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Figure 2. The sea ice extent [km2] for the Weddell
Sea from September 15, 2006 to September 15, 2024
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Figure 5. The sample cross-correlogram of the differences VY;; of the sea ice extent



R Outputs.

> var = VAR(data, Tag.max=5, ic="sSC"); summary(var)

VAR Estimation Results:

Endogenous variables: bDweddell, DIndian, DPacific, DRoss, DBellingshaus
enAmundsen

Deterministic variables: const

Sample size: 205

Log LikeTihood: -11102.162

Roots of the characteristic polynomial:

0.8201 0.7424 0.7424 0.7299 0.7299

call:

VAR(y = data, lag.max = 5, ic = "sC")

Estimation results for equation Dweddell:

Dweddell = bweddel1.11 + DIndian.11l + DPacific.11l + DRoss.11 + DBellings

hausenAmundsen.11l + const

Estimate Std. Error t value Pr(>|t]|)

Dweddel1.11 0.82928 0.04239 19.562 <2e-16 ***
DIndian.11 -0.02103 0.05943 -0.354 0.7239
DPacific.11 -0.09239 0.06854 -1.348 0.1792
DRoss.11 0.05843 0.04881 1.197 0.2327
DBellingshausenAmundsen.1l -0.04954 0.04870 -1.017 0.3103
const 4510.91756 1829.98918 2.465 0.0145 *

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 “*’ 0.05 “.” 0.1 “* ’ 1

Residual standard error: 13930 on 199 degrees of freedom
Multiple R-Squared: 0.6932, Adjusted R-squared: 0.6854
F-statistic: 89.91 on 5 and 199 DF, p-value: < 2.2e-16



Estimation results for equation DIndian:

DIndian = DwWeddel1.11 + DIndian.11l + DPacific.11l + DRoss.11 + DBellingsh

ausenAmundsen.11l + const

Estimate Sstd. Error t value Pr(>|t]|)

Dweddel1.11 -5.157e-03 3.624e-02 -0.142 0.8870
DIndian.11 6.919e-01 5.081e-02 13.617 <2e-16 ***
DPacific.11 4.177e-02 5.859e-02 0.713 0.4767
DRoss .11 6.043e-02 4.173e-02 1.448 0.1492
DBellingshausenAmundsen.1l 2.599e-02 4.163e-02 0.624 0.5331
const 2.687e+03 1.564e+03 1.718 0.0874 .

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 *.” 0.1 * ’ 1

Residual standard error: 11910 on 199 degrees of freedom
Multiple R-Squared: 0.492, Adjusted R-squared: 0.4792
F-statistic: 38.54 on 5 and 199 DF, p-value: < 2.2e-16

Estimation results for equation DPacific:

DPacific = DWeddel1.11 + DIndian.1l + DPacific.11l + DRoss.11 + DBellings

hausenAmundsen.11l + const

Estimate Std. Error t value Pr(>|t]|)

Dweddel1.11 0.01488 0.03095 0.481 0.6312
DIndian.11 0.04210 0.04339 0.970 0.3331
DPacific.11 0.69316 0.05004 13.852 <2e-16 ***
DRoss.11 -0.01486 0.03564 -0.417 0.6772

DBelTingshausenAmundsen.Tl -0.07792 0.03555 -2.192 0.0296 *
const 2217.48393 1336.01373 1.660 0.0985 .



Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 “ * 1

Residual standard error: 10170 on 199 degrees of freedom
MuTltiple R-Squared: 0.5157, Adjusted R-squared: 0.5036
F-statistic: 42.39 on 5 and 199 DF, p-value: < 2.2e-16

Estimation results for equation DRoss:

DRoss = DwWeddel1.11 + DIndian.1l + DPacific.11l + DRoss.11 + DBellingshau

senAmundsen.11l + const

Estimate Sstd. Error t value Pr(>|t|)

Dweddel1.11 4.213e-03 4.098e-02 0.103 0.918219
DIndian.11 -6.026e-02 5.745e-02 -1.049 0.295549
DPacific.11 -6.129e-02 6.626e-02 -0.925 0.356099
DRoss .11 7.481le-01 4.719e-02 15.853 < 2e-16 *%*
DBellingshausenAmundsen.1l -1.088e-01 4.707e-02 -2.311 0.021848 *
const 6.606e+03 1.769e+03 3.734 0.000246 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * ’ 1

Residual standard error: 13460 on 199 degrees of freedom
MuTltiple R-Squared: 0.6189, Adjusted R-squared: 0.6094
F-statistic: 64.64 on 5 and 199 DF, p-value: < 2.2e-16

Estimation results for equation DBellingshausenAmundsen:

DBellingshausenAmundsen = Dweddel1.11 + DIndian.11 + DPacific.11l + DRos

s.11 + DBellingshausenAmundsen.11l + const

Estimate std. Error t value Pr(>|t])
Dweddel11.11 -3.674e-02 4.170e-02 -0.881 0.3793



DIndian.11 4.588e-04 5.846e-02 0.008 0.9937

DPacific.11l 1.530e-01 6.742e-02 2.269 0.0243 *
DRoss .11 6.356e-02 4.802e-02 1.324 0.1871
DBelTingshausenAmundsen.1l 7.816e-01 4.790e-02 16.319 <2e-16 ***
const 8.251e+02 1.800e+03 0.458 0.6472

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 “ * 1

Residual standard error: 13700 on 199 degrees of freedom
Multiple R-Squared: 0.5866, Adjusted R-squared: 0.5762
F-statistic: 56.47 on 5 and 199 DF, p-value: < 2.2e-16

Covariance matrix of residuals:

Dweddell DIndian DPacific DRoOSS
Dweddel1 194017288 9518661 19093856 25684930
DIndian 9518661 141787847 -13625707 2385538
DPacific 19093856 -13625707 103410640 -2487336
DRosS 25684930 2385538 -2487336 181301633

DBellingshausenAmundsen -11418520 -4405383 -6986462 -36206885

DBellingshausenAmundsen

Dweddel1 -11418520
DIndian -4405383
DPacific -6986462
DRoSS -36206885
DBelTingshausenAmundsen 187713272

Correlation matrix of residuals:

Dweddel]l DIndian DPacific DROSS

Dweddel1 1.00000 0.05739 0.13480 0.13695
DIndian 0.05739 1.00000 -0.11253 0.01488
DPacific 0.13480 -0.11253 1.00000 -0.01817
DRosSs 0.13695 0.01488 -0.01817 1.00000

DBelTingshausenAmundsen -0.05983 -0.02700 -0.05014 -0.19626



DBellingshausenAmundsen

Dweddell -0.05983
DIndian -0.02700
DPacific -0.05014
DROSS -0.19626
DBellingshausenAmundsen 1.00000

> varkR = restrict(var); summary(varr)

VAR Estimation Results:

Endogenous variables: bDweddell, DIndian, DPacific, DRoss, DBellingshaus
enAmundsen

Deterministic variables: const

Sample size: 205

Log Likelihood: -11109.56

Roots of the characteristic polynomial:

0.8407 0.7496 0.7496 0.7475 0.696

call:

VAR(y = data, lag.max = 5, ic = "sC")

Estimation results for equation Dweddell:

Dweddel1 = bweddel1.11 + const

Estimate Std. Error t value Pr(>|t|)
Dweddel1.11 0.8407 0.0400 21.018 < 2e-16 #**=*
const 3910.1517 1418.9529 2.756 0.00639 **

Signif. codes: 0 “***’ 0.001 ‘**’ 0.01 “*’ 0.05 “.” 0.1 “* ’ 1

Residual standard error: 13970 on 203 degrees of freedom



MuTtiple R-Squared: 0.8475, Adjusted R-squared: 0.846
F-statistic: 564.1 on 2 and 203 DF, p-value: < 2.2e-16

Estimation results for equation DIndian:

DIndian = DIndian.11l + const

Estimate Std. Error t value Pr(>|t])
DIndian.11l 6.960e-01 5.031e-02 13.834 < 2e-16 ***
const 4.092e+03 1.057e+03 3.871 0.000146 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 *.” 0.1 * "’ 1

Residual standard error: 11870 on 203 degrees of freedom
Multiple R-Squared: 0.6861, Adjusted R-squared: 0.683
F-statistic: 221.8 on 2 and 203 DF, p-value: < 2.2e-16

Estimation results for equation DPacific:

DPacific = DPacific.11 + DBellingshausenAmundsen.11 + const

Estimate Std. Error t value Pr(>|t]|)

DPacific.11 0.69725 0.04926 14.154 < 2e-16 ***
DBelTingshausenAmundsen.Tl -0.07592 0.03397 -2.235 0.026531 *
const 2839.27675 849.92985 3.341 0.000996 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 “*’ 0.05 “.” 0.1 * "’ 1

Residual standard error: 10130 on 202 degrees of freedom
Multiple R-Squared: 0.6069, Adjusted R-squared: 0.6011
F-statistic: 104 on 3 and 202 DF, p-value: < 2.2e-16



Estimation results for equation DRoss:

DRoss = DRoss.11 + DBellingshausenAmundsen.1l + const

Estimate std. Error t value Pr(>|t]|)

DRoss .11 0.74746 0.04526 16.514 < 2e-16 ***
DBellingshausenAmundsen.11 -0.10591 0.04669 -2.269 0.0244 *
const 5487.32317 1367.70027 4.012 8.47e-05 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 *.” 0.1 * ’ 1

Residual standard error: 13430 on 202 degrees of freedom
Multiple R-Squared: 0.7726, Adjusted R-squared: 0.7692
F-statistic: 228.7 on 3 and 202 DF, p-value: < 2.2e-16

Estimation results for equation DBellingshausenAmundsen:

DBellingshausenAmundsen = DPacific.11l + DBellingshausenAmundsen.11

Estimate Std. Error t value Pr(>|t])
DPacific.11 0.17238 0.05989 2.878 0.00443 *=*
DBellingshausenAmundsen.1l 0.78714 0.04242 18.557 < 2e-16 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 “*’ 0.05 “.” 0.1 "’ 1

Residual standard error: 13670 on 203 degrees of freedom
MuTltiple R-Squared: 0.6433, Adjusted R-squared: 0.6398
F-statistic: 183 on 2 and 203 DF, p-value: < 2.2e-16

Covariance matrix of residuals:



Dweddel1l DIndian DPacific DROSS

Dweddell 199075316 9995051 18535185 27256332
DIndian 9995051 143659130 -13934987 1933868
DPacific 18535185 -13934987 104098982 -3181026
DROSS 27256332 1933868 -3181026 183081713

DBellingshausenAmundsen -8863038 -3245909 -7520858 -35856919

DBellingshausenAmundsen

Dweddel1 -8863038
DIndian -3245909
DPacific -7520858
DROSS -35856919
DBellingshausenAmundsen 189968438

Correlation matrix of residuals:

Dweddel1l DIndian DPacific DROSS

Dweddell 1.00000 0.05910 0.12876 0.14277
DIndian 0.05910 1.00000 -0.11395 0.01192
DPacific 0.12876 -0.11395 1.00000 -0.02304
DROSS 0.14277 0.01192 -0.02304 1.00000

DBellingshausenAmundsen -0.04558 -0.01965 -0.05348 -0.19227

DBellingshausenAmundsen

Dweddel1 -0.04558
DIndian -0.01965
DPacific -0.05348
DRoSS -0.19227
DBellingshausenAmundsen 1.00000

> fac <- Factors(data,lag.k=5)
> r_hat <- fac$factor_num; r_hat
The estimated number of factors
1
> loading_Mat <- fac$loading.mat; loading_Mat
[1] 0.8487129 0.1312050 0.1402631 0.4382938 -0.2251585



