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ABSTRACT  

Upwelling is the rise of water mass in the lower layer to the surface. The rise of water mass is 

due to wind moving above the waters so that this wind will push the water mass on the surface 

as a result of which water from below replaces the emptiness above. The variation in SST 

distribution is relatively lower and the abundance of chlorophyll as an indicator of the 

occurrence of the upwelling phenomenon and the effect of wind on the upwelling phenomenon. 

The purpose of this study was to determine the variability of SST and chlorophyll in the waters 

of South Buru Island to Seram Island and its effect on the upwelling phenomenon. The method 

used is a quantitative method with the aim of describing the state of SST and Chlorophyll in 

the Waters of South Buru Island to Seram Island. The results of the study showed that the 

analysis of the distribution of SST and chlorophyll from June to October was an upwelling 

phenomenon with SST in June 28,15°C and chlorophyll-a 0,44 mg/m3 with an average wind 

speed of 4,58 m/s which was the beginning of the upwelling phenomenon. For July, the SST 

distribution was 27,21°C and chlorophyll-a 0.54 mg/m3 with an average wind speed of 5,42 

m/s. In August, the SST distribution was 26.95°C and chlorophyll-a 0,58 mg/m3 with an 

average wind speed of 5,32 m/s. In September, the SST distribution was 27,73°C and 

chlorophyll-a 0,50 mg/m3 with an average wind speed of 4.09 m/s, while in October, the 

distribution was 28,97°C and chlorophyll-a 0,29 mg/m3 with an average wind speed of 2,65 

m/s. 
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ABSTRAK  

Upwelling merupakan naiknya massa air di lapisan bawah ke permukaan. Naiknya massa air 

dikarenakan adanya angin yang bergerak di atas perairan sehingga angin ini akan mendorong 

massa air di permukaan akibatnya air yang berasal dari bawah menggantikan kekosongan yang 

berada diatas. Variasi sebaran Suhu Permukaan Laut (SPL) relatif lebih rendah dan kelimpahan 
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klorofil sebagai indikator terjadinya fenomena upwelling serta pengaruh angin terhadap 

fenomena upwelling. Tujuan dari penelitian ini adalah untuk mengetahui variabilitas SPL dan 

klorofil pada perairan Selatan Pulau Buru hingga Pulau Seram dan pengaruhnya terhadap 

fenomena upwelling. Metode yang digunakan adalah metode kuantitatif dengan tujuan untuk 

menggambarkan keadaan SPL dan Klorofil di Perairan Selatan Pulau Buru hingga Pulau seram. 

Hasil penelitian menunjukan analisis sebaran Suhu Permukaan Laut (SPL) dan klorofil dari 

bulan Juni sampai bulan Okrober merupakan fenomena terjadinya upwelling dengan Suhu 

Permukaan Laut (SPL) bulan juni 28,15oC dan klorofil-a 0,44 mg/m3 dengan rata-rata 

kecepatan angin 5,32 m/s. Bulan September sebaran Suhu Permukaan Laut (SPL) 27,73 oC dan 

klorofil-a 0,50 mg/m3 dengan rata-rata kecepatan angin 4.09 m/s, sedangkan bulan Okrober 

sebesar 28,97oC dan klorofil-a 0,29 mg/m3 dengan rata-rata kecepatan angin 2,65 m/s. 
 

Kata kunci: Angin, Klorofil, SPL, Transport Ekman, Upwelling 

 

INTRODUCTION 

The Banda Sea is a body of water that has a basin shape. This sea separates the Sunda 

display to the west and the sahul display to the east (Tapilatu et al., 2018). During the Eastern 

season, the phenomenon of upwelling in the Banda Sea occurs and is indicated through the 

distribution of very cold sea surface temperatures and the cause is Ekman Pumping (Gordon et 

al., 2001). Ekman pumping is an Ekman transport process caused by blowing wind. The sea 

has a very complex underwater topography. The complex topographic shape can affect the 

exchange of water masses that occur in the Banda Sea. The exchange of water masses moving 

from the bottom to the surface carrying rich nutrients can lead to lower temperatures from sea 

level and high chlorophyll-a. High chlorophyll-a and low SPL indicate the occurrence of an 

upwelling phenomenon (Nurafifah et al., 2022). According to Kämpf et al., (2016) Upwelling 

is the vertical movement of water masses from the lower layer to the upper layer.  

According to Tubalawony et al., (2013) upwelling occurs in the Banda Sea in response 

to the blowing of the southeast monsoon wind. The upwelling process can be indicated by the 

distribution of chlorophyll-a concentrations and Sea Surface Temperature (SPL). According to 

Juliana et al., (2021), SPL is one of the oceanographic parameters that characterizes the mass 

of water in the ocean and is related to the state of the seawater layer underneath, so it can be 

used in analyzing phenomena that occur in the ocean. SPL has undergone variations from time 

to time, these changes can occur on a daily, seasonal or annual basis according to the natural 

conditions that affect it (Yuniarti et al., 2013). According to Kurnianingsih et al., (2017), SPL 

is an indicator of determining the location of upwelling because the location of the upwelling 

is an area with low temperatures, waters are said to have upwelling marked by an SPL value 

that is less than 27°C.  

On the contrary, chlorophyll-a concentrations can be used as a reference in indicators of 

aquatic fertility (Sofarini D, 2012; Clinton et al., 2022). According to Swayati et al., (2015), if 

the intensity of sunlight and the concentration of nutrients in the waters are sufficiently 

available, the concentration of chlorophyll-a will increase and vice versa, if the intensity of 

sunlight and the concentration of nutrients in the waters are not available, the concentration of 

chlorophyll-a will decrease.  

 

METHODS 

Data and Research Location 

This study was conducted in the waters south of Buru Island to Seram Island at the 

coordinates of 125.4 0 E – 131.5 0 E and 3.0 0 LS – 4.5 0LS and the location of this study is 

illustrated in Figure 1. The data used using secondary data include SPL data, chlorophyll data, 

and wind data. Sea Surface Temperature (SPL) or Sea surface temperature data and 
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chlorophyll-a data are obtained from http://oceancolor.gsfc.nasa.gov/ sites in NetCDF format 

(.nc). The data was then extracted using Ocean Data View (ODV) version 5.1.5. The data was 

then extracted using Surfer 12 and cropped according to the research location (Southern Waters 

of Buru Island to Seram Island) then stored in Microsoft Excel Open XML Spreadsheet (.xlsx) 

format, the average monthly wind speed data was then presented in the form of a wind 

distribution graph. From the wind distribution graph, analysis is then carried out to study the 

pattern of wind distribution spatially and temporally. Wind data was obtained through the 

ECMWF website in NetCDF (.nc) format. The data was then extracted using the Ocean Data 

View (ODV) version 5.1.5  

 
Fig 1. Research Location 

 

RESULT 

Sea Surface Temperature Variability (SPL) 

The sea surface temperature can be seen to vary in value every month. The highest 

average sea surface temperature (SPL) value is 30.80oC which occurred in December. The 

lowest average SPL was 26.95oC in August.   
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Fig 2. Monthly average distribution of SPL in the Southern Waters of Buru Island to Seram 

Island in 2003 – 2020 

 

Chlorophyll-a Variability 

 The average value of chlorophyll-s is seen to vary, the highest chlorophyll-a occurs in 

August with a value of 0.58 mg/m3 in August, the lowest chlorophyll-a is 0.14 mg/m3 which 

occurs in March and April. 
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Fig 3. Monthly average concentration of chlorophyll-a in the Southern Waters of Buru Island 

to Seram Island in 2003 – 2020 

 

Wind  

  The western monsoon winds occur in December, January and February which have 

different wind directions and speeds every month. In December, the average wind speed is 1.90 

m/s, with the minimum speed occurring in the southern coastal part of the waters and the 

maximum in the northern part of the southern waters of Buru Island to Seram Island 
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Fig 4. Average monthly Wind Distribution at sea level from 2003-2020 

DISCUSSION 

The average SPL distribution in December is 30.80°C with high sea surface temperature 

spreading almost to all waters around the South of Buru Island to Seram Island, while the lower 

SPL is detected in the northern part of the waters, so in December there is a tendency for a 

higher SPL to be in the waters South of Buru Island to Seram Island. The average SPL 

distribution in January was 30.29°C.  Low sea surface temperatures in January are north of the 

coast of the waters around Buru Island to Seram Island while high temperatures are detected 

on the south coast of Buru Island to Seram Island. The final period of the western season, 

namely in February, has an average SPL distribution of 30.19°C with low temperatures on the 

north coast of the waters of Buru Island to Seram Island and higher temperatures on the south 

coast of Buru Island to Seram Island. During the western season, the distribution of sea surface 

temperature increases in December and the distribution of sea surface temperature decreases 

in January (Kurnianingsih et al., 2017). 

Monthly SPL decreased compared to the western season. This is due to the transition 

from the western to the eastern season, where the sun experiences a shift towards the northern 

part of the earth and the SPL will gradually be low (Rahman et al., 2019). The average SPL 
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distribution in March was 30.40°C with higher temperatures occurring in the waters south of 

Buru Island to Seram Island and lower temperatures in the north of the waters of Buru Island 

to Seram Island. In April, the average distribution of SPL decreased slightly compared to 

March, which was 30.39°C.  The average SPL distribution in May decreased to 29.54°C with 

low temperatures in the south of the temperature waters and high temperatures in the north of 

the waters. 

This is in accordance with the opinion of Amri et al., (2013) who stated that the lowest 

SPL occurred in the eastern season and the 2nd transition due to the strong southeast monsoon 

wind and reached its peak from August to September. The speed and components of the wind 

blowing perpendicular to the coastline cause upwelling in the eastern season and the turn 2, 

thus reducing the SPL (Syafik et al., 2013). 

The average distribution of SPL in June is 28.15°C with low temperatures in the 

southern waters of Buru Island to Seram Island and high temperatures occur in the north of the 

waters. In July, the temperature decreased which resulted in an average SPL distribution of 

27.21°C, high temperatures occurred in the north of the waters and low temperatures were 

detected in the southern waters of Buru Island to Seram Island. Then, there was a decrease in 

temperature in August with an average SPL distribution of 26.95°C. The highest SPL in August 

occurred in the north of the waters, while the southern waters of Buru Island to Seram Island 

dominated the colder temperatures. In August, the SPL decreases during the period of the 

eastern season in the waters around the South of Buru Island to Seram Island. Overall, during 

the eastern season period, there is a tendency for a low SPL distribution in the southern part of 

Buru Island to Seram Island. This indicates that during the eastern season around July-

September in the waters of these waters there is a lift of cold water masses from the bottom to 

the surface, which is physically characterized by colder surface temperatures and higher 

salinity (Siwi et al., 2017). 

The variability of monthly SPL in the upwelling area from June to August tends to 

decrease, which is strongly suspected to be influenced by the Southeast Monsoon winds which 

are increasing in intensity. This phenomenon is in accordance with the statement of Susanto et 

al., (2006) which stated that an increase in the intensity of the Southeast Monsoon wind speed 

will result in an increase in the intensity of upwelling. The increase in the intensity of upwelling 

from June to August increases the flow of cold water from the sublayer to the surface, so there 

is a decrease in SPL from June to August. The tendency of declining SPL in upwelling areas 

is also due to the strengthening of the advection process (Wyrtki, 1961). This advection process 

is a process of transferring heat from water to the atmosphere through wind media. The 

advection process will strengthen along with the strengthening of the intensity of the Southeast 

Monsoon winds. The strengthening of the advection process has an impact on the increasing 

amount of heat energy transferred from the waters to the atmosphere, as a result of which the 

water temperature tends to decrease, as happened in the upwelling area of the South of Buru 

Island to Seram Island from June to August. 
From the results of the analysis above, it can be identified that the upwelling event is 

based on the decrease in the distribution of SPL in the waters around the South of Buru Island 

to Seram Island. This is also strengthened by a study conducted by Kurnianingsih et al., (2017) 

which explains that spatially the distribution pattern of SPL is different every month, the 

increase in SPL which decreases every month can indicate an upwelling in the area. Low SPL 

distribution and high chlorophyll indicate the occurrence of upwelling.  

Monthly chlorophyll-a concentrations in the waters south of Buru Island to Seram 

Island are presented in Figure 3 which shows that in general the concentration of chlorophyll-

a is low for most waters and high concentration in the southern coastal part of the waters. 

According to Prianto et al., (2013), the concentration of chlorophyll-a in coastal and coastal 

waters is relatively high compared to the high sea area, due to the supply of nutrients through 
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river run-off from the mainland. According to Tubalawony et al., (2015), in the Western season 

(December-February) in the waters of the Banda Sea, northwest munson winds blow which 

results in weak uplift of water masses from the thermocline layer which has an impact on low 

chlorophyll concentrations. Chlorophyll-a concentrations during the western monsoon period 

in the waters south of Buru Island to Seram Island occurred in December, January and 

February.  The average concentration of chlorophyll-a in December was 0.16 mg/m3, the 

minimum concentration of chlorophyll-a occurred in the southern part of the waters while the 

maximum concentration occurred in the northern waters. In January, the maximum 

concentration of chlorophyll-a was shown in the northern part of the waters from Buru Island 

to Seram Island and the minimum concentration occurred in the south of the waters with an 

average concentration of chlorophyll-a in January of 0.15 mg/m3. The average concentration 

of chlorophyll-a in February was 0.15 mg/m3 with the minimum concentration in the south and 

the maximum in the northern coastal part of the waters around Buru Island to Seram Island. In 

general, in the western season period, the distribution of very low concentrations of 

chlorophyll-a predominantly occurs in the southern part of the waters. 

Monthly chlorophyll-a variability in the region from June to August tends to increase 

(Figure 3), presumably due to the increase in the intensity of water mass transport from the 

deeper layers that carry nutrients to the sea level as the month changes occur through the 

upwelling mechanism. The increase in chlorophyll-A is caused by the existence of an 

upwelling mechanism that is more intensive with increasing nutrient levels and will result in 

high chlorophyll-a levels (Hendiarti et al., 2004). In addition, the high value of chlorophyll-a 

is suspected to be due to the high intake of nutrients from the mainland which carries high 

nutrients (Clinton et al., 2022). Marlian et al., (2015) added that nutrient inputs from land have 

a very strong relationship with chlorophyll-a from phytoplankton as a determinant of 

productivity levels from aquatic. 

CONCLUSSION 

The upwelling phenomenon occurs in the southern waters of Buru Island to Seram 

Island and takes place in June, July, August, September and October due to a decrease in the 

distribution of SPL, an increase in chlorophyll-a and an increase in wind speed. 
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