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What is cross-timescale interference??

• The linear or non-linear interactions between climate drivers, acting 
at different or the same timescales (Muñoz et al., 2015, 2016)



Types of cross-timescale interference:
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Hasan et al., 2022
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What caused the 2020-2022 LN event?

Hasan et al., 2022



Research Questions

1. What caused the Indian Ocean 
Dipole (IOD) event to form?

2. Was cross-timescale 
interference involved?



Some prospects of Indian Ocean Dipole 
triggering/interaction:
• El Niño Southern Oscillation (e.g., Crétat et al., 2017)
• Indian Summer Monsoon (e.g., Meehl et al. 2003; Drbohlav et al. 

2007; Sun et al. 2015)
• Boreal spring convection over Indonesia and the western Pacific (e.g., 

Kajikawa et al. 2003; Hendon 2003)
• Madden-Julian Oscillation (MJO)
• Rao et al. (2008): Suppressed MJO -> Rossby wave -> strong eastward blowing 

low-level wind -> upwelling oceanic Kelvin waves -> shoaling the thermocline 
-> driving the positive IOD event 
• However, we see a convective MJO over the Indian Ocean in 2019



What did we see in 2019?
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For reference:
• IOD = Indian Ocean Dipole
• DMI = Dipole Mode Index (measures strength of the IOD)
• ENSO = El Niño Southern Oscillation
• MJO = Madden-Julian Oscillation
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see in 2019?
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April/May 

Cyclone Fani
CAT 5

Cyclone Lorna
CAT 3

Nieto Ferreira et al – “strongest, 
longer lasting, and most 
horizontally extensive westerly 
wind bursts are often those 
related to nearby twin tropical 
cyclones (Keen 1988; Harrison 
and Giese 1991; Hartten 1996)”
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April/May 

Downwelling 
Kelvin Wave

“Anomalous westerly wind burst in the 
equatorial Indian Ocean in early April 
generated an eastward propagating 
downwelling Kelvin wave, which got 
reflected from the eastern boundary as a 
downwelling Rossby wave and propagated 
to the west equatorial Indian Ocean.”
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Downwelling Rossby Waves
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MJO Pulse 1

• Strong enough to impact 
local sea level height
• Not strong enough to push 

thermocline down all the 
way across the Indian 
Ocean
• Hypothesis – this pulse pre-

conditions the system for 
the second MJO activity in 
May/June

April/May 
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Cyclone Vayu

May/June 



May/June 

Downwelling 
Kelvin Wave



Downwelling Rossby Waves

May/June 



May/June 

Thermo depth anom



May/June 



May/June 

Sea Level 
Height 
anomaly



SLH Anomalies 
at 5S and the 
Equator



May/June 



Linear Numerical 
Wave Model
• Model described by McPhaden 

and Yu (1999) and Nagura and 
McPhaden (2010a) 
• Region: 40°E-100°E and 5°S-5°N
• ERA5 12-hourly surface 

downward eastward stress data 
for the IO basin was obtained 
for 2017-2020



Cyclone 
Vayu

May/June 

Pulse 2

• MJO interference depresses 
the thermocline across the 
Indian Ocean basin through 
wind forcing and wave 
interactions
• Continues water movement 

towards the west
• Hypothesis – this pulse 

triggers the positive IOD 
event





Conclusion

• MJO Pulse 1: preconditions the system
• Impacts local sea level height, but not strong enough to depress thermocline across 

the basin

• MJO Pulse 2: utilizes the preconditioned system to trigger the +IOD event
• Depresses thermocline across the Indian Ocean basin through wind forcing and wave 

interactions

• The two MJO pulses contribute to the 3 year long La Niña event
• Understanding how different modes of variability, like the IOD and the MJO 

interact can help us capitalize on forecasts to identify windows of 
opportunity, which can lead to the improvement of early warning systems 
and anticipatory action



Cyclone Fani – Disaster Preparedness
• Indian Prime Minister Shri Narendra Modi credited 

the role played by technology including satellite 
imagery and advanced weather forecasting 
techniques in minimizing loss of life. 

• Fani reached a peak of the equivalent of a Category 4, 
with maximum sustained wind speeds of 190 – 200 
km/h, gusting to 220 km/h on 2 May

• After landfall, it weakened gradually and was forecast 
to enter into West Bengal as a Severe Cyclonic Storm 
with the wind speed of 90- 100 km/h gusting to 115 
km/h. 

• The India Meteorological Department issued warnings 
for extremely heavy rainfall for affected areas in 
Odisha, North Andra Pradesh and West Bengal and 
other states. Sea conditions are “phenomenal” over 
the west-central Bay of Bengal and off north Andhra 
Pradesh coasts. Fishermen were advised not to 
venture out.

http://www.pib.nic.in/PressReleaseIframePage.aspx?PRID=1571617
http://www.pib.nic.in/PressReleaseIframePage.aspx?PRID=1571617
http://www.pib.nic.in/PressReleaseIframePage.aspx?PRID=1571617


Thank you!


