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1 Additional Plots

This section contains additional plots referenced throughout the paper.

1.1 ACCESS-OM2 composites
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(a) El Nifio composite. (b) La Nina composite. (c) Neutral composite.

Figure 1: ACCESS-OM2 SST composite images. Black solid/dashed contour lines enclose
an anomaly of £0.5° and grey solid/dashes lines enclose an anomaly of +0.25°.

*CSIRO Environment, Eveleigh, NSW 2015, Australia. Email: michael.groom@csiro.au (Corresponding
Author)

tFaculty of Mathematics, Rheinland-Pfilzische Technische Universitit Kaiserslautern Landau, Kaiser-
slautern 67663, Germany

YChair for Mathematics of AI, Rheinland-Pfilzische Technische Universitit Kaiserslautern Landau,
Kaiserslautern 67663, Germany

$CSIRO Environment, Battery Point, TAS 7004, Australia



0 0 0
o J" £ —-‘i" - —‘-‘.‘-
0 | s = E -
o 200 = 200 - = 200
2300 2300 =300
~ 400 = 400 = 400
500 500 500
120 180 240 300y 120 180 240 300 120 180 240 300
Longitude (“E) Longitude { “E}) Longitude (“E})
—0.2 0.0 0.2 —02 0.0 02 0.2 00 0.2
Gradient (K/m) Gradient (K /m) Gradient (K/m)
(a) El Nifio composite. (b) La Nina composite. (c¢) Neutral composite.

Figure 2: ACCESS-OM2 dT'/dz composite images. The black line indicates the depth of
maximum d7'/dz at each longitude.
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(a) ACCESS-OM2 (orange) vs. HadISST (b) 0-month ahead labels for a threshold of +0.4°
(blue). (dashed lines).

Figure 3: Nino 3.4 indices and corresponding labels.



1.2 Pattern Correlations
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(a) El Nino pattern correlations.
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Figure 4: Pattern correlations for 3 months lead time.
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(a) El Nifio pattern correlations.
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(b) La Nina pattern correlations.

Figure 5: Pattern correlations for 6 months lead time.
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Figure 6: Pattern correlations
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(b) La Nina pattern correlations.

for 9 months lead time.
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(b) La Nina pattern correlations.

Figure 7: Pattern correlations for 12 months lead time.
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Figure 8: Pattern correlations for 18 months lead time.
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Figure 9: Pattern correlations for 24 months lead time.
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1.3 Parsimony Plots
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Figure 10: Effects of filtered labels on measures of parsimony. Results for unfiltered labels

are given by dashed lines.
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Figure 11: Effects of amount of training data on measures of parsimony for PCA. The legend
refers to the amount of data retained relative to the baseline dataset.
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Figure 12: Effects of amount of training data on measures of parsimony for SSA: 3 lags. The
legend refers to the amount of data retained relative to the baseline dataset.



2 ACCESS-OM2 PCs and EOFs

2.1 PCA
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Figure 13: Cumulative explained variance of EOFs from PCA.
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Figure 14: ACCESS-OM2 SST EOFs 1-5 and corresponding PCs for PCA.

10



SS8T PCh

SST EOF 6

PC
| | |
= = b b e
= (=] (=1 = =1 =

o BI°E 120°E 180 207w GO°W o
-0.02 0.00 0.02 1960 1970 1980 1990 2000 2010
Anomaly (K) Date
SST PCT
SST EOF 7

=
PC
| |
= <] B et =7
(=] 1 = o (=] o

o G°E 120°E 1807 1200w H0°W
-0.02 0.00 0.02 1960 1970 1980 1990 2000 2010
Anomaly (K) Date
SS8T PCR
SST EOQOF 8
10
20 f
Z o | | f At
—20 |
o WEIE 180 120W 6w I _a
-0.02 0.00 0.02 1960 1970 1980 1990 2000 2010
Anomaly (K) Date
SST PCY
] SST EOF 9
o 2 e - 10
G 2
.
: - . o o
3 : ' d- -20
T WEIE 80 120W 6w 0 —40
» —60
-0.02 0.00 0.02 1960 1970 1980 1990 2000 2010
Anomaly (K) Date
SST PC10

SST EOF 10

PC
I.\I:’ [*] =
& o & &

o BEIE 18 120w 60w ] ")
—0.02 0.00 0.02 1960 1970 1980 1990 2000 2010
Anomaly (K) Date

Figure 15: ACCESS-OM2 SST EOFs 6-10 and corresponding PCs for PCA.
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Figure 16: ACCESS-OM2 d7T'/dz EOFs 1-5 and corresponding PCs for PCA.
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Figure 17: ACCESS-OM2 dT'/dz EOFs 6-10 and corresponding PCs for PCA.

13



2.2 SSA
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Figure 18: Cumulative explained variance of EOFs from SSA.
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Figure 19: ACCESS-OM2 SST EOFs 1-5 for SSA.

15



S5T EOF 6 : 0 months

S5T EOF 6 : 2 months lag SST EOF 6 : 3 months lag

5 e T
-

—0.010  —0U00%  0.000 0001

Anomaly (K)

S5T EOF 7 : 0 months

K
s
W
s
[ Wk ko W ww [
—0.010  —0.00% 0000 0.00% —0.005 0000 0005 0010 —0.010  —0.00% 0000 0005 n.o10
Anomaly (K) Anomaly (K) Anomaty (K}

SST EOF 7 : 2 months SST EOF 7 : 3 months

SST EOF 7 : 1 months lag

ars -
ms___w
s

o wE 1:E = W ww

—0.010  —0.005  0.000 000
Anomaly (K)

SST EOF 8 : 0 months lag

—0.010  —0.00% 0000 0.00%
Anomaly (K)

—0.005 0000 0005 0010 —0.010  —0.005 0000 0005 n.o10
Anomaly (K) Anomaly (K}

S5T EOF 8 : 2 months SST EOF 8 : 3 months lag

S5T EOF 8 : 1 months
.

—0.010  —0u00%  0.000 L0056

Anomaly (K)

S5T EOF 9 : 0 months lag

—0.010  —0.005 0000 0.00%
Anomaly (K)

SST EOF 9 : 1 months lag

SST EOF 9 : 2 months lag

—0.005 0000 0005 0010 0010 —0.005 0000 0005 n.o10
Anomaly (K) Anomaly (K}

S5T EOF 9 : 3 months lag

-

ars i
e 7 2 et
0 wE IE B0 W 0 B IE B W @

—0.010  —0u00%  0.000 L0056

Anomaly (K)

S5T EOF 10 : 0 months lag

—0.010  —0.005 0000 0.00%
Anomaly (K)

SST EOF 10 : 1 months lag

S5T EOF 10 : 2 months lag

—0.005 0000 0005 0010 —0.010  —0.005 0000 0005 n.o10
Anomaly (K) Anomaty (K}

S5T EOF 10 : 3 months lag

—000 000G DU (.00

Anomaly (K)

—0010  —000% 0000 0.005

Anomaly (K)

—0.005F 0.0 0.00% 0o 000 —0.00% 0.0 (00% 0o
Anomaly (K) Anomaty (K}

Figure 20: ACCESS-OM2 SST EOFs 6-10 for SSA.
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Figure 21: ACCESS-OM2 SST PCs 1-10 for SSA.
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Figure 22:
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Figure 24: ACCESS-OM2 dT'/dz PCs 1-10 for SSA.
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3 Test set predictions
Red circles indicate El Nino events, blue circles indicate La Nina events and white circles

indicate neutral events. The Nino3.4 index (grey lines) and corresponding labels (black lines)
for the target date are also shown.

3.1 PCA: 100%

L0
0.8
0.6

E02 s 0 ( 0
Toa o
| 1.0 L.O
061 o
0na b-1.5 b-1.5 t-1.5
1.0 2 (]
20014 2015 2016 2017 2018 2009 20014 2015 2016 2007 2018 2019 2004 2015 2016 2007 2018 2019

20 0 1)
- x sse

- 0 oain o 0 -k = r 0

1L 1.0 - K

b-1.0 K 1 -1.0 : - 1.0

1.5 F-1.5 X 1.5

10 L0
2014 2015 2006 2017 218 2019 20015 2016 2017 2018 2019 2020 2015 2016 2007 2018 2019 2020

AUC=0.80, ACC=0.72

Target date

(a) 3 months lead time.

AU =084, ACC=0.76

Target date

(d) 12 months lead time.

Figure 25: eSPA test set predictions using PCA features
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3.2 PCA: 90%
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Figure 26: eSPA test set predictions using PCA features and 90% of the dataset.

3.3 PCA: 80%
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Figure 27: eSPA test set predictions using PCA features and 80% of the dataset.
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3.4 PCA: 70%
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Figure 28: eSPA test set predictions using PCA features and 70% of the dataset.
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Figure 29: eSPA test set predictions using PCA features and 60% of the dataset.
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3.6 PCA: 50%
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Figure 30: eSPA test set predictions using PCA features and 50% of the dataset.
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Figure 31: eSPA test set predictions using SSA features and 100% of the dataset.
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3.8 SSA: 90%

AUC =091, ACC =087

F00
Fo2q

041477
0.6
0.8
1.0

014

015 016 2007

Target date

18

(a) 3 months lead time.
AUC =084, ACC=0.75

0.6

Toa

2015 2016 2017 2018

Target date

2019

(d) 12 months lead time.

AUC=0.82, ACC=0(.72

10
2014 2015 2006 2017

Target date

018 2009

(b) 6 months lead time.

AUC =087, ACC =063

1.0
2015 2006 2017 I8

Target date

018 2020

(e) 18 months lead time.

1.0

AUC =086, ACC=0.79

2005 2006 2017

Target date

018 2019

(¢) 9 months lead time.
AUC =087, ACC=0.7

2016 2017 2018 2019

Target date

2020

(f) 24 months lead time.

Figure 32: eSPA test set predictions using SSA features and 90% of the dataset.
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Figure 33: eSPA test set predictions using SSA features and 80% of the dataset.
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3.10 SSA: 70%
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Figure 34: eSPA test set predictions using SSA features and 70% of the dataset.
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Figure 35: eSPA test set predictions using SSA features and 60% of the dataset.
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3.12 SSA: 50%
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Figure 36: eSPA test set predictions using SSA features and 50% of the dataset.
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4 Feature importance plots

The number of features with probability greater than 1/D is given in the title of each plot.
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Figure 37: Feature importance plots using PCA features and 100% of the dataset.
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4.2 PCA: 90%
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Figure 38: Feature importance plots using PCA features and 90% of the dataset.
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Figure 39: Feature importance plots using PCA features and 80% of the dataset.
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Figure 40: Feature importance plots using PCA features and 70% of the dataset.
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Figure 41: Feature importance plots using PCA features and 60% of the dataset.
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Figure 42: Feature importance plots using PCA features and 50% of the dataset.
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Figure 43: Feature importance plots using SSA features and 100% of the dataset.
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4.8 SSA: 90%
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Figure 44: Feature importance plots using SSA features and 90% of the dataset.
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Figure 45: Feature importance plots using SSA features and 80% of the dataset.
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Figure 46: Feature importance plots using SSA features and 70% of the dataset.
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Figure 47: Feature importance plots using SSA features and 60% of the dataset.
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4.12 SSA: 50%
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Figure 48: Feature importance plots using SSA features and 50% of the dataset.
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5 Cluster occupation plots
El Nino clusters are coloured red, La Nina clusters are coloured blue and neutral clusters

are coloured grey, while the dashed black line demarcates clusters whose p-value is less than
0.05.

5.1 PCA: 100%

Number of instances in cluster
Number of instances in cluster

Number of inst

1 35 7 9111315171921 23252729 16 8 13 17 21 25 29 33 47 1 5 9 13 17 21 25 29 33 37 41
Sorted cluster index Sorted cluster index Sorted cluster index

(a) 3 months. (b) 6 months. (c) 9 months.

KE=15 B K=21

3 in cluster

Number of instances in cluster
P .
Number of instances in cluster

] 20
=
=] 10
H
o o
1 5 9 13 17 21 25 29 33 37 41 45 49 1 4 7 10 13 16 19 22 25 28 31 16 11 16 21 26 31 36 41 46 51
Sorted cluster index Sorted cluster index Sorted cluster index
(d) 12 months. (e) 18 months. (f) 24 months.

Figure 49: Training set cluster occupation plots using PCA features and 100% of the dataset.
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5.2 PCA: 90%
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Figure 50: Training set cluster occupation plots using PCA features and 90% of the dataset.
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Figure 51: Training set cluster occupation plots using PCA features and 80% of the dataset.
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5.4 PCA: 70%
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Figure 52: Training set cluster occupation plots using PCA features and 70% of the dataset.
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Figure 53: Training set cluster occupation plots using PCA features and 60% of the dataset.
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5.6 PCA: 50%

A0 50 b
- = =
2 3 2
z ] ]
EE <0 g
£ a0 £
R 2 2
= ] A
4 e g
=] [=} =)
£10 z i
2 210 <
0 ]
1 3 5 7 9 11 13 15 17 19 21 1 4 7 10 13 16 19 22 25 28 15 9 13 17 21 25 29 33 37 41
Sorted cluster index Sorted cluster index Sorted cluster index
(a) 3 months. (b) 6 months. (c) 9 months.
X K=12 s
m . 10 Lien

g

P

8

Number of instances in cluster
5 :

Number of instances in cluster
Number of instances in cluster

=]
(=]

1 4 7 1013 16 19 22 25 28 31 34 37 1 4 7 10 13 16 19 22 25 28 1 4 7 113 16 19 22 25 28 31 34
Sorted cluster index Sorted cluster index Sorted cluster index

(d) 12 months. (e) 18 months. (f) 24 months.

Figure 54: Training set cluster occupation plots using PCA features and 50% of the dataset.
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Figure 55: Training set cluster occupation plots using SSA features and 100% of the dataset.
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5.8 SSA: 90%

Number of instances in cluster

9 11 13 15

Sorted cluster index

17 19 21 23 25

(a) 3 months.

Number of instances in cluster

1 4 7 10 13 16 19 22

Sorted cluster index

(b) 6 months.

25 28 31 3 37

Number of instances in cluster

3

g 2

g

=

=

1 3 5 7 89 11 13 15 17 19 21
Sorted cluster index

(¢) 9 months.

5 =2

]

E

=

Mumber of instances in cluster

=

13 57

9111315171921 232527 29
Sorted chuster index

(d) 12 months.

Figure

5.9 SSA: 80%

2

.
S

g

5

-
=]

Numbser of instances in cluster

=

1 3 5 7 9

Sorted cluster index

113 15 17 18 21 23

(a) 3 months.

R =26

Number of instances in cluster

]
12345678 910111213141516171819

2

& 8 8

=

=]

Sorted cluster index

(e) 18 months.

R=16

1]
1 4 7

k=13 % k=10 i R=10
: ] ! 5
| g 60 | B L
‘ < i 3
: Ea0 ; g¥
! B ! ®
! a0 2
£30 £
oo =
_’é & é 1
ERUI El
= =

10 13 16 19 22 25
Sorted cluster index

(f) 24 months.

28 31
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Figure 57: Training set cluster occupation plots using SSA features and 80% of the dataset.
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5.10 SSA: 70%
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Figure 58: Training set cluster occupation plots using SSA features and 70% of the dataset.
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Figure 59: Training set cluster occupation plots using SSA features and 60% of the dataset.
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5.12 SSA: 50%
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Figure 60: Training set cluster occupation plots using SSA features and 50% of the dataset.
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6 Cluster affiliation plots: training set

The red, blue and white background shading indicates an El Nino, La Nina or neutral event
occurring on that target date, while the number of switches between clusters is given in the
title of each plot.
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6.1 PCA: 100%
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Figure 61: Training set cluster affiliation plots using PCA features and 100% of the dataset:
3-9 months
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Figure 62: Training set cluster affiliation plots using PCA features and 100% of the dataset:
12-24 months
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6.2 PCA: 90%
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Figure 63: Training set cluster affiliation plots using PCA features and 90% of the dataset:
3-9 months
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Figure 64: Training set cluster affiliation plots using PCA features and 90% of the dataset:
12-24 months
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Figure 65: Training set cluster affiliation plots using PCA features and 80% of the dataset:
3-9 months
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Figure 66: Training set cluster affiliation plots using PCA features and 80% of the dataset:
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6.4 PCA: 70%
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Figure 67: Training set cluster affiliation plots using PCA features and 70% of the dataset:
3-9 months
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Figure 68: Training set cluster affiliation plots using PCA features and 70% of the dataset:
12-24 months

50



6.5 PCA: 60%
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Figure 69: Training set cluster affiliation plots using PCA features and 60% of the dataset:
3-9 months
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Figure 70: Training set cluster affiliation plots using PCA features and 60% of the dataset:
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6.6 PCA: 50%
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Figure 72: Training set cluster affiliation plots using PCA features and 50% of the dataset:
12-24 months
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6.7 SSA: 100%
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Figure 73: Training set cluster affiliation plots using SSA features and 100% of the dataset:
3-9 months
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Figure 74: Training set cluster affiliation plots using SSA features and 100% of the dataset:
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6.8 SSA: 90%
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Figure 75: Training set cluster affiliation plots using SSA features and 90% of the dataset:
3-9 months
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Figure 78: Training set cluster affiliation plots using SSA features and 80% of the dataset:
12-24 months
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6.10 SSA: 70%
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Figure 79: Training set cluster affiliation plots using SSA features and 70% of the dataset:
3-9 months
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Figure 80: Training set cluster affiliation plots using SSA features and 70% of the dataset:
12-24 months
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6.11 SSA: 60%
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Figure 81: Training set cluster affiliation plots using SSA features and 60% of the dataset:
3-9 months
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Figure 82: Training set cluster affiliation plots using SSA features and 60% of the dataset:
12-24 months
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6.12 SSA: 50%
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Figure 83: Training set cluster affiliation plots using SSA features and 50% of the dataset:
3-9 months
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Figure 84: Training set cluster affiliation plots using SSA features and 50% of the dataset:
12-24 months
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7 Cluster affiliation plots: test set

The red, blue and white background shading indicates an El Nino, La Nina or neutral event
occurring on that target date, while the number of switches between clusters is given in the
title of each plot.
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Figure 85: Test set cluster affiliation plots using PCA features and 100% of the dataset.
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7.2 PCA: 90%
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Figure 86: Test set cluster affiliation plots using PCA features and 90% of the dataset.

7.3 PCA: 80%
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Figure 87: Test set cluster affiliation plots using PCA features and 80% of the dataset.
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7.4 PCA: 70%
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Figure 88: Test set cluster affiliation plots using PCA features and 70% of the dataset.
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Figure 89: Test set cluster affiliation plots using PCA features and 60% of the dataset.
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7.6 PCA: 50%
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Figure 90: Test set cluster affiliation plots using PCA features and 50% of the dataset.
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Figure 91: Test set cluster affiliation plots using SSA features and 100% of the dataset.
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Figure 92: Test set cluster affiliation plots using SSA features and 90% of the dataset.
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Figure 93: Test set cluster affiliation plots using SSA features and 80% of the dataset.
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7.10 SSA: 70%
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Figure 94: Test set cluster affiliation plots using SSA features and 70% of the dataset.

=9 C=8 C=26
17 isc]
16 = i . ™ 19 -
14 ‘ Le+] 15 17 T &
- | 14 f
1 [ £ ' | ‘ 11 . A\ (I
1 ‘ | | = !f I T =13 || ™1 g e
104 e ! f 21 \ | z | [
H Il B Iy | 51 1 B | &
7 ‘ @ © - ',E? errrren | - 2 i?
il Z foes) Eq o | [ | |
5 =5 | 2 | I
g | 50 55 I M
3 3 | 4 foees) L fiees
2 T 2 JO0000NOOOn : 8, J.'d
1 1 1 fas ]
2015 2016 2017 2018 2019 2006 2017 2018 2019 2016 207 2018 2019
Target date Target date Target date
(a) 3 months. (b) 6 months. (¢) 9 months.

C'=15 C=18 C=17
3 1 12 i
31 e @ ! a0 4 1 rl’
2 | I g i | G? = 10 =) |
25 fasic] i e 1 } ) 2o\
23 | ' Pt I | \ T 89 o o | |
of | o il AN i /)
16 @ ﬁ | = 1 TH 6 T =
13 | | | T l me: [ [| E 8 | }
10 &lm o | |l E L[ 8 axdf T4
P II 5] o f ! #og LLJ |
4 ,'bcul ' (LL il S 2
1 1

2016 2017 2018 2019 2T 2018 2018 2020 27 2018 2018 2020
Target date Target date Target date

(d) 12 months.

7.11 SSA: 60%
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Figure 95: Test set cluster affiliation plots using SSA features and 60% of the dataset.

19

-
W@ o =

o =

- o =

(e) 18 months.

(f) 24 months.

C=17 O=14 =11
19 23
?“? I 7
. 16 : 19
% i cxum l S oo
‘? = 12 t 4 = 18 a{ ?D? ou? |
£ ' M Enl | ’ '
w3 | R tooo || Bl [ r
<9 | (1]} | Z 1 [ | |
| BH | - | | Tl | T
md}am:-:-l &,J,d H : | el & | | 5 5moo | o0 | 71m
6 % Vs | lmcr_;cL 111 ot
2016 2017 2008 2018 2016 27 2018 2018 007 2008 2018
Target date Target date Target date
(a) 3 months. (b) 6 months. (c) 9 months.
c=1 E=1 c=13
a rm? {g |
ﬁ *? 6
-
e T6 i ) |
| ; \ 1 IH d
| g g 12 | L
| Ne = 1 i
[ = a:m' e T 9 |
| E | g o
| £3 | Iy
. £ amgxq.
=l - ' i
2018 2019 2[{I? 018 2019 2020 2018 2014 2020
Target date Target date Target date

(d) 12 months.

(e) 18 months.

72

(f) 24 months.



7.12 SSA: 50%
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Figure 96: Test set cluster affiliation plots using SSA features and 50% of the dataset.
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8 Cluster composites

Available online at: https://zenodo.org/records/10582420
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