Supplementary Information
S1 Validation statistics
	
	
	
	
	
	
	
	
	
	
	

	
	EARLY Period (1958-1978)
	
	
	LATE Period (1979-2015)

	
	
	
	
	
	
	
	
	
	
	

	Station
	n
	RMSE
	var ratio
	r
	
	
	n
	RMSE
	var ratio
	r

	
	
	
	
	
	
	
	
	
	
	

	Amundsen-Scott
	21
	1.97
	3.70
	0.37
	
	
	37
	3.13
	0.64
	0.63

	Novolazarevskaya
	17
	2.86
	4.71
	0.73
	
	
	37
	3.46
	2.86
	0.37

	Syowa
	14
	0.31
	1.06
	0.65
	
	
	37
	0.39
	0.60
	0.84

	Mawson
	21
	2.28
	1.32
	0.82
	
	
	37
	2.00
	1.12
	0.95

	Davis
	15
	1.00
	0.71
	0.93
	
	
	37
	0.65
	0.83
	0.97

	Mirny
	21
	0.60
	0.76
	0.75
	
	
	37
	0.70
	1.06
	0.98

	Vostok
	19
	1.94
	2.50
	0.62
	
	
	32
	2.66
	0.81
	0.91

	Casey
	21
	0.74
	0.59
	0.86
	
	
	37
	0.31
	0.90
	0.98

	Dumont d'Urville
	21
	2.34
	2.00
	0.71
	
	
	37
	1.82
	1.08
	0.78

	Scott Base
	21
	1.38
	1.30
	0.74
	
	
	36
	1.01
	1.50
	0.92

	Byrd
	21
	0.56
	1.48
	0.75
	
	
	37
	0.48
	0.67
	0.93

	Vernadsky
	21
	0.68
	0.15
	0.79
	
	
	37
	0.44
	0.56
	0.92

	Esperanza
	21
	0.73
	0.61
	0.56
	
	
	36
	0.71
	0.78
	0.95

	Orcadas
	21
	0.43
	0.56
	0.74
	
	
	35
	0.27
	0.85
	0.94

	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	1.27
	1.53
	0.72
	
	
	
	1.29
	1.02
	0.86



Table S1 ERA5 SAT validation statistics at 14 Antarctic station locations for the EARLY period (left) and LATE period (right), Units for the RMSE are K


	
	
	
	
	
	
	
	
	
	
	

	
	EARLY Period (1958-1978)
	
	
	LATE Period (1979-2015)

	
	
	
	
	
	
	
	
	
	
	

	Station
	n
	RMSE
	var ratio
	r
	
	
	n
	RMSE
	var ratio
	r

	
	
	
	
	
	
	
	
	
	
	

	Amundsen-Scott
	21
	5.52
	2.15
	0.32
	
	
	37
	7.67
	0.54
	0.45

	Novolazarevskaya
	17
	3.03
	0.97
	0.38
	
	
	37
	4.82
	1.18
	0.70

	Syowa
	14
	1.28
	0.69
	0.45
	
	
	37
	2.43
	0.82
	0.60

	Mawson
	21
	3.44
	0.57
	0.69
	
	
	37
	4.99
	1.56
	0.80

	Davis
	15
	2.27
	0.85
	0.69
	
	
	37
	3.91
	1.50
	0.79

	Mirny
	21
	1.33
	0.64
	0.68
	
	
	37
	1.85
	1.65
	0.82

	Vostok
	19
	7.17
	0.49
	0.55
	
	
	32
	8.77
	0.74
	0.79

	Casey
	21
	1.73
	0.86
	0.61
	
	
	37
	2.52
	1.58
	0.91

	Dumont d'Urville
	21
	1.96
	0.95
	0.72
	
	
	37
	2.96
	1.77
	0.87

	Scott Base
	21
	1.57
	0.45
	0.64
	
	
	36
	2.09
	0.75
	0.68

	Byrd
	21
	3.02
	0.63
	0.76
	
	
	37
	3.83
	0.51
	0.84

	Vernadsky
	21
	2.34
	0.46
	0.73
	
	
	37
	2.85
	0.60
	0.70

	Esperanza
	21
	0.62
	0.82
	0.65
	
	
	36
	0.48
	0.84
	0.83

	Orcadas
	21
	0.75
	1.31
	0.69
	
	
	35
	0.33
	0.95
	0.88

	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	2.57
	0.85
	0.61
	
	
	
	3.54
	1.07
	0.76



Table S2 20CRv3 SAT validation statistics at 14 Antarctic station locations for the EARLY period (left) and LATE period (right), Units for the RMSE are K

	
	
	
	
	
	
	
	
	
	
	

	
	EARLY Period (1958-1978)
	
	
	LATE Period (1979-2015)

	
	
	
	
	
	
	
	
	
	
	

	Station
	n
	RMSE
	var ratio
	r
	
	
	n
	RMSE
	var ratio
	r

	
	
	
	
	
	
	
	
	
	
	

	Amundsen-Scott
	21
	2.85
	1.72
	0.43
	
	
	37
	4.95
	0.47
	0.49

	Novolazarevskaya
	17
	3.26
	1.27
	0.69
	
	
	37
	2.98
	2.50
	0.34

	Syowa
	14
	1.03
	0.41
	0.76
	
	
	37
	1.44
	0.45
	0.81

	Mawson
	21
	3.85
	0.62
	0.37
	
	
	37
	4.39
	0.85
	0.86

	Davis
	15
	1.86
	0.47
	0.44
	
	
	37
	2.54
	0.69
	0.91

	Mirny
	21
	2.03
	0.45
	0.37
	
	
	37
	2.07
	1.09
	0.79

	Vostok
	19
	4.99
	0.44
	0.02
	
	
	32
	6.83
	0.59
	0.75

	Casey
	21
	2.28
	0.43
	0.48
	
	
	37
	2.23
	1.38
	0.46

	Dumont d'Urville
	21
	3.46
	0.65
	0.69
	
	
	37
	3.80
	0.78
	0.84

	Scott Base
	21
	1.13
	0.42
	0.73
	
	
	36
	1.26
	1.29
	0.64

	Byrd
	21
	0.81
	0.74
	0.58
	
	
	37
	0.80
	0.63
	0.83

	Vernadsky
	21
	2.26
	0.30
	0.17
	
	
	37
	3.07
	0.81
	0.75

	Esperanza
	21
	0.97
	0.91
	0.58
	
	
	36
	1.03
	1.08
	0.89

	Orcadas
	21
	0.45
	0.42
	0.62
	
	
	35
	0.55
	1.55
	0.89

	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	2.23
	1.53
	0.50
	
	
	
	2.71
	1.01
	0.73



Table S3 JRA55 SAT validation statistics at 14 Antarctic station locations for the EARLY period (left) and LATE period (right), Units for the RMSE are K


	
	
	
	
	
	
	
	
	
	
	

	
	EARLY Period (1958-1978)
	
	
	LATE Period (1979-2015)

	
	
	
	
	
	
	
	
	
	
	

	Station
	n
	RMSE
	var ratio
	r
	
	
	n
	RMSE
	var ratio
	r

	
	
	
	
	
	
	
	
	
	
	

	Amundsen-Scott
	21
	3.41
	1.83
	0.75
	
	
	37
	4.61
	1.21
	0.65

	Novolazarevskaya
	18
	3.10
	1.45
	0.67
	
	
	37
	3.45
	2.06
	0.75

	Syowa
	16
	0.73
	0.99
	0.40
	
	
	37
	0.53
	0.83
	0.90

	Mawson
	21
	2.25
	1.09
	0.90
	
	
	37
	1.80
	0.92
	0.97

	Davis
	17
	1.19
	0.69
	0.95
	
	
	37
	0.69
	0.88
	0.99

	Mirny
	21
	0.65
	0.68
	0.87
	
	
	37
	0.62
	1.19
	0.99

	Vostok
	20
	3.06
	1.32
	0.84
	
	
	34
	4.29
	0.80
	0.90

	Casey
	21
	0.56
	0.62
	0.95
	
	
	37
	0.35
	0.97
	0.99

	Dumont d'Urville
	21
	2.47
	1.63
	0.83
	
	
	37
	1.99
	0.89
	0.80

	Scott Base
	21
	1.65
	0.91
	0.81
	
	
	36
	1.17
	1.14
	0.96

	Byrd
	21
	0.96
	2.27
	0.56
	
	
	37
	0.77
	0.76
	0.97

	Vernadsky
	21
	0.92
	0.24
	0.67
	
	
	37
	0.50
	0.58
	0.82

	Esperanza
	21
	0.99
	0.53
	0.58
	
	
	36
	0.80
	0.64
	0.95

	Orcadas
	21
	0.59
	0.50
	0.77
	
	
	37
	0.22
	1.00
	0.98

	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	1.61
	1.05
	0.75
	
	
	
	1.56
	0.99
	0.90



Table S4 ERA5 autumn SAT validation statistics at 14 Antarctic station locations for the EARLY period (left) and LATE period (right), Units for the RMSE are K

	
	
	
	
	
	
	
	
	
	
	

	
	EARLY Period (1958-1978)
	
	
	LATE Period (1979-2015)

	
	
	
	
	
	
	
	
	
	
	

	Station
	n
	RMSE
	var ratio
	r
	
	
	n
	RMSE
	var ratio
	r

	
	
	
	
	
	
	
	
	
	
	

	Amundsen-Scott
	21
	2.59
	0.97
	0.77
	
	
	37
	4.46
	0.83
	0.83

	Novolazarevskaya
	18
	2.89
	1.34
	0.79
	
	
	37
	3.10
	1.33
	0.86

	Syowa
	16
	0.57
	0.76
	0.81
	
	
	37
	1.29
	0.64
	0.84

	Mawson
	21
	2.16
	1.18
	0.94
	
	
	37
	1.48
	0.87
	0.98

	Davis
	17
	0.62
	1.06
	0.90
	
	
	37
	0.41
	0.81
	0.97

	Mirny
	21
	0.58
	0.89
	0.85
	
	
	37
	0.36
	0.92
	0.98

	Vostok
	20
	3.31
	1.05
	0.77
	
	
	33
	4.48
	0.85
	0.96

	Casey
	21
	0.90
	0.72
	0.85
	
	
	37
	0.50
	0.87
	0.98

	Dumont d'Urville
	21
	2.55
	1.42
	0.75
	
	
	37
	1.59
	1.04
	0.95

	Scott Base
	21
	1.70
	0.52
	0.65
	
	
	36
	1.48
	1.23
	0.96

	Byrd
	21
	1.68
	0.95
	0.82
	
	
	37
	1.41
	0.76
	0.97

	Vernadsky
	21
	1.51
	0.20
	0.68
	
	
	37
	0.85
	0.70
	0.92

	Esperanza
	21
	0.80
	0.68
	0.77
	
	
	37
	0.62
	0.97
	0.96

	Orcadas
	21
	0.86
	0.61
	0.77
	
	
	36
	0.46
	0.89
	0.98

	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	1.62
	0.88
	0.79
	
	
	
	1.61
	0.91
	0.94



Table S5 ERA5 winter SAT validation statistics at 14 Antarctic station locations for the EARLY period (left) and LATE period (right), Units for the RMSE are K


	
	
	
	
	
	
	
	
	
	
	

	
	EARLY Period (1958-1978)
	
	
	LATE Period (1979-2015)

	
	
	
	
	
	
	
	
	
	
	

	Station
	n
	RMSE
	var ratio
	r
	
	
	n
	RMSE
	var ratio
	r

	
	
	
	
	
	
	
	
	
	
	

	Amundsen-Scott
	21
	1.86
	0.98
	0.79
	
	
	37
	2.96
	0.59
	0.84

	Novolazarevskaya
	18
	2.91
	2.06
	0.79
	
	
	37
	3.47
	2.12
	0.63

	Syowa
	16
	0.27
	0.96
	0.91
	
	
	37
	0.62
	0.57
	0.87

	Mawson
	21
	2.43
	1.12
	0.74
	
	
	37
	2.29
	1.18
	0.92

	Davis
	16
	1.01
	0.88
	0.91
	
	
	37
	0.71
	0.72
	0.98

	Mirny
	21
	0.62
	0.94
	0.91
	
	
	37
	0.73
	0.95
	0.97

	Vostok
	20
	1.62
	1.53
	0.83
	
	
	34
	2.43
	1.01
	0.94

	Casey
	21
	0.87
	0.75
	0.87
	
	
	37
	0.34
	0.79
	0.97

	Dumont d'Urville
	21
	2.33
	1.63
	0.76
	
	
	37
	1.81
	1.34
	0.84

	Scott Base
	21
	1.42
	1.08
	0.84
	
	
	37
	0.81
	1.06
	0.96

	Byrd
	21
	0.75
	1.41
	0.78
	
	
	37
	0.46
	0.88
	0.97

	Vernadsky
	21
	0.64
	0.39
	0.76
	
	
	37
	0.64
	0.54
	0.86

	Esperanza
	21
	0.92
	0.69
	0.75
	
	
	36
	0.89
	0.69
	0.96

	Orcadas
	21
	0.52
	0.70
	0.88
	
	
	36
	0.57
	0.81
	0.93

	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	1.30
	1.08
	0.82
	
	
	
	1.34
	0.95
	0.90



Table S6 ERA5 spring SAT validation statistics at 14 Antarctic station locations for the EARLY period (left) and LATE period (right), Units for the RMSE are K

	
	
	
	
	
	
	
	
	
	
	

	
	EARLY Period (1958-1978)
	
	
	LATE Period (1979-2015)

	
	
	
	
	
	
	
	
	
	
	

	Station
	n
	RMSE
	var ratio
	r
	
	
	n
	RMSE
	var ratio
	r

	
	
	
	
	
	
	
	
	
	
	

	Amundsen-Scott
	20
	0.47
	0.58
	0.78
	
	
	36
	0.93
	0.56
	0.77

	Novolazarevskaya
	17
	2.84
	3.25
	0.73
	
	
	36
	3.75
	2.29
	0.43

	Syowa
	14
	0.47
	0.56
	0.85
	
	
	36
	0.86
	0.53
	0.88

	Mawson
	20
	2.30
	1.09
	0.87
	
	
	36
	2.50
	1.28
	0.80

	Davis
	15
	1.47
	0.66
	0.92
	
	
	36
	1.37
	1.94
	0.72

	Mirny
	20
	0.88
	1.12
	0.87
	
	
	36
	1.25
	0.84
	0.92

	Vostok
	18
	0.52
	1.37
	0.64
	
	
	31
	0.64
	0.95
	0.88

	Casey
	20
	1.00
	1.12
	0.81
	
	
	36
	0.99
	0.72
	0.90

	Dumont d'Urville
	20
	2.13
	2.49
	0.83
	
	
	36
	1.92
	1.33
	0.73

	Scott Base
	20
	1.03
	1.51
	0.83
	
	
	35
	0.73
	1.20
	0.84

	Byrd
	20
	0.67
	0.79
	0.76
	
	
	36
	1.13
	1.18
	0.81

	Vernadsky
	20
	0.37
	0.31
	0.50
	
	
	36
	0.44
	0.41
	0.75

	Esperanza
	19
	0.87
	0.36
	0.44
	
	
	35
	0.97
	0.82
	0.87

	Orcadas
	20
	0.57
	0.43
	0.49
	
	
	35
	0.60
	0.70
	0.80

	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	1.11
	1.12
	0.74
	
	
	
	1.29
	1.05
	0.79



Table S7 ERA5 summer SAT validation statistics at 14 Antarctic station locations for the EARLY period (left) and LATE period (right), Units for the RMSE are K

[image: ]

Fig. S1 Time series of annual values for a the IPO and b the AMV from 1950-2020. The black line represents the decadal running mean



[image: ]
Fig. S2 As Fig 1b for the historical HadGEM2-ES CMIP5 run. The SAM indices were computed from the climate model using an identical methodology to the observation-based SAM index







S2 Analysis of the decadal relationship between the IPO and AMV and the zonal wave number characteristics derived from the zonal SAM-SLP correlation anomalies at 55°S

Decadal IPO and AMV values are derived from the monthly data (see Data Availability statement). These time series and those of the zonal wave number characteristics are then detrended before correlations between them are computed for the entire study period (1950-59 to 2011-20, the EARLY period (1950-59 to 1970-79) and LATE period (1971-80 to 2011-20). The degrees of freedom in the data (n) are estimated to be 1.5 times the number of non-overlapping segments (see Section 2.5), that is 9.30, 3.15 and 6.15 for the whole study period, EARLY period and LATE period, respectively. The calculated correlation values are provided in Table S8. Despite the magnitude of some of the correlations being quite high (e.g., 0.79 between the phase of wave number 1 and the IPO in the EARLY period), none of the correlations are statistically significant because n is very small. 



	
	
	
	
	
	
	
	
	

	
	IPO
	
	
	AMV

	
	
	
	
	
	
	
	
	

	
	1950-59 to 2011-20
	1950-59 to 1970-79
	1971-80 to 2011-20
	
	
	1950-59 to 2011-20
	1950-59 to 1970-79
	1971-80 to 2011-20

	
	
	
	
	
	
	
	
	

	Wave number 1
	
	
	
	
	
	
	
	

	Amplitude
	0.02
	0.50
	0.25
	
	
	0.12
	0.26
	–0.31

	Phase
	–0.42
	–0.79
	0.08
	
	
	–0.01
	0.55
	0.00

	Variance explained
	–0.01
	0.66
	0.40
	
	
	0.18
	0.35
	–0.37

	
	
	
	
	
	
	
	
	

	Wave number 2
	
	
	
	
	
	
	
	

	Amplitude
	0.00
	–0.55
	0.07
	
	
	–0.37
	–0.57
	–0.07

	Phase
	0.00
	0.47
	0.28
	
	
	–0.33
	0.21
	0.34

	Variance explained
	0.03
	–0.61
	0.13
	
	
	–0.35
	–0.33
	0.17

	
	
	
	
	
	
	
	
	

	Wave number 3
	
	
	
	
	
	
	
	

	Amplitude
	0.00
	–0.49
	–0.65
	
	
	0.20
	–0.59
	0.06

	Phase
	0.21
	0.15
	–0.14
	
	
	–0.37
	0.40
	0.63

	Variance explained
	0.06
	–0.54
	–0.61
	
	
	0.18
	–0.55
	0.10

	
	
	
	
	
	
	
	
	

	Wave number 4
	
	
	
	
	
	
	
	

	Amplitude
	–0.16
	–0.02
	0.02
	
	
	–0.10
	0.42
	0.32

	Phase
	0.11
	0.67
	–0.40
	
	
	0.56
	0.36
	–0.15

	Variance explained
	–0.09
	–0.16
	0.00
	
	
	–0.21
	0.34
	0.39



Table S8 Correlations between the decadal IPO and AMV and zonal wave number characteristics derived from the zonal SAM-SLP correlation anomalies at 55°S 




image1.emf



−1.5



−1.0



−0.5



0.0



0.5



1.0



1.5



IP
O



(a)



1950 1960 1970 1980 1990 2000 2010 2020



Year



−0.50



−0.25



0.00



0.25



0.50



A
M
V



(b)











image2.emf



A−S



N



S



Ma



D



Mi



Vo



C



DD



SB



B



Ve



E



O



1950−59 1960−69 1970−79 1980−89 1990−99 2000−09 2010−19



−1.0 −0.8 −0.6 −0.4 −0.2 0.0 0.2 0.4 0.6 0.8 1.0



Correlation



M
et



eo
ro



lo
gi



ca
l S



ta
tio



ns











