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Figure 3. Relative change of amplitude fluctuations computed from the variance of (a) Hilbert amplitude, ��2
a/�

2
a; (b) the anomaly time

series, ��2
z/�

2
z .

4.2 Analysis of Frequency Variations

Figure 4(a) displays the average frequency h!i in the first ten years, Fig. 4(b) in the last ten years, and Fig. 4(c) displays the

relative change, �!/h!i. In Fig. 4(c) we note that in the eastern Pacific Ocean there are two small areas, enclosed by the circle,

of intense increase (red) and decrease (blue) of frequency. They both represent frequency changes whose absolute values are

larger than 100% and correspond to the same region where differences were detected in Fig. 3.5

These two areas of opposite signs suggest that, between the initial and the final decade, there is a shift of the inter-tropical

convergence zone (ITCZ) toward the north. The ITCZ involves strong convective activity, which causes rapid fluctuations of

SAT, thus giving high values of instantaneous frequency, as shown in Figs. 4(a,b). Therefore, in the relative change of frequency,

in regions corresponding to the initial position of the ITCZ we see a decrease, while in regions corresponding to the present

position of the ITCZ we see an increase. For the same reason, the two red areas in the western Pacific Ocean (indicated by10

two squares) suggest an expansion of the tropical convective regions. This interpretation is in agreement with previous works

that have related a northward shift of ITCZ to an inter-hemispheric temperature gradient, as the one experienced during the

last decades (Yoshimori and Broccoli, 2008; Kang et al., 2009; Frierson and Hwang, 2012; Schneider et al., 2014; Talento and

Barreiro, 2016). Regarding the red areas in the north Atlantic, in the north Pacific and in the south Pacific, they are consistent

with an increase in the occurrence of fronts which cause large daily fluctuations of temperature and thus an increase of Hilbert15

frequency.

To gain insight into the physical meaning of the changes that are captured by Hilbert frequency, we use an alternative

approach to estimate frequency variations: we define as “events” the zero crossings of SAT time series (Pikovsky et al., 2001)

(detrended and normalised to zero-mean as described in Methods). Then, we count the number of events in the first ten years,

in the last ten years, and calculate the relative variation.20

Figure 4(d) displays the map of relative change of zero-crossings. We see that there is a qualitative good agreement with the

spatial structures seen in Fig. 4(c), thus providing a physical interpretation for the observed variation of Hilbert frequency: the
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