

The expected results of this research are to provide 

optimal benefits for the development of science and 

information systems based on Remote Sensing 

technology. In addition, it is expected to contribute to 

the field of Geomatics in the form of mathematical 

model algorithms that can be used to forecast the next 

5 to 10 years' distribution of dissolved chlorophyll-a 

and oxygen concentrations on the coast of Tuban 

Regency. 

2 Literature Review 

2.1 Data Citra Satellite   

The satellite image data used in this study is Terra 

Modis image data taken from the 

https://gsfc.modis.ocean color filename: 

TERRA MODIS.20190624T031001.L2_LAC_OC.nc 

TERRA MODIS.20200630T024501.L2_LAC_OC.nc 

TERRA MODIS.20210629T030501.L2_LAC_OC.nc  

TERRA MODIS.20220627T024001.L2_LAC_OC.nc  

TERRA MODIS.20230609T030000.L2_LAC_OC.nc 

T20230609T030000.L2_LAC_OC.nc_subset_reproject

ed ,  
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The image data is image data downloaded for June 

2023 as shown in Fig 1. 

 

Fig 1. Satellite Image Terra Modis 2023 

 

2.2 Citra Satellite Modis  

MODIS is a sensor carried by the Terra satellite (first 

known as EOS AM-1) called Terra Modis and also 

Aqua (first known as EOS PM-1) called Aqua Modis. 

Terra crosses the earth in the morning from North to 

South, while Aqua crosses the earth during the day 

from South to North by crossing the Equator. 

The specifications of the Modis sensor are as follows: 

Orbit: 705 km, 10:30 a.m. descending node (Terra) or 

1:30 p.m. ascending node (Aqua), sun-synchronous, 

near-polar, circular 

Scan Rate: 20.3 rpm, cross track 

Swath Dimensions: 2330 km (cross track) by 10 km 

(along track at nadir) 

Telescope: 17.78 cm diam. off-axis, afocal 

(collimated), with intermediate field stop 

Size: 1.0 x 1.6 x 1.0 m 

Weight: 228.7 kg 

Power: 162.5 W (single orbit average) 

Data Rate: 10.6 Mbps (peak daytime); 6.1 Mbps 

(orbital average) 

Quantization: 12 bits 

 

 

 

 

 

 
Table 1. Spatial Resolution: 250 m (bands 1-2), 500 m 

(bands 3-7), 1000 m (bands 8-36) Design Life: 6 years 

 

 
 

Chlorophyll-a 
In oxygenic photosynthesis, chlorophyll-a is the 

particular type of chlorophyll that is employed. It 

absorbs most of the energy from violet-blue and 

orange-red wavelengths of light but poorly from green 

and near-green portions of the spectrum   [6]. 

Chlorophyll does not reflect light, yet tissues 

containing it appear green because diffuse reflections 

from cell walls and other structures make green light 

richer with reflected light  [7]. This photosynthetic 

pigment serves as the electron transport chain's main 

electron donor, making it crucial for photosynthesis in 

eukaryotes, cyanobacteria, and prochlorophytes. The 

specific Chlorophylls P680 and P700 are positioned in 

the reaction center, where Chlorophyll-a also transfers 

resonance energy in the antenna complex   [8,9]. 

 

Distribution of Chlorophyll 
Although not the only pigment that may be utilized in 

photosynthesis, chlorophyll-a is necessary for the 

majority of photosynthetic organisms to release 

chemical energy. Chlorophyll-a is a pigment that all 

oxygenic photosynthetic organisms employ, although 

others, such as chlorophyll-b, are different   [10]. The 

anaerobic photoautotrophic green sulfur bacteria also 

contain extremely minute amounts of chlorophyll-a. 

While using some bacteriochlorophyll and chlorophyll-

a, these organisms do not create oxygen   [11]. Unlike 

oxygenic photosynthesis, where oxygen is created 

during the light reactions of photosynthesis, 

anoxygenic photosynthesis refers to this process. The 

phytol ester's side chain and hydrocarbon tail are 

shown in the image Fig.2. 
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Fig 2. The structure of the chlorophyll molecule showing the 

phytol tail 

3 Methodology  

Terra Modis satellite image data were taken from the 

webpagehttps://ocean 

color.gsfc.nasagov/cgi/browes.pl. 

With the election time being June 2023, according to 

the date of collection of secondary data, samples of 

Chlorophyll-a content from Terra Modis satellite 

imagery of 40 points along the North coast (Pantura) of 

Java Island, while Terra Modis satellite imagery data 

from 2019 to 2022 as a comparison. The following 

table provides two data sampling points. 

 
Table 2. Chlorophyll-a data with field coordinate 

survey data for 40 sampling points on the coast of 

Tuban in June 2023 

 
  Source: taken from field measurement 

 
This study used Seadast 7.5.3 software to get the 

wavelength, Rrs_488 is the blue channel, Rrs_555 is 

the green channel, and Rrs_678 is the red channel. The 

reflectance data were processed using Excel software 

to obtain the best algorithm model, the ideal 

wavelength, with the chlorophyll in the coastal region 

of Tuban serving as the dependent variable. The next 

stage is image cropping, which shrinks the image 

display area to the required coordinates. The size is 

intended to be reduced to speed up the processing. 

Observations are made by designing an Area of Interest 

(AOI) by figuring out the coordinates for data 

processing. The coordinates of the research location are 

103,008 East Longitude to 110,27 and -7,728 North 

Latitude to -12,055 South Latitude. The average 

Chlorophyll-a distribution data were extracted from the 

Terra Modis image in June 2023. The next process is 

georeferenced and includes a mathematical model to 

display a mapping of the distribution of Chlorophyll-a 

in the research area.  
 

4 Results and Discussion 

The result of this research that showed in Table 3, it is 

an algorithm calculation involving linear, exponential, 

logarithmic, and power mathematical models using 

Terra Modis Year 2023. For the results of processing 

with scatter diagrams at the wavelength, Rrs_488 is the 

blue channel, Rrs_555 is the green channel, and 

Rrs_678 is the red channel, obtained for variables 

Chlorophyll-a, the highest correlation is the reflectance 

Rrs_488 with the Linear Algorithm model with the 

equation y = 28.012 x with R² = 0.9535, where the 

variable y is chlorophyll-a, and x is the band Rrs_488 

blue wavelength. 
 

Table 3. Model mathematic calculation at Band_Rrs_488 , 

Rrs_555, Rrs_678 wavelength Chlorophyll-a 
No Algorithm Band Mathematical 

Model 

R2 

1 Linear Ba

nd_

488 

y = 28,012x 0,9535 

2 Exponent y = 0,7144e-330,9x 0,1033 

3 Logarithmic y = -0,195ln(x) - 

0,8963 

0,1067 

4 Power y = 3E-05x-1,603 0,0982 

5 Linear Ba

nd_

555 

y = -2E-06x + 

0,1422 

0,009 

6 Exponent y = 0,1375e-2E-05x 0,0083 

7 Logarithmic y = 0,0013ln(x) + 

0,1483 

0,0267 

8 Power y = 0,1422x0,0078 0,264 

9 Linear Ba

nd_

678 

y = -3E-06x + 

0,147 

0,0019 

10 Exponent y = 0,1402e-1E-05x 0,0020 

11 Logarithmic y = -0,008ln(x) + 

0,1986 

0,0145 

12 Power y = 0,2027x-0,052 0,0155 
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Table 4. Chlorophyll-a data with reflectance Rrs_488 year 

2019-2023 

 
 

Table 5.   ANOVA Test Chlorophyll-a from 2019-2023 with 

the Linier mathematical 

 
 

 

 
Fig 3. The line graph shows chlorophyll-a levels from 2019-

2023 

 
An ANOVA test was carried out to determine whether 

there was a significant difference from 2019 to 2023. 

The results of the test are as follows: F count = 

0.645375 < F table = 1.718026, in the same way, 

analyzed through P-value = 0.859252 > 0.05 Ho is 

accepted, meaning that there is no difference in 

chlorophyll-a levels from 2019 to 2023. The following 

shows the thematic map. 

 
 

Fig 4. Chlorophyll-a Thematic Map of the Tuban coastal area 

in 2019-2023 
 

The orange color shows lower chlorophyll content than 

green. Chlorophyll is higher when approaching land 

because land or rivers contain many nutrients. Below is 

a histogram of the chlorophyll thematic map from the 

Terra Modis satellite imagery. 

 
Fig 5. Chlorophyll-a Histogram and Chlorophyll-a Thematic 

Map of the Tuban coastal area 2023 

 
Figure 5 shows that towards the blue color, the 

Chlorophyll is getting lower, while towards the red and 

green colors, the Chlorophyll is getting higher. 

According to the Decree of the State Minister for the 

Environment Number 51 of 2004 concerning Seawater 

Quality Standards, it is called natural, meaning that 

natural conditions are the normal conditions of an 

environment, varying at any time (day, night and, 

season)  [1,9,11]. 

5 Conclusion 

From distribution Chlorophyll-a throughout the coastal 

area of Tuban, the identification results show a range 

between 0,0802823 mg/m
3
 to 0,2357964 mg/m

3
. 

Algorithm model of Chlorophyll-a in the entire coastal 

area of Tuban y = 28,012 x and the degree of 

determination R² = 0.9535 obtained from the 

wavelength/reflectance Rrs_488. The results of the 

ANOVA test analysis for the calculated F count = 

0.645375 < F table = 1.718026, in the same way 

analysed through P-value = 0.859252 > 0.05 Ho is 

accepted, meaning that there is no difference in 

chlorophyll-a levels from 2019 to 2023. 
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