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Abstract 
This study investigates the seasonal and interannual variability of surface ocean currents around Selayar 

Island, Indonesia, with a focus on differences among the three phases of the El Niño–Southern 

Oscillation (ENSO). Monthly surface current data from 1993 to 2020 were analyzed using 

climatological, composite, and anomaly approaches. The results reveal a spatially heterogeneous 

current structure that is dominated by seasonal variability, with domain-averaged current magnitudes 

ranging from approximately 0.085–0.305 ms-1. Interannual variability related to ENSO is evident 

mainly in the magnitude of surface current anomalies, which range approximately 0.03–0.05 ms-1 

during El Niño and increase to about 0.07–0.09 ms-1 during La Niña, with peak values reaching ~0.10–

0.12 ms-1. This indicates that ENSO primarily modulates current intensity rather than flow direction. 

Differences in anomaly direction are more pronounced under Neutral conditions, where anomaly 

patterns differ from those observed during both El Niño and La Niña phases. Overall, the results indicate 

that ENSO acts as an interannual modulation of surface currents, while monsoonal forcing remains the 

primary control on surface current dynamics in the study region.  
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Introduction 

Sea surface currents are a key component of 

ocean dynamics, governing the 

redistribution of temperature (Gao et al., 

2022; Elzahaby et al., 2021; Vijith et al., 

2020), salinity (Laurindo et al., 2024; 

Ralston et al., 2024; Nie et al., 2023), 

sediments (Fu et al., 2024; Devis-Morales 

et al., 2021), plankton (Manral et al., 2023; 

Hu et al., 2021), nutrients (Li et al., 2022; 

Lu et al., 2020), and pollutants 

(Bhattacharya et al., 2026; Lefebvre et al., 

2023) on daily to interannual timescales, 

while simultaneously defining major 

transport pathways for a wide range of 

oceanographic processes and human 

activities at sea. Owing to this cross-

sectoral role, accurate knowledge of surface 

currents is increasingly recognized as a 

fundamental scientific and operational 

prerequisite for understanding ocean 

variability and for supporting safe and 

efficient maritime activities (Röhrs et al., 

2021; Isern-Fontanet et al., 2017). In 

operational contexts, surface currents 

constitute a core input for drift predictions, 

including the tracking of drifting persons or 

objects (Trinanes et al., 2016), oil spill 

trajectory assessments (Bhattacharya et al., 

2026; Keramea et al., 2021), modeling of 

marine debris and waste dispersion (Purba 

et al., 2024; Chassignet et al., 2021), and 

ship routing and navigation planning 

(Mannarini et al., 2024). In such 

applications, even small errors in surface 

current estimates can rapidly amplify into 

large trajectory deviations over timescales 

of hours to days (Röhrs et al., 2021). 
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The urgency of surface current research has 

increased in parallel with the growing 

demand for real-time ocean services and the 

rising exposure to risk in coastal and 

archipelagic regions. Studies in operational 

oceanography demonstrate that reliable 

surface current predictions contribute 

directly to the efficiency of search and 

rescue operations (Wang et al., 2025; 

Tamtare et al., 2022; Córdova & Flores, 

2022; Mateus et al., 2020), the mitigation of 

maritime accidents (Zhu et al., 2023), and 

the reduction of pollution impacts (Bosi et 

al., 2021; Keramea et al., 2021), 

particularly when surface currents interact 

with winds and waves within the upper 

ocean layer (Röhrs et al., 2021). 

  

The need for regional-scale studies is 

particularly pronounced in the Indonesian 

Archipelago, where monsoonal circulation, 

equatorial wave dynamics, and complex 

shallow deep ocean topography strongly 

interact (Yoneyama & Zhang, 2020; Xue et 

al., 2020). One of the most critical elements 

of this system is the Indonesian 

Throughflow (ITF), a large-scale transport 

of water masses from the Pacific to the 

Indian Ocean through the Indonesian seas, 

which plays a key role in inter-basin heat 

and freshwater exchange and exerts a 

significant influence on Indo-Pacific 

oceanography and climate (Feng et al., 

2018). The ITF exhibits variability across 

seasonal to interannual timescales and is 

modulated by changes in monsoonal winds 

as well as large-scale climate modes such as 

the El Niño–Southern Oscillation (ENSO) 

and the Indian Ocean Dipole (IOD) (Zhu & 

Wang, 2024; Santoso et al., 2022; Feng et 

al., 2018). Along the primary ITF inflow 

pathway in the Makassar Strait, long-term 

observational records reveal pronounced 

intraseasonal, seasonal (monsoonal), and 

interannual fluctuations; at interannual 

timescales, the southward transport tends to 

weaken during El Niño events and 

strengthen during La Niña conditions 

(Gordon et al., 2019). This ITF–ENSO/IOD 

linkage underscores the potential for ENSO 

phase transitions to modify surface current 

dynamics in ITF corridors and branching 

regions, including the waters surrounding 

Selayar Island. 

 

From an oceanographic perspective, the 

Selayar Slope in the southern Makassar 

Strait represents a confluence region where 

the ITF from the Makassar Strait meets the 

seasonally varying current system between 

the Java Sea and the Flores Sea, with 

additional influences from other regional 

dynamics. This setting gives rise to 

distinctive stratification structures and 

water mass characteristics (Prihatiningsih 

et al., 2021). Modeling evidence further 

indicates substantial water mass exchange 

within the triangle formed by the Java Sea, 

Makassar Strait, and Flores Sea, 

underscoring the strong monsoonal control 

and interbasin connectivity that shape 

regional circulation patterns (Apriansyah et 

al., 2024). At a more local scale, studies 

around the Selayar Islands have 

documented surface current patterns that 

vary in response to the monsoonal cycle 

and transitional seasons (Bayhaqi et al., 

2017). Consequently, the waters 

surrounding Selayar are simultaneously 

influenced by monsoonal variability, ITF 

dynamics, and interannual climate 

variability, rendering surface current 

characteristics particularly sensitive to 

changes in regional ocean and atmosphere 

conditions. 

 

Beyond its scientific relevance, Selayar 

Island and the surrounding waters are also 

of considerable importance for maritime 

safety. Ferry routes and maritime activities 

in this region have experienced several 

major accidents, including the sinking and 

grounding of the KMP/KM Lestari Maju in 

Selayar waters on 3 July 2018, which was 

widely reported by the media and 

authorities (Mappong, 2018), the sinking of 

two fishing vessels in February 2023 

(Wardiyah, 2024), and the sinking of the 

cargo vessel KLM Tahta Mandiri on 10 

August 2024 (Said, 2024). In this sense, 
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surface current research in the Selayar 

region carries an additional level of 

urgency, as it not only advances the 

understanding of physical oceanographic 

processes but also strengthens the 

information base for maritime safety 

services. 

 

Nevertheless, existing studies in the Selayar 

region and its surroundings have 

predominantly focused on seasonal 

variability, stratification, and water mass 

connectivity (Bayhaqi et al., 2017; 

Prihatiningsih et al., 2021; Apriansyah et 

al., 2024), while a quantitative assessment 

of surface current responses to ENSO 

phases around Selayar, including changes 

in flow direction, current strengthening or 

weakening, and modifications of spatial 

current structure, remains relatively 

limited. This gap persists despite clear 

evidence of ENSO signals in current and 

transport variability within the Makassar 

Strait from long-term observations (Gordon 

et al., 2019), as well as climate modeling 

studies that demonstrate robust linkages 

between the ITF and both ENSO and the 

Indian Ocean Dipole (IOD) (Santoso et al., 

2022). Accordingly, this study aims to 

quantify differences in surface ocean 

currents among ENSO phases (El Niño, La 

Niña, and Neutral) using composite and 

anomaly analyses of surface current speed 

and direction. 

Data and Methods 

Data 

This study utilizes monthly sea surface 

current data obtained from the Copernicus 

Marine Environment Monitoring Service 

(CMEMS) Global Ocean Physics 

Reanalysis (https://doi.org/10.48670/moi-

00021), produced by Mercator Ocean 

International (2026). The dataset consists of 

monthly mean fields with a horizontal 

resolution of 0.083° × 0.083° 

(approximately 1/12°), derived from the 

GLORYS12V1 reanalysis system based on 

the NEMO ocean model with assimilation 

of satellite observations and in-situ 

measurements (Jean-Michel et al., 2021). 

The analyzed variables include the 

eastward sea water velocity (u) and the 

northward sea water velocity (v) for the 

period January 1993 to December 2020. 

Vertically, surface currents are defined in 

this study as the simple average of the 

uppermost five model layers, spanning 

depths from 0.49 m to 5.08 m below the sea 

surface. This depth range is considered 

representative of near-surface ocean current 

dynamics. The study area is confined to 

waters surrounding Selayar Island and the 

southern Makassar Strait, covering a spatial 

extent of 6.92°S–5.33°S and 119.17°E–

120.92°E (Figure 1). This domain is 

represented by a grid of 20 latitude points × 

22 longitude points, which is sufficient to 

resolve mesoscale spatial variability of 

surface currents in the region. 

 

To examine the influence of interannual 

climate variability, particularly ENSO, the 

monthly Niño-3.4 index 

(https://psl.noaa.gov/data/timeseries/month

/DS/Nino34_CPC/) was employed and 

obtained from the NOAA Physical 

Sciences Laboratory (NOAA, 2026). The 

Niño-3.4 index is defined as the sea surface 

temperature anomaly (SSTA) averaged 

over the region 5°N–5°S and 170°–120°W, 

and is widely used as an indicator of ENSO 

phase and intensity (Wei, 2024; L’Heureux 

et al., 2024). 

 

Methods 

ENSO Phase Classification 

Interannual variability is represented by the 

ENSO, which is classified using the 

monthly Niño-3.4 index. Each month 

during the analysis period (January 1993–

December 2020) is categorized as El Niño 

when the Niño-3.4 SSTA is ≥ +0.5 °C, La 

Niña when it is ≤ −0.5 °C, and Neutral 

when it falls between these two thresholds 

(L’Heureux et al., 2024; Halide et al., 

2024). Based on these criteria, a total of 336 

months is classified into Neutral (N = 156), 

El Niño (N = 76), and La Niña (N = 104), 
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which are subsequently used in the 

composite analyses. 

 

Surface Current Processing 

In this study, surface currents are 

represented as a simple vertical average of 

the uppermost five model layers (0.49, 

1.54, 2.65, 3.82, and 5.08 m) at each grid 

point and time step. This approach is used 

to characterize current dynamics within the 

near-surface ocean layer that is most 

relevant to surface oceanographic 

processes. 

 

Surface currents are represented as two-

dimensional vectors, and their magnitude is 

calculated using standard vector 

formulations (Stewart, 2008; Emery & 

Thomson, 2001). The climatological mean 

and anomalies are computed following 

standard statistical approaches (Wilks, 

2011; Hartmann, 2016), while composite 

analysis is applied to extract ENSO-related 

variability (Boschat et al., 2016; Li & 

Dolman, 2023). 

 

The notation (𝑥, 𝑦, 𝑡) is used to denote the 

spatial and temporal dependence of the 

variables, where 𝑥 and 𝑦 represent 

longitude and latitude coordinates, 

respectively, and 𝑡 denotes the monthly 

time index. The zonal and meridional 

components of the surface current velocity 

are expressed as 𝑢(𝑥, 𝑦, 𝑡) and 𝑣(𝑥, 𝑦, 𝑡), 

respectively. 

 

Surface currents are represented as two-

dimensional vectors, as shown in Equation 

(1): 

𝑈⃗⃗ (𝑥, 𝑦, 𝑡) = (𝑢(𝑥, 𝑦, 𝑡), 𝑣(𝑥, 𝑦, 𝑡))    (1) 

The current speed (current magnitude) is 

calculated using the Equation (2): 

|𝑈⃗⃗ (𝑥, 𝑦, 𝑡)| = √𝑢(𝑥, 𝑦, 𝑡)2 + 𝑣(𝑥, 𝑦, 𝑡)2       (2) 

This magnitude is used to describe the 

intensity of the surface current, while 

current direction is assessed qualitatively 

based on the orientation of the current 

vectors. 

 

Composite Analysis of Surface Currents 

Composite analysis is employed to identify 

the mean surface current patterns 

associated with each ENSO phase. 

Composite methods are widely used in the 

geosciences to extract the typical 

characteristics of a given condition by 

averaging events that belong to a specific 

category (Li & Dolman, 2023; Boschat et 

al., 2016). 

 

After the monthly data are grouped into El 

Niño, La Niña, and Neutral phases, surface 

current composites are calculated by 

averaging the zonal and meridional current 

components for each phase. For a given 

ENSO phase 𝑐 with a total of 𝑁𝑐 months, 

the composite current components are 

given by Equation (3) and (4): 

          𝑢𝑐(𝑥, 𝑦) =
1

𝑁𝑐
∑ 𝑢(𝑥, 𝑦, 𝑡)𝑡∈𝑐         (3) 

          𝑣𝑐(𝑥, 𝑦) =
1

𝑁𝑐
∑ 𝑣(𝑥, 𝑦, 𝑡)𝑡∈𝑐         (4) 

The composite current magnitude is then 

calculated from the composite current 

components using the same formulation as 

for the individual data. This analysis is 

intended to highlight interannual variability 

signals associated with ENSO while 

suppressing short-term, random 

fluctuations. 

 

Composite Analysis of Surface Currents 

Anomalies 

Surface current anomaly analysis is 

conducted to examine deviations of the 

currents from their mean state. The mean 

zonal and meridional current components 

are calculated as time averages at each grid 

point over the entire analysis period and are 

denoted as 𝑢‾(𝑥, 𝑦) and 𝑣‾(𝑥, 𝑦), 

respectively. 

 

The anomalies of the current components 

are given by Equation (5) and (6): 

      𝑢′(𝑥, 𝑦, 𝑡) = 𝑢(𝑥, 𝑦, 𝑡) − 𝑢‾(𝑥, 𝑦)      (5) 

      𝑣′(𝑥, 𝑦, 𝑡) = 𝑣(𝑥, 𝑦, 𝑡) − 𝑣‾(𝑥, 𝑦)      (6) 
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This approach computes anomalies as the 

difference between the raw current values 

and their corresponding mean values, 

calculated separately for the zonal and 

meridional components. The magnitude of 

the surface current anomaly vector is then 

calculated using the Equation (7): 

|𝑈⃗⃗ ′(𝑥, 𝑦, 𝑡)| = √𝑢′(𝑥, 𝑦, 𝑡)2 + 𝑣′(𝑥, 𝑦, 𝑡)2  (7) 

Composite anomalies for each ENSO phase 

are obtained by averaging the anomaly 

component values over all months 

belonging to the respective phase. This 

approach allows spatial patterns of surface 

current intensification or weakening 

relative to the long-term mean state to be 

consistently analyzed within a vector 

framework. 

 

It should be noted that the magnitude of the 

surface current anomaly vector is always 

non-negative. This is a direct consequence 

of defining vector magnitude as the square 

root of the sum of squared zonal and 

meridional anomaly components. Although 

the anomaly components 𝑢′and 𝑣′may take 

either positive or negative values, the 

vector magnitude represents only the 

absolute strength of the deviation from the 

mean state and does not convey information 

on sign or direction. Accordingly, changes 

in current direction are interpreted based on 

the orientation of the anomaly vectors, 

whereas the anomaly magnitude is used to 

assess the intensity of surface current 

variability. 

 

Results and Discussion 

To describe the dynamics of surface 

currents around Selayar Island, the results 

are organized based on analyses of the 

long-term mean (climatological mean), 

monthly variability, and differences among 

the ENSO phases. The long-term mean 

pattern of surface currents in the study area 

is obtained by averaging the data over the 

period 1993–2020 and is used to provide a 

general depiction of surface current 

conditions (Figure 1).  

 
Figure 1. Long-term climatological mean (1993–

2020) of sea surface currents around Selayar 

Island. Shading indicates the mean current speed 

(magnitude), while arrows represent the direction 

of the mean current vectors. 

 

The long-term mean reveals a well-defined 

current corridor in the northwestern sector 

of Selayar Island that converges toward the 

main current pathway, representing a 

branch of the ITF extending toward the 

southwestern part of the domain, along with 

relatively weaker currents in the vicinity of 

the island. Within the main corridor, the 

flow direction is relatively uniform, 

whereas greater directional variability 

around Selayar Island reflects the influence 

of local topography on surface circulation. 

This spatial variability is consistent with the 

characteristics of the Selayar Slope region, 

which is shaped by shelf–slope topography 

and regional water mass interactions 

(Prihatiningsih et al., 2021). 

 

Figure 2 presents the monthly climatology 

of surface currents, calculated as the mean 

for each month over the period 1993–2020. 

Compared to the 27-year long-term mean 

(Figure 1), the monthly climatology 

indicates that surface currents exhibit a 

pronounced seasonal cycle in both intensity 

and direction. Quantitatively, the domain-

averaged monthly current magnitude 

ranges from 0.085 to 0.305 ms-1. The 

highest domain-mean current speeds occur 

in January (~0.305 ms-1), followed by 

February (~0.281 ms-1) and December 

(~0.257 ms-1). In contrast, the lowest 

domain-mean current speeds are observed 

in April (~0.085 ms-1) and remain relatively 
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weak again in October (~0.093 ms-1), 

coinciding with the seasonal transition 

periods. At the spatial scale, the maximum 

current magnitude within the domain 

reaches approximately 0.64–0.66 ms-1 

during June–August as well as in January, 

indicating the presence of intensified 

current cores during specific months.

  
Figure 2. Monthly climatology of sea surface currents around Selayar Island based on the 27-year mean (1993–

2020). Each panel shows the current speed magnitude (shading) and the direction of current vectors (arrows)  

for each month. 

 

Seasonal changes in current direction are 

also clearly evident. Domain-averaged 

results show that during January–March 

and November–December, the mean zonal 

component tends to be eastward (positive 

u), whereas during May–September the 

mean zonal component is predominantly 

westward (negative u), accompanied by a 

generally southward mean meridional 

component (negative v). April and October 

are characterized by weaker current 

conditions and directional tendencies that 

differ from those observed during the peak 

monsoon months. This seasonal pattern is 

consistent with previous findings showing 

that surface currents around the Selayar 

Islands vary in response to the monsoonal 

cycle and transitional seasons (Bayhaqi et 

al., 2017), and it further reflects the strong 

monsoonal control and inter-basin 

connectivity that characterize circulation 

within the Indonesian Archipelago 

(Yoneyama & Zhang, 2020; Xue et al., 

2020; Apriansyah et al., 2024). 

 

Figure 3 presents the composite mean 

surface currents for the three ENSO phases 

based on the Niño-3.4 index: Neutral (N = 

156 months), El Niño (N = 76 months), and 

La Niña (N = 104 months). The Niño-3.4 
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time series for the period 1993–2020 

includes strong ENSO events, with peak 

positive anomalies reaching +2.72 °C in 

November 2015 and minimum anomalies 

reaching −1.77 °C in January 2000 

(NOAA, 2026). Accordingly, the resulting 

composites represent an aggregation of 

weak to strong events within each ENSO 

phase. 

 

Overall, all three ENSO phases preserve the 

primary spatial structure of surface currents 

around Selayar Island, but exhibit 

differences in mean intensity and vector 

configuration across several sectors of the 

domain. As shown in Figure 3, Neutral 

conditions are characterized by a relatively 

strong current flowing from the Selayar 

Strait toward the southwest and merging 

with the main current corridor. This feature 

is not observed during El Niño and La Niña 

phases, during which currents west of 

Selayar Island undergo deflection and form 

vortex-like circulation patterns, indicating 

the presence of localized circulation arising 

from current–topography interactions. In 

addition, during Neutral conditions, 

currents within the main corridor in the 

southwestern sector of the domain tend to 

be oriented predominantly in the north–

south direction. In contrast, during El Niño 

and La Niña phases, the orientation of 

currents in the main corridor is more similar 

to the long-term climatological pattern, 

flowing from the northwest toward the 

southeast. Nevertheless, during La Niña 

conditions, currents within this corridor 

appear slightly stronger than those 

observed during El Niño.  

 
Figure 3. Composite mean sea surface currents for 

the three ENSO phases: Neutral, El Niño, and La 

Niña. Shading indicates the composite current 

speed magnitude, while arrows represent the 

direction of the composite current vectors. The 

composites are calculated by averaging the current 

components over the months corresponding to each 

ENSO phase. 
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To assess the extent to which surface 

current patterns under different ENSO  

phases deviate from the long-term mean 

state, the analysis is further focused on 

composite surface current anomalies. The 

composite anomaly results are shown in 

Figure 4. The direction of anomaly currents 

crossing the Selayar Strait exhibits clear 

differences among ENSO phases. Under 

Neutral conditions, current anomalies 

display a northeast-to-southwest flow 

crossing the Selayar Strait and extending 

into the southern part of Selayar Island. In 

contrast, during El Niño and La Niña 

phases, anomaly currents show opposite 

directions when crossing the Selayar Strait 

and the waters south of the island. In 

addition, the intensity of current anomalies 

during El Niño conditions appears weaker 

than that observed during La Niña 

conditions. 

 

The composite anomaly patterns further 

reveal clear quantitative differences 

between the two phases. Domain averaged 

anomaly magnitudes are estimated to range 

from approximately 0.03–0.05 ms-1 during 

El Niño and increase to about 0.07–0.09 

ms-1 during La Niña. The maximum 

anomaly magnitudes further highlight this 

contrast. During La Niña, peak anomaly 

values reach approximately 0.10–0.12 ms-1, 

whereas during El Niño the maximum 

anomalies are generally limited to around 

0.04–0.08 ms-1. This indicates that surface 

current anomalies during La Niña are 

stronger by approximately 0.03–0.06 ms-1 

compared to those during El Niño. 

Spatially, regions with relatively high 

anomaly magnitudes (>0.08 ms-1) are more 

extensive during La Niña, while anomalies 

during El Niño tend to be weaker. 

 
Figure 4. Same as Figure 3, but for composite sea 

surface current anomalies. 

 

These results indicate that ENSO exerts a 

measurable influence on surface current 
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variability in the study region, with La Niña 

conditions enhancing current anomalies 

more effectively than El Niño. This 

asymmetry is consistent with previous 

studies indicating that La Niña is associated 

with strengthened large-scale circulation 

and increased ITF transport, which can 

amplify regional current variability (Feng 

et al., 2018; Gordon et al., 2019; Santoso et 

al., 2022). 

 

In addition to these interannual differences, 

the results are further examined in the 

context of seasonal variability. The 

dominance of seasonal variability in the 

monthly climatological results confirms 

that monsoonal circulation is the primary 

driver of surface currents around Selayar 

Island. Changes in monsoon phases and 

transitional periods modulate both current 

intensity and direction, consistent with the 

characteristics of the Indonesian 

Archipelago, which is embedded within the 

coupled ocean and atmosphere system of 

the Maritime Continent (Yoneyama & 

Zhang, 2020; Xue et al., 2020). 

 

Furthermore, the spatial heterogeneity 

evident in both the long-term 

climatological mean and the monthly 

climatology reflects the influence of local 

topography, particularly the Selayar Slope 

and island geometry, in modifying surface 

flow structures (Bayhaqi et al., 2017; 

Prihatiningsih et al., 2021). The inter-phase 

differences identified in the current 

composites and anomaly patterns indicate 

that ENSO acts as an interannual 

modulation of surface current dynamics in 

the study region. Nevertheless, the 

influence of ENSO on surface currents 

around Selayar Island appears to be weaker 

than that of seasonal variability, confirming 

that monsoonal forcing remains the 

dominant control on surface current 

dynamics in the region. 

 

Several limitations should be considered 

when interpreting the results of this study. 

First, ENSO phase–based composites may 

be subject to seasonal sampling bias 

because the distribution of El Niño, La 

Niña, and Neutral months is not uniform 

throughout the year, while surface currents 

in the study region are strongly influenced 

by monsoonal variability. Second, the 

surface current data are derived from a 

reanalysis product; although this product 

assimilates a wide range of observations, 

the results remain dependent on the 

underlying model configuration and data 

assimilation schemes. Third, defining 

surface currents as an average over the 

upper layers (approximately 0.49–5 m) may 

limit the representation of very shallow 

processes or those strongly influenced by 

instantaneous wind forcing. 

Conclusion 

This study demonstrates that surface 

currents around Selayar Island exhibit a 

spatially heterogeneous structure and are 

primarily controlled by seasonal variability. 

Both the long-term climatological mean 

and the monthly climatology confirm the 

dominant role of monsoonal circulation in 

modulating the intensity and direction of 

surface currents. Seasonal variability 

produces larger changes in current direction 

and strength than interannual variability, 

indicating that monsoonal dynamics 

constitute the primary control on surface 

currents in the study region.  

 

Interannual variability associated with 

ENSO is also evident, particularly in the 

magnitude of surface current anomalies. 

Quantitatively, surface current anomalies 

during El Niño range from approximately 

0.03–0.05 ms-1 while anomalies during La 

Niña increase to about 0.07–0.09 ms-1, with 

peak values reaching ~0.10–0.12 ms-1. This 

indicates that anomalies during La Niña are 

stronger by approximately 0.03–0.06 ms-1 

compared to those during El Niño. Notably, 

differences in the direction of surface 

current anomalies are more pronounced 

under Neutral conditions, where anomaly 

directions differ markedly from those 
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observed during both El Niño and La Niña 

phases.  

 

Overall, these results indicate that ENSO 

acts as an interannual modulation of surface 

current intensity, superimposed on 

dominant seasonal forcing and local 

topographic influences. Despite this 

modulation, the influence of ENSO remains 

secondary to the strong control exerted by 

monsoonal circulation.  
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