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• Nothing beyond post-El Nino spring
• Nothing over East Asia

Nino3.4 SST
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Zhou et al. (2019, GRL), Mishra et al. (2012, PNAS)

Indian monsoon variability
• EOF1 (All India Rainfall): 

concurrent ENSO
• EOF2: post-ENSO summer

850 hPa wind

Anomalous anticyclone (AAC) 

NIO



EOF1 of July rainfall variability over eastern China & 850 hPa wind 
velocity regression. Correlation w/ ND(-1)J Nino3.4 =0.3 for 1951-2020. 

AAC



Great Yangtze Flood of 1998

Record rainfall  of 560 mm in Wuhan 
for week of 6/30-7/6/2016)

Wuhan, 7/8/2020

X. Wang et al. 2021, J Clim.
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Barotropic energy conversion

Anomalous anticyclonic circulation (AAC) 
as a mode of monsoon variability 
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JJA Precip EOF over Indo-W Pac

Concurrent El Nino

How is mode 2 related to ENSO?

Antecedent El Nino

Rainfall EOF PC1 PC2

JJA Nino 3.4 0.81

ND(-1)J Nino 3.4 0.68

JJA NIO 0.84

AAC

SST & windPrecip & Sfc wind
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Indian Ocean warming 
persists through JJA(1) and 
could exert climatic influences 
after El Nino has dissipated. 

Nino
NIO

NW Pac

Xie et al., 2009: Indian Ocean capacitor effect on Indo-western Pacific climate 
during the summer following El Nino. J. Climate, 22, 730-747.
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• Nothing beyond post-El Nino spring
• Nothing over East Asia
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Composites of post-El Niño summers (1983, 92 & 98)

SST (color), SLP (contours) & 
850hPa wind

Precip (color), & Trop temp

IO warming

AAC

Kelvin Wave in trop tempSST cooling

Suppressed 
rainfall

Enhanced 
Meiyu

Chowdary et al. (2010, JGR-A)



Wuhan, 8 July 2020

Anomalous anticyclone (AAC) & Great Yangtze flooding of 2020 



Atmospheric model w/ global SST forcing

IPOC (Indo-western Pacific ocean capacitor) 

SST anomaly

Observed: Excessive Meiyu rainfall, AAC & IO warming

AAC



NMME prediction initialized on 

Without major El Nino, 2019-2020 showed an Indian Ocean that is more dynamic 
and more predictable than thought. Zhou et al. (2021, PNAS)

El Nino à AACà heavy Meiyu/Baiu rainfall. 

Official/empirical forecasts did not predict the flooding. 

SST indices
IOD

NIONino3.4



wildfire

Indian Ocean Dipole 
Sept-Nov 2019

locusts

Indian Ocean warming à AAC à excessive rains
June-August 2020

SST, June 2020
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IOD and IPOC are often forced by 
El Nino but not during 12 months 
of Sept 19 - Aug 20. 

Zhou, Z.-Q., S.-P. Xie, and R. Zhang, 2021: Historic Yangtze flooding of 2020 
tied to extreme Indian Ocean conditions. PNAS, 118, e2022255118.



Outstanding issues

• IOD prediction: ENSO & stochastic (MJO) forcing

• IPOC predictors: ENSO, IOD, and ???

• IPOC monitoring indices: TIO SST (JMA), AAC or ???

• AAC as a mode of monsoon variability

• IPOC affects summer rainfall over India and eastern China. 
• IOD and IPOC are coupled modes, which are often, but not always, forced by El Nino. 
• Indian Ocean is more predictable than recognized. 
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