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ABSTRACT 

Oceanographic and meteorological parameters in tropical coastal waters are highly dynamic and strongly 
influenced by large-scale climate variability, particularly the El Niño–Southern Oscillation (ENSO) and the Indian Ocean 
Dipole (IOD). As global climate change intensifies atmospheric and oceanic variability, Indonesia’s coastal regions, 
including Banyuwangi waters, become increasingly vulnerable to environmental fluctuations. This study aims to analyze 
long-term trends and anomalies of oceanographic–meteorological parameters during 2015–2024 and evaluate their 
relationships with ENSO and IOD variability. The analyzed parameters included wind speed, significant wave height, 
surface current velocity, tides, rainfall, sea surface temperature (SST), and chlorophyll-a concentration. Linear regression 
was applied to identify long-term trends, while Spearman’s rank correlation analysis was used to assess relationships 
between climate indices and environmental parameters. The results indicate increasing trends in wind speed (6.47–6.76 
knots), significant wave height (0.867–0.901 m), surface current velocity (8.18–8.65 cm s⁻¹), and tidal height (10.00–10.04 
cm), whereas rainfall exhibited a decreasing trend from 6.14 mm to 4.88 mm during the study period. Correlation analysis 
revealed that ENSO and IOD exerted variable influences on rainfall, SST, and chlorophyll-a concentration, with significant 
correlations occurring only during specific years. ENSO showed a strong positive relationship with rainfall in 2023 (ρ = 
0.704), while IOD exhibited a significant negative relationship with rainfall in 2015 (ρ = −0.666). Significant relationships 
were also identified between climate indices and SST as well as chlorophyll-a concentration, indicating that regional 
oceanographic conditions respond to both large-scale climate forcing and local environmental factors. Overall, the findings 
demonstrate that the impacts of ENSO and IOD on Banyuwangi waters are dynamic and temporally variable, emphasizing 
the importance of long-term monitoring to support coastal resource management and climate adaptation strategies. 
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INTRODUCTION 

Geographically, Indonesia is the largest 
archipelagic country in the world, extending from 6° North 
Latitude to 11° South Latitude and from 92° East 
Longitude to 142° East Longitude, with a marine area of 
approximately 5.9 million km² [1]. This strategic location 
places Indonesia at the crossroads of two continents, Asia 
and Australia, and two major oceans, the Indian and 
Pacific Oceans. As a result, Indonesia serves as an 
important center of global maritime trade and 
transportation while remaining highly influenced by 
international climatic and oceanographic processes. 

One of the Indonesian regions directly connected to 
the Indian Ocean is Banyuwangi Regency, located at the 
eastern tip of Java Island. Banyuwangi has a coastline of 
approximately 282 km [2]. Previous studies have indicated 
that sea surface temperatures in Indonesian waters, 
including the southern coast of Java, have exhibited a 
warming trend over recent decades, often associated with 
positive Indian Ocean Dipole (IOD) and El Niño events 
[3]. Similar influences are suspected in Banyuwangi 
waters, where global climate variability may affect sea 
surface temperature and marine productivity. However, 

long-term analyses focusing specifically on Banyuwangi 
remain limited, highlighting the need for further 
investigation. 

Banyuwangi waters are recognized as an important 
upwelling region, where nutrient-rich deep water rises to 
the surface and enhances phytoplankton growth, resulting 
in high marine productivity [4]. The region exhibits 
complex oceanographic characteristics due to its location 
at the convergence of water masses from the Indian Ocean 
and the Java Sea. These characteristics include strong 
seasonal variability driven by the monsoon system, 
intensive upwelling during the southeast monsoon, 
accelerated currents through the narrow Bali Strait, and 
high sensitivity to large-scale climate phenomena such as 
the Indian Ocean Dipole (IOD) and the El Niño–Southern 
Oscillation (ENSO). The IOD represents an ocean–
atmosphere interaction occurring in the tropical Indian 
Ocean, whereas ENSO is a climate anomaly originating in 
the Pacific Ocean and characterized by variations in sea 
surface temperatures across the equatorial Pacific [5]. The 
interaction of these processes makes Banyuwangi one of 
the most productive yet environmentally vulnerable 
marine regions in Indonesia. 
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Over the past decade, global climate variability has 
significantly affected the oceanographic and 
meteorological conditions of Banyuwangi waters. 
Phenomena such as ENSO and IOD have contributed to 
fluctuations in sea surface temperature, wind patterns, and 
rainfall distribution. During El Niño events, sea surface 
temperatures around Banyuwangi tend to increase, 
potentially weakening upwelling intensity and disrupting 
marine food webs, which may ultimately reduce fish 
production and affect local fisheries [6]. In contrast, La 
Niña events are often associated with increased rainfall, 
which can lead to flooding and coastal erosion [7]. These 
climatic anomalies also influence land–sea interactions, 
including sediment transport, soil erosion, and changes in 
mangrove ecosystems. Their impacts may be further 
intensified by anthropogenic pressures such as 
deforestation and pollution, which accelerate 
environmental degradation [8]. 

Understanding the extent to which large-scale 
climate phenomena influence local oceanographic 
conditions requires systematic and long-term analyses. 
Historical trend assessments can reveal patterns of 
variability, detect anomalies, and support the identification 
of future environmental risks [8]. Therefore, the main 
objective of this study is to analyze long-term trends and 
anomalies in oceanographic and meteorological 
parameters in Banyuwangi waters during the period 2015–
2024. The study focuses on variations in wind speed, 
significant wave height, surface current velocity, tides, 
rainfall, sea surface temperature (SST), and chlorophyll-a 
concentrations, as well as their relationships with ENSO 
and IOD variability using statistical trend and correlation 
analyses. The findings are expected to improve 
understanding of regional oceanographic dynamics and 
support the development of adaptation and management 
strategies in response to climate variability. 
 
RESEARCH METHOD 
Study Area and Data Sources 

This study was conducted in the waters of 
Banyuwangi Regency, which are bordered by the Bali 
Strait to the west and the Indian Ocean to the south 
(Figure-1). The datasets used in this research consisted of 
primary and secondary data. The primary data included 
oceanographic and meteorological parameters, namely 
wind speed, significant wave height, surface current 
velocity, tides, and rainfall. The secondary data, obtained 
from various online databases, included sea surface 
temperature (SST), chlorophyll-a concentration, SST 
anomaly, and Dipole Mode Index (DMI) data. Detailed 
information on the data sources is presented in Table-1. 
Both primary and secondary datasets covered the period 
from 2015 to 2024. Data analysis was conducted using 
several methods, including linear regression, the 
Admiralty method, and Spearman’s rank correlation 
coefficient analysis. 
 
Linear Regression 

Linear regression is a statistical method used to 
model the relationship between a dependent variable and 
one or more independent variables under the assumption 
of a linear relationship [9]. The model generates a linear 
equation, as presented in Equation (1), while the intercept 
and slope coefficients are calculated using Equations (2) 
and (3), respectively. The resulting equation can be used to 

estimate the value of the dependent variable based on the 
corresponding independent variable(s) [9]. 

 

 
Figure-1. Research location map 

 
Table-1. Summary of data types, parameters, and sources 

used in the study 
Data Category Parameter Source 
Oceanographic 
Data 

Wind Speed, 
Significant Wave 
Height, Surface 
Current Velocity, and 
Tidal Elevation 

BMKG Tanjung 
Perak Surabaya 
Maritime 
Meteorological 
Station 

Meteorological 
Data 

Rainfall BMKG Tanjung 
Perak Surabaya 
Maritime 
Meteorological 
Station 

Satellite Data Sea Surface 
Temperature (SST) 
and Chlorophyll-a 
Concentration 

NASA Ocean Color 
Level-3 Products (4 
km spatial 
resolution) 

Climate Indices ENSO (Niño 3.4 
Index) and Indian 
Ocean Dipole (DMI) 

NOAA Climate 
Prediction Center 
(CPC) 

 
 𝑌 = 𝑎 + 𝑏𝑋     (1) 
 
𝑎 =  �Σ𝑋

2�(Σ𝑌)−(Σ𝑋𝑌)(Σ𝑋)
𝑛(Σ𝑋2)−(Σ𝑥)2

    (2) 
 
𝑏 =  𝑛(Σ𝑋𝑌)−(Σ𝑋)(Σ𝑌)

𝑛(Σ𝑋2)−(Σ𝑥)2
     (3) 

 
Where X is independent variable, Y is dependent variable, 
a is constant or intercept, and b is regression coefficient or 
slope. 

 
Admiralty Method 

The Admiralty method is a harmonic tidal analysis 
approach used to determine tidal constituents from 
observed water level data [10]. This method assumes that 
sea-level fluctuations can be represented as a combination 
of the mean sea level (MSL) and several harmonic 
constituents, each characterized by a specific frequency, 
amplitude, and phase. The harmonic constants obtained 
from the analysis are subsequently used to calculate the 
Formzahl number, as shown in Equation (4). The resulting 
Formzahl value is then used to classify the tidal type 
according to the criteria presented in Table-2. 
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𝐹 =  𝑂1+𝐾1
𝑀2+𝑆2

     (4) 
 

Table-2. Type of tides based on Formzahl values 
Formzahl value Tide type 
0.00 < F < 0.25 Semidiurnal tide 
0.25 < F < 1.5 Mixed tide, predominantly semidiurnal 

1.5 < F < 3 Mixed tide, predominantly diurnal 
F > 3 Diurnal tide 

 
Spearman’s Rank Correlation Coefficient 

Spearman’s rank correlation coefficient is a 
nonparametric statistical method used to assess the 
strength and direction of the monotonic relationship 
between two variables [11]. The coefficient ranges from 
−1 to +1, where positive values indicate a direct 
relationship and negative values indicate an inverse 
relationship. The calculation of Spearman’s correlation 
coefficient is presented in Equation (5), while the 
interpretation of the correlation coefficient (ρ) is provided 
in Table-3. 

 
𝜌 = 1 − 6Σ𝑑2

𝑛(𝑛2−1)
     (5) 

 
Where ρ is Spearman's correlation coefficient, d2 is 
Squared ranking, and n is amount of data or samples. 
 

Table-3. Interpretation of ρ value 
Correlation Coefficient (ρ) Interpretation 
+1.00 Perfect positive correlation 
+0.80 to +0.99 Very strong positive correlation 
+0.60 to +0.79 Strong positive correlation 
+0.40 to +0.59 Moderate positive correlation 
+0.20 to +0.39 Weak positive correlation 
-0.19 to +0.19 Negligible correlation 
-0.20 to -0.39 Weak negative correlation 
-0.40 to -0.59 Moderate negative correlation 
-0.60 to -0.79 Strong negative correlation 
-0.80 to -0.99 Very strong negative correlation 
-1.00 Perfect negative correlation 
 
RESULTS AND DISCUSSION 
Long-Term Trends and Variability of Oceanographic–
Meteorological Parameters 

Figure-2 illustrates the trend of wind speed in 
Banyuwangi waters during the 2015–2024 period. The 
results indicate a gradual increase in mean wind speed, 
from 6.47 knots in 2015 to 6.76 knots in 2024. This 
increasing trend may be associated with large-scale 
climate variability, particularly ENSO and IOD events. 
Positive IOD and El Niño conditions are generally 
associated with stronger surface winds, whereas La Niña 
and negative IOD phases tend to weaken wind intensity, 
allowing sea surface temperatures and rainfall to increase 
[12]. 

The blue line in Figure-2 represents the standard 
deviation, which reflects the variability of wind speed 
relative to its mean value [13]. The highest standard 
deviation was observed in June, reaching 2.65 knots, 
indicating substantial interannual variability during the 
study period. This variability was strongly influenced by 
the unusually low wind speeds recorded in 2018. Seasonal 
atmospheric conditions may have contributed to these 
fluctuations, as June marks the transition into the dry 
season in Banyuwangi. During this period, relatively 

stable atmospheric conditions and weaker pressure 
gradients may reduce surface wind intensity. In addition, 
ENSO conditions during the study period were 
predominantly neutral to weak El Niño, which may also 
have influenced the observed variability [14]. 

 

 
Figure-2. Trend and variability of wind speed in 

Banyuwangi waters (2015–2024) 
 
Figure-3 presents the variation in significant wave 

height in Banyuwangi waters during the 2015–2024 
period. The results indicate a slight increasing trend, from 
0.867 m in 2015 to 0.901 m in 2024. This gradual increase 
may be influenced by large-scale climate variability, 
particularly ENSO and the Indian Ocean Dipole (IOD), 
which affect wind patterns and atmospheric pressure over 
the Indonesian region, thereby influencing wave 
generation. During El Niño events, changes in monsoonal 
wind patterns may enhance wind stress over the ocean 
surface, leading to increased wave height [15]. 

In addition to the long-term trend, Figure-3 also 
presents the interannual variability represented by standard 
deviation of monthly values. The highest variability is 
observed in July, with a standard deviation of 0.18 m, 
indicating relatively large fluctuations compared to other 
months. This pattern may be associated with seasonal 
dynamics during the Australian monsoon period, when 
wave conditions in southern Indonesia generally reach 
their peak due to strengthened southeasterly winds [16]. 

Variations in wave height are also influenced by 
interannual differences in monsoon strength, atmospheric 
pressure gradients, and ocean–atmosphere interactions. 
These combined factors contribute to the observed 
seasonal variability, particularly during peak monsoon 
months, and highlight the dynamic nature of wave 
conditions in Banyuwangi waters. 

Figure-4 presents the temporal variation of sea 
surface current velocity in Banyuwangi waters during the 
2015–2024 period. The results indicate a gradual 
increasing trend, from 8.18 cm/s in 2015 to 8.65 cm/s in 
2024. This increase may be associated with variations in 
regional wind forcing and wave dynamics, as well as 
large-scale climate variability such as ENSO and the 
Indian Ocean Dipole (IOD). These climate phenomena 
influence ocean circulation patterns in tropical regions, 
including changes in surface current strength in Indonesian 
waters. During El Niño conditions, surface currents in 
some regions of the Indonesian maritime area tend to 
weaken, while opposite conditions may occur during La 
Niña events [17]. 

In addition to the long-term trend, Figure-4 also 
shows interannual variability represented by the standard 
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deviation of monthly values. The highest variability is 
observed in April and September, with standard deviation 
values of 11.36 and 11.34, respectively, indicating strong 
year-to-year fluctuations during these months. These peaks 
are likely related to seasonal transition periods, when 
monsoonal wind patterns and atmospheric pressure 
gradients undergo significant changes. April corresponds 
to the transition from the wet to dry season, while 
September represents the transition from the dry to wet 
season in the Indonesian monsoon system [18]. Such 
transitional conditions can enhance the variability of 
surface current dynamics in coastal waters. 

Overall, the observed variability highlights the 
strong influence of seasonal monsoon transitions and 
climate variability on surface current behavior in 
Banyuwangi waters. 

Figure-5 presents the temporal variation of tidal 
height in Banyuwangi waters during the 2015–2024 
period. The results indicate a very slight increasing trend, 
from approximately 10 cm in 2015 to 10.04 cm in 2024. 
This minor variation may reflect natural tidal fluctuations 
and measurement variability rather than a significant long-
term physical change. Therefore, further analysis is 
required to confirm whether this trend is statistically 
meaningful. 

The standard deviation indicates interannual 
variability, with notable peaks observed in April and 
September, reaching 3.55 cm and 3.53 cm, respectively 
[19]. These variations are likely associated with seasonal 
monsoon transitions and spring–neap tidal cycles, which 
influence tidal amplitude in Indonesian coastal waters. 
During transitional monsoon periods, changes in wind 
stress and atmospheric pressure may enhance short-term 
sea level variability [20]. 

 

 
Figure-3. Trend and variability of significant wave height 

in Banyuwangi waters (2015–2024) 
 

 
Figure-4. Trend and variability of sea surface current 

velocity in Banyuwangi waters (2015–2024) 

 
Figure-5. Trend and variability of tidal height in 

Banyuwangi waters (2015–2024) 
 

 
Figure-6. Trend and variability of rainfall in Banyuwangi 

waters (2015–2024) 
 

Figure-6 shows a decreasing trend in rainfall 
intensity over the 2015–2024 period, from 6.14 mm to 
4.88 mm. This reduction may be influenced by large-scale 
climate variability, particularly ENSO and the Indian 
Ocean Dipole (IOD), which regulate atmospheric 
convection and moisture transport over the Indonesian 
region. During El Niño events, convection over Indonesia 
weakens, resulting in reduced rainfall. Similarly, positive 
IOD conditions are associated with cooler sea surface 
temperatures near Indonesia, which suppress cloud 
formation and precipitation [12]. 

The standard deviation indicates clear seasonal 
variability, with lower rainfall from June to September 
corresponding to the peak of the southeast monsoon (dry 
season), and higher rainfall in January and February 
during the northwest monsoon (wet season) [21][22]. This 
seasonal cycle is a dominant control on rainfall variability 
in the region. 

 
ENSO and IOD Correlation with Rainfall Variability 

Figure-7 illustrates the interannual relationship 
between rainfall variability and large-scale climate indices, 
namely ENSO and the Indian Ocean Dipole (IOD), during 
the 2015–2024 period. Rainfall variability shows a 
consistent response to changes in the Southern Oscillation 
Index (SOI), where negative SOI values in 2019 (−7.03), 
indicative of El Niño conditions, coincide with reduced 
rainfall. In contrast, positive SOI values in 2021 (9.20), 
associated with La Niña conditions, correspond to 
increased rainfall. 
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Figure-7. Relationship between rainfall, ENSO, and IOD 

(2015–2024) 
 
The IOD also appears to modulate rainfall 

variability in the region. Positive DMI values, such as in 
2019 (+1.13), coincide with reduced rainfall, while neutral 
to negative phases tend to align with wetter conditions. 
The combination of El Niño and positive IOD phases 
generally corresponds to drier conditions, whereas La 
Niña combined with negative IOD tends to enhance 
rainfall over the region [23]. 

These results indicate a consistent relationship 
between large-scale climate variability (ENSO and IOD) 
and rainfall fluctuations in the Banyuwangi region. 
However, the strength of this relationship should be 
interpreted in conjunction with statistical correlation 
analysis results. 

Table-4 shows that the correlation between 
ENSO and rainfall in Banyuwangi varied from −0.294 to 
0.704 during the 2015–2024 period. A strong and 
statistically significant positive correlation was observed 
only in 2023 (ρ = 0.704; p < 0.05). In contrast, the 
remaining years exhibited weak to moderate correlations 
that were not statistically significant. These findings 
suggest that the influence of ENSO on rainfall in 
Banyuwangi is temporally variable and may be modulated 
by other factors, including local topography, seasonal 
conditions, monsoon variability, and other large-scale 
climate phenomena such as the Indian Ocean Dipole 
(IOD). Overall, the results indicate that ENSO can affect 
rainfall variability in Banyuwangi; however, its influence 
is not consistently significant across all years [24]. 

Table-5 presents the relationship between IOD 
and rainfall during the study period. Of the ten years 
analyzed, only 2015 exhibited a strong and statistically 
significant negative correlation (ρ = −0.666; p = 0.018), 
indicating that positive IOD conditions were associated 
with reduced rainfall in the region. In the remaining years, 
the correlations were generally weak and statistically 
insignificant. For example, 2016–2017 showed very weak 
positive correlations, whereas 2018–2019 exhibited 
negligible to very weak negative correlations. During 
2020–2024, the direction of the relationship varied 
between positive and negative values, but none reached 
statistical significance. Although a moderate positive 
correlation was observed in 2021 (ρ = 0.573), the 
corresponding p-value (0.051) slightly exceeded the 
significance threshold. These findings suggest that the 
influence of IOD on rainfall variability in Banyuwangi is 
inconsistent from year to year and that IOD alone cannot 
fully explain the observed rainfall variability [25]. Other 
factors, including ENSO, regional sea surface temperature 
variability, and local atmospheric processes, may also 
contribute to rainfall fluctuations in the region. 

 
ENSO and IOD Correlation with SST Variability 

The variability of sea surface temperature (SST) 
in Banyuwangi waters appears to be influenced by both 
ENSO and IOD dynamics (Figure-8). Lower SST values 
were observed during years characterized by negative SOI 
conditions (El Niño), such as 2016 and 2023, whereas 
relatively higher SST values occurred during neutral and 
La Niña phases. Although the IOD index exhibited smaller 
interannual fluctuations, it may have contributed to SST 
variability by modulating regional ocean–atmosphere 
interactions. Overall, the results suggest that ENSO plays 
a more prominent role in SST variability in Banyuwangi 
waters, while IOD acts as a secondary modulating factor. 
Previous studies have shown that changes in IOD phases 
can alter tropical climate conditions through their 
influence on sea surface temperature and atmospheric 
circulation patterns, thereby affecting precipitation and 
oceanographic variability across the tropical Indo-Pacific 
region [26]. 

 
 

Table-4. Spearman’s correlation between rainfall and ENSO 

Year Correlation 
Coefficient (ρ) 

Significance 
value (p) The Power of Relationships Statistical Significance 

2015 0.545 0.067 Moderate (positive) Not significant 

2016 0 1 No relationship Not significant 

2017 -0.294 0.354 Weak (negative) Not significant 

2018 0.224 0.484 Weak (positive) Not significant 

2019 0.102 0.753 Very weak (positive) Not significant 

2020 -0.249 0.436 Weak (negative) Not significant 

2021 0.154 0.633 Very weak (positive) Not significant 

2022 -0.238 0.457 Weak (negative) Not significant 

2023 0.704 0.011 Strong (positive) Significant 

2024 -0.098 0.762 Very weak (negative) Not significant 
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Table-5. Spearman's correlation between rainfall and IOD 

Year Correlation 
Coefficient (ρ) 

Significance 
value (p) The Power of Relationships Statistical Significance 

2015 -0.666 0.018 Strong (negative) Significant 

2016 0.217 0.499 Weak (positive) Not significant 

2017 0.133 0.681 Very weak (positive) Not significant 

2018 0.046 0.888 Very weak (positive) Not significant 

2019 -0.07 0.829 Very weak (negative) Not significant 

2020 -0.326 0.301 Weak (negative) Not significant 

2021 0.573 0.051 Moderate (positive) Not significant  

2022 0.126 0.696 Very weak (positive) Not significant 

2023 -0.319 0.313 Weak (negative) Not significant 

2024 0.35 0.265 Weak (positive) Not significant 
 

 
Table-6. Spearman’s correlation between SST and IOD 

Year Correlation 
Coefficient (ρ) 

Significance 
value (p) The Power of Relationships Statistical Significance 

2015 -0.239 0.455 Weak (negative) Not significant 

2016 0.636 0.026 Strong (positive) Significant 

2017 0.161 0.618 Very weak (positive) Not significant 

2018 0.441 0.151 Moderate (positive) Not significant 

2019 -0.137 0.672 Very weak (negative) Not significant 

2020 -0.028 0.931 No relationship Not significant 

2021 0.525 0.079 Moderate (positive) Not significant 

2022 0.399 0.198 Weak–moderate (positive) Not significant 

2023 -0.028 0.931 No relationship Not significant 

2024 0.35 0.265 Weak (positive) Not significant 
 

 
Table-7. Spearman’s correlation between SST and ENSO 

Year Correlation 
Coefficient (ρ) 

Significance 
value (p) The Power of Relationships Statistical Significance 

2015 0.676 0.016 Strong (positive) Significant 

2016 -0.68 0.015 Strong (negative) Significant 

2017 -0.357 0.255 Weak (negative) Not significant 

2018 0.469 0.124 Moderate (positive) Not significant 

2019 0.105 0.745 Very weak (positive) Not significant 

2020 -0.525 0.079 Moderate (negative) Not significant 

2021 0.2 0.534 Weak (positive) Not significant 

2022 0.035 0.914 No relationship Not significant 

2023 0.627 0.029 Strong (positive) Significant 

2024 -0.028 0.931 No relationship Not significant 
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Figure-8. Relationship between SST, ENSO, and IOD 

(2015-2024) 
 

Table-6 presents the relationship between IOD 
and sea surface temperature (SST) in Banyuwangi waters 
during the study period. The results indicate substantial 
interannual variability in the strength and direction of the 
correlation. A strong and statistically significant positive 
correlation was observed only in 2016 (ρ = 0.636; p = 
0.026), suggesting a positive association between IOD 
variability and SST. In contrast, correlations in the 
remaining years were generally weak to moderate and 
statistically insignificant. For instance, 2015 and 2019 
exhibited weak negative correlations (ρ = −0.239 and 
−0.137, respectively), whereas 2018 and 2021 showed 
moderate positive correlations (ρ = 0.441 and 0.525, 
respectively) that did not reach statistical significance. 
Furthermore, virtually no relationship was observed in 
2020 and 2023 (ρ = −0.028; p = 0.931). 

Overall, these findings suggest that the influence 
of IOD on SST in Banyuwangi waters is temporally 
variable and only significant under specific conditions. 
Therefore, SST variability in the region is likely 
influenced not only by IOD but also by other 
oceanographic and atmospheric processes operating at 
local and regional scales [3]. 

Table-7 shows that the relationship between 
ENSO and sea surface temperature (SST) in Banyuwangi 
waters exhibited substantial interannual variability. Strong 
and statistically significant positive correlations were 
observed in 2015 (ρ = 0.676; p = 0.016) and 2023 (ρ = 
0.627; p = 0.029), indicating that higher ENSO index 
values were associated with increased SST during these 
years. In contrast, 2016 showed a strong and significant 
negative correlation (ρ = −0.680; p = 0.015), suggesting an 
inverse relationship between ENSO variability and SST. 

In the remaining years, the correlations were 
generally weak to moderate and statistically insignificant. 
For example, 2018 and 2020 exhibited moderate 
correlations that did not reach the significance threshold, 
whereas 2019, 2021, 2022, and 2024 showed very weak or 
negligible relationships, accompanied by high p-values. 
These findings indicate that the relationship between 
ENSO and SST is not consistent across years, despite the 
occurrence of strong and significant correlations during 
certain periods. The results suggest that the influence of 
ENSO on SST in Banyuwangi waters is modulated by 
varying oceanographic and atmospheric conditions, as 
well as other regional and local environmental factors that 
contribute to SST variability [5]. 

Correlation of ENSO and IOD with Chlorophyll-a 
Variability 

Figure-9 illustrates the relationship between 
chlorophyll-a variability and large-scale climate 
phenomena in Banyuwangi waters during the study period. 
The results suggest that chlorophyll-a variability is more 
closely associated with IOD variability than with ENSO. 
Higher chlorophyll-a concentrations generally coincided 
with positive DMI conditions, such as those observed in 
2019, whereas lower concentrations tended to occur 
during negative DMI phases, including 2016. In contrast, 
the relationship between chlorophyll-a and the Southern 
Oscillation Index (SOI) was less consistent, indicating a 
weaker and more variable influence of ENSO on 
phytoplankton productivity in the region. 
 

 
Figure-9. Relationship between chlorophyll-a, ENSO, and 

IOD (2015-2024) 
 

These findings highlight the importance of IOD-
related oceanographic processes in regulating primary 
productivity in Banyuwangi waters. Variations in sea 
surface temperature, upwelling intensity, and nutrient 
availability associated with IOD events may contribute to 
changes in chlorophyll-a concentration. Nevertheless, 
local environmental conditions and regional 
oceanographic processes are also likely to influence 
chlorophyll-a variability, resulting in complex interactions 
between climate forcing and marine ecosystem dynamics 
[27]. 

Table-8 presents the correlation between IOD 
variability and chlorophyll-a concentration in Banyuwangi 
waters. The correlation coefficients ranged from very 
weak to strong, with both positive and negative 
relationships observed during the study period. 
Statistically significant correlations were identified in two 
years, including a strong positive correlation (ρ = 0.621, p 
= 0.031) and a strong negative correlation (ρ = −0.606, p = 
0.037). These results suggest that IOD variability may be 
associated with changes in marine productivity, as 
reflected by variations in chlorophyll-a concentration [26]. 

In contrast, most years exhibited weak to 
moderate correlations that were not statistically 
significant, indicating that the influence of IOD on 
chlorophyll-a variability was not consistent throughout the 
study period. This pattern suggests that chlorophyll-a 
dynamics in Banyuwangi waters are likely controlled not 
only by large-scale climate variability but also by local 
and regional oceanographic processes, such as upwelling 
intensity, nutrient availability, ocean circulation, and sea 
surface temperature variability. Overall, while IOD 
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appears to contribute to chlorophyll-a fluctuations under 
certain conditions, its influence varies considerably from 
year to year. 

Table-9 shows that the strongest relationship 
between ENSO and chlorophyll-a concentration was 
observed in 2023, with a strong negative correlation 
coefficient (ρ = −0.818). This result indicates that 
increases in ENSO variability were associated with 
decreases in chlorophyll-a concentration during that year. 
Compared with other years, the magnitude of this 
correlation suggests a stronger relationship between large-
scale climate variability and marine productivity. 

ENSO can influence chlorophyll-a variability 
through its effects on wind patterns, rainfall, sea surface 
temperature, and surface ocean circulation. These 
environmental changes may alter nutrient availability in 
surface waters, thereby affecting phytoplankton growth 
and primary productivity [28]. However, the strength of 
this relationship may vary among years due to the 
influence of local oceanographic conditions and other 
climate-related factors. 

 
 

CONCLUSIONS 
During the 2015–2024 period, oceanographic and 

meteorological parameters in Banyuwangi waters showed 
noticeable interannual variability. Increasing trends were 
observed in wind speed, significant wave height, and 
surface current velocity, while rainfall exhibited a 
decreasing trend. Tidal variations showed relatively small 
long-term changes. 

The results indicate that ENSO and the Indian 
Ocean Dipole (IOD) are associated with variability in 
several oceanographic and meteorological parameters, 
including rainfall, sea surface temperature, and 
chlorophyll-a concentration. However, the strength and 
statistical significance of these relationships vary across 
years, indicating that their influence is not consistent over 
time. 

Overall, oceanographic and meteorological 
variability in Banyuwangi waters is controlled by the 
interaction between large-scale climate phenomena and 
local ocean–atmosphere processes. Therefore, continuous 
monitoring and further studies are required to improve 
understanding of regional climate variability and support 
sustainable coastal management. 

 
 

Table-8. Spearman’s correlation between chlorophyll-a and IOD 

Year Correlation 
Coefficient (ρ) 

Significance 
value (p) The Power of Relationships Statistical Significance 

2015 -0.701 0.011 Strong (negative) Significant 

2016 0.578 0.049 Moderate (positive) Significant 

2017 0.126 0.697 Very weak (positive) Not significant 

2018 -0.683 0.014 Strong (negative) Significant 

2019 -0.368 0.24 Weak (negative) Not significant 

2020 -0.116 0.72 Very weak (negative) Not significant 

2021 -0.07 0.828 Very weak (negative) Not significant 

2022 0.312 0.324 Weak (positive) Not significant 

2023 -0.818 0.001 Very strong (negative) Very significant 

2024 0.112 0.729 Very weak (positive) Not significant 

 
Table-9. Spearman’s correlation between chlorophyll-a and ENSO 

Year Correlation 
Coefficient (ρ) 

Significance 
value (p) The Power of Relationships Statistical Significance 

2015 -0.701 0.011 Moderate (positive) Not significant 

2016 0.578 0.049 No relationship Not significant 

2017 0.126 0.697 Weak (negative) Not significant 

2018 -0.683 0.014 Weak (positive) Not significant 

2019 -0.368 0.24 Very weak (positive) Not significant 

2020 -0.116 0.72 Weak (negative) Not significant 

2021 -0.07 0.828 Very weak (positive) Not significant 

2022 0.312 0.324 Weak (negative) Not significant 

2023 -0.818 0.001 Strong (positive) Significant 

2024 -0.238 0.456 Weak (negative) Not significant 
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