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Abstract 

Mixed Layer Depth (MLD) plays an important role in various aspects of 
oceanography. MLD has a characteristic parameter value that is uniform with 
depth. MLD has an important role for local, regional, and global phenomena. 
Indonesia, which is surrounded by the East Indian Ocean, will be directly 
influenced by the dynamics of MLD. This study aimed to analyze seasonal 
variability and MLD between years. Mixed layer depth data from the ARMOR3D 
Dataset Copernicus-Marine Environment Monitoring Service was used for MLD 
analysis with a threshold of 0.2oC for temperature. Wavelet analysis showed 
that MLD variability in the eastern Indian Ocean spans from intra-seasonal to 
interannual scales. Time series analysis showed a complex relationship between 
MLD and SST in the annual and interannual periods which indicates a different 
process. The MLD monthly climatology at point 90E, 0 showed the depth of 
mixed layers is deeper during the east monsoon (JJA-SON) ranging from 50-
65 m compared to the west monsoon (DJF-MAM) which has a range of 20-40 
m. Spatially the MLD in the south of the equator is deeper than in the north. 
Interannually, MLD is heavily influenced by the Indian Ocean Dipole. MLD 
depth is deeper in nIOD with a maximum depth in the range of 100 m compared 
to pIOD. MLD with maximum depth in the strong nIOD phase is around the 
equator and the pIOD phase is south of the equator. The study also showed 
that inter-annual variability in regions around the mainland showed a stronger 
response.
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1. Introduction
Research on the top layer Indian Ocean and the 

depth of the mixed layer (hereinafter referred to as MLD) 
in general has been widely carried out. MLD is defined 
as a layer that has oceanographic parameter values with 
homogenous values for depth. Homogeneous layers are 
due to vertical vortex mixing, especially wind pressure 
on the top layer. In contrast, other convective mixing 
is usually driven by heat loss to the atmosphere and 
the flow of fresh water from the atmosphere (Ushijima 
and Yoshikawa, 2019). The influx of fresh water from 
rain and surface heating increases surface buoyancy, 
forming relatively warm and fresh thin MLDs 
(Yoshikawa, 2015). MLD exhibits spatiotemporal 
variability and varies at different time scales (Abdulla 
et al., 2016, 2018). MLD has the role of being a source 
of water movement in the ocean through it because the 
transfer of mass, momentum and energy occurs in this 
layer (Yu et al., 2020). Mixed layer depth determines 
the heat content of the ocean (Rugg et al., 2016). The 
heat contained in the MLD has an important role in 
ocean-atmosphere interactions such as the formation 
of convection or cyclones (Besa et al., 2018). Early 
research on MLD conducted by Rao et al. (1989) through 
limited observations focused on seasonal cycles. based 
on the research of Rao and Sivakumar (2000) through 
climatological observations of global sea temperature, 
it is characterized by near-surface seasonal variability of 
the Indian Ocean in isothermal layers. Analysis of heat 
budget appears as a variable that includes relative heat 
flux, horizontal advection and vertical entrainment that 
causes cooling. Meanwhile, seasonal cycles that affect 
the thickness of the MLD correlate with the monsoonal 
ecosystem circulation in the Indian Ocean (Xue et 
al., 2021). Mixed layer is critical for phytoplankton 
development (Schofield et al., 2018; Smith Jr and 
Jones, 2015) and primary productivity through transfer 
of nutrients related to marine biology (Itoh et al., 2015). 
Mixed layer depth information is useful for fishermen 
to determine hook depth for high-economic fish such as 
tuna (Teliandi et al., 2013). MLD also plays an important 
role in near-surface acoustic propagation (Sutton et al., 
2014). In addition, the surface layer of the oceans stores 
heat which is a source of global fluctuations such as El 
Niño (Guan et al., 2019).

MLD is commonly determined from 
temperature, salinity, and density profiles (via 
temperature-salinity calculations) (Rath et al., 2016). 
MLD varies temporally from diurnal (Ushijima and 
Yoshikawa, 2019), intra-seasonal and annual (Holte 
and Talley, 2009), to inter-annually caused by various 
things such as surface forces, lateral advection, internal 

waves and so on (Montégut et al., 2004). Indian Ocean 
waters has a significant influence on Indonesian waters, 
especially EIO. The EIO is quite complex because 
it is influenced by oceanographic and atmospheric 
phenomena, e.g., Indian Ocean Dipole (IOD) (Sun et 
al., 2019) and upwelling (Chen et al., 2016). MLD is an 
important parameter in the air-sea interaction system. 
In its role, MLD, which has a high thickness, exhibits 
a greater heat capacity. Consequently, this leads to a 
decrease in responsiveness to atmospheric heat flux, 
as deeper MLDs take longer to respond to atmospheric 
forcing. Seawater flux variations play an important 
role for global climate variations, especially the Indian 
Ocean. This variation in climate change could potentially 
trigger ecological disturbances such as coral bleaching 
in the waters of West Sumatra which directly borders the 
EIO (Wisha et al., 2021). Seawater flux is one of those 
responsible for the warming that occurs during ENSO 
in the Indian Ocean (Jin and Wright, 2020) and after 
the end event of ENSO (Xie et al., 2010). In addition, 
depending on the season and location, it can contribute 
positively or negatively to IOD growth.  (Qiu et al., 
2014; Lu et al., 2018). The Indian Ocean also responds to 
the Pacific phenomenon as a process of teleconnections. 
This teleconnection is associated with El Niño activity 
in the Pacific, commonly causing warming in the Indian 
Ocean. (Yuan et al., 2018). In their research Carton et al. 
(2008) explained that atmospheric teleconnections that 
occurred during El Niño events caused MLD siltation in 
the eastern equatorial Indian Ocean and deepened south 
of the equator. 

However, previous studies have focused 
on certain parts of the time and space scales that are 
separated from one variability to another. To the best of 
our knowledge, very few studies have been conducted 
on the full range of variability including the presence 
of extreme (positive and negative) IOD. From some 
of the descriptions above, we consider it necessary to 
study and understand the dynamics of fluctuation of 
the MLD related to the Indian Ocean climate mode. 
The aim of this research is to specify the variability of 
MLD in the EIO (West Sumatra) using observational 
data. This study attempts to understand the 3-month 
(intra-seasonal) average MLD variability in relation 
to sea surface properties, especially with Sea Surface 
Temperature (SST) and wind as the preeminent driving 
force by considering the IOD phenomenon. It is a key 
parameter in the atmosphere-ocean heat exchange and 
climate regulation. 

2. Materials and Methods
2.1 Material 
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Figure 1. Geographical and bathymetric maps of the region around the maritime continent of Indonesia. Globe map 
on the upper right to mark the magnification of the map of the research location area. The research location is in the 
eastern Indian Ocean which is indicated by a box shape with a red dotted line. The black star is the point for time 
series analysis. This research location covers the equator and low latitude areas.

Figure 2. Comparison of SST values between ARMOR3D and Buoy. The red line is for the SST Buoy value and the 
black line is for the ARMOR3D SST value with the same temperature scale range.



This research is in the eastern Indian Ocean 
with coordinates 80oE – 105oE and 16.5oN – 11.5oS 
which are directly adjacent to the Bay of Bengal in the 
north and Sumatra Island in the east (Figure 1). The data 
used is weekly Mixed Layer Depth (MLD) from 1998 
to 2020 from ARMOR3D which can be accessed on 
the http://marine.copernicus.eu/ page. ARMOR3D data 
is a combination of in-situ (Temperature and Salinity 
observations) and real data satellite using statistical 
methods on a 1/4◦ horizontal regular grid with 33 
layers with unevenly spaced between surface layers up 
to 5.500 m depth (Guinehut et al., 2012; Mulet et al., 
2012; Le Traon et al., 2017). The MLD in this dataset 
is the depth when the potential density anomaly (sigma-
theta) is 0.05 Kg/m3 which is equivalent to a threshold 
of 0.2oC for temperature. This MLD determination is in 
accordance with the threshold temperature criteria by 
Montégut et al. (2004).

𝑀𝐿𝐷 = depth where 𝑇 = 𝑇10𝑚 ± 0.2°𝐶 . . . . . . .(1)

Where T is temperature. 

In determining the criteria variable density 
corresponds to a variation of 0.2 °C where in 
climatological procedures it is still capable of being 
an appropriate estimator compared to other variations 
(0.5°C (Levitus, 1982) and 0.8°C (Kara et al., 2000) at 
local temperature conditions from a depth of 10 meters .

𝑀𝐿𝐷 = depth where 𝜎0 = 𝜎010𝑚 + 𝛥𝜎0. . . . . .(2)

 with Δ𝜎0 = 𝜎0 (𝜃10𝑚 − 0.2°𝐶, 𝑆10𝑚,𝑃0) − 𝜎0 
(𝜃10𝑚, 𝑆10𝑚,𝑃0). 

The final result of the calculation on ARMOR3d 
is that MLD is defined as the minimum MLD which is 
calculated from the density criteria and MLD which 
is determined from the temperature criteria. On two 
criteria, namely density and temperature, MLD produces 
a linear interpolation to the depth where the threshold is 
reached. This determination has been used in a study by 
Wade et al. (2011) also based on the numerical model 
input that has been done by Keerthi et al. (2013).

As validation, we use a Rama buoy moored 
in the EIO. The data set for RAMA buoys consists of 
23 moored buoys spread across and operating in the 
basin of Indian Ocean (McPhaden et al., 2009) (http://
www.pmel.noaa.gov/tao/rama). Objectively selecting a 
buoy that is right on the equator at 90°E is chosen to 
be used in this study. The selection of this one buoy is 
based on data continuity which has significantly higher 
temporal resolution when compared to other RAMA 
buoys. Furthermore, the site was chosen because it 
lies in a region related to the  dynamics of air-sea 
interactions such as the Madden–Julian Oscillation 

(MJO) (Matthews, 2008; Yoneyama et al., 2013), Indian 
Ocean Dipole (IOD) (Zhang et al., 2015; Wainwright et 
al., 2020), monsoon (Abish, 2013; Annamalai, 2013), 
affected by ENSO (Baquero-Bernal et al., 2002; Zhao 
et al., 2019) as well as other variability. In general, the 
floats at coordinates 0°, 90°E have the greatest amount of 
high-resolution data and this is necessary for calculating 
or validating data.

The interannual climate variability index 
used for data for 1998-2020 is the Dipole Mode Index 
(DMI) with monthly intervals that occur in the Indian 
Ocean. This is used to see climate variability that 
affects oceanographic conditions in the study area 
in that range of years. DMI were collected from the 
National Oceanic and Atmospheric Administration 
(NOAA), which can be accessed at: https://psl.noaa.gov/
gcos_wgsp/Timeseries/Data/dmieast.had.long.data. Wind 
data descriptions were used to analyze climatology in 
the EIO from the European Center for Medium-Range 
Weather Forecasting (ECMWF) Reanalysis v5 (ERA5), 
data were captured online (https://cds.climate.copernicus.
eu/).

2.2 Method
In this study time series data will be analyzed. 

Analysis using the Continuous Wavelet Transform 
(CWT) method is used to test power variations in data in 
the form of long time series data (Torrence and Compo, 
1998). This data allows determining the main periodicity 
from its variability and fluctuation (Grinsted et al., 2004; 
Bendat and Piersol, 2010; Emery and Thomson, 2014). 
In this study, CWT analysis was performed on MLD 
time series data using Morlet wavelets, so the formula 
can be written as:

. . . . . . .(3)

Where s is the wavelet variation scale, at
, =1, . ., N is a time series,  is a uniform time 
interval and   is a dimensionless frequency.

In addition, this study also uses the Cross-
Continuous Wavelet Transform (XWT) analysis method 
which is applied to SST and MLD data as X and Y. So 
based on Torrence and Webster (1999) formula it can be 
written as follows:

. .  . . . . . . . . .(4)

Then a bandpass filter was performed in the 
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seasonal and interannual periods for analysis. Bandpass 
is performed using a Butterworth filter which has an 
output value is then used as input (recursively) in the 
frequency domain so as not to change the amplitude of the 
filtered signal. Bandpass for interannual variability is in 
the 2-7 years period. The observations used in this study 
used ARMOR3D data which will then be explained as 
follows. To validate the Sea Surface Temperature data, 
this study uses Sea Surface Temperature data observed 
from the Buoy mooring points in the Indian Ocean 
(Figure 1) with the same time range as ARMOR3D 
data with some data gaps. The sea surface temperature 
data from ARMOR3D agrees significantly with the 
buoy data. Comparison of sea surface temperature 
values ARMOR3D-Buoy has a fairly good correlation 
coefficient with a value of 0.91 (Figure 2).

3. Results and Discussion
3.1 General Condition
 In order to expose the main period of MLD 
depth, wavelet strength spectra of the MLD data on 
ARMOR3D records were calculated. Wavelet analysis 
of MLD data at point 90E, 0 from 1998-2018 showed 
variability that varies from intra-season, semi-annual, 
annual, to interannual (2.5-3 years) (Figure 3). The 
annual (seasonal) variability is related to monsoons 
while the 2.5 years interannual fluctuation is associated 
to the IOD which looks quite significant (red color with 
black contour). The black line with a white fill in the 
image represents the 95% confidence level. This is as 
described using the application of a numerical model 
and direct observation by Keerthi et al. (2013). Indian 
Ocean has very significant MLD fluctuations on an 
annual basis. The IOD can be interpreted as a mode 
of interannual variability in the tropical Indian Ocean 
resulting from positive interactions between the ocean 
and atmosphere. Saji et al. (1999) explained that most 
interannual variability in MLD are near the equator. 
The highly significant variability on the intra-seasonal 
and inter-annual time scales has also been illustrated by 
the study of Schott et al. (2009). Apart from that, the 
Indian Ocean also has a seasonal cycle with quite a large 
amplitude. This is related to the existence of reversed 
monsoon circulation (Schott et al., 2002).

The MLD and SST time series data have no data 
gaps. these MLD and SST data were then analyzed using 
wavelet coherence (Figure 4). MLD depths ranged from 
approximately 20m to nearly 80m in mid to late 2016 
(Figure 4a). The depth of the MLD experiences quite 
dynamic fluctuations following the effects of the sea-
air interaction it receives. MLD relates to the field of 
wind pressure modulated by heat fluxes as well as fresh 

water mainly close to equator and parts of the northern 
Indian Ocean. During the significant active Southwest 
Monsoon period, Schott and McCreary (2001) 
described along the coastal of Somalia and the Arabian 
Sea wind-induced turbulent mixing and upwelling 
resulting in differences in the annual mean MLD depth 
in the western Arabian Sea in the ranges 50 – 60m. The 
relationship between the depth of MLD and SST is quite 
close. The MLD layer is an important variable in the 
ocean-atmosphere interaction process. Shinoda and 
Hendon (1998) explained that shallow MLD layers can 
refer to a decrease in thermal capacity. This will be able 
to encourage a significant SST temperature anomaly.

These SST variations are related to feedback on 
intra-seasonal variations in the atmospheric system, so 
it is important to study the processes that drive these 
SST variations (Matthews, 2004; Bellenger and Duvel, 
2009). SST time series data show clear intra-seasonal 
fluctuations. For one year, several peaks and valleys were 
observed which fluctuated with a minimum valley value 
range of 28.2°C in mid-2001 and a maximum peak value 
of 30.7°C in mid-2016 (Figure 4b). The intra-seasonal 
variability of SST and MLD in general has been studied 
especially in the Indian Ocean. The observed SST intra-
seasonal fluctuations or signals are related to the MLD 
intra-seasonal signals. Drushka et al. (2014) compiled 
Argo’s data and estimated MLD fluctuations in response 
to forces from intra-seasonal variability. The coherence 
between SST and MLD shows a strong correlation in 
the monsoon period (one year) and the Indian Ocean 
Dipole (2-3 years). In the annual period, changes in 
SST respond more quickly than MLD. This can be seen 
from the SST phase preceding the MLD phase by 30-90 
degrees. This also occurs during the IOD period where 
SST responds more quickly to changes in MLD. This is 
because the change in SST only covers the surface layer 
while the mixed layer will take time for mixing to occur.

3.2 Seasonal Variability
 Several studies have investigated the seasonal 
variation of Indian Ocean MLD. In this study found 
that in the southern part of equator there is a significant 
difference in seasonal variations. Previous research 
by Schott et al. (2002) found that there is a significant 
semi-annual variation in MLD in northern Indian 
Ocean which is linked to the monsoon circulation that 
occurs seasonally. Seasonal variation of MLD in the 
eastern Indian Ocean is defined by deep MLD depth 
in JJA-SON and low in DJF-MAM. In JJA-SON, the 
maximum mixed layer depth (MLD) is observed to be 
significantly deeper in the southern region, ranging from 
35 to 75 meters, as compared to the northern region, 
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which exhibits a shallower range of 20 to 40 meters 
(Figure 5). The Eastern North Indian Ocean appears to 
have a shallower MLD. This is related to counteracting 
the stabilizing effect of intense freshwater flux 
experienced by the Bay of Bengal during the summer 
monsoon. (Shenoi et al., 2002). Whereas in the south 
of the equator, the MLD is significantly influenced by 
climatological wind magnitude, so it has a deeper MLD 
around 10°S that the easterly winds are significant. 
These results agree with the model built to reproduce 
large-scale MLD structures fairly well by Keerthi et al. 
(2013). This shows that the MLD layer is influenced by 
seasonal conditions. Wyrtki (1961) also explained that 
the MLD variation is caused by the movement of water 
masses and the change of monsoons.

The Gulf of Thailand, which is behind the 
peninsula of Malaysia, shows a data gap. Previous 
research by Keerthi et al. (2013) used a model to simulate  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

MLD which is shallower than direct observations 
in coastal areas. This may arise due to Argo’s lack of 
profile in the region causing uncertainty in the MLD 
calculations (Nisha et al., 2013). This model also found 
that the MLD is shallower onward the equator that may 
be related to a lack of atmospheric forces or a vertical 
mixing scheme. In general, in each season, the MLD 
value at the equator is higher than in other regions. At 
the equator, the MLD variation is more complex because 
what influences it is not just one dimension but can also 
be three dimensions such as the rise of the thermocline 
layer due to Kelvin waves or due to upwelling by Ekman. 
During winter season, snowfall occurs, and radiation of 
solar weakens. This makes the Asian continent colder 
and causes high stress on the continent to build up. This 
causes northerly winds from the continents to push dry 
and cold air masses over the Indian Ocean toward the 
equator line (de Laat and Lelieveld, 2002).
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Figure 3. MLD data wavelet transform at point 90E, 0N. Period is written in annual terms, the value is > 1 for
Interannual Variability (IV), 1 for Annual Variability (AV), 0.5 for Semiannual Variability (SAV).

Figure  4.  Timeseries  (a)  MLD  and  (b)  SST  at  point  90oE,  0.  (c) The  right  arrow  on  the  coherence  wavelet
indicates that the two timeseries are in phase while the arrow to the left is anti-phase, the arrow up indicates that
the SST phase precedes MLD as far as 90o
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Figure 5. MLD 3-month climatological average: a. December-January-February (DJF); b. March-April-May (MAM); c. 
July-July-August (JJA); d. September-October-November (SON). Bar scale applies to all images.

Figure 6.  SST 3-month climatological average: a. December-January-February (DJF); b. March-April-May (MAM); c.
July-July-August (JJA); d. September-October-November (SON). Bar scale applies to all images.
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Figure 7. Graph of time series and monthly climatology data. (a) wind speed time series and (b) monthly 
climatology wind speed. (c) MLD time series and (d) monthly climatology MLD.

Figure 8. (a) Hovmoller diagram of MLD at the equator from 1998-2020 at longitude 80-105oE. (b) The DMI index with a 
transparent red threshold. Description nIOD for negative and pIOD for positive.



MLD thickness is able to modulate its heat 
capacity. Because such a response makes MLD tend 
to be heated or cooled by the forces acting, especially 
active atmospheric forces such as IOD and ENSO. In 
line with this, MLD is a parameter that plays a crucial 
role in ocean-atmosphere interactions. This is because 
MLD is able to modulate the response amplitude of 
SST. The minimum value of the MLD corresponds to 
the maximum temperature value (Figure 6). The high 
SST value causes effective evaporation of sea water 
which results in high rainfall. This is caused by the 
Monsoon Intra-seasonal Oscillation (MISO). According 
to Girishkumar et al. (2017), MISO significantly affects 
seasonal variability in the EIO (near the Bay of Bengal). 
The DJF-MAM month (Figure 6a, 6b) generally has 
a higher SST when compared to the JJA-SON month 
(Figure 6c, 6d) based on the spatial distribution. 
The maximum SST is distributed almost evenly and 
reaches a peak in MAM and then gradually decreases 
in JJA-SON and low SST appears south of the equator. 
Climatology showed a different response every three 
months. Atmospheric heat flux acting on waters is 
possible to become the dominant process that is able 
to promote intra-seasonal variability as a response to 
the active phase of monsoon variability (Waliser et al., 
2004).

The Indian Ocean is dominated by strong 
winds throughout the year by two periods, namely, the 
northeast monsoon period and the southwest monsoon 
period. Strong seasonal variability predominates in 
determining MLD. The determination of MLD is 
dominated by surface winds and sensible and latent heat 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

fluxes in Indian Ocean, especially in Arabian Sea (Bauer 
et al., 1991). This study obtains a pattern that is bound 
between wind speed and MLD and related to wind 
speed conditions (Figure 7). The wind climatological 
pattern and the MLD pattern are the same, namely high 
in August. In the southern part of the equator, MLD is 
more inclined to be driven by significant climatological 
wind intensity. This can be seen from the MLD response, 
which is deeper, where the east wind is the strongest. 
The seasonal shallowing and deepening of the MLD in 
the southwest Indian Ocean are associated with annual 
wind cycles. This process is caused by the effect of wind 
movement and its effect on buoyancy flux and depth of 
thermocline (Foltz et al., 2010).

3.3 Interannual Variability
The Indian Ocean is known to be able to 

respond to interannual variations triggered by remote 
ENSO influences. The sea-air interaction that works 
when ENSO is active makes it possible to have an SST 
anomaly impact. This process will also have an impact 
on climate and this influence can persist in the Indian 
Ocean long after El Niño events ends (Xie et al., 2010). 
Furthermore, the Indian Ocean also has its own mode 
or commonly called the IOD. IOD is characterized as 
an active ENSO phase in the Pacific Ocean, which is 
the impact of ocean-atmosphere interaction processes. 
IOD at its peak during autumn, this is associated 
with an eastern anomaly in the middle of the Indian 
Ocean, an SST anomaly with low SST seen around the 
islands of Java and Sumatra and an SST anomaly with  
warmer temperatures in the western Indian Ocean.  
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Figure 9. MLD conditions during strong IOD events: (a) nIOD in September 2016 and (b) pIOD in November 
2006



This is as revealed by the research of Webster et al. 
(1999) on the air-sea coupling in the Indian Ocean. The 
existence of teleconnections that occur is increasingly 
felt because there is a strong tendency that an active El 
Niño event triggers IOD, but it is also possible for the 
two events to occur independently (Annamalai et al., 
2003).

To fully see the state of MLD on a time scale 
based on longitude, Hovmoller was used. There is a 
significant response for each DMI index value at MLD 
depth. IOD is described by the dipole mode index (DMI) 
(Saji et al., 1999). This index shows how strong the value 
and intensity are. To determine this, the definition from 
Ummenhofer et al. (2009) classification for conducting 
composites for IOD/ENSO in the Indian Ocean. A robust 
IOD is definite as a year when an anomaly occurs which 
is normalized to be greater than 0.5, so if it is below 0.5 
it is considered normal. Hovmoller variability of MLD 
at 0 degrees latitude at longitude 80 to 105 east longitude 
shows that when nIOD occurs, MLD is continuously and 
clearly higher than when pIOD has lower MLD (Figure 
8). The most obvious example is when the nIOD was 
strong at the end of 2016. Meanwhile, the MLD under 
pIOD conditions was relatively shallow, such as at the 
end of 2019 and 2007. The area around the island has a 
stronger response to IOD, as seen from the MLD value 
which is deeper than other areas (Figure 9).

Spatially, the negative IOD is strong, and the 
mixed layer depth is relatively high in the equatorial 
regions, in the north, and near the coast of Sumatra. In 
contrast, when a robust positive IOD occurs, the MLD 
is very deep in the south (at latitude 5 degrees to the 
south), while in the equator, north and the coast over 
the west coast of Sumatra, the depth of the MLD is 
very shallow. IOD, like ENSO, is the result of ocean-
atmosphere interactions. IOD peaks in autumn and is 
associated with the northeastern central Indian Ocean 
anomaly, the cold SST anomaly near Java and Sumatra, 
and the warm SST anomaly in the western Indian Ocean. 
(Saji et al., 1999; Webster et al., 1999; Murtugudde et 
al., 2000). Shallow MLD causes a small ocean heat 
storage capacity, causing sea surface temperatures to 
rise resulting in atmospheric convection (Keerthi et al., 
2015).

4. Conclusion 
Wavelet analysis of MLD data at point 90E, 

0 from 1998-2018 shows variability that varies from 
intra-seasonal, semi-annual, annual to interannual 
(2.5-3 years). MLD depths ranged from approx. 20m 
to nearly 80m in the mid to late 2016 period. The SST 
and MLD time series data show quite pronounced intra-
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seasonal fluctuations. The observed SST intra-seasonal
fluctuations  or  signals  are  related  to  the  MLD  intra-
seasonal signals. Seasonal variation of MLD in the EIO
is  characterized  by  deep  MLD  depth  in  JJA-SON  and
low  in  DJF-MAM.  In  JJA-SON,  the  maximum  MLD
depth  is  found  to  be  deeper  in  the  south  than  in  the
north. Spatially the MLD in the south of the equator is
deeper than in the north. Interannually, MLD is heavily
influenced  by  the  IOD.  When  the  nIOD  occurs,  the
MLD is continuously and clearly higher than when the
pIOD has a lower MLD. MLD depth is deeper in nIOD
with a maximum depth in the range of 100 m compared
to pIOD in the range of 20 m around the equator. MLD
with maximum depth in the strong nIOD phase is around
the equator and the pIOD phase is south of the equator.
This study also shows that the interannual variability of
the area around the mainland has a stronger response.
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