
GEOPHYSICAL RESEARCH LETTERS

Supporting Information for “Decadal variability of the

extratropical response to the Madden–Julian Oscillation”

Daniel T. Skinner1, Adrian J. Matthews1,2, David P. Stevens1
1Centre for Ocean and Atmospheric Sciences, School of Mathematics, University of East Anglia

2Centre for Ocean and Atmospheric Sciences, School of Environmental Sciences, University of East Anglia

Contents of this file
1. Text S1

2. Figures S1 to S5

Copyright 2023 by the American Geophysical Union.
0094-8276/23/$5.00

1



X - 2 SKINNER ET AL.: DECADAL VARIABILITY OF THE EXTRATROPICAL RESPONSE TO THE MJO



SKINNER ET AL.: DECADAL VARIABILITY OF THE EXTRATROPICAL RESPONSE TO THE MJO X - 3

Text S1. Climate indices
Here, a brief description is given of the indices used to

define the AMV, PDO, and ENSO (Figure S1). Publicly
available indices are used.

The AMV index (Trenberth & Shea, 2006) is defined
by taking the mean of North Atlantic (0–60◦N) sea sur-
face temperature (SST) anomalies (taken from the HadISST
dataset). This time series is then detrended by subtracting
the global mean SST anomaly. A 10-year low-pass filter is
applied to isolate the multidecadal variability.

The PDO (Mantua, 1999) is defined as the first EOF
of North Pacific (20–70◦N) SST anomalies (taken from the
HadISST dataset over the reference period 1870—2014).
The PDO index is created by projecting SST anomaly data
onto this EOF pattern.

The Niño 3.4 index (National Oceanic and Atmospheric
Administration Earth System Research Laboratories, 2022)
is calculated by taking the mean of equatorial mid-Pacific
(5◦N–5◦S, 170–120◦W) SST anomalies (taken from the
HadISST dataset). A 5-month running mean is applied to
smooth the data. To create Figures S2 and S3, the Niño 3.4
index is averaged over each boreal winter season, to subset
our time domain into El Niño, neutral, and La Niña seasons
by terciles.
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Figure S1. Values of ENSO, PDO and AMV indices
(Text S1) over our time domain. Periods 1 and 2 are
marked. Dotted lines show the average values of indices
for each time period. We use the Niño 3.4 index, PDO
index (on which we ran a 5 year low-pass fiter) and AMO
index (10 year low-pass filtered) from the NCAR Climate
Data Guide.
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Figure S2. Lag 10-day composites of boreal winter
(November–April) 200-hPa streamfunction anomaly for
each of the eight MJO phases. Thick black contours rep-
resent El Niño years, and shaded contours show the differ-
ence between El Niño and La Niña years (La Niña minus
El Niño) wherever this difference is significant at the 95%
level. The contour interval for both the line and shaded
contours is 2×106 m2s−1, and dashed contours represent
negative values. The zero contour has been omitted. The
percentage of the spatial domain in which the difference
is significant is stated in the top right of each panel.
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Figure S3. As in Figure S2, but with black contours representing La Niña years.
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Figure S4. Change in lag 10 day composites of 850-
hPa temperature and precipitation anomalies over North
America and Europe for MJO phases 3, 4, 7 and 8. Differ-
ence between time periods one and two is colour shaded
wherever it is significant at the 95% level, with precipita-
tion anomaly plotted on a logarithmic scale. Period two
composites are overlaid as green contours for reference.
Solid contours represent positive values, dashed contours
represent negative values and the zero contour has been
omitted. Contour levels are the same for the line con-
tours as they are for the shaded contours.
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Figure S5. Lag 10-day composites of boreal winter
(November–April) mean sea level pressure anomaly for
each of the eight MJO phases. Thick black contours rep-
resent period two, and shaded contours show the differ-
ence between the two time periods(period two minus pe-
riod one) wherever this difference is significant at the 95%
level. The contour interval for both the line and shaded
contours is 0.5 hPa, and dashed contours represent neg-
ative values. The zero contour has been omitted. The
percentage of the spatial domain in which the difference
is significant is stated in the top right of each panel.


