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Background
Atlantic Zonal Mode

(also known as Atlantic Niño)



Composite positive AZM from ERA5
left: SST (shading), sfc wind (vectors), precip (cnt)

from Richter and Tokinaga (2021)
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Background
recent decline in AZM activity



Decreasing variability in recent decades 

from Tokinaga and Xie 2011



Decreasing variability in recent decades 
ORAS4  SST std dev (K): 2000–2017 minus 1982–1999 

from Prigent et al. 2020



ATL3 time series 1948-2018
NCEP/NCAR Reanalysis

from Richter and Tokinaga (2021)



Projected decrease in eq Atl variability
std dev of SST (top) and u10 (bottom), 3S-3N

(2050-2099, ssp585) minus (1950-1999, historical)

from Lander et al. (2022; under review)
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The 2019/2020 and 2021 events



The 2019 event
all years in the ERA5 record (1979-2021; 

linearly detrended; 6 strongest events colored)

ranked by NDJ ATL3 SST ranked by SON ATL4 U10



The 2021 event
all years in the ERA5 record (1979-2021; 

linearly detrended; 6 strongest events colored)

ranked by JJA ATL3 SST ranked by MJ ATL4 U10



x-axis: ATL U10 anomalies MAMJJ
y-axis: ATL3 SST anomalies JJA

2019 and 2021 had 
disproportionally 
large SST 
anomalies, relative to 
the equatorial wind 
forcing -> other 
processes at play?
E.g., off-equatorial 
wind anomalies?



Evolution of the 2019/2020 event
SST (shd) and 10m winds (vect) in ERA-5



Evolution of the 2021 event
ERA5 SST (shd), 10m wind (vect); GPCP pr (cnt)



Off-equatorial influences 2019
AVISO SSH



Oceanic heat build-up
subsurface heat content gradually increased from 

2015 onward; discharge in 2019, 2021?
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Summary
• strong positive AZM events occurred in 2019/2020 

and 2021
• this ended 20-year quiescent period
• events likely strongest in ~40 years
• event development rather canonical, but strength 

somewhat surprising, given wind forcing
• off-equatorial Rossby waves may have contributed
• future of AZM uncertain; continued (in-situ) 

monitoring crucial
• variability increase consistent with global warming 

projections?


