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Abstract 

The Indian Ocean Dipole (IOD) is a natural ocean-atmosphere coupled mode that 

plays important roles in seasonal and interannual climate variations. The event is 

indicated by the sea surface temperature (SST) dipole anomaly formed on Indian 

Ocean, a negative anomaly in the north west Indian Ocean and a positive anomaly 

located in the east side of the Indian Ocean. This SST dipole anomaly is caused by 

the equatorial winds, which reverse their direction from westerlies to easterlies 

during the peak phase of the positive IOD events. The development of IOD events 

can be observed via studies of the change in SST anomalies, wind information, heat 

content distribution and precipitation distribution. The IOD event occurred in 2012 

is studied and compared with the other 8 IOD events happened in the past 30 

years. 

 

 

 

 

 

 

 

 

 



1. Introduction 

  Indian Ocean Dipole was first recognized as an individual phenomenon apart 

from El Nino Southern Oscillation (ENSO) by a group of researchers on 1999 in the 

paper “A Dipole Mode in Tropical Indian Ocean” [Saji et al. 1999]. A positive IOD 

event can be identified by the negative SST anomaly in the tropical eastern Indian 

Ocean and positive SST anomaly in the tropical western Indian Ocean, as shown in 

figure1. 

  The IOD is measured by an index that is the difference between SST anomalies 

in the western (50°E to 70°E and 10°S to 10°N) and eastern (90°E to 110°E and 

10°S to 0°S) equatorial Indian Ocean. This index is called the Dipole Mode Index 

(DMI). Figure1 shows the east and west poles of the IOD for November 1997, a 

positive IOD event.  

Figure 1: The map showing the SST dipole position – a positive SST anomaly in the 

western Indian Ocean and a negative SST anomaly in the eastern Idian Ocean 

  This dipole in SST is mainly caused by the change in wind direction. Normal 

monsoon winds blowing from west to east in June produce strong upwelling along 

the Somali coast of the western Indian Ocean in the summer monsoon period. And 

this monsoon wind becomes weaker in the fall, resulting a weakened upwelling in 

the region and cause a rise in SST. From fall to winter, the atmospheric pressure of 



the land becomes higher, resulting a stronger westerly wind near the equator and 

generate the strong equatorial currents which transports the warm waters to the 

east. During the peak phase of an IOD event, the equatorial winds reverse 

direction from westerlies to easterlies when the SST is cool in the east and warm in 

the west. The easterly alongshore wind near the Sumatra Island also enhances the 

upwelling in the eastern Indian Ocean, which contributes to the cooling of the SSTs 

off Sumatra. As convection weakens at the Ocean Tropical Convergence Zone, the 

consequent surface pressure modification makes the southeast trade winds extend 

and converge further downstream.  

  Similar dipole pattern is also seen in the subsurface level. The thermocline rises 

in the east due to upwelling and deepens in the central and western parts as a 

result of the anomalous wind in a positive IOD event. This subsurface dipole can be 

observed in heat content/sea level anomalies [Rao et al., 2002a].  

  The anomalous SST and atmospheric pressure distribution during an IOD event 

has a significant impact on the regional climate. Rainfall data shows that during a 

positive IOD event, rainfall decreases over the eastern tropical Indian Ocean and 

increases over the western tropical Indian Ocean. This is a result of the westerly 

shifted convection region due to anomalous sea surface temperature. Figure 2 

shows the precipitation anomalies during the peak phase of a positive IOD event. 

 

 

 

 

 

 

 

Figure 2: Precipitation anomalies for normal IOD events in September and October (normal 

peak phase of positive IOD event) 

 



2. Data and method 

  The observed data used in the analysis are from 1982 to 2012. SST monthly 

anomalies are computed from the Optimum Interpolation Sea Surface Temperature 

(OISST) from National Oceanic and Atmospheric Administration (NOAA). Monthly 

anomalies of atmospheric fields are derived from the NCEP-NCAR reanalysis data. 

The monthly data of heat content within 150m depth of the ocean is derived and 

computed based on the stratified temperature information obtained by Global Ocean 

Data Assimilation System (GODAS). [Calculation is done by Prof. Tomoki TOZUKA ] 

The rainfall anomalies are derived from the data provided by Global Precipitation 

Climatology Project (GPCP). The Dipole Mode Index (DMI) is defined as the SST 

anomaly difference between western (50°E-70°E, 10°S-10°N) and eastern 

(90°E-110°E, 10°S-Equator) tropical Indian Ocean.  

  Fortran77 was used as a computation method in data analysis to calculate mean 

and anomalies of the data series. Grid Analysis and Display System (GrADS) was 

used to further process the data and provide visual presentation of the data. 

  A positive IOD event is identified with a peak DMI exceeds 1.5 standard deviation 

(0.468)of the series. Figure 3 shows that from 1982 to 2012, there were 9 positive 

IOD events, occurred in year1982, 1991, 1994, 1997, 2003, 2006, 2007, 2008, and the 

most recent positive IOD events occurred in 2012. 

 

 

 

 

 

 

 

 

 

Figure 3: Dipole Mode Index divided by standard deviation variation over 1982-2012 



3. Indian Ocean Dipole in 2012 

  Various data of 2012 is evaluated and compared with normal weather conditions 

and average positive IOD events. From the data, a few special features are found in 

the 2012 IOD event. 

3.1 Sea Surface Temperature and wind anomalies 

Figure 4 shows the SST and wind anomaly variation of Indian Ocean over 2012.  

Comparing to the average IOD event, in March 2012, there is a negative dipole near 

the Sumatra. The tropical SST is also lower than the normal IOD. Other than that, 

there is a positive SST anomaly in the southern Indian Ocean, near Australia 

throughout the first quarter of the year, then gradually migrates to the central part 

of Indian Ocean. Figure4a and 4b shows the Wind and SST anomalies of Indian 

Ocean in 2012.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4a: SST and wind anomalies of Indian Ocean in 2012 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4b: SST and wind anomalies of Indian Ocean in 2012 



From graph 4a and 4b, it is observed that the SST dipole formed in July and 

decayed after October. This formation and decay of SST dipole can be seen more 

clearly in Figure 5. An IOD behavior is indentified when IOD index exceeds 0.5. from 

figure 5, it is clear that the 2012 IOD onsets in July, which is later compare to 

normal IOD event. The decay of 2012 IOD event is in October, which is earlier than 

normal IOD event. 

It is noticed that in March, 2012, there was an abnormally strong negative SST 

dipole near the equator resulted by strong westerlies in the region. This 

phenomenon is unfavorable to the formation of negative dipole near Sumatra Island 

and is partially responsible for the late onset of IOD in 2012. Figure 6 shows the 

difference in SST and wind anomaly between 2012 and normal IOD event. 

 

Figure 5: SST Anomaly Variation of Normal IOD and 2012 IOD events 

 

 

 

 

 

 

Figure 5: Difference in SST and wind anomalies between 2012 and average IOD in March 

and April 



3.2 Heat content 

  Heat content represents the thermal energy of certain water body. In this case, 

heat content is studied to observe the depth of thermolcline. The water content 

information used in the analysis is calculated based on stratified seawater 

temperature data from surface to 150m depth.  

  The heat content distribution in the Indian Ocean, 2012 is shown in Figure 7a and 

7b. 

 

 

 

 

 

 

 

 

 

Figure 7a: Heat content distribution of 2012 IOD event from Jan to Jun 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7b: Heat content distribution of 2012 IOD event from July to December 

  When comparing to normal IOD event in Figure 8, the negative dipole of heat 

content of 2012 IOD is very limited to the edge of Sumatra during the entire IOD 

event while normal IOD event shows a much larger dipole extended to the middle of 

the Indian Ocean. This limited heat content negative dipole suggests a generally 

deeper thermocline. This contributes to the early decay of the IOD event in 2012 as 

the thermocline takes shorter time to sink as a response to the westerlies from 

October to December.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Heat content distribution of normal IOD event from May to December 



3.3 Precipitation 

The monthly precipitation data of 2012 IOD is studied and shown in Figure 9. The 

result agrees with the previous results. Figure 9 shows that during the IOD event, 

there were a decrease in precipitation at the negative SST dipole and an increase in 

precipitation at the positive SST dipole. This anomalous precipitation distribution is 

a typical result of ocean SST dipole phenomenon.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Precipitation distribution of Indian Ocean during 2012 IOD event 



3.4 Strength and duration 

  Strength of an IOD event is defined as the peak IOD index of the event. Table 1 

shows the strength ranking of the 9 IOD events happened in the past 31 years. 

 Year IOD index Peak Month 

1 1997 4.71447 Nov 

2 1994 4.45823 Oct 

3 2006 2.95482 Oct 

4 2012 2.23291 Aug 

5 2008 1.78743 Jul 

6 1991 1.58422 May 

7 1982 1.57511 Jun 

8 2007 1.55126 Sep 

9 2003 1.52663 Jun 

Table 1: Peak amplitude ranking of IOD events from 1982 to 2012 

Although the 2012 IOD event has a shorter duration than normal IOD event, it 

ranks 4th in strength, shows a relatively strong dipole during the peak phase. The 

detailed information of IOD duration is shown in table 2. 

Year IOD month Duration /month 

1982 March to November 9 

1991 April to June, September to December 7 

1994 March to November 9 

1997 July to December 6 

2003 March, June to September 5 

2006 August to December 5 

2007 March to October 8 

2008 June to August 3 

2012 July to October 4 

Table 2: Duration of IOD events from 1982 to 2012 



4. Conclusion 

The 2012 IOD event shows some special behaviors comparing to normal IOD 

events happened during the last 31 years. It onsets late in July and decays early in 

October. This late onset was due to the abnormally strong westerlies near the 

equator during March 2012, resulted an unfavorable condition for the formation of 

negative dipole near Sumatra. The early decay is a result of deeper thermocline near 

Sumatra which indicated by the less-extended negative heat content anomaly 

distribution near the region.  

When comparing to other IOD events happened during the past 31 years, the 2012 

IOD has a relatively short duration but strong strength. 

From the general data analysis of the past IOD events, it is also noticed that there 

seemed to be some link between the duration and strength of an IOD event. Further 

study may be done to examine this relationship. 
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