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Abstract. Wijaya A, Zakiyah U, Sambah AB, Setyohadi D. 2020. Spatio-temporal variability of temperature and chlorophyll-a 
concentration of sea surface in Bali Strait, Indonesia. Biodiversitas 21: 5283-5290. The Bali Strait is influenced by seasonal and inter-

annual systems. El Nino-Southern Oscillation (ENSO) and Indian Ocean Dipole (IOD) are climate variabilities that affect water 
conditions. The knowledge about influence of ENSO and IOD variations on the fertility of waters in the Bali Strait is still lacking. The 
purpose of this study was to determine the effect of seasonal and inter-annual variability on the variability of Sea Surface Temperature 
(SST) and Sea Surface Chlorophyll-a (SSC) in the Bali Strait. This study applied SST and SSC data collected from the Aqua/Terra 
MODIS satellite, as well as the ENSO and IOD indices during March 2000-December 2019. The results described that the effect of 
ENSO on SST and SSC was low and IOD on SST and SSC was quite high. The effect was quite high between IOD and SST anomaly 
of-0.401. Seasonal variations indicate the abundance of high SSC and low SST in the southeast monsoon (JJA) which characterizes 
upwelling. Meanwhile, in the northwest monsoon (DJF), SSC was low and SST was high which characterizes downwelling. This 

condition cannot separate from the monsoonal process that occurred in the Bali Strait. The inter-annual variation showed that in the 
strong El Nino period and IOD (+) triggers a negative SST anomaly and a positive SSC results in strong upwelling, while in the strong 
La Nina period and strong IOD (-) triggers a positive SST anomaly and a negative SSC results in downwelling. The inter-annual 
variability of SSC influenced by IOD rather than ENSO. This condition indicates that the ENSO/IOD event changes the period of SSC 
concentration. 
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INTRODUCTION 

The dynamics of marine waters in Indonesia influenced 

by the diversity of ocean and atmospheric variability, with 

various phenomena both spatially and temporally. 

Phenomena that have cycles of diversity include the 

monsoonal system, Indonesia Through Flow (ITF), El 

Nino-Southern Oscillation (ENSO), Indian Ocean Dipole 

(IOD), and Madden Julian Oscillation (MJO (Qu et al. 
2005; Susanto et al. 2006; Ratnawati et al. 2016). The 

seasonal climate variations are formed as a result of the 

monsoon system Australian to Asia, namely the southeast 

monsoon (April to October) and northwest monsoon 

(October to April) the high-low effect on the surfaces layer 

of the primary productivity (Susanto et al. 2001; Susanto 

and Marra 2005; Susanto et al. 2006; Gordon et al. 2010). 

ITF is the transport of water masses from the Pacific Ocean 

to the Indian Ocean across Indonesian waters, has an 

important role in the health of marine ecosystems, and is 

part of the global thermohaline conveyor belt (Ffield and 

Gordon 1996; Gordon 2005). The ITF shows annual and 
interannual variations related to the monsoon and ENSO 

variations, where the ITF in the southeast monsoon is 

higher than in the northeast monsoon (Ffield and Gordon 

1996; Gondon et al. 2010; Sprintall and Revelard 2014). 

ENSO as an event of the ocean and atmosphere interactions 

that produce climatic variations in the tropical Pacific 

Ocean (Muhammad et al. 2017). Meanwhile, the IOD 

phenomenon is an event from the interaction of the ocean 

and the atmosphere in the tropical Indian Ocean, which has 

a strong impact on the Indian Ocean region (Saji et al. 

1999; Yang et al. 2019). 

The Bali Strait, which is located between the islands of 
Java and Bali, connects the Bali Sea to the Indian Ocean 

and vice versa (Sartimbul et al. 2010; Berlianty and Yanagi 

2011). The shallow bathymetry of the Bali Strait in the 

middle, narrow and steep in the south and faces directly to 

the Indian Ocean, resulting in high surface currents, both in 

and out of water (Berlianty and Yanagi 2011). The speed of 

outflow and entry in the Bali Strait makes the exchange of 

water masses in these waters more dynamic. The dynamics 

of waters in the Bali Strait are indirectly affected by the 

dynamics of waters in the Indian Ocean on intra-annual 

time scales such as monsoonal, IOD, and ENSO (Iskandar 

et al. 2009; Sartimbul et al. 2010; Ningsih et al. 2013; Gaol 
et al. 2014; Sukresno et al. 2018). 

During the southeast monsoon (April to October), the 

waters of the Bali Strait experience an increase in primary 

productivity, this condition occurs due to the 

encouragement of southeast winds from Australia which 
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produces upwelling, bringing cooler water with high 

concentrations of nutrient to the surface along the southern 

coasts of Java and Sumatra. (Susanto et al. 2001; Susanto 

and Marra 2005; Susanto et al. 2006). The upwelling 

process occurs due to the Ekman pump process where there 

is filling of the void in the surface water along the coast by 

the water mass inside which results in an exchange of water 

masses from carrying a layer that is rich in nutrients and 

cold temperatures to the surface layer. (Hendiarti et al. 

2004; Qu et al. 2005; Ningsih et al. 2013). The influence of 
the monsoon, ENSO, and IOD that occurs strongly affects 

the condition of the Bali Strait waters in both space and 

time. Many studies on aquatic environmental factors, both 

physical, biological, and chemical parameters of water of 

the Bali Strait as well as their relation to the potential of 

fishery resources have carried out. In the study pertaining 

to fishing activities of Sardinella lemuru, it was known that 

fishing is carried out in conditions with a Sea Surface 

Temperature (SST) ranging between 25-26ºC, and a 

Surface Chlorophyll-a Concentration (SSC) of 0.25-0.65 

mg m3 (Susilo 2015; Susilo and Wibawa 2016; Pertami et 
al. 2019). These two parameters of the aquatic environment 

are important factors in estimating potential fishing areas, 

especially pelagic fish. Furthermore, the dynamics of 

aquatic environmental parameters indirectly influenced by 

global phenomena, such as IOD and ENSO. The IOD and 

ENSO phenomena affect the high and low catch of 

Sardinella lemuru in the Bali Strait. The high catch of 

Sardinella lemuru occurs when El Nino is strong and IOD 

is positive, namely during 2006 and early 2007 (Sartimbul 

et al. 2010; Sambah et al. 2013). 

During the periods of the monsoon phenomenon, ENSO 

and IOD also have an impact on the intensity of upwelling 

that occurs both under normal and anomalous conditions. 

This causes an increase or decrease in chlorophyll-a 

concentration and sea surface temperature and affects the 

production of the catch of Sardinella lemuru in the Bali 

Strait. The study of the spatial-temporal variation of 

oceanographic parameters on global phenomena is 

important to analyze the dynamics of the fish catch and 

identification of potential fishing grounds. The ultimate 
goal is sustainable fisheries resource management. This 

study aims to analyze the spatial-temporal variations of 

SST and SSC, and to determine its relationship to the 

climate variations (ENSO and IOD) in the Bali Strait. 

MATERIALS AND METHODS 

Study area 

Current study was conducted in the waters of the Bali 

Strait, with the boundaries of the study area between 

coordinates of 114.2º-115.2º W and 8.1º-8.9º S (Figure 1). 

Observation was made for a period of nearly 20 years 

starting from March 2000 to December 2019. The Bali 
Strait is semi-closed, connecting the water masses from the 

Bali Sea to the Indian Ocean or vice versa (Berlianty and 

Yanagi 2011). The area of the Bali Strait is about 2,500 

km2 which is shaped like a funnel with shallow 

topographical conditions in the northern part and deep in 

the southern part. The average depth is 50 meters and is 2.5 

km wide in the north, while the southern part is 400-1400 

meters deep and 55 km wide. 

 
 

 
 
Figure 1. The study area in the Bali Strait, Indonesia 
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Dataset 

Sea surface temperature 

Sea surface temperature data was obtained from 

recording Aqua/Terra satellite imagery with the Moderate 

Resolution Imaging Spectroradiometer (MODIS) sensor, 

downloaded from https://oceancolor.gsfc.nasa.gov/. The 

data used were daily SST and is composite to a monthly 

average at spatial resolution of 1 km from March 2000 to 

December 2019. The data analysis system used Linux-
based SeaWiFS Data Analysis System (SeaDAS) version 

7.5.3 to process data for the Satellite Aqua/Terra MODIS 

in the study area. SST was calculated using MODIS 

Theoretical Basic Documents Algorithm (ATBD MOD 

25). Blank data due to the cloud cover, was reconstructed 

using data interpolation. 

Sea surface chlorophyll-a 

Chlorophyll-a data was obtained from Aqua/Terra 

satellite images with the Moderate Resolution Imaging 

Spectroradiometer (MODIS) sensor downloaded from 

https://oceancolor.gsfc.nasa.gov/. The data used were daily 
chlorophyll-a concentrations and the composite was into a 

monthly average at spatial resolution of 1 km from March 

2000 to December 2019. The data analysis system used 

Linux-based SeaWiFS Data Analysis System (SeaDAS) 

version 7.5.3. Concentration of chlorophyll-a was using the 

Algorithm Theoretical Basis Documents MODIS (ATBD 

MOD 19). As with SST data processing, to analyses, blank 

data on chlorophyll-a due to cloud data, reconstruction of 

the missing data was carried out using data interpolation 

using cloud-free climatological data. 

El Nino-Southern Oscillation (ENSO) index  
The ENSO index was generated from observations of 

the ocean and atmosphere interactions in the Trophic 

Pacific Ocean. ENSO incidence in Indonesian waters and 

study areas can be identified from the NINO 3.4 area; this 

index is the mean SST anomaly in the NINO 3.4 region at 

coordinates 120º-170º W and 5ºN-5ºS (Susanto and Marra 

2005). The threshold was marked at a value of 0.5ºC, above 

which it was identified as an El Nino period. It was counted 

as the normal period if the index was between 0.5ºC to-

0.5ºC, and below-0.5ºC it was identified as the La Nina 

period. The ENSO index refers to observations from the NOAA 

Climate Prediction Center, which can be download on the 
https://stateoftheocean.osmc.noaa.gov/sur/pac/nino34.php. 

Indian Ocean Dipole (IOD) index 

The IOD index was generated from NOAA Climate 

Prediction Center observations of the ocean and 

atmosphere interactions in the Trophic Indian Ocean, 

which can be download from 

https://stateoftheocean.osmc.noaa.gov/sur/ind/dmi.php. The 

incidence of IOD in Indonesian territorial waters and study 

areas can be identified from the western equatorial Indian 

Ocean (50º-70ºE and 10ºS-10ºN) and the southeastern 

equatorial Indian Ocean (90º-110ºE and 10ºS-
0º/Equatorial) (Saji et al. 1999). IOD index was taken as 

positive when the anomaly value of sea surface temperature 

was positive, while negative IOD period index was 

considered when the anomaly value of SST was negative. 

The threshold used to describe positive and negative IOD 

was taken as 0.4ºC. 

Data analysis 

SSC anomaly analysis 

As an effort to avoid the erroneous estimation of SSC 

data from the impact of suspended particles, baseline 

reflectance, and case-2 water conditions, valid SSC data 
from MODIS data in the range 0 <SSC <5 mg/m3 were 

used. Filtering was carried out on valid SSC data based on 

the initial analysis of MODIS data so that SSCs in the 

range of 0-5 mg/m3 were generated. Analysis of variability 

using anomalies of surface chlorophyll-a parameters using 

the following approach (Sartimbul et al. 2018): 

 

SSC Anomaly = Xi-X …………………....……… (1) 

 

Where: Xi is the SSC of the monthly i-month 

Aqua/Terra MODIS satellite imagery. X is the monthly 
average of SSC data for the period March 2000-December 

2019. 

SST anomaly analysis 

To avoid errors due to atmospheric disturbances in SST 

data, filtering was carried out in the range 23 <SST <33 ºC. 

The temperature range was calibrated on several previous 

field measurements, where the value was never found to 

exceed the selected range. Analysis to produce variability 

using anomalies from SST parameters was carried out with 

the following equation (Sartimbul et al. 2018): 

 
SST Anomaly = Yi-Y …………………....………. (2) 

 

Where: Yi is the SST of the monthly Aqua/Terra 

MODIS satellite imagery in i-month. Y is the monthly 

average of SST data for the period March 2000-December 

2019. 

Hovmoller diagram 

Hovmoller diagram utilizes spatial analysis of time 

series data along latitude or longitude. This diagram was 

used to study the SST and SSC variations in the longitude 

or latitude coordinates of each month during the 

observation time in the study area. The data was displayed 
crosswise against the SST and SSC anomaly data, which 

represents the numeric pixel value of the time-series data
 

Relationship analysis 

The relationship between variables was carried out 

using the correlation technique. This method determines 

the correlation coefficient using the Pearson correlation 

equation (Sudjana 1992) as follows: 

 

…………………. (3) 
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Where: 

R : Pearson correlation coefficient 

X : variable X 

Y : variable Y 

N : number of samples 

 

Classification of the relationship between variables was 

divide into several criteria based on the resulting 

correlation coefficient. The correlation coefficient value 

class consist of very low (0-0.2), low (0.2-0.4), high (0.4-
0.7) and high (0.7-1.0) relationships (Sharma 2005).  

RESULTS AND DISCUSSION 

Inter-annual variations 

Observation of the variation and distribution of SSC 

from year to year was made using the chlorophyll-a 

anomaly distribution. The concentration of chlorophyll-a 

anomaly was calculated as a deviation from the monthly 

climatological conditions during the period of March 2000-

December 2019. SSC concentration varies during the 

period of El Niño/La Niña and the Indian Ocean Dipole 

(IOD) (Rao and Yamagata 2004; Horii et al. 2008; 
Mcphaden 2008; Iskandar et al. 2017). The conditions of 

sea and atmospheric interactions that occurred repeatedly 

during the observation period as presented in Table 1. This 

table shows the occurrence of El Niño/La Niña and 

positive/negative IOD events from 2000 to 2019 based on 

the Niño 3.4 Index and Dipole Mode Index (DMI). The 

Niño 3.4 index was calculated as the mean SST anomaly in 

the equatorial Pacific Ocean (Mcphaden 2008). Whereas 

DMI was calculated as the SST gradient between the 

western tropical Indian Ocean and the southeast tropical 

Indian Ocean (Saji et al. 1999). The event occurred 
simultaneously during the period of positive IOD and El 

Niño in 2006/2007, and 2015/2016. The event also 

occurred simultaneously in the positive IOD and La Niña 

in 2007/2008, 2008/2009, and 2011/2012. Meanwhile, 

negative IOD events occurred simultaneously with La Niña 

in 2005/2006 and 2010/2011. Based on the Niño 3.4 and 

IOD indices, 6 El Nino events, 7 La Nina events, 11 

positive IOD events, and 2 negative IOD events were found 

as presented in Table 1. 

The distribution of chlorophyll anomalies from 2000 to 

2019 is presented in Figure 2.A. Overall, positive 

anomalies of chlorophyll-a appeared in all waters of the 

Bali Strait during El Nino and IOD (+) events. 

Chlorophyll-concentrations were higher during El Niño 

events (positive anomaly of chlorophyll-a concentration) 

than during La Niña events (negative anomaly of 

chlorophyll-a concentration). In 2015 when a strong El 

Niño event occurred in the tropical Pacific, chlorophyll-a 

concentrations were high in almost all of the waters of the 

Bali Strait (Figure 2.A). The peak of the Chlorophyll 

anomaly was observed at the end of the El Niño 

development phase viz. 2002/2003, 2006/2007, 2009/2010, 
and 2015/2016 occurring in September until the initial peak 

phase of the events in October-November (Iskandar et al. 

2017). The chlorophyll-a concentration decreased in 

December before the end of the El Niño phase (Figure 

2.A). High chlorophyll-a concentrations also occurred 

during positive IOD events in 2003, 2006, 2010, and 2015. 

However, chlorophyll-a concentrations were higher and 

distributed throughout the Bali Strait waters during pre-

IOD in 2003 (Rao et al. 2009) compared to positive IOD 

events along with an El Niño event in 2006 (Ningsih et al. 

2013). When positive IOD events coincided with La Niña 
events in 2007 and 2011 (Iskandar et al. 2014), 

Chlorophyll-a concentrations in the Bali Strait increased, 

particularly during July-August 2007 and August-

September 2011. Opposite situations occurred during La 

Niña and/or negative IOD events. Chlorophyll-a 

concentrations were low during strong La Niña and/or 

negative IOD events in 2010/2011 (Figure 2.A). The 

mechanism of chlorophyll-a variation in the waters of the 

Bali Strait was explored on the conditions of spatial and 

temporal variability of SST during 2000-2019 with an 

emphasis on El Niño/La Niña events and positive/negative 
IOD events (Figure 2.B). 

It was noticed that changes in SST during the El-Niño 

and IOD positive events led to change in anomalous 

patterns indicating that high chlorophyll-a concentrations 

would be followed by a decrease in negative SST 

anomalies (Figure 2.B). The analysis shows consistently 

that low chlorophyll-a concentrations coincide with 

positive SST. Further, the resulting positive SST anomaly 

suppressed surface chlorophyll-a concentrations in the Bali 

Strait, as well as negative SST anomaly was followed by a 

positive surface chlorophyll anomaly. Two opposing 

events, a strong La Niña event in 2010/2011 and a strong 
El Niño event in 2015/2016, resulted in two different ocean 

and atmospheric conditions in the Bali Strait (Figure 2.C). 

 

 

 
Table 1. Classification of El Nino/La Nina and IOD from 2000-2019 based on data NINO 3.4 Index and Dipole Mode Index 
 

El Nino La Nina IOD positive IOD negative 

2002/2003, 2004/2005, 
2006/2007, 2009/2010, 
2015/2016, 2018/2019 

2000/2001, 2005/2006, 2007/2008, 
2008/2009, 2010/2011, 2011/2012, 
2016/2017 

2003, 2006, 2007, 2008, 2010, 
2011, 2012, 2015, 2017, 2018, 
2019 

2005, 2010 
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Figure 2. Inter-annual variation temporal the distribution of anomalous (A) sea surface chlorophyll-a; (B) sea surface temperature in the 
Bali Strait Indonesia, (C) Nino 3.4 and DM Index 
 
  

Seasonal variations 

The seasonal variations in the waters of Bali Strait have 

spatial and temporal variability that is visible from the SSC 

and SST distributions. Figure 3 shows the climatological 

data for the distribution of chlorophyll-a in each season. 

The concentration in the western monsoon period (DJF) 

was around 0.498 mg m3 and during transition period I 

(MAM) was 0.80 mg m3. While in the eastern monsoon 
period (JJA) it increased upto 1.54 mg m3 and in transition 

II (SON) it reached up to 1.24 mg m3. The chlorophyll-a 

concentration in the eastern monsoon period (JJA) was 

high and distributed more widely from the coast than in the 

SON period. SST monthly climatological data in the JJA 

period reached 26 ºC, which was wide in distribution in the 

JJA period and began to increase in the SON period (Figure 

4). Low SST conditions during the JJA period coincided 

with the abundance of chlorophyll-a concentrations in the 

Bali Strait, which is an indication of upwelling. 

In the JJA period, the abundance of chlorophyll-a was 
seen to be higher and distributed extending to the coasts of 

the islands of Java and Bali. Cooler SST followed this 

condition to the coasts of Java and Bali Islands. The cold 

SST conditions brought the nutrient-rich water mass to the 

surface as indicated by the high chlorophyll-a 

concentration. The movement of increasing water mass was 

due to the stratification of layers that have different 

densities in each layer corresponding to the decrease in 

temperature with increase in density. Changes in water 

conditions that resulted in lower SST and increased surface 

chlorophyll-a concentrations during the JJA period were 

influenced by strong east winds, which acted as wind-
driven motion in the upwelling phenomenon during the east 

monsoon. 

On the other hand, when the DJF was in abundance, the 

chlorophyll-a concentration tended to decrease as well 

there was increase in SST. This condition identifies the 

occurrence of downwelling in the Bali Strait. The temporal 

variation of SSC during the east monsoon shows that the 

chlorophyll-a concentration was higher than the 

concentration during the west monsoon (Figure 5). 

Meanwhile, the temporal variation of SST during the east 
monsoon was lower than during the west monsoon. It was 

thus identified that upwelling process alternates with the 

downwelling process in the Bali Strait. 

The relationship between variables 

The relationship between studied variables (Nino 3.4 

index, DMI, SSC anomaly, and SST anomaly) were 

identified with bivariate correlation with the person 

correlation equation. The results of the analysis show that 

the variables that have a high enough relationship between 

DMI and SST anomaly, SSC anomaly with SST anomaly 

while the values of other variables show low association 
which is presented in Table 2. 

Based on Table 2, it shows that the variability of 

Chlorophyll anomaly during the incidence of ENSO (El 

Nino/La Nina) and IOD (+/-) (Figures 2.A and 2.C) has a 

relationship of-0.345 and a DMI of-0.348. The correlation 

of ENSO and IOD has a low effect on chlorophyll-a in the 

waters of the Bali Strait. Meanwhile, the SST anomaly 

variability during the events of ENSO (El Nino/La Nina) 

and IOD (+/-) (Figures 2.B and 2.C) has a relationship 

between ENSO of-0.120 and a DMI of-0.401. The 

correlation of ENSO has a low effect on SST anomalies 

and IOD has a high enough effect on SST anomalies in the 
waters of the Bali Strait. 
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Figure 3. Monthly climatology of sea surface chlorophyll-a in the Bali Strait, Indonesia 

 

 
Figure 4. Monthly climatology of sea surface temperature in the Bali Strait, Indonesia 

 

 
 

 
  

Figure 5. Seasonal variation of sea surface temperature and 
chlorophyll-a in the Bali Strait, Indonesia 

 

 

 
Table 2. Correlation between variables 
 

 Nino 3.4 DMI 
Anomaly 

SST 

Anomaly 

SSC 

     
Nino 3.4 1    
DMI 0.252** 1   
Anomaly SST -0.120 -0.401** 1  
Anomaly SSC 0.345** 0.348** -0.592** 1 

     

Note: **. Correlation is significant at the 0.01 level 
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Discussion 

The Bali Strait is located in the tropics and receives 

high sunlight so it is beneficial for phytoplankton 

photosynthesis. In addition, the Bali Strait is semi-closed 

water and a type of mesotrophic. All of these factors affect 

the variability of chlorophyll-a concentrations in the Bali 

Strait. The seasonal and inter-annual variation of 

chlorophyll-a concentration in the Bali Strait with the help 

of remote sensing data makes it easy to understand the 

distribution of chlorophyll-a concentrations in the Bali 
Strait. Current study carried out with Aqua/Terra MODIS 

Satellite Data was helpful to identify seasonal and inter-

annual variations in surface chlorophyll-a distribution in 

the Bali Strait. During the eastern monsoon, chlorophyll-a 

concentrations are higher throughout the Bali Strait waters. 

The evolution of chlorophyll-a concentrations begins in 

June-September and peaks in September due to the east 

monsoon winds heading for the South Coast of Java Island 

into the Bali Strait causing subsurface water to be 

transported offshore. East monsoon currents push offshore 

water into the center of the Bali Strait, pushing water 
upward with high surface chlorophyll concentrations. On 

the other hand, during the western monsoon, the SST 

anomaly was increased and there was decreased 

chlorophyll-a concentration in the Bali Strait (Ratnawati et 

al. 2016). High chlorophyll-a concentrations along the 

coast were caused by the supply of nutrients from river 

runoff entering the Bali Strait (Zakiyah et al. 2015). 

The intra-annual anomaly variation of surface 

chlorophyll-a concentration in the Bali Strait, as presented 

in Figure 2.A, is closely related to ocean and atmospheric 

conditions that occur in the Indo-Pacific tropical region, 
namely El Niño/La Niña, and the Indian Ocean region, 

namely positive/negative IOD events. This study revealed 

that surface Chlorophyll concentrations were high during 

El Niño and/or positive IOD events. The occurrence of 

ENSO and IOD phases gave spatial patterns of Chlorophyll 

and SST anomalies during ENSO/IOD events from 

climatological data. During El Niño and positive IOD 

events in 2006 and 2015, the Bali Strait experienced a 

negative SST phase. This condition was seen during the 

initial phase of the evolution of positive IOD from June and 

increased in October. Whereas in El Nino, the chlorophyll-

a concentration in the waters was relatively higher and 
uniform. This condition was reversed during La Niña due 

to weak winds and high sea surface temperatures, which 

resulted in decreased chlorophyll-a concentrations. An 

increase in surface chlorophyll-a concentration occurred 

during El Nino and/or positive IOD events; this condition 

was reinforced by the presence of upward Ekman transport 

induced by seasonal winds (Ratnawati et al. 2016). This 

situation was reversed during La Niña and/or negative IOD 

events in 2010. Meanwhile, the warmer SST anomalies in 

the Bali Strait in La Niña started in June and ended in 

December. Variations of climate anomalies were rare in 
2007 due to positive IOD and La Niña events respectively 

(Behera et al. 2008). These events suggest that the 

anomalous evolution of chlorophyll-a concentrations 

follow a negative SST pattern. In addition, the El Niño (La 

Niña) event changed the increase in concentration of 

chlorophyll-a and decreased SST in the Bali Strait, and did 

not change the area of high concentration and decrease in 

SST. The analysis showed that the inter-annual variability 

of chlorophyll-a was influenced by the Indian Ocean 

Dipole rather than by ENSO. These findings suggest that 

the ENSO/IOD event alters the period of increasing 

chlorophyll-a concentration. 

In conclusion, the variability of SST and chlorophyll-a 

was related to the incidence of upwelling and downwelling, 

which was influence by seasonal and inter-annual 
variability. On a seasonal and inter-annual scale, the 

intensity of the eastern monsoon increases during El 

Nino/IOD (+) periods and weakens during La Nina/IOD (-

). The effect of ENSO and IOD on SST and chlorophyll-a 

variability in the waters of the Bali Strait during the El 

Nino period were strong along with IOD (+) and it caused 

cold SST and high chlorophyll-a while strong La Nina 

phenomena along with IOD (-)caused Warm SST and low 

chlorophyll-a. The effect of inter-annual climate variability 

has a high enough correlation value between IOD and SST. 

Based on the correlation value, IOD is linked more with 
SST and Chlorophyll anomalies than ENSO. 
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