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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 Nifio—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 10D 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™'), 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 10D 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 (p =
0.704), while IOD exhibited a significant negative relationship with rainfall in 2015 (p = —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 10D 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 long-term analyses focusing specifically on Banyuwangi
Geographically, Indonesia is the largest remain limited, highlighting the need for further

archipelagic country in the world, extending from 6° North investigation.

Latitude to 11° South Latitude and from 92° East Banyuwangi waters are recognized as an important

Longitude to 142° East Longitude, with a marine area of upwelling region, where nutrient-rich deep water rises to
approximately 5.9 million km2 [1]. This strategic location the surface and enhances phytoplankton growth, resulting
places Indonesia at the crossroads of two continents, Asia in high marine productivity [4]. The region exhibits
and Australia, and two major oceans, the Indian and complex oceanographic characteristics due to its location
Pacific Oceans. As a result, Indonesia serves as an at the convergence of water masses from the Indian Ocean
important center of global maritime trade and and the Java Sea. These characteristics include strong
transportation while remaining highly influenced by seasonal variability driven by the monsoon system,
international climatic and oceanographic processes. intensive upwelling during the southeast monsoon,

One of the Indonesian regions directly connected to accelerated currents through the narrow Bali Strait, and
the Indian Ocean is Banyuwangi Regency, located at the high sensitivity to large-scale climate phenomena such as
eastern tip of Java Island. Banyuwangi has a coastline of the Indian Ocean Dipole (IOD) and the El Nifio—Southern
approximately 282 km [2]. Previous studies have indicated Oscillation (ENSO). The 10D represents an ocean—
that sea surface temperatures in Indonesian waters, atmosphere interaction occurring in the tropical Indian
including the southern coast of Java, have exhibited a Ocean, whereas ENSO is a climate anomaly originating in
warming trend over recent decades, often associated with the Pacific Ocean and characterized by variations in sea
positive Indian Ocean Dipole (IOD) and El Nifio events surface temperatures across the equatorial Pacific [5]. The

[3]. Similar influences are suspected in Banyuwangi interaction of these processes makes Banyuwangi one of
waters, where global climate variability may affect sea the most productive yet environmentally vulnerable
surface temperature and marine productivity. However, 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 10D have contributed to
fluctuations in sea surface temperature, wind patterns, and
rainfall distribution. During El Nifio 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
Nifia 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 10D 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].

e
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Table-1. Summary of data types, parameters, and sources
used in the study

Data Category Parameter Source
Oceanographic | Wind Speed, BMKG Tanjung
Data Significant Wave Perak Surabaya
Height, Surface Maritime
Current Velocity, and | Meteorological
Tidal Elevation Station
Meteorological | Rainfall BMKG Tanjung
Data Perak Surabaya
Maritime
Meteorological
Station

NASA Ocean Color
Level-3 Products (4

Sea Surface
Temperature (SST)

Satellite Data
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and Chlorophyll-a km spatial
Concentration resolution)
Climate Indices | ENSO (Nifio 3.4 NOAA Climate
Index) and Indian Prediction Center
Ocean Dipole (DMI) (CPC)
Y=a+bX Q)
_ (=x2)(zY)-(ZXY)(ZX) (2)
n(Zx2)—(Zx)?2
_ nEXN-EXEY) 3)

n(Zx2)-(Zx)2

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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Table-2. Type of tides based on Formzahl values

Formzahl value Tide type
0.00<F<0.25 Semidiurnal tide
0.25<F<15 Mixed tide, predominantly semidiurnal
15<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 (p) is provided
in Table-3.

6xd?
n(n2-1)

p=1- Q)

Where p is Spearman's correlation coefficient, d? is
Squared ranking, and n is amount of data or samples.

Table-3. Interpretation of p value

Correlation Coefficient (p) 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
-0.60to -0.79 Strong negative correlation
-0.80 to0 -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 10D events.
Positive IOD and EI Nifio conditions are generally
associated with stronger surface winds, whereas La Nifia
and negative 10D 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
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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 Nifio, which may also
have influenced the observed variability [14].
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Figure-2. Trend and variability of wind speed i
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 (10D),
which affect wind patterns and atmospheric pressure over
the Indonesian region, thereby influencing wave
generation. During El Nifio 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 Nifio conditions, surface currents in
some regions of the Indonesian maritime area tend to
weaken, while opposite conditions may occur during La
Nifia 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].
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Figure-3. Trend and variability of significant wave height
in Banyuwangi waters (2015-2024)
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Figure-4. Trend and variability of sea surface current
velocity in Banyuwangi waters (2015-2024)
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Figure-5. Trend and variability of tidal height in
Banyuwangi waters (2015-2024)
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Figure-6. Trend and variability of rainfall in Banyuwangi
waters (2015-2024)
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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 (I0OD), which regulate atmospheric
convection and moisture transport over the Indonesian
region. During EIl Nifio events, convection over Indonesia
weakens, resulting in reduced rainfall. Similarly, positive
I0OD 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 10D 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 (10D), 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 Nifio conditions, coincide with reduced
rainfall. In contrast, positive SOI values in 2021 (9.20),
associated with La Nifla conditions, correspond to
increased rainfall.



Putri, D. A. E. et al. / Journal of Marine Resources & Coastal Management 7(2): 78-87, August 2026

15
7| —— Rainfall (mm)

~#— ENSO Index (SOI)
—— 10D Index (DMI)

/

=
15}

v

Rainfall {mm)
ENSO & 10D Index

. \ . | " I . L
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

Figure-7. Relationship between rainfall, ENSO, and 10D
(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 Nifio and positive 10D phases
generally corresponds to drier conditions, whereas La
Nifia combined with negative 10D tends to enhance
rainfall over the region [23].

These results indicate a consistent relationship
between large-scale climate variability (ENSO and 10D)
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 (p = 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
(10D). 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 10D
and rainfall during the study period. Of the ten years
analyzed, only 2015 exhibited a strong and statistically
significant negative correlation (p = —0.666; p = 0.018),
indicating that positive 10D 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 (p = 0.573), the
corresponding p-value (0.051) slightly exceeded the
significance threshold. These findings suggest that the
influence of 10D on rainfall variability in Banyuwangi is
inconsistent from year to year and that 10D 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 10D 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 Nifio), such as 2016 and 2023, whereas
relatively higher SST values occurred during neutral and
La Nifia phases. Although the 10D 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 10D acts as a secondary modulating factor.
Previous studies have shown that changes in 10D 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 C(c-):g;f?sils:to(np) Sig;]lilljiecz(ag)ce 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 ngfrgsilj:to(np) Si\(};;lillcz(ig)ce 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 10D
Year ng;t“:z)::l;ito(r]p) Si\gl;glillj:ecz(ag)ce 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 Cﬁg{éﬁ:g;itopp) Si\?;]lil]:ieC?S)Ce 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)
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Table-6 presents the relationship between 10D
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 (p = 0.636; p =
0.026), suggesting a positive association between 10D
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 (p = —0.239 and
—0.137, respectively), whereas 2018 and 2021 showed
moderate positive correlations (p = 0.441 and 0.525,
respectively) that did not reach statistical significance.
Furthermore, virtually no relationship was observed in
2020 and 2023 (p =—0.028; p = 0.931).

Overall, these findings suggest that the influence
of 10D 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 10D 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 (p = 0.676; p = 0.016) and 2023 (p =
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 (p = —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].
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Correlation of ENSO and 10D 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 10D 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.

—+— Chloraphylk-a (mg/m’)
10D (DMI)
—=— ENSO (501)

Chloophyll-a (mg/m?)
[
o
ENSO (SOI) & 10D (DMI) Index
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Figure-9. Relationship between chlorophyll-a, ENSO, and
10D (2015-2024)
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These findings highlight the importance of I0D-
related oceanographic processes in regulating primary
productivity in Banyuwangi waters. Variations in sea
surface temperature, upwelling intensity, and nutrient
availability associated with 10D 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 10D
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 (p = 0.621, p
=0.031) and a strong negative correlation (p = —0.606, p =
0.037). These results suggest that 10D 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 10D 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 10D
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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 (p = —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 10D

Year Cco:gfrt;sil:rtlito(np) Si\g/;:lijzec?g)ce 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 Ci:g{i;cegsxtitog]p) Si\g/]:lijfec?g)ce 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

85




[1]
[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

Putri, D. A. E. et al. / Journal of Marine Resources & Coastal Management 7(2): 78-87, August 2026
REFERENCES

M. F. Arianto. 2020. Potensi Wilayah Pesisir di
Negara Indonesia. J. Geogr. XX: 1-7.

A. Wijaya, U. Zakiyah, A. B. Sambah, and D.
Setyohadi. 2020. Spatio-temporal variability of
temperature and chlorophyll-a concentration of sea
surface in Bali Strait, Indonesia. Biodiversitas.
21(11): 5283-5290.
https://doi.org/10.13057/biodiv/d211132

S. Mubarrok and I. M. Radjawane. 2025. Tren
Kenaikan Suhu Permukaan Laut dan Korelasinya
dengan Suhu Laut Global Periode 1982-2024. J.
Geosains Kutai Basin. 8(2).
https://doi.org/10.30872/aawsmt98

B. Setyadji and K. Amri. 2017. Pengaruh Anomali
Iklim (ENSO Dan IOD) terhadap Sebaran lIkan
Pedang (Xiphias gladius) di Samudera Hindia
Bagian Timur. J. Segara. 13(1): 49-63.
https://doi.org/10.15578/segara.v13i1.6422

A. M. D. Asyam, B. Rochaddi, and R. Widiaratih.
2024. Hubungan ENSO dan 10D terhadap Suhu
Permukaan laut dan Curah Hujan di Selatan Jawa
Tengah. Indones. J. Oceanogr. 6(2): 165-172.
https://doi.org/10.14710/ijoce.v6i2.17274

A. Silaban, S. Johan, and Lizalidiawati. 2025.
Pengaruh ENSO terhadap Kejadian Upwelling di
Perairan Kota Bengkulu (Studi Kasus: El Nino
2023). J.  lm. Sains.  25(1): 37-47.
https://doi.org/10.35799/jis.v25i1.60370

M. Yustiana, M. Zainuri, D. N. Sugianto, M. P. N.
Batubara, and A. M. Hidayat. 2023. Dampak
Variabilitas Iklim Inter-Annual (El Nifio , La Nifia)
Terhadap Curah Hujan dan Anomali Tinggi Muka
Laut di Pantai Utara Jawa Tengah. Bul.
Oseanografi Mar. 12(1): 109-124.
https://doi.org/10.14710/buloma.v12i1.48377

N. S. Ningsih, F. Hanifah, and A. M. Kusmarani.
2018. Peranan Dinamika Oseanografi dalam
Pengelolaan Sumber Daya Perikanan. J. Fish. Mar.
Sci. 2(2).
https://doi.org/10.21776/ub.jfmr.2018.002.02.8

A. A. Muhartini, O. Sahroni, S. D. Rahmawati, T.
Febrianti, and 1. Mahuda. 2021. Analisis
Peramalan Jumlah Penerimaan Mahasiswa Baru
dengan Menggunakan Metode Regresi Linear
Sederhana. J. Bayesian J. llm. Stat. dan Ekon.
1(2): 17-23.

E. Supriyadi, Siswanto, and W. S. Pranowo. 2018.
Analisis Pasang Surut di Perairan Pameungpeuk,
Belitung, dan Sarmi Berdasarkan Metode
Admiralty. J. Meteorol. dan Geofis. 19(1): 29-38.

Y. E. Windarto 2020. Analisis Penyakit
Kardiovaskular Menggunakan Metode Korelasi
Pearson, Spearman dan Kendall. J. Saintekom.
10(2): 119.
https://doi.org/10.33020/saintekom.v10i2.149

Y. W. Millenia, M. Helmi, and L. Maslukah 2022.
Analisis Mekanisme Pengaruh 10D, ENSO dan
Monsun terhadap Suhu Permukaan Laut dan
Curah Hujan di Perairan Kepulauan Mentawai,
Sumatera Barat. Indones. J. Oceanogr. 4(4): 87—
98. https://doi.org/10.14710/ijoce.v4i4.14414

M. L. Syamsuddin, A. R. Puspita, F. Syamsudin, S.
Zallesa, Q. W. Sari, and F. M. Pratiwy. 2024.

86

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Variabilitas Konsentrasi Klorofil-a dari Satelit
Aqua Modis Selama Fase EI Nino Southern
Oscillation 2015-2020 di Selat Makassar. Bawal
Widya Ris. Perikan. Tangkap. 16(2): 64-76.
https://doi.org/10.15578/bawal.16.2.2024.64-76
D. Indriyati et al. 2019. Klima. Kedeputian Bidang
Klimatologi, BMKG, Jakarta Pusat.

S. Zehri et al. 2025. Diverse impact of 2023 El
Nifio on weather patterns over the Indonesian
Maritime Continent. J. South. Hemisph. Earth Syst.
Sci. 75: 1-14. https://doi.org/10.1071/ES25005

S. H. Puna, I. Rahman, and S. L. Sakina. 2025.
Studi Karakteristik Gelombang Laut Perairan
Indonesia Menggunakan Model Simulating Wave
Nearshore (SWAN). Indones. J. Oceanogr. 07(03):
284-297.
https://doi.org/10.14710/ijoce.v7i3.27227

G. F. Rachman, A. Wirasatriya, and H. Setiyono.
2023. Perubahan Ketebalan Lapisan Termoklin
akibat Variabilitas Iklim ENSO dan 10D di
Perairan Selat Bali. Indones. J. Oceanogr. 5(1):
57-68. https://doi.org/10.14710/ijoce.v5i1.15968
D. Siahaan, A. Ismanto, W. Atmodjo, R.
Widiaratih, and Kunarso. 2021. Simulasi Arus 2
Dimensi di Pantai Marina Boom Banyuwangi.
Indones. J. Oceanogr. 03(02).
https://doi.org/10.14710/ijoce.v3i2.11218

R. Firdausyah, R. S. Bintoro, and S. Widagdo,
2023. Pasang Surut dan Arus Pasang Surut di Area
Dermaga Pelabuhan Perikanan Pantai, Muncar,
Banyuwangi. J-Tropimar. 5(2): 51-61.
https://doi.org/10.30649/jrkt.v5i1.66

Amirullah, Danial, and S. Djafar. 2024. Analisis
Perhitungan Kedalaman Perairan Menggunakan
Chart Datum dan Pasang Surut di Pelabuhan
Mamuju Provinsi Sulawesi Barat. J. IIm. Wahana
Laut Lestari. 2(1): 87-97.
https://doi.org/10.33096/jiwall.v2i1.499

K. S. Wulandari, Yushardi, and Sudarti. 2023.
Analisis Intensitas Curah Hujan Kecamatan
Banyuwangi Menggunakan Climate Predictability
Tools. J. Kumparan Fis. 6(2): 97-106.
https://doi.org/10.33369/jkf.6.2.97-106

Y. D. Haryanto, R. Agdialta, and A. Hartoko.
2020. Analisis Monsun di Laut Jawa. Berk.
Perikan. Terubuk. 48(2): 492-500.

R. E. Caraka, Supari, and M. Tahmid. 2018.
Copula-based model for rainfall and EI- Nifio in
Banyuwangi Indonesia. IOP Conf. Ser. J. Phys.
Ser. 1008. https://doi.org/10.1088/1742-
6596/1008/1/012025

M. A. Hasibuan, I. A. Sidig, H. A. Z. Asifin, Q.
Sa’diyah, and Giarno. 2024. Quantifying the
Relationship  Between ENSO-Induced SST
Anomalies and Rainfall Variability in East Java’ s
Coastal Regions. J. Geogr. 21(2): 94-102.
https://doi.org/10.15294/jg.v21i2.16790

R. Permatasari et al. 2022. The influences of the
Indian Ocean Dipole (IOD) on rainfall in South
Aceh. Depik J. llmu-llmu Perairan, Pesisir dan
Perikan. 11(3): 306-312.
https://doi.org/10.13170/depik.11.3.25984
Kunarso, D. H. Ismunarti, A. Rifa, B. Munandar,
A. Wirasatriya, and R. D. Susanto. 2023. Effect of



Putri, D. A. E. et al. / Journal of Marine Resources & Coastal Management 7(2): 78-87, August 2026

Extreme ENSO and 10D on the Variability of
Chlorophyll-a and Sea Surface Temperature in the
North and South of Central Java Province. llmu
Kelaut: Indones. J. Mar. Sci. 28(1): 1-11.
https://doi.org/10.14710/ik.ijms.28.1.1-11

[27] Y. A. Julianinda, F. Iranawati, D. Yona, and A.
Sartimbul.  2025. Pengaruh  Variasi  Suhu
Permukaan Laut (SPL) dan Klorofil-A terhadap
Tangkapan lIkan di Perairan Muncar, Banyuwangi,
Jawa Timur dari Tahun 2018-2022. J. Fish. Mar.
Res. 9(1): 24-34,
https://doi.org/10.21776/ub.jfmr.2025.009.02.3

[28]  J. Feberrito, D. H. Ismunarti, and A. Rifai. 2025.
Kajian Korelasi Suhu Permukaan Laut dan
Konsentrasi  Klorofil-A di Perairan Selatan
Maluku pada Periode Tahun 2015-2023. Indones.
J. Oceanogr. 7(3): 252-264.
https://doi.org/10.14710/ijoce.v7i3.25900

87



