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ABSTRACT 

The waters of the Celebes Sea are an area that has quite complex dynamics because it is influenced 

by several factors, either regionally or globally. This influence certainly has an impact on variations in 

oceanographic conditions in waters such as Sea Surface Temperature (SST) and sea currents. Currently, 

there are many observations of oceanographic data, one of which is by using remote sensing methods. 

The purpose of this study was to determine the seasonal variations in sea surface temperature and sea 

surface currents in the Celebes Sea using a remote sensing system in a time series for 5 years (2014-

2018). The results of this study indicate data on seasonal variation of SST and sea surface currents have 

an average maximum SST value for 5 years occurring in the eastern season and the second transitional 

season (May, June, July) with an average value range of 30.6 °C - 31.1 °C and the average maximum 

sea current velocity for 5 years occurs in the western monsoon with a value range of 0.72 m/s - 0.77 

m/s. The high SST value and sea current velocity are caused by the influence of the season which causes 

variations in the ongoing rainfall, also presumably due to the opposite direction between the monsoon 

wind and the direction of the main current flowing in the Celebes Sea. 
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1.  INTRODUCTION  

 

Indonesian waters are a region that is quite unique, which is located between two 

continents and large oceans, namely the Asian and Australian Continents and the Pacific and 

Indian Oceans. Therefore, the dynamics of Indonesian waters cannot be separated from the 
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influence of both regionally and globally such as the Monsoon phenomenon. One of the areas 

that is strongly influenced by these factors is Celebes Sea Waters. Some of these phenomena 

certainly have an influence on the oceanographic conditions of the waters. 

Oceanographic conditions of the waters are an important indicator related to water 

productivity. The Celebes Sea is one of the main gateways for the entry of the Indonesian 

Through Flow (ITF) from the Pacific Ocean to the Indian Ocean, which is an extension of some 

of the Mindanao Current (MC) jets sourced from the North Equatorial Current. ITF that enters 

the Celebes Sea mostly flows into the Makassar Strait and the rest flows back into the Pacific 

Ocean as part of the North Equatorial Countercurrent (NECC).  

The phenomenon of water mass movement occurs throughout the year in Indonesian 

waters, one part of which is the Celebes Sea, which causes variability of oceanographic 

parameters in terms of temperature, salinity, and currents. This variability can occur in periods 

of intra-seasonal fluctuation, seasonal (seasonal), annual (annual), and inter-annual (inter-

annual), which can be seen through the time series data analysis.  

Sea surface temperature (SST) is one of the oceanographic parameters that characterizes 

the water mass in the oceans and is related to the state of the seawater layer beneath it, so that 

it can be used in analyzing phenomena that occur in the ocean. Temperature is an important 

factor for the life of organisms in the sea that can affect metabolic activity and development, in 

addition to being an indicator of the phenomenon of climate change. 

This study aims to determine the seasonal variations of sea surface temperature and sea 

currents in the Celebes Sea using a remote sensing system in a time series for 5 years (2014-

2018). 

 

 

2.  MATERIALS AND METHODE 

Research Area 

The research study area is in the Celebes Sea as shown in Figure (1). 

 

Data and Method 

The research method used in this research is descriptive method with a quantitative 

approach. The descriptive method is used to describe or analyze the seasonal variations in sea 

surface temperature and sea surface currents in the Celebes Sea, while the quantitative approach 

is used for statistical calculations which are interpreted in the form of numbers and graphs, both 

of which show the value of seasonal variations in sea surface temperature and sea surface 

currents in the Celebes Sea. 

The data used in this study are surface current and sea surface temperature data in the 

Celebes Sea, sourced from The European Earth Observation Program (COPERNICUS), with 

the website address www.marinecopernicus.eu. This data is from 2014 - 2018, with a spatial 

resolution of 4 km2 and a monthly temporal resolution. 
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Figure 1. Map of Research Area 

 

 

3.  RESULT AND DISCUSSION 

Oceanographic Conditions in Celebes Sea 

The range of monthly mean temporal distribution of oceanographic parameters which is: 

sea surface temperature and sea surface currents velocity can be seen in Figure 2 (A & B). 

From a graphical perspective, for 5 years, the average SST value for 5 years in the Celebes 

Sea has decreased from December to February (west season) with a value range of 29.5 °C - 

28.3 °C. The increase in the range of SST values occurred significantly from April to July with 

a value of 30 °C - 31.3 °C. The range of the lowest current velocity value was 0.33 m / s which 

occurred in August 2016 and the highest average value was 1.11 m / s which occurred in 

February 2016. 

The maximum SST value for 5 years occurs in the eastern season and the second 

transitional season (May, June, July) with an average value range of 30.6 °C - 31.1 °C and for 

the lowest value SST occurs in the western season (December-February) with a range of the 

average value is 28.3 °C-29.5 °C.  

Meanwhile, the highest sea current velocity range occurs in December - February which 

is the western season with a value range between 0.72 m/s - 0.77 m/s. Meanwhile, in June - 

August (eastern season) has the lowest current velocity range between 0.38 m/s - 0.4 m/s. 
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Figure 2 (A & B). Graph of Average Monthly of Sea Surface Temperature (A);  

Sea Current Velocity, (B) in 5 years (2014-2018). 

 

 

For 5 years (2014-2018), SST in the Celebes Sea in the eastern season has the highest 

annual average value, which is around 30.4 °C in 2018 compared to the western season which 

has the lowest annual average value with a value of 29.9 °C in 2015. The high SST value in the 

Celebes Sea occurs during the eastern monsoon (JJA). This is in accordance with the statement 

which states that SST in Indonesia has a relatively warmer due to Indonesia's geographic 

location which is in the equatorial region and has the most solar heat receiving area and based 

on research it is known that SST is very affected by monsoons.  

Sea Surface Temperature (SST) of Celebes Sea waters based on the Aqua-MODIS 

satellite ranges from 28.3 °C - 31.3 °C. This is in accordance with the statement according to, 

which states that the sea surface temperature range in Indonesia ranges from 28.3 °C - 31.3 °C. 
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The 2018 East Season had SST with the highest average value over the 5 year period (2014-

2018). 

 

 
 

Figure 3. Spatial Map of Sea Surface Temperature in Eastern Season (JJA) 

and West Season (DJF) 

 

 

The low SST value in the western season is due to the influence of the season which 

results in relatively higher rainfall. This is in accordance with the statement which states that, 

during the western season, the wind flows from the Asian Continent (winter) to the Australian 

Continent (summer) and contains a lot of water vapor because the wind passes through a wide 
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area, such as waters and ocean, this west monsoon that causes increased rainfall in Indonesia. 

Meanwhile, the high SST value in the east monsoon itself is thought to be due to the direction 

of the currents driven by the monsoon winds which are relatively opposite to the direction of 

the main stream (ITF).  

So that the waters tend to have relatively low current velocities and the intensity of 

sunlight in the waters tends to increase. A spatial map of sea surface temperature in Celebes 

Sea waters is shown in (Figure 3). 

 

 
 

Figure 4. Spatial Map of Sea Current Velocity and Direction in West Season (DJF)  

and Eastern Season (JJA) 
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In this study the direction and velocity of sea surface currents occurring in the waters of 

the Celebes sea within 5 years has a distribution with the highest average ocean current velocity 

value in the west season (DJF) with a range of 0.73 m / s - 0.93 m / s, while in the east monsoon 

(JJA) in 2016 has the lowest average flow velocity in a period of 5 years with a value range of 

0.33 m / s - 0.47 m / s.  

The direction of the main flow in these waters is Indonesian throughflow (ITF). It can be 

seen that a path with a stronger current vector is clearly seen flowing from the inlet (inflow) in 

the southern part of Cape Mindanao to the southwest and across the central part of the Celebes 

Sea, then continuing to the northern entrance of the Celebes Sea. Makassar Strait, and part of it 

is undergoing recirculation. This main route is a representation of the 

Indonesian throughflow (ITF) axis in the Celebes Sea. The distribution of velocity and 

direction of currents is found in the coastal area to the high seas (Figure 4). 

The low current speed in the eastern monsoon is different from the prediction results 

which states that the winds during the west and east monsoons are stronger than the winds 

during the transitional season. This difference, presumably, is due to the influence of ITF 

meeting the east monsoon winds which have the opposite direction, causing a weakening of the 

intensity of current velocity in July– August. Meanwhile, the high current speed in the west 

monsoon is due to the direction of the wind in that season which tends to be in the same direction 

as the the main current flowing in the waters of the Celebes sea, thus increasing the intensity of 

the current speed in the region. 

In the spatial distribution map of the velocity and current direction of the west and east 

monsoons in 2017 and 2016, it can be seen that the influence of the Coriolis force component 

that occurs in the circulation in the Celebes Sea, where the ITF is formed tends to be bent to the 

right from the direction of its flow due to the Celebes Sea is in the Northern Hemisphere. This 

can be seen in the spatial map of current velocity and direction in June where the main axis of 

ITF approaches the northern coast of Kalimantan, then moves south following the bathymetric 

contour along the slope of the northeast part of Kalimantan.  

So it appears that ITF Celebes Sea is experiencing a strengthening (intensification) of 

currents along the western edge of the Celebes Sea. Although the main currents in the waters 

of the Celebes Sea are heavily influenced by ITF, variations in the direction and speed of 

currents are thought to be due to the influence of the Sulu Sea and changes in the monsoon 

winds based on seasons. 
 

 

4.  CONCLUSION 

 

Based on the results and discussion above, it can be concluded that the seasonal variations 

in the spatial and temporal distribution of oceanographic parameters based on the results of 

statistical analysis have a value for each parameter, among them are ocean current velocity 

ranging from 0.34 m / s - 1.11 m / s; SST ranges from 27.45 °C - 32.83 °C; with an average 

maximum SST value for 5 years occurring in the eastern season and the second transitional 

season (May, June, July) with an average value range of 30.6 °C - 31.1 °C and the maximum 

mean sea current velocity for 5 years it occurs in the western season with a value range of 0.72 

m / s - 0.77 m / s. 
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