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We present a detailed analysis of the measure proposed in the main text to assess atmospheric
response to solar forcing: we analyze the role of the interval in which we search for the minimum
distance between time series, and we compare with an alternative measure. We also present a
comparison of the results obtained from the two databases (NCEP CDAS1 and ERA Interim) and
a comparison of the entropy maps computed with a uniform bin size.

In the main text we search for the minimum of the
difference between two time-series, xi(t) and yi(t), Eq.
(1) (reproduced here for convenience),

di =
L∑

t=1

|yi(t)− xi(t+ τi)|, (1)

with τi in the interval [0, 4]. Figure 1 displays the influ-
ence of the interval of τi values in which the minimum
di is searched. From top to bottom these intervals are:
[0, 2], [0, 3] and [0, 5]. We observe that similar spatial
patterns are obtained, confirming the robustness of the
methodology.

As discussed in the main text, if instead of using
|yi(t)−xi(t+ τi)| to define the difference, we use (yi(t)−
xi(t+ τi))

2, then di is equal to 2(1− ρi) where ρi is the
cross-correlation coefficient between yi(t) and xi(t+ τi).
In Figs. 2(a) and (b) we compare the two approaches,
and again we obtain very similar spatial patterns.

Figures 2(c) and (d) display the comparison of the
distance maps obtained from the two datasets (NCEP
CDAS1 and ERA Interim) and we observe a good quali-
tative agreement

Figure 3 displays the comparison of the entropy maps
obtained from the two datasets. Different bin num-
bers are considered for computing the entropy. The two
datasets give similar results except for well-localized re-
gions, where extreme values occur as discussed in the
main text. It is also observed that the patterns uncov-
ered are robust with respect to the number of bins, M ,
used to compute the entropy.

Figures 4(a) and 4(b) display the standard deviation
of the SATA time series for NCEP CDAS1 and ERA In-
terim respectively, while Figs. 4(c) and 4(d) display the
corresponding entropy maps, computed by using a fixed
bin size equal to dy = (max{y} − min{y})/M , where
max{y} and min{y} are the maximum and minimum val-
ues in each dataset. One can notice that the entropy map
computed in this way is similar to that of the standard
deviation, except in the equatorial Pacific where the vari-
ance associated with the cold tongue stands out.
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FIG. 1. Maps of distances di (left) calculated from Eq. (1) when the forcing and the response are shifted τi ∈ [0, 2] (a),
τi ∈ [0, 3] (b) and τi ∈ [0, 5] (c). Maps of respective lags τi (right). Matlab software (version number 7.12.0.635) was used to
create these maps (https://www.mathworks.com/).
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FIG. 2. Comparison between distance maps. In (a), di calculated from Eq. (1); in (b), di is calculated from Eq.(1), but
|yi(t) − xi(t + τi)| is replaced by (yi(t) − xi(t + τi))

2. In both cases the NCEP CDAS1 reanalysis is used and τi ∈ [0, 4].
(c), (d) Comparison between the distance maps obtained from NCEP CDAS1 (c) and ERA Interim (d) reanalysis. In both
cases di calculated from Eq. (1) with τi ∈ [0, 4]. Matlab software (version number 7.12.0.635) was used to create these maps
(https://www.mathworks.com/).
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FIG. 3. Comparison of entropy maps obtained from NCEP CDAS1 (left) and ERA Interim (right). The number of bins used
to compute the PDF of SAT anomalies is (a) 40, (b) 20, (c) 10, (d) 20, (e) 10 and (f) 5. Matlab software (version number
7.12.0.635) was used to create these maps (https://www.mathworks.com/).
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FIG. 4. Comparison of the maps of standard deviation of SAT anomalies obtained from NCEP CDAS1 (a) and ERA Interim
(b). Entropy maps computed by using a uniform bin side defined from the global maximum and minimum values of the
NCEP CDAS1 (c) and ERA Interim (d) datasets. Matlab software (version number 7.12.0.635) was used to create these maps
(https://www.mathworks.com/).


