Amplitude-frequency characteristics of Atlantic Equatorial Mode variations
from long-term observations
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In the Atlantic basin, the Atlantic Equatorial Mode (AEM) is manifested as an analogue of
ENSO, which is formed in the Pacific basin [1-4]. We present here results of the analysis of the
amplitude-frequency characteristics of the AEM variability detected by variations in the ocean
surface temperature in the Atlantic 3 region (20W-0, 3S-3N) [1] (see also [2, 3]). The analysis used
monthly means of the AEM index from January 1870 to December 2022
(https://www.metoffice.gov.uk/hadobs/hadisst/data/HadISST_sst.nc.gz).

Wavelet analysis [5] was used to describe the features of AEM variations. Changes in the
characteristic periods (P) and amplitudes (A) of the AEM were also estimated using the method
proposed in [6] (see also [7,8]). In particular, the AEM characteristic periods and amplitudes were
estimated at different moving averages of the data (Is) and for different moving time intervals (lo).

Figure 1 shows local and integral wavelet spectra for AEM index variations in 1870-2022.
There are three ranges of intradecadal and interdecadal AEM variations. On the integral spectrum,
the most significant variations of the AEM index are distinguished with periods ranging from 2 to
7 years and with a maximum of about 12-13 years. There are also statistically less significant
variations with a maximum around 25 years.
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Fig. 1. Integral (left) and local (right) wavelet spectra for AEM index by the data for 1870-2022.
In the integral spectrum, the dashed lines show the 95% quantile of power for a red noise model
and the dotted and dashed lines indicate its mean value. The dotted and dashed lines in local
spectrum separate regions of edge effects, and the thick lines bound regions where the signal power
is greater than expected for a “stationary red noise model” at the significance level p = 0.05.
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Local spectral features (Fig. 1), along with three ranges of AEM variations noted in the

integral spectrum, reveal significant variations with periods from 2 to 10 years in the second half
of the 20th century. Also, since the beginning of the 21st century an increase in decadal and longer-
term AEM variations is revealed.
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Fig. 2. Dependence of amplitudes on periods of the AEM index variations by the data for 1870-
2022 at Is = 24 months and lp = 120 months.

According to Fig. 2, two branches of the A-P dependence for AEM appear - for variations

with P from 3 to 5 years and for variations with P more than 5 years. Different A-P dependences
in Fig. 2 correspond to two ranges of periods of the AEM intradecadal and decadal variations noted
in Fig. 1.
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