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Abstract

The Indian Ocean Dipole (IOD) is a dominant climate driver in the Indian Ocean, altering ocean and atmospheric circulations over the Indian Ocean and beyond. Recent studies have suggested that modes of climate variability like
the IOD may change under greenhouse forcing. As the planet continues to warm, it is necessary to observe and monitor the climate. Here, we analyze recent IOD events, finding some unique characteristics in negative |IOD event in
2022 and positive I0Ds in 2019 and 2023 as reflected by their sea surface temperature, salinity, current, and rainfall patterns. Our analysis reveals that the 2022 negative |0D started earlier in May, and ended in October. The
Indonesian Archipelago experienced an intensive rainfall from May to December 2022, induced sequentially by the Asian Monsoon, the negative |OD, the Australian Monsoon and the La Nina events.

During the 2019 positive 10D, cool SST and upwelling in the Eastern Indian Ocean were strong and the IOD ended in December 2019. However, the 2023 positive IOD was short lived from the end of August up to November,
coinciding with an El Nino condition in the Pacific. The cooler SST off Sumatra during the 2023 10D was stronger than off Java SST anomaly, leading to meridionally asymmetric rainfall pattern over Sumatra. The unique 10D
characteristics in 2019, 2022 and 2023 appear to be linked to the warmer background Indo-Pacific SST. The 10D events involve changes to the Indonesian Throughflow through Indo-Pacific atmospheric teleconnection.
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Fig 1. 10D Positive 2019 Fig 3. IOD Negative 2022
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Fig 1. a) SST dan Wind Anomaly Monthly (2019), b) Chlorophyll-a and Current Anomaly Monthly (2019), c) Precipitation Anomaly Monthly (2019)

Fig 2. 10D Positive 2023
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Fig 3. a) SST Anomaly Monthly (June-November), b) Wind Speed and Direction Anomaly Monthly
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FIg 2. a) SS1 dan Wind Anomaly Monthly (2023), b) Chiorophyll-a and Current Anomaly Monthly (2023), c) Precipitation Anomaly Monthly (2023) (June-November), c) Chlorophyll-a Anomaly Monthly (June-November), d) Current Speed and
Direction Anomaly Monthly (June-November), e) Precipitation Anomaly Monthly (June-November)

Table 1. IOD Positive (1980-2024) Fig 4. Composite 10D Positive for the Period 1980-2024
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Table 2. 10D Negative (1980-2024) Fig 5. Composite 10D Negative for the Period 1980-2024
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Conclusion

The positive 10D positive 2019 and 2023 and The Negative 10D 2022 have unique patterns since the Indo-Pacific SST warmer and broader since 2019. The rainfall occurred during IOD positive 10D 2019 and 2023 in North Sumatra and Kalimantan when the upwelling and surface
ocean current were also stronger. Meanwhile during The Negative 10D 2022 the higher rainfall precipitation occurred and the surface current from Karimata Strait appeared significantly. Seems the ITF water and ITF water exchanged responsed intensively during the IOD events and a
coupled IOD and ENSO contributes to the rainfall patterns in the maritime continent since 2019.



