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ABSTRACT  

A chlorophyll-a front is a border between two water masses with chlorophyll-a concentration 

gradient  0.15-0.5 mg/m3. Such masses and the related interface are usually located near the northern, 

western and southern coastal parts of the Javal Sea (between 3º S - 5º S and 110º E - 116 º E, 3º S - 5º30’ 

S and 106º E - 107º E, 5º S – 7º30’ S and 116º E - 114º E), and are strongly influenced by the northwest 

monsoonal winds system. In this work, we used the Single Image Edge Detection (SIED) Algorithm to 

detected the frontal face. The gradient level we used to designate the passing from and into a front was 

0.5 mg/m3. Monthly data of the chlorophyll-a image, sea surface current imagery and rainfall levels 

from January to December 2015 were used in this study. From this data, we discovered that the monthly 

average of the lengths of the chlorophyll-a front ocurrence reaches a greatest extent in March with 

2513.64 km and a least extent at 510.25 km in October. In addition, the fronts move closer to the coastal 

area during the transitional I to transitional II period. Our data suggest that surface current affects frontal 

movement. Moreover, the number of succeeding fronts and the intensity of change are influenced by 

nutrient supply from rivers that is, in turn, affected by rainfall level. This is because the rainfall data 

shows a similar pattern with temporal front data.  
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1.  INTRODUCTION  

 

The Java Sea is the shallow body of water (the average of depth level being around 40 

meters [1]) bounded by Indonesia’s Java Island, Sumatra Island, Borneo Island and the Flores 

Sea, the oceanographic conditions of which are strongly influenced by the monsoonal winds 

system [2]. Herein, the monsoonal wind direction changes two times a year, and this wind 

creates surface currents that have the same direction as the wind. Thus, the current will transport 

surface water masses from South China Sea into the Java Sea on a seasonal basis [3]. The 

monsoonal wind system also affects the rainfall level in the Java Sea [1], and runoff from the 

surrounding islands induces changes of chlorophyll-a concentration [4]. 

During the northwest monsoon period, the wind carry in evaporated water from the South 

China Sea. Hence, the rainfall level in this period is higher than in the other seasons. 

Subsequently, the higher rainfall level will bring about an increase in the amount of rich nutrient 

water transported into the sea from the island rivers. This will affect the distribution and 

intensity of chlorophyll-a concentration in this water, the differences in which generate water 

masses of different chlorophyll-a concentration, as well as a set of boundary or frontal 

conditions that vary in extent and movement.   

Oceanic fronts are narrow zones that separate two different water masses; these are 

accompanied by enhanced horizontal gradients of temperature, salinity, density, nutrients and 

other properties [5]. A chlorophyll-a front can be detected from changes of chlorophyll-a 

concentrations of ≥ 0.15 mg/m3 [6]. The number, timing and extent of chlorophyll-a fronts 

depend on the factors that generate the change. These fronts usually have a spreading pattern in 

shallow waters and are sensitive to local conditions [7].  

Fronts increase primary productivity because nutrient exchange comes about between the 

two water masses [8]. The surface chlorophyll-a frontal zones have a profound effect on the 

formation of planktonic habitats. In turn, the abundance of plankton influences the distribution 

of fish larvae of epipelagic, mesopelagic, and demersal species [9]. The highest catches of K. 

pelamis are close to chlorophyll-a frontal areas, especially within the 10-20 km boundary area 

[10]. From this, we know that the front influences the oceanic food chain indirectly. The study 

aims to learn the seasonal distribution pattern of the chlorophyll-a front in the Java Sea. 

Information about chlorophyll-a water bodies and their interface in Indonesian waters is 

still minimal, especially in the Java Sea. Therefore, we hope that this study will enrich the 

standing body of information about the chlorophyll-a frontal zones in Indonesian waters. 

 

 

2.  MATERIALS AND METHODS  

2. 1. Study area 

The study area was in the Java Sea between coordinates 3 – 8º S and 105 – 117º E, (the 

green area on the map - Figure 1). This location is bordered by Borneo in the north, Java in the 

south, Sumatra in the west and the Flores Sea in the East. 

 

2. 2. Data and methods 

This study mined the monthly data of chlorophyll-a content from January to December 

2015. The chlorophyll-a data were derived from Aqua Modis and Terra Modis satellite imagery, 

downloaded from www.oceancolor.gsfc.nasa.gov/ with 4 km spatial resolutions. We used the 

http://www.oceancolor.gsfc.nasa.gov/
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level 3 of chlorophyll-a data in this study. Because cloud cover obscured some of the 

chlorophyll-a images during the northwest monsoon period, data was derived from two satellite 

passes. The data were then cropped based on a study location at Sea DAS 7.4, and were 

subsequently sorted with limitation of chlorophyll-a concentration between 0 - 3 mg/m3. We 

used ArcGIS 10.3, and applied the krigging method to interpolate the missing data.  

 

Figure 1. Map of the Java Sea, Indonesian Waters 

 

 

Rainfall level data were downloaded from the Meteorology, Climatology and 

Geophysics Council of Indonesia’s website (www.dataonline.bmkg.go.id/). The data we 

obtained were in the daily unit form and were from January to December 2015. In this case, we 

tallied the data for each month that the study lasted and created average monthly data figures 

as mm/day unit. The data were sorted and calculated on Excel, and were then visualized in the 

graph form by applying Sigmaplot. We used rainfall data to explain the impact of runoff on 

chlorophyll-a concentration levels and the formation of chlorophyll-a fronts.  

Sea surface current data were derived from Copernicus satellite imagery and were 

downloaded from http://marine.copernicus.eu/ with a 4 km spatial resolution. The data temporal 

resolution was the same as that of the other two bodies of data. The speed and direction of 

current data was sorted on Excel, then spatially visualized using ArcGIS. The current speed 

was sorted in the ranges between 0 - 2 m/s (ranged 0-0.5, 0.5-1, 1-2 m/s) and was displayed 

with three different arrow sizes. The intent of utilizing sea surface current data is to aid in the 

analysis of chlorophyll-a front seasonal movement.  

The automated algorithm SIED (Single Image Edge Detection) by Cayula and Cornillon 

was used for detecting the passing of a chlorophyll-a front [11]. Since this algorithm cannot 

read the floating data types, we converted the data into the integer format. The step to convert 

data was by multiplied the value by 100 (convert 0.01 into 1).  

http://www.dataonline.bmkg.go.id/
http://marine.copernicus.eu/
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In this study, we detected the passing of a front by using graduated changes of 

chlorophyll-a concentration of 0.5 mg/m3 interval x 100. We decided to used the highest 

gradient change figure in this study to ensure that the frontal changes were detected by the 

applied SIED algorithm. The length of the frontal zone’s existence (in kilometre units) was 

ascertained to determine the front’s monthly occurrence number. The final process was to 

describe (via ArcGIS 10.3) the monthly distribution pattern by overlaying the chlorophyll-a, 

sea surface current and chlorophyll-a front data in order to create a series of maps so as to 

ascertain movement patterns.  

 

 

3.  RESULT AND DISCUSSION  

3. 1. Oceanographic conditions in the Java Sea 

In this region, the rainfall level influences the number of river-born water masses that 

carry high levels of nutrient to the sea. These nutrients are a factor that is related to chlorophyll-

a abundance (chlorophyll-a concentration was the main parameter in determining frontal 

zoning activity in this study). Rain intensity is strongly affected by the monsoonal wind period 

in the Java sea. Therefore, the rainfall parameter changes on a seasonal basis following the 

monsoonal wind system.  

The average value of rainfall in this area in 2015 was 8 mm/day. During the northwest 

period, we found that the rainfall level was higher than any other season (Figure 2A). The 

highest rainfall level in 2015 in this area was recorded on February, with 19.65 mm/day. In 

contrast, the lowest level was recorded in September, with 0.93 mm/day. Historically, rainfall 

will decrease periodically started from February to October and will raise again in November, 

because the season are entering the northwest monsoon and the wind direction started moving 

to southeast.  

During the northwest period, the wind carries wet air masses as the result of evaporation 

from the South China Sea, hence, the rainfall level in this area increases. In contrast, the 

southeast monsoon wind carries dry air masses from Australia and brings about a decrease in 

the rainfall level [1]. The changes of rain intensity cause changes of runoff in the river systems 

in this area. When the rainfall is higher, the flow of water from the rivers to the sea increases, 

and vice versa. 

After calculating the chlorophyll-a data, the average concentration of chlorophyll-a per 

water mass in 2015 was 0.63 mg/mm3. Figure 2b shows that chlorophyll-a concentration tends 

to be high during the northwest monsoon and tapers off after the southeast monsoon period 

begins (transition period I). Cyclically, it, hence, decreases from August to October and 

increases again in November (transition period II) (Figure 2B). Chlorophyll-a concentration 

reaches a peak level on May, at 0.72 mg/m3, and a trough level in October at only 0.43 mg/m3. 

We found that these two parameters tend to reach the highest levels during the northwest 

monsoon period, but the maximum value of these parameters occur at different times. 

Chlorophyll-a abundance is generated by the amount of nutrients in the sea. The average 

depth of the Java sea is only about 40 meters, so the water masses form a single mixed layer 

from the surface to bottom. Thus, there are no vertical water transport phenomena such as 

upwelling in this area. Moreover, there is also no global scale deep sea current that crosses the 

Java sea. Hence, all nutrients in this area are only supplied from stream runoff. The nutrient 

supply may the key factor that generates chlorophyll-a abundance, but there is a secondary 
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factor. Phytoplankton also need sufficient light intensity for the photosynthesis process to occur 

[8]. We suspect that during the southeast period to transition I period, the nutrient and the light 

intensity are perfectly balance for phytoplankton growth.  

 

(A) 

 
 

 

(B) 

 

 
 

 

Figure 2. (A) Mean Monthly Rainfall Level, (B) Mean Monthly Chlorophyll-a Concentration. 
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3. 2. Chlorophyll-a front condition 

The extent of frontal activity was calculated by using the line measure tool on ArcGIS. 

The amount of activity was assessed in the form of kilometers per month. In doing so, a similar 

pattern was evident between the chlorophyll-a concentration and the lengths of chlorophyll-a 

frontal activity. The greatest number of frontal occurrences was reached during the northwest 

monsoon to southeast monsoon period. In contrast, the least number was seen in the transitional 

II period (southeast to northwest monsoon).  

We also found that the number of passing chlorophyll-a fronts increase when the 

concentrations of chlorophyll-a increase. The highest level of chlorophyll-a frontal activity was 

recorded in March, with 2513.64 km, while the lowest level was recorded in October, with 

510.25 km. Furthermore, the number of passing fronts gradually decreases from March to 

October and increase in November (Figure 3).  

The pattern of the front’s occurrence shows more similarity with chlorophyll-a 

concentration than with rainfall levels. While rainfall increased the extent of runoff, hence 

nutrient supply to the sea, it did not directly affect the occurrence and characteristics of the 

chlorophyll-a masses. Thus, it may take some time for nutrient concentration carried by the 

runoff stream to create high chlorophyll-a gradients. Therefore, chlorophyll-a concentration, 

not the amount of nutrient, drives phytoplankton abundance in the sea.  

 

 
 

Figure 3. Mean Monthly Chlorophyll-a Front length 
 

 

3. 4. Spatial distribution pattern of Chlorophyll-a front 

The result from applying the SIED automated algorithm process shows the location, 

timing and extent of frontal activity in these waters. The spatial maps of passing chlorophyll-a 



World Scientific News 137 (2019) 70-80 

 

 

-76- 

fronts are presented seasonally with each season represented by one month's data during the 

peak period.  

 

 
 

Figure 4. Chlorophyll-a Front during West Monsoon (A) and Transition I Period (B) 
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Figure 5. Chlorophyll-a Front during East Monsoon (A) and Transition II Period (B) 
 

 

Overall, chlorophyll-a distribution and concentration tend to be higher near the coastal 

areas than within the offshore areas [12]. Generally, chlorophyll-a fronts show a spreading 
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pattern in the northern, western and southern sides of the Java Sea Thus, the appearance and 

location of these frontal zones differ seasonally, but form a recognizable movement pattern 

(Figure 4 & 5). 

During the northwest monsoon, chlorophyll-a frontal activity almost spreads along the 

entire coastal area of Borneo, Sumatra and Java Island (Figure 4A), between coordinates 3o S - 

5o S and 110o E - 116o E (northern part of Java sea), 3o S - 5o30’S and 106o E - 107o E (western 

part of Java sea), 5o E - 7o30’ E and 116 oE - 114 oE (the southern part of the Java Sea). Herein, 

the surface current moves to a southeast direction with an average speed between 1-2 m/s in 

this season. 

The chlorophyll-a frontal activity in the northern part of the Java Sea shows a similar 

seasonal pattern to the previous seasons during the transitional I period (Figure 4B). In contrast, 

in the western and southern parts of the Java Sea, the front was found to have moved closer 

(about ± 0º30’00”) to the coastal area. This happened because of changes in the direction and 

speed of the surface current due to the wind patterns this follows [13]. The current moves 

randomly in this season and at slower speeds. In contrast, in the previous season, it moved in a 

southeast direction with higher speed (Figure 5). The number of passing fronts also decreases 

in this period and shows alignment with rainfall levels. Generally, at this time period, 

chlorophyll-a fronts show a spreading pattern, their frontier zones are broad and differences in 

concentration levels are not steep across the front. 

Entering the transitional II period, chlorophyll-a frontal activity decreases significantly 

compared to the previous season (Figure 5B), and the chlorophyll-a frontal zones were found 

to be closest to the coast in October. The rainfall level also shows the lowest value in this period, 

thus, river-borne nutrient supply has decreased. The chlorophyll-a fronts are decidedly evident 

at this time, as differences in chlorophyll-a concentration across the front are steep and the 

frontier zone is narrow.  

 

 
 

Figure 6. Movement Pattern of Chlorophyll-a Front in the Java Sea. 
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Figure 6 shows the dynamics of front appearance location from each season in the Java 

Sea. The chlorophyll-a frontal zones are close to the coast almost in every season, and river-

borne runoff is the only factor that generates this chlorophyll-a front activity in the Java Sea. 

As previously stated, there is also no global scale deep sea current or vertical water mixing such 

as the upwelling of cold water masses with high nutrient in this area. During the northwest 

monsoon, there is surface water transport from the South China Sea to the Java Sea. However, 

no fronts or chlorophyll-a masses are found in the middle of the Java Sea or in the border 

between the South China Sea and the Java Sea. This means that the water masses from other 

areas cannot generate chlorophyll-a front activity in this area. In fact, the surface chlorophyll-a 

distribution seems homogenous in the offshore area. 

Based on the factor that generates this fronts and the mapping that resulted from the 2015 

studies, this type of frontal activity shows the characteristic of a Shelf-break front. A shelf-

break front is found in coastal waters that contain high biological productivity, and one of its 

forming factors is estuarine circulation [14-17]. Therefore, the chlorophyll-a frontal activity in 

the Java Sea is the result of shelf-break front action. 

 

 

4.  CONCLUSIONS 

 

By means of our work, we can conclude that chlorophyll-a front activity occurs all year 

long, but differs seasonally. The key factor that generates these frontal zones are high nutrient 

levels supplied via runoff. These chlorophyll-a mass fronts move closer to the coastal area 

during the transitional I period to the transitional II period and back to the offshore area once 

the northwest monsoon commences. The movement of the chlorophyll-a fronts is influenced 

by the direction of the surface current, that, in turn, is influenced by the monsoonal winds 

system. 
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