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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 (Munoz et al., 2015, 2016)

EL NINO AND RAINFALL Madden-Julian Oscillation

El Nifio conditions in the tropical Pacific are known to shift rainfall patterns in many different parts of the world.
The regions and seasons shown on the map below indicate typical but not guaranteed impacts of El Nifio
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Types of cross-timescale interference:

1) Coordinated Interaction/Interference

El Nino A MJO Phase 4: 117 days
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Types of cross-timescale interference:

1) Coordinated Interaction/Interference 2) Isolated Interference
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Types of cross-timescale interference:

1) Coordinated Interaction/Interference 2) Isolated Interference
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Multiyear La Nifia Events and Multiseason Drought in the Horn of Africa?
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Map of East Africa showing significant prevalence of moderately to
extremely dry conditions in Somalia, Kenya and Ethiopia, ICPAC

November 2020 December 2021
w5y \Somall

~ Hargeisa ‘\‘
/ Standardized

Precipitation Index
(CHIRPS)

'” 'Etﬁibpia

(Manuscript received 14 March 2022, in fing
M Extremely dry

ABC10, CA

I Severely dry
]
[ Moderately dry

a
[ Near Normal

Na|r0b|

X\' g r = I Moderately wet
EAST AFRICA
e Mombasa EefiaTel = B
tylg L WATCH | 1cpAc | KCHT

= 7020-2023
La Nina




N e
/_/Lﬂ{"/\/ ‘°y Og\L/\ N
: ) y - Warming
o . 7. Atlantic
Ocean

g « Lo ‘Weak and fading
N N El Nifio event
Positive Indian Ly
Ocean Dipole \;;
: ¥
4000 km (équateur) event J /Jj >
2000 mi (equator) . »
Color denotes sea surface temperature anomalies N

© Daniel Dalet / d-maps.com




S

Nar,

)

5

2
y U\\ Warming

i 7. Atlantic
[( Ocean

Indian Ocean
4000 km (équateur) D|p0|e event

2000 mi (equator) (\% s

© Daniel Dalet / d-maps.com




4000 km (équateur)

§ S

2000 mi (equator)

© Daniel Dalet / d-maps.com

Indian Ocean
Dipole event

Creation of
atmospheric
Kelvin waves ->

create stronger
trade winds
(winds bowing to
the west)

Warming
7. Atlantic
Ocean




Australia

v

La Nina Conditions

4

NOAA




forms

La Nifia event 's
S

4000 km (équateur)

2000 mi (equator) 31 v

© Daniel Dalet / d-maps.com




l, 5 ﬁ ‘ ”j)\ﬁj\ N s : La Nifa event

( - persists
— N, 3;,

aaaaaaaaaaaaaaaaaaaaaa




persists

La Nifia event 's
S

4000 km (équateur)

2000 mi (equator) 31 v

© Daniel Dalet / d-maps.com




‘ ) - <
~ / ‘ Fad
-0 P R ENES
A LT ‘
. v
v' ' 4
o, g ‘
l, ‘K ﬁ ”f\ﬁj\ N . La Nifna event
. ~ .
" ) persists
©
- 5
.4000. km l(equc‘lteur]) j [:/
2000 mi (equator) v
: =

aaaaaaaaaaaaaaaaaaaaaa




What caused the 2020-2022 LN event?
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FIGURE 6
Schematic representation of the energizing and persistent processes of 2020-2022 La Nifia in comparison to typical double-dip La Nifia events.
Solid grey arrow represents typical La Nifla mechanism whereas the solid and dashed black arrow represent 2020-2022 La Nifla mechanism.
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Research Questions

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

2. Was cross-timescale
interference involved?
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Schematic representation of the energizing and persistent processes of 2020-2022 La Nifia in comparison to typical double-dip La Nifia events
Solid grey arrow represents typical La Nifla mechanism whereas the solid and dashed black arrow represent 2020-2022 La Nifia mechanism




Some prospects of Indian Ocean Dipole
triggering/interaction:

 El Nino 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)

e Rao et al. (2008): Suppressed MJO -> Rossby wave -> strong eastward blowing
low-level wind -> upwelling oceanic Kelvin waves -> shoaling the thermocline
-> driving the positive 10D event

* However, we see a convective MJO over the Indian Ocean in 2019



What did we see in 20197

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

2019
10D Phase Neutral or Inactive
ENSO Phase Positive

DMI > 0.8
MJO Ph. 2&3 MIJO Active
Cyclones Cyclone(s) Active

For reference:

* 10D = Indian Ocean Dipole

 DMI = Dipole Mode Index (measures strength of the I0D)
 ENSO = El Nifio Southern Oscillation

 MJO = Madden-Julian Oscillation
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a) Zonal Wind Anomalies
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Cyclone Fani
CAT 5

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)” ~ Cyclone Lorna
CAT 3
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c) SLH Anomalies NOAA Coastwatch
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PEOPLE HELPED
9,900 individuals (2,000 households)

HUMANITARIAN
NEEDS

Cyclone Fani, a category 4 tropical
cyclone, made landfall in Odisha,
India on May 3, affecting more than
15 million people across 16,000
villages. 1.5 million people were
evacuated from their homes.
Households in Puri district are
without access to adequate food,
shelter, basic protection, and clean
water. The majority of houses in this
district have been damaged or
destroyed, leaving people at risk for
the approaching monsoon season.
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Anomalous warming of the western equatorial Indian Ocean in 2007: Roleof M)

Check for

ocean dynamics
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ABSTRACT

In this study, observational data, together with the simulations from a high-resolution numerical ocean model, are used to identify the processes responsible for
the anomalous warm sea surface temperature (SST) in the equatorial Indian Ocean during late spring/early summer in 2007. Our analysis suggests that the SST in
the western equatorial Indian Ocean (WEIO) remained unusually warm owing to the combined influence of the wind induced and reflected Rossby waves in the
equatorial Indian Ocean. 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 WEIO. The easterlies appeared during the second

fortnight of April generated another downwelling Rossby
This stady demansses the mporanceof e cquatons]  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.”

Downwelling
Kelvin Wave







Downwelling Rossby Waves
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b) Southern Equatorial Thermocline ORAS5 (5S to 0)
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a) Zonal Wind Anomalies
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a) Northern Equatorial Thermocline
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b) Southern Equatorial Thermocline
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c) SLH Anomalies
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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

 ERAS 12-hourly surface
downward eastward stress data
for the 10 basin was obtained

for 2017-2020

a) Reflected Rossby Waves
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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
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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 Nifa event

* Understanding how different modes of variability, like the I0OD 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

ﬁvit;\hthe wind speed of 90- 100 km/h gusting to 115
m/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.
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Disaster preparedness limits toll from Cyclone Fani

® NEWS

02 May 2019

Extremely severe cyclonic storm Fani made landfall close to Puri in Odisha on 3 May, with

maximum sustained wind speeds of 180-190 km/h. It tracked North-North Eastwards and

weaken as it moves towards West Bengal and then on to Bangladesh, according to the Indian

Meteorological Department. Accurate advance forecasts and a huge, well-coordinated

disaster risk reduction campaign were credited with keeping the death toll to a minimum. Share: X in

Related Topics

 Tropical cyclo|
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