Indo-Pacific warming and I
global rainfall patterns

1. The Indo-Pacific warm pool is rapidly warming
arorin ANd expanding at the size of California every year

(400,000 km?) b |
\
2. This has changed the residence time of the MJO
— shortened over Indian Ocean (3-4 days)
— prolonged over West Pacific (5-6 days)
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The Madden Julian Osclillation (MJO

Madden Julian Oscillation (MJO) 1981-2015: Nov to Apr

— dominant mode of weather variability in the fropics (55%) ' [/} g sttty W {F@M _— e
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The MJO playground — the tropics — have warmed rapidly, .

58 LN

but we do not know how it has impacted its characteristics. s i
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MJO Phases matter

Tropical storm density anomalies (1999-2010)
MJO phase 2-3: tropical storm density is larger over Indian Ocean
MJO phase 6-7: tropical storm density is larger over maritime/west Pacific
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Recent feast of storms in the West Indian Ocean
that led to locust outbreaks
- Dec 2019

The perfect recipe for multiple storms:

Ocean conditions

— a positive Indian Ocean Dipole over
a rapidly warming Arabian Sea

Atmospheric conditions

— MJO in phase 2-3

Jiang et al. JGR 2017 Klotzbach and Oliver GRL 2015




MJO Phases matter

When MJO is over the
Indian Ocean

(phase 1/2/3),

US is wet and cool

When MJO is over the

mori’rime/W.PocifIC/
(phase 5/6/7),

US is dry and warm
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Rainfall during MJO phases

Phase 1 Phase 5

—

Phase 2

Phase ‘7

Phase 8

2

Su
-1.1-0.8-0.7-0,5-0.3-0.+-0.09,05 0.1 0.3 0.5 0.7 0.9
mm rainfall/day compared to average

CPC, NCEP/NOAA

1.1

Temperature during MJO phases

Phase 1 Phase 5

Phase 2

—
-2.+1.8-1.5-1.3-0.8-0.6-0.3-0.1 0 0.1 0.3 0.6 0.8 1.2 1.5 1.8 2.1

°C compared to average



The Pineapple




Tropical oceans have warmed rapidly in the recent decades

Indo-Pacific warm pool is expanding Intensity and area are larger in climate
due to anthropogenic emissions model simulations with greenhouse gas
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Tropical oceans have warmed rapidly in the recent decades

Indo-Pacific warm pool [Sea Surface Temperatures (SST) above 28°C]
has expanded zonally and meridionally in the recent decades
— this warming is uneven
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Tropical oceans have warmed rapidly in the recent decades

uring the

R
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Warming is uneven — larger over the west Pacific

The Indo-Pacific warm pool doubles in size...

warm pool area
global mean SST

warm pool area (x 107 km?)
global mean SST (°C)

17.7

T
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

rate of expansion: 230,000 sq.km rate: 400,000 sq.km CALFORTIA
State of WA every year (CA every year)

A statistical breakpoint analysis confirms that the shift to higher
warm pool values occurred in the annual series during 1979-1980.

Roxy et al. 2e@19

Roxy et al. Nature 2019




How has the MJO lifespan changed over time?e
—no significant change in total lifespan

MJO annual average period (Phases 1-8)
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But we know that the warming is uneven
— does it impact individual phases?
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MJO Selection >>

— MJO events during Nov-Apr [1981-2018]

— RMM index is > 1

— strong coupling between fropical convection
and largescale circulation

— prominent active eastward propagation
(P1/2/3 to P6/7/8)

— Interannual variation + ENSO are removed
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Individual phase duration = MJO at each RMM phase



What about the MJO lifespan at different

MJO annual average period (Phases 1-8)

— MJO spends more time at Maritime/West Pacific (5,6,7)
and less at Indian Ocean (1,2,3)

d MJO phase duration, Indian Ocean (Phases 1, 2, 3) b PDF of MJO phase duration, Indian Ocean (Phases 1;2, 3)
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Change in MJO life span related to ocean warming

Correlation between MJO phase duration and

(a) SST, (b) atmospheric circulation and (c) temperature/ humidity
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SST Trends dunn The recent decades (1981—2018)

Mechanism

While the warm SST trend in the west Pacific prolongs
the local convective activity, it also drives dry air
subsidence over the Indian Ocean

Indo-Pacific warm pool expansion warps MJO lifecycle

Maritime Continent-west Pacific
Longer MJO duration

Indian Ocean
Shorter MJO duration
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Change in MJO life span related to ocean warming
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Impact on global rainfall patterns

Composite diff(?rence in Rainfall, between long and short MJ|O (5,6,7)
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Drying over US, Central Pacific,
Ecuador, East Africa, Yangtze in
China and north India

Indo-Pacific warming is not only
changing the MJO but also

7 N\ cii these regional precipitation

20°5 ] ) < ‘ , ' anomalies, either synergistically
; through the MJO or through

40°S independent pathways




Impact on global rainfall patterns

Composite diff(?rence in Rainfall, between long and short MJ|O (5,6,7)
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Indonesian floods and
east African droughts
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Indo-Pacific warming (CTP

Indo-Pacific warm pool expansion warps MJO lifecycle
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global rainfall patterns

1. The Indo-Pacific warm pool is rapidly warming
arorin ANd expanding at the size of California every year
(400,000 km?) W

2. This has changed the residence time of the MJO
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— prolonged over West Pacific (5-6 days)
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