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Abstract:	 Indonesia’s marine resources are abundant, with fishing being a primary fo-
cus. The effective management of these resources requires an understand-
ing of the factors that influence them, such as sea surface temperature (SST), 
El Niño-Southern Oscillation (ENSO) as indicated by the Southern Oscillation 
Index (SOI), and chlorophyll-a levels as food sources. This research aimed to 
elucidate the relationships among those factors at Madura Strait by utilizing 
their characteristics in response to the electromagnetic wavelengths that can be 
found Landsat 9 OLI/TIRS satellite images.

	 This research utilized the satellite’s Thermal Infrared Sensor (or  Band  10) 
(10.6–11.19 µm) to obtain the SST levels as well as the OceanColor 2 (OC2) al-
gorithm to process Band 2 (0.45–0.51 µm) and Band 3 (0.53–0.59 µm) in order 
to obtain the chlorophyll-a levels. The results were the mean values of the SST 
(21.42  and  20.60°C) and the chlorophyll-a levels (0.77  and  0.87  mg/m3) from 
the periods of June through August 2022 and December 2022 through Feb-
ruary 2023, respectively. Furthermore, a correlation test and t-test were con-
ducted, which indicated that the chlorophyll-a levels were contradictory with 
the  SST, SOI, and total pelagic fish catches (which were in alignment). The 
t-test results only indicated significant correlations between the SST and chlo-
rophyll-a levels (–0.806) and between the SST and SOI (0.732), while the other 
correlation was not significant.
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1.	 Introduction

Indonesia is one of the largest archipelagic countries in the world, with a vast ocean 
area of up to 3.25 million km2 [1] that holds many resources (including fisheries). One of 
the commodities with a high economic value is the small pelagic fish that live near the 
ocean surface. To optimize the utilization of existing resources, science and continuous 
technological innovation can be utilized to observe oceanographic conditions.

The productivity of marine resource utilization (such as fishing) is influenced 
by oceanographic conditions (such as the ideal water temperature for small pelagic 
fish); seasonal changes and any climatic events can also affect this. The distribution 
of small pelagic fish can be determined by analyzing the spatial distribution of their 
food sources. One indicator of food sources is chlorophyll-a levels – the pigment of 
phytoplankton [2, 3]; therefore, the distribution small pelagic fish could be inferred 
from the distribution of the surface chlorophyll-a [4–7].

The distribution of chlorophyll-a levels is closely related to the oceanographic 
conditions of a water body [8]. Phytoplankton need an ideal environment, such as 
exposure to sunlight and a suitable sea surface temperature (SST). The influence of 
the SST on phytoplankton growth will indirectly affect the chlorophyll-a concentra-
tion in waters [9]. This phenomenon could also be found in research by [10], which 
proved variations in sea surface temperatures due to the west and east monsoons. 
This research also found that chlorophyll-a levels were quite high on the coast and 
became lower offshore; this was caused by the presence of river runoff that car-
ried higher levels of organic matter. Thus, chlorophyll-a levels are higher in coastal 
rather than offshore areas [11].

The SST not only impacts the availability of food sources for small pelagic fish; 
it also influences the distribution of small pelagic fish, as it has been shown to af-
fect fish growth [12, 13]. Changes in the SST can be attributed to seasonal fluctua-
tions (including the west and east monsoon seasons [10, 14]) as well as other factors 
such as variations in sea level pressure – specifically, the El Niño-Southern Oscil-
lation (ENSO) [15], which impacts the SST and wind direction in accordance with 
Charles’s law. The ENSO phenomenon can be identified by the Southern Oscillation 
Index (SOI), which indicates the occurrence of the La Niña and El Niño phenomena 
(as reported by the Australian Bureau of Meteorology) [16].

Research by [17] examined the variability of the SST, salinity, and rainfall data 
during the ENSO phenomenon in Madura Strait within a 12-year span (from 2010 
through 2021). The study revealed that the SST exhibited a significant increase dur-
ing La Niña events, whereas it exhibited a corresponding decrease during El Niño 
events. This positive correlation could also be observed in the research that was 
conducted by [18] in the Malacca Strait (which analyzed data spanning from 1982 
through 2014) as well as in research that was conducted in the Banda Sea [19].

The researchers that were mentioned above leveraged remote-sensing meth-
odologies in order to conduct their observations. Chlorophyll-a levels and the SST 
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could be derived from the object’s response to electromagnetic waves, whether they 
were reflected, emitted, or scattered back [20] with remote sensing; thus, there was 
no need for direct contact with the object [21]. The SST and chlorophyll-a levels could 
be detected by using satellite images, since the satellite sensor captured the amounts 
of the reflectance (chlorophyll-a reflects visible green light and absorbs blue and 
orange light waves) [22]. In our research, chlorophyll-a-level extraction was carried 
out using the OceanColor 2 (OC2) algorithm involving Band 2 (0.45–0.51 µm) and 
Band 3 (0.53–0.59 µm), while the SST levels were obtained from the Thermal Infra-
red Sensors (TIRS) (or Band 10) (10.60–11.19 µm).

According to [23], water bodies are classified as open sea waters, coastal waters, 
and inland waters. According to  [24,  25], the OC2 and OC3 algorithms are more 
suitable for use in coastal and inland waters when compared to other available al-
gorithms. The OC2 algorithm is a quartic polynomial algorithm that utilizes reflec-
tance values from the blue and green channels [26, 27]. The blue and green spectrum 
is used to retrieve chlorophyll-a levels by detecting the blue-wave-absorption peak 
considering the strong signal-to-noise ratio  (SNR) at this wavelength  [26,  28,  29]. 
The authors of [11] proved that, when using the OC2 algorithm, chlorophyll-a-level-
extraction processes were achievable using Landsat  8  OLI/TIRS. Aside from this, 
the newer Landsat satellite (Landsat 9 OLI/TIRS satellite imagery) has a resolution 
of 30 meters for each pixel for the multispectral as well as the TIRS band according 
to Google Earth Engine data catalog (this is a higher resolution than other satellite 
images such as MODIS Aqua/Terra, SNPP-VIIRS, and MERIS).

Moreover, the ENSO phenomenon that is indicated by the SOI would correlate 
to the SST, chlorophyll-a levels, and small pelagic fish catches. This could be found 
since SOI and the SST would affect the chlorophyll-a levels (and, thus, the small 
pelagic fish’s food sources). Landsat 9 OLI/TIRS images are expected to be highly 
detailed since it has a better resolution than other satellite images.

As far as we know, no research has been conducted by using Landsat 9 OLI/TIRS 
satellite imagery to acquire SSTs and chlorophyll-a concentrations. This research 
shows the performance of the Landsat 9 OLI/TIRS satellite imagery to extract SST 
and chlorophyll-a levels, which will be tested with other variables such as the 
SOI index and the total number of pelagic fish catches in Madura Strait in order to 
determine the correlation among the variables using the Pearson product-moment 
correlation test and the t-test for validating our hypothesis.

2.	 State of Problems

While utilizing marine resources, a lack of information about oceanograph-
ic conditions is one of the significant challenges; these include information 
about  ENSO’s correlation with chlorophyll-a levels, the  SST, and their impacts 
on fisheries. ENSO  (which affects SST  variability) is primarily caused by the dif-
ferences in sea level pressure that, in turn, affect the growth and distribution of 
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phytoplankton (whose chlorophyll-a pigments are a crucial component of small pe-
lagic fish’s food sources). Furthermore, this affects the distribution and abundance 
of fish populations. ENSO can be identified by SOI, which can lead to a decrease in 
chlorophyll-a levels due to changes in the ocean’s circulation and temperature. This 
decrease in chlorophyll-a levels can have negative impacts on fisheries, as fish pop-
ulations rely on these nutrient-rich waters for survival.

In addition, there is a research gap that has not applied the Landsat 9 OLI/TIRS 
satellite images to estimate the chlorophyll-a levels and  SSTs; hence, it is should 
be filled in order to support decision-making processes and sustainable prac-
tices. Moreover, this creates a knowledge gap by limiting our understanding 
of Landsat  9  OLI/TIRS’s ability to obtain the spatial and temporal variability of 
chlorophyll-a levels and SSTs in response to ENSO events. Furthermore, the lack 
of a high-resolution data set on chlorophyll-a levels and SSTs in the study area 
during ENSO events hinders our ability to accurately model and predict the effect 
that ENSO has on fisheries and aquaculture.

3.	 Material and Methods

3.1.	 Study Area

The study area of this research was located in the southern part of Madura Strait 
which can be seen in Figure 1.

Fig. 1. Study area
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Madura Strait is included in the Fisheries Management Area of Indonesia Num-
ber 712. Madura Strait (which lies on the north side of Probolinggo) is the primary 
source of income for fishermen, as it provides valuable resources. Fish distribution 
is needed to maximize the utilization of these resources by using satellite images to 
collect information on the SST and chlorophyll-a levels. This location was chosen 
because of the primary data availability in the form of Landsat 9 OLI/TIRS satellite 
imagery and the availability of secondary data on the numbers of small pelagic fish 
catches in 2022 and 2023.

3.2.	 Materials

This research was conducted from June 2022 through February 2023, with ten 
images of Landsat 9 OLI/TIRS Collection 2 Level 1 TOA over Madura Strait being ac-
quired. The images from December 4, 2022, and February 6, 2023, were not used due to 
the cloud coverage on these days; images with higher cloud coverage cannot provide 
any visual nor non-visual information. For example, clouds are captured in the multi-
spectral sensors, which means that the results would affected by the clouds’ existence.

While the satellite images were derived from the Google Earth Engine (GEE) data 
catalogue, the small-pelagic-fish-catch data was obtained through a request from 
the Department of Agriculture, Food Security, and Fisheries (DPKPP) of Proboling-
go, and the SOI index was downloaded from the Australian Bureau of Meteorology 
website (www.bom.gov.au). The fish-catch data was in the form of a table, consisting 
of Probolinggo’s monthly fish and other catches (in tons). The SOI data was down-
loaded in a monthly form; it was given in positive numbers (which indicated the 
occurrence of La Niña) and negative numbers (indicating the presence of El Niño).

In contrast, both data sets can be seen in Table 1. We utilized Google Earth En-
gine (GEE) (to process the satellite images), Microsoft Excel (to process the statistics), 
and QGIS software (to create the maps).

Table 1. SOI and numbers of small pelagic fish catches 

Date SOI Small pelagic fish catches [t]

June 2022 21.20 24.30

July 2022 8.70 14.00

August 2022 9.10 5.60

December 2022 20.00 9.60

January 2023 11.80 12.00

February 2023 10.50 11.40

Sources: small pelagic fish catches from Department of Agriculture, Food Security, and Fisheries (DPKPP) 
of Probolinggo (dpkpp.probolinggokab.go.id); SOI can be downloaded from Australian Government 

Bureau of Meteorology (bom.gov.au)

http://dpkpp.probolinggokab.go.id
http://bom.gov.au
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3.3.	 Methods

SST Value Retrieval

As a cloud-computing platform, utilizing Google Earth Engine eased the pro-
cessing due to its faster processing time, as it did not require us to first download 
the images (in addition, some processes were passed over; i.e., radiometric and at-
mospheric corrections). Band  10  (10.6–11.19 µm) from the Thermal Infrared Sen-
sors (TIRS) was used to retrieve the SST values. Since Landsat 9 OLI/TIRS Collection 2 
Tier 1 Top of Atmosphere (TOA) Reflectance data sets already have TOA brightness 
temperatures shown in kelvins. In this research, this data was converted to degrees 
Celsius by using Equation (1): 

	 Celsius = Kelvin – 273	 (1)

where:
	Celsius	–	 temperature in degrees Celsius,
	Kelvin	–	temperature in kelvins.

Chlorophyll-a Level Retrieval

Based on [26], OceanColor 2 (OC2) is a quartic polynomial that is used to re-
trieve chlorophyll-a levels based on the remote sensing reflectance values  (Rrs) 
from Band  2  (0.45–0.51 µm) and Band  3  (0.53–0.59 µm). Reflectance  (Rrs) is the 
number of electromagnetic waves that are reflected by an objects’ responses. The 
algorithm’s statistical and graphical results were considered to be superior to oth-
er formulations that were equated along its simple and reversible functional form. 
Band 2 (0.45–0.51 µm) and Band 3 (0.53–0.59 µm), which are the blue- and green-
color spectrums, respectively, were used to retrieve the chlorophyll-a levels by de-
tecting the blue-wave absorption peak, considering the strong signal-to-noise ra-
tio (SNR) at this wavelength [26, 28, 29]. To retrieve the chlorophyll-a levels from the 
Landsat 9 OLI/TIRS images, Equation (2) was used:

	
2 30 1 2 3 10 4a a R a R a RChla a+ ⋅ + ⋅ + ⋅= + 	 (2)

where:
	Chla	–	chlorophyll-a levels [mg/m3],
	 a0	=	0.341,
	 a1	=	−3.001,
	 a2	=	2.811,
	 a3	=	−2.041,
	 a4	=	0.0400,

	
490   2

log log
555   3

rs rs
rs

rs rs

R R band
R

R R band
= = .
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Validations
Validation is a crucial step during research; without this procedure, research 

findings may be flawed or misleading, thus leading to incorrect conclusions. Vali-
dation is done using the Pearson product-moment correlation test to obtain any cor-
relation and the t-test for hypothesis validation. Before processing the statistical data 
with the Pearson product-moment correlation test, the SST values, chlorophyll-a lev-
els, SOI, and total fish catches were sorted into monthly data (like the other data); for 
instance, SOI and the total fish-catch data. To obtain the correlation between each 
variable pairing, the correlation test was done using Equation (3):

	
( ){ } ( ){ }2 22 2

 XY
n XY X Yr

n X X n Y Y

∑ −∑ ∑
=

∑ − ∑ ∑ − ∑
	 (3)

where:
	 X	–	first variable,
	 Y	–	second variable,
	rXY	–	correlation coefficient,
	 n	–	number of samples.

The data that had been correlation-tested was processed further for the t-test 
by comparing the calculated results and the t-value based on the significance and 
the number of samples. This test was carried out by choosing a two-tailed test with 
a 0.2 significance level test (due to the limitations of the satellite image availability 
of only 10 images); a lower significance level (which means more precision) could 
have been achieved by processing more images. The t-test was done by processing 
the data using the t-test formula that is shown in Equation (4):

	
2

2
1

r nt
r
−

=
−

	 (4)

where:
	t	–	calculation result,
	r	–	second variable,
	n	–	number of sample.

4.	 Results and Discussion

All of the processed Landsat 9 OLI/TIRS images produced SST values and chlo-
rophyll-a levels. To get the maximum results that reflected the actual conditions, 
the cloud-masking process was performed in order to delete some parts of the im-
ages that were covered by clouds. During this process, some parts of the cloudy 
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areas were not removed, as the algorithm has its limitations. Figure 2 shows the 
parts where the cloud-masking algorithm did not run perfectly when processing the 
Landsat 9 OLI/TIRS image from June 11, 2022. These unmasked areas affected the 
statistical results of the SST values and chlorophyll-a levels.

Fig. 2. Unmasked cloud-covered areas

4.1.	 Sea Surface Temperature

After Landsat 9’s Band 10 (10.6–11.19 µm) images were processed, they showed 
the results of the SST variability along the southern part of Madura Strait. The results 
of the SST-extraction process from June through August 2022 are shown in Figure 3. 
The SSTs are shown with a green-to-red color range, which started from 17.5 to 26°C; 
this indicated lower sea surface temperatures in green and higher sea surface tem-
peratures in red (as shown in Figure 3). As can be seen in Figure 3, the images from 
June 11, 2022, showed that the western side of the map was colored green; these 
were areas that were not masked as cloudy areas during the cloud-masking process. 
In another image from August 14, 2022, some areas around the masked areas were 
unmasked due to the limits of the cloud-masking process.

Figure 3 shows that there was a decrease in the SST, as the images had turned 
from yellowish to green on August 30,  2022. During this period, the monthly 
mean SSTs for June, July, and August 2022 were 22.56, 21.61, and 20.08°C, respec-
tively (the average was 21.42°C). Further details about the statistical values of the 
SSTs can be seen in Table 2.
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Based on the statistical values in Table 2, there was a decreasing mean value 
of the SSTs during this period, while the lowest temperature could be found on 
August 30,  2022  (19.15°C). Additionally, there were some extreme values of the 
minimum temperature of August 14,  2022. This phenomenon occurred due to 

Fig. 3. SST-variability map from June through August 2022
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a cloud-masking process that was not optimal. The highest SST mean was acquired 
from the images from June 27, 2022 (22.75°C), while the lowest was acquired from 
the images from August 30, 2022 (19.15°C).

Table 2. Sea surface temperatures from June through August 2022 [°C]

Date Mean Min Max

June 11, 2022 22.36 17.86 25.18

June 27, 2022 22.75 21.24 24.46

July 13, 2022 20.73 17.01 24.10

July 29, 2022 22.49 20.61 28.90

August 14, 2022 21.02 −4.77 24.20

August 30, 2022 19.15 16.49 22.16

The second period (from December 2022 through February 2023) had a lower 
average SST of 21.42°C. Also, the monthly mean value of the SSTs decreased to its 
lowest on January 21, 2023 (17.18°C). During this period, the highest mean of the 
SST could be found on December 20, 2022 (22.73°C). There were also extreme differ-
ences among the minimum temperatures that occurred due to the limitations of the 
cloud-masking process.

Figure 4 shows the variability of the SSTs where the images turned from yel-
lowish to solid green on January 21, 2023 (with the lowest mean value of the SST of 
this period). As could be seen on the images from August 14, 2022, January 5, 2023, 
and February 22, 2023, there was a phenomenon where the offshore area had higher 
temperatures than the coastal area did. This could have occurred due to any carried 
biomaterial from the waterways or river runoffs [10].

The data in Table 3 below shows that the SST mean on December 20,  2022, 
was 22.73°C; then, it dropped to 17.18°C on January 21, 2023, as the lowest mean (as 
previously mentioned). However, the lowest minimum SST was acquired on Janu-
ary 5, 2023, due to the limitations of the cloud-masking process. Visually, the lowest 
minimum SST could be seen around the removed parts of the image.

Table 3. Sea surface temperatures from December 2022 through February 2023 [°C]

Date Mean Min Max

December 20, 2022 22.73 21.75 26.67

January 5, 2023 21.05 13.21 25.46

January 21, 2023 17.18 14.62 20.61

February 22, 2023 19.94 15.30 24.30
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Furthermore, the average SST mean of Madura Strait was grouped into a month-
ly period for the Pearson product-moment correlation test with other variables such 
as chlorophyll-a levels, SOI, and the number of fish catches (as shown in Table 4). 
By comparing both periods, the December 2022 through February 2023 period had 
lower averages than the other period did; this phenomenon could also be seen in the 
research by [10, 15]. By comparing this to the data in Table 1, the SSTs unidirection-
ally corresponded with the decreased SOI values.

Table 4. Sea surface temperatures of Madura Strait [°C]

Date Mean

June 2022 22.56

July 2022 21.61

August 2022 20.08

December 2022 22.73

January 2023 19.12

February 2023 19.94

Fig. 4. SST-variability map from December 2022 through February 2023
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4.2.	 Chlorophyll-a Levels
The chlorophyll-a levels were acquired by processing the Landsat 9 OLI/TIRS 

images using the OceanColor 2 (OC2) algorithm, which utilized the reflectance val-
ues from the blue and green bands  [26,  27]. Figure 5 shows that the coastal area 
had higher chlorophyll-a levels (purple color), while the lower levels were offshore 
(turquoise color). These phenomena could have been caused by the carried nutrients 
from the surrounding waterways or river runoffs [10].

Fig. 5. Chlorophyll-a-level-variability map from June through August 2022
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However, there were still higher chlorophyll-a levels around the cloud-masked 
areas; these higher chlorophyll-a levels were skewed by the clouds that were sup-
posedly not masked. Since Bands 2 and 3 are multispectral, any visible unmasked 
clouds were processed by the OceanColor 2 algorithm.

Figure 5 shows increases in the mean chlorophyll-a levels from June 11, 2022, 
through their peak on August 30, 2022; this is indicated by the large amount of pur-
ple that replaced the bluish color. Furthermore, the images from June 11, 2022, and 
July 13, 2022, appeared to show more parts with lower chlorophyll-a levels (indi-
cated by the blue color) than the other images that were supported by the data in 
Table 5; this shows chlorophyll-a levels of 0.7 mg/m3 in the June 11 image, followed 
by the image from July 13, 2022 (0.75 mg/m3).

The highest chlorophyll-a levels from June through August 2022 were shown 
in the image from July 29, 2022 (0.8 mg/m3). Although the averages of each image 
ranged from 0.70 to 0.87 mg/m3, the maximum values of each image ranged from 2.01 
to 3.01 mg/m3. While the average chlorophyll-a levels ranged 0.70–0.87 mg/m3, the 
maximum values were dramatically higher (up to 3 mg/m3); this was affected by the 
presence of unmasked clouds.

Table 5. Chlorophyll-a levels from June through August 2022 [mg/m3]

Date Mean Min Max

June 11, 2022 0.70 0.55 2.48

June 27, 2022 0.76 0.55 2.51

July 13, 2022 0.75 0.59 2.54

July 29, 2022 0.80 0.63 3.01

August 14, 2022 0.76 0.37 2.87

August 30, 2022 0.87 0.63 2.01

During the second period, there were higher chlorophyll-a levels than there 
were in the previous period (as is indicated by the purplish color in Figure 6). Also, 
the coastal areas had higher chlorophyll-a levels; these levels decreased further 
out from the shore. Although there was a void of the image from the beginning of 
February, increasing chlorophyll-a levels can be seen in Table 6. Increases of chlo-
rophyll-a levels were discovered from December 20,  2022, through their peak on 
January 5,  2023; this was similar to the increases from January 21,  2022, through 
February 22, 2023. The highest mean of the chlorophyll-a levels was indicated by the 
image from January 5, 2023 (0.98 mg/m3), while the lowest mean level during this 
period could be found on December 20, 2022 (0.81 mg/m3).
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Table 6. Chlorophyll-a levels from December 2022 through February 2023 [mg/m3]

Date Mean Min Max

December 20, 2022 0.81 0.60 3.29

January 5, 2023 0.98 0.47 3.28

January 21, 2023 0.82 0.63 2.53

February 22, 2023 0.91 0.47 3.93

Furthermore, the average chlorophyll-a levels were grouped into monthly data 
(as shown in Table 7). The second period (which occurred from December 2022 
through February 2023) had a higher average than in the previous period, with dif-
ferences of up to 0.11 mg/m3. The highest average was achieved in February 2023, 
followed by January 2023 (with a difference of 0.01 mg/m3). These results were sup-
ported by the results of research from 2010 to 2019 [4].

Fig. 6. Chlorophyll-a-level-variability map from December 2022 through February 2023
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The research by  [30] also proved that the highest chlorophyll-a levels were 
achieved in the northwest monsoon around the month of January; this could have 
been caused by the change of the cooler-rich nutrients from below (a so-called up-
welling)  [31]. In addition, this showed that the chlorophyll-a levels and the SSTs 
were in opposition.

Table 7. Chlorophyll-a levels [mg/m3]

Date Mean

June 2022 0.73

July 2022 0.77

August 2022 0.82

December 2022 0.81

January 2023 0.90

February 2023 0.91

4.3.	 Validations

A Pearson product-moment correlation was carried out as the first step of the 
validation process in this research. This process was performed in order to obtain 
information about the directions and strengths of the relationships among the SSTs, 
chlorophyll-a levels, total pelagic fish catches, and SOI. The results of this correlation 
test are shown in Table 8.

Table 8. Pearson product-moment correlation test results

Variable r

Sea surface temperature – Chlorophyll-a levels −0.806

Sea surface temperature – Southern Oscillation Index 0.732

Sea surface temperature – Total pelagic fish catches 0.479

Chlorophyll-a levels – Southern Oscillation Index −0.469

Chlorophyll-a levels – Total pelagic fish catches −0.554

Southern Oscillation Index – Total pelagic fish catches 0.564
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Each negative value indicates a pairing that had an opposite correlation, such 
as the correlation of the chlorophyll-a levels to each of the other variables (SST, SOI, 
and total pelagic fish catches); the remaining correlations were unidirectional. The 
results showed that there were warmer SSTs during La Niña (which was unidirec-
tional with SOI [15, 17]) and that the chlorophyll-a levels decreased [32]. The pos-
itive correlation between SST and SOI was in line with Charles’s law, which states 
that temperature has a unidirectional correlation with pressure. The highest correla-
tion between SST and SOI could be found during the period from December 2022 
through February 2023, with a correlation coefficient  (r) of 0.94, while the period 
from June through August 2022 had a correlation coefficient (r) of 0.77.

Although the SST and chlorophyll-a levels had an opposite correlation, they 
were the highest at 0.806. Despite this, an anomalous phenomenon was captured 
by the image on June 27, 2022, where there was an increase in the SST as compared 
to the image on June 11, 2022; however, this was not accompanied by a decrease 
in the chlorophyll-a concentration. The same phenomenon could also be found in 
the image on February 22, 2023, where there was a significant increase in the chlo-
rophyll-a concentration (up  to 0.09  mg/m3) despite experiencing an increase of 
up  to 2.76°C in temperature. Similar phenomena were also found in the research 
that was conducted in the Makassar Strait [11], where the chlorophyll-a levels and 
the SST were not found to be in opposition.

Since some species of small pelagic fish respond to ENSO [33], the correlation 
between the SST and small pelagic fish catches was found to be 0.479; this indicated 
a moderate relationship between SPL and the quantity of small pelagic fish catch-
es, meaning that the relationship between the SST and the number of pelagic fish 
catches was unidirectional. However, SST only affected the amount of small pelagic 
fish catches by 22.9441%, with the remainder being influenced by other factors such 
as salinity conditions, seasons, and other factors (such as the fishing intensity of 
fishermen).

At the same time, the lowest correlation was between chlorophyll-a levels 
and SOI (−0.469); this indicated that ENSO did not have a strong correlation with 
the chlorophyll-a levels  [34]. The chlorophyll-a level, which reflects the amount 
of chlorophyll-a on the surface) is one indicator of food sources for small pelagic 
fish [2, 3]; this can be used as inferred information about the distribution of small 
pelagic fish [4–7].

Despite the fact that chlorophyll-a is a food source for small pelagic fish, this 
study found a strong but inversed correlation between chlorophyll-a concentrations 
and the catch quantities of small pelagic fish (with a correlation coefficient of –0.554). 
This inverse relationship could also be observed in a study that was conducted in the 
waters of Rembang Regency [35]. Last, a strong and direct correlation between SOI 
and the number of small pelagic fish catches could be found, with a correlation co-
efficient  (r) of 0.564. Furthermore, the correlation test results were processed fur-
ther by using a t-test to determine whether the hypothesis was accepted or rejected.
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Table 9. Partial t-test results

Variable t

SST – Chlorophyll-a levels −2.72336

SST – SOI 2.14882

SST – Small pelagic fish catches 1.09135

Chlorophyll-a levels – SOI −1.06205

Chlorophyll-a levels – Small pelagic fish catches −1.3309

SOI – Small pelagic fish catches 1.36599

The final step of the validation process of this research was the t-test, which 
was carried out by processing the previous test results (r) from the Pearson product-
moment correlation test. This test also classified the results based on the relation-
ships between each pair of variables. In this research, the test was carried out by 
testing the calculated t value in Table 9 with the t critical value with a significance 
level of 0.05 (one-tailed); thus, the t value was 2.131847. Based on these values, there 
were only two correlations between pairs of variables (the SST – chlorophyll-a levels, 
and the correlation between SST and SOI); this showed significant correlations be-
tween these variable pairings. This issue may have arisen due to the limited amount 
of data, which may have not adequately captured the relationships between these 
variable pairings and tended to have biases [36].

5.	 Conclusions

It can be concluded that Landsat 9 OLI/TIRS images can used to retrieve the SST 
and chlorophyll-a levels of Madura Strait by utilizing the TIRS band (B10) while using 
the OceanColor 2 algorithm to retrieve the chlorophyll-a levels. The results showed 
that only two significant correlations could be found based on the result of the two-
tailed test with a 0.2  significance level  t-test, which were the correlation between 
the SST and chlorophyll-a levels (−0.806, with a significance level of −2.72336) and 
the correlation between the SST and SOI (0.732, with a significance level of 2.14882). 
The negative correlation between the SST and chlorophyll-a levels could have oc-
curred when the surface waters were cold; in such a scenario, it is easier for deeper 
water to rise to the surface, thus bringing more nutrients to sunlit areas where phy-
toplankton can feed on them [37]. Therefore, the SST and chlorophyll-a levels had an 
opposite correlation; this supported the research that was performed by [30].

Further research should be conducted in order to acquire more information 
about the causal relationship between those variables with more satellite images in 
order to achieve maximum reliability. This research aimed to serve as a reference for 
utilizing Landsat 9 OLI/TIRS for acquiring SST and chlorophyll-a levels.
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