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Abstract

In this supplementary note, the results for all the variables of the quasi-geostrophic system are depicted. We

consider the streamfunction variables ψ1, . . . , ψ10 and the temperature variables θ1, . . . , θ10, corresponding to the

modes:

F1(x, y) =
√
2 cos(y),

F2(x, y) = 2 cos(nx) sin(y),

F3(x, y) = 2 sin(nx) sin(y),

F4(x, y) =
√
2 cos(2y),

F5(x, y) = 2 cos(nx) sin(2y),

F6(x, y) = 2 sin(nx) sin(2y),

F7(x, y) = 2 cos(2nx) sin(y),

F8(x, y) = 2 sin(2nx) sin(y),

F9(x, y) = 2 cos(2nx) sin(2y),

F10(x, y) = 2 sin(2nx) sin(2y),

Each variable has been corrected by using itself has the unique predictor, according to the di�erent models and

methods described in the main article. Four �gures per variable are shown in the following order:

1. The corrections of the moments of the variable (similar to Figs. 5 and 6 of the main article).

2. The corrections of the parameters α and β of the EVMOS postprocessing scheme (similar to Fig. 8 of the

main article).

3. The performance of the correction (similar to Figs. 9 and 10 of the main article).

4. The comparison of the e�ciency of the response theory correction for di�erent numbers m of trajectories

(similar to Fig. 11 of the main article).
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1 Experiment varying the friction coe�cient

1.1 Variable ψ1

1.1.1 Corrections of the moments of the variable
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1.1.3 Performance of the correction
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1.1.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.2 Variable ψ2

1.2.1 Corrections of the moments of the variable
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1.2.3 Performance of the correction
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1.2.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.3 Variable ψ3
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1.3.3 Performance of the correction
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1.3.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.4 Variable ψ4

1.4.1 Corrections of the moments of the variable
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1.4.3 Performance of the correction
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1.4.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.5 Variable ψ5

1.5.1 Corrections of the moments of the variable
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1.5.3 Performance of the correction
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1.5.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories

0 1 2 3 4 5
time (days)

10 8

10 7

10 6

10 5

10 4

10 3

10 2

MSE with reality

Model 0
Correction model 0
Model 1
Correction model 1
R. T. corr. of model 1 (m = 10000)
R. T. corr. of model 1 (m = 1000)
R. T. corr. of model 1 (m = 500)
R. T. corr. of model 1 (m = 100)
R. T. corr. of model 1 (m = 20)

0 1 2 3 4 5
time (days)

10 10

10 8

10 6

10 4

10 2

Absolute MSE difference between response theory
 and Model 1 exact correction

m = 10000
m = 1000
m = 500
m = 100
m = 20

0 1 2 3 4 5
time (days)

0.000015

0.000010

0.000005

0.000000

0.000005

0.000010

0.000015

5

Coefficient  of the post-processing scheme

Model 0
Model 1
Response theory (m = 10000)
Response theory (m = 1000)
Response theory (m = 500)
Response theory (m = 100)
Response theory (m = 20)

0 1 2 3 4 5
time (days)

0.8

0.9

1.0

1.1

1.2
5

Coefficient  of the post-processing scheme

Model 0
Model 1
Response theory (m = 10000)
Response theory (m = 1000)
Response theory (m = 500)
Response theory (m = 100)
Response theory (m = 20)

17



1.6 Variable ψ6

1.6.1 Corrections of the moments of the variable
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1.6.3 Performance of the correction
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1.6.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.7 Variable ψ7

1.7.1 Corrections of the moments of the variable
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1.7.3 Performance of the correction
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1.7.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.8 Variable ψ8

1.8.1 Corrections of the moments of the variable
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1.8.3 Performance of the correction

0 1 2 3 4 5
time (days)

10 8

10 7

10 6

10 5

10 4

10 3

10 2

MSE with reality

Model 0
Correction model 0
Model 1
Correction model 1
Correction model 1 with past model 0 forecasts
Response-theory correction of model 1

0 1 2 3 4 5
time (days)

0.0020

0.0015

0.0010

0.0005

0.0000

0.0005

0.0010

0.0015

0.0020

8

Mean of the correction

Mean of reality
Model 0
Correction model 0
Model 1
Correction model 1
Correction model 1 with past model 0 forecasts
Response-theory correction of model 1

0 1 2 3 4 5
time (days)

3.2

3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

2 8

×10 3 Variance of the correction
Variance of reality
Model 0
Correction model 0
Model 1
Correction model 1
Correction model 1 with past model 0 forecasts
Response-theory correction of model 1

(c)

(a) (b)

25



1.8.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.9 Variable ψ9

1.9.1 Corrections of the moments of the variable
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1.9.3 Performance of the correction
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1.9.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.10 Variable ψ10

1.10.1 Corrections of the moments of the variable
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1.10.3 Performance of the correction
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1.10.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.11 Variable θ1

1.11.1 Corrections of the moments of the variable
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1.11.3 Performance of the correction
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1.11.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.12 Variable θ2

1.12.1 Corrections of the moments of the variable
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1.12.3 Performance of the correction
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1.12.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.13 Variable θ3

1.13.1 Corrections of the moments of the variable

0 1 2 3 4 5
time (days)

0.0134

0.0136

0.0138

0.0140

0.0142

3

Mean

Reality
Model 0
Model 1
Response theory

0 1 2 3 4 5
time (days)

0.94

0.96

0.98

1.00

1.02

1.04

1.06

2 3

×10 3 Second moment

Reality
Model 0
Model 1
Response theory

1.13.2 Corrections of the parameters α and β

0 1 2 3 4 5
time (days)

0.0010

0.0008

0.0006

0.0004

0.0002

0.0000

0.0002

0.0004

3

Coefficient  of the post-processing scheme
Model 0
Model 1
Response theory

0 1 2 3 4 5
time (days)

1.00

1.02

1.04

1.06

1.08

3

Coefficient  of the post-processing scheme
Model 0
Model 1
Response theory

39



1.13.3 Performance of the correction
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1.13.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.14 Variable θ4

1.14.1 Corrections of the moments of the variable
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1.14.3 Performance of the correction
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1.14.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.15 Variable θ5

1.15.1 Corrections of the moments of the variable
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1.15.3 Performance of the correction
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1.15.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.16 Variable θ6

1.16.1 Corrections of the moments of the variable
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1.16.3 Performance of the correction
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1.16.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.17 Variable θ7

1.17.1 Corrections of the moments of the variable
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1.17.3 Performance of the correction
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1.17.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.18 Variable θ8

1.18.1 Corrections of the moments of the variable
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1.18.3 Performance of the correction
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1.18.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories

0 1 2 3 4 5
time (days)

10 8

10 7

10 6

10 5

10 4

10 3

MSE with reality

Model 0
Correction model 0
Model 1
Correction model 1
R. T. corr. of model 1 (m = 10000)
R. T. corr. of model 1 (m = 1000)
R. T. corr. of model 1 (m = 500)
R. T. corr. of model 1 (m = 100)
R. T. corr. of model 1 (m = 20)

0 1 2 3 4 5
time (days)

10 11

10 9

10 7

10 5

10 3

Absolute MSE difference between response theory
 and Model 1 exact correction

m = 10000
m = 1000
m = 500
m = 100
m = 20

0 1 2 3 4 5
time (days)

0.00002

0.00001

0.00000

0.00001

0.00002

8

Coefficient  of the post-processing scheme
Model 0
Model 1
Response theory (m = 10000)
Response theory (m = 1000)
Response theory (m = 500)
Response theory (m = 100)
Response theory (m = 20)

0 1 2 3 4 5
time (days)

0.96

0.97

0.98

0.99

1.00

1.01

1.02

1.03

1.04
8

Coefficient  of the post-processing scheme

Model 0
Model 1
Response theory (m = 10000)
Response theory (m = 1000)
Response theory (m = 500)
Response theory (m = 100)
Response theory (m = 20)

56



1.19 Variable θ9

1.19.1 Corrections of the moments of the variable
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1.19.3 Performance of the correction
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1.19.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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1.20 Variable θ10

1.20.1 Corrections of the moments of the variable
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1.20.3 Performance of the correction
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1.20.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2 Experiment varying the Newtonian cooling coe�cient

2.1 Variable ψ1

2.1.1 Corrections of the moments of the variable
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2.1.3 Performance of the correction
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2.1.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.2 Variable ψ2

2.2.1 Corrections of the moments of the variable
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2.2.3 Performance of the correction
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2.2.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.3 Variable ψ3

2.3.1 Corrections of the moments of the variable
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2.3.3 Performance of the correction
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2.3.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.4 Variable ψ4

2.4.1 Corrections of the moments of the variable
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2.4.3 Performance of the correction
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2.4.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.5 Variable ψ5

2.5.1 Corrections of the moments of the variable
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2.5.3 Performance of the correction
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2.5.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.6 Variable ψ6

2.6.1 Corrections of the moments of the variable
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2.6.3 Performance of the correction
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2.6.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.7 Variable ψ7

2.7.1 Corrections of the moments of the variable
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2.7.3 Performance of the correction
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2.7.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.8 Variable ψ8

2.8.1 Corrections of the moments of the variable

0 1 2 3 4 5
time (days)

0.0025

0.0020

0.0015

0.0010

0.0005

0.0000

0.0005

0.0010

0.0015
8

Mean
Reality
Model 0
Model 1
Response theory

0 1 2 3 4 5
time (days)

3.9

4.0

4.1

4.2

4.3

4.4

4.5

2 8

×10 3 Second moment
Reality
Model 0
Model 1
Response theory

2.8.2 Corrections of the parameters α and β

0 1 2 3 4 5
time (days)

0.0015

0.0010

0.0005

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

8

Coefficient  of the post-processing scheme
Model 0
Model 1
Response theory

0 1 2 3 4 5
time (days)

0.96

0.97

0.98

0.99

1.00

1.01

1.02

8

Coefficient  of the post-processing scheme
Model 0
Model 1
Response theory

84



2.8.3 Performance of the correction
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2.8.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.9 Variable ψ9

2.9.1 Corrections of the moments of the variable
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2.9.3 Performance of the correction
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2.9.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.10 Variable ψ10

2.10.1 Corrections of the moments of the variable
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2.10.3 Performance of the correction
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2.10.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.11 Variable θ1

2.11.1 Corrections of the moments of the variable
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2.11.3 Performance of the correction
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2.11.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.12 Variable θ2

2.12.1 Corrections of the moments of the variable
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2.12.3 Performance of the correction
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2.12.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.13 Variable θ3

2.13.1 Corrections of the moments of the variable
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2.13.3 Performance of the correction
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2.13.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories

0 1 2 3 4 5
time (days)

10 12

10 10

10 8

10 6

10 4

10 2 MSE with reality

Model 0
Correction model 0
Model 1
Correction model 1
R. T. corr. of model 1 (m = 10000)
R. T. corr. of model 1 (m = 1000)
R. T. corr. of model 1 (m = 500)
R. T. corr. of model 1 (m = 100)
R. T. corr. of model 1 (m = 20)

0 1 2 3 4 5
time (days)

10 12

10 10

10 8

10 6

10 4

Absolute MSE difference between response theory
 and Model 1 exact correction

m = 10000
m = 1000
m = 500
m = 100
m = 20

0 1 2 3 4 5
time (days)

0.0006

0.0004

0.0002

0.0000

0.0002

0.0004

0.0006

3

Coefficient  of the post-processing scheme
Model 0
Model 1
Response theory (m = 10000)
Response theory (m = 1000)
Response theory (m = 500)
Response theory (m = 100)
Response theory (m = 20)

0 1 2 3 4 5
time (days)

0.96

0.97

0.98

0.99

1.00

1.01

1.02

1.03

1.04
3

Coefficient  of the post-processing scheme

Model 0
Model 1
Response theory (m = 10000)
Response theory (m = 1000)
Response theory (m = 500)
Response theory (m = 100)
Response theory (m = 20)

101



2.14 Variable θ4

2.14.1 Corrections of the moments of the variable
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2.14.3 Performance of the correction
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2.14.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.15 Variable θ5

2.15.1 Corrections of the moments of the variable
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2.15.3 Performance of the correction
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2.15.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.16 Variable θ6

2.16.1 Corrections of the moments of the variable
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2.16.3 Performance of the correction
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2.16.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.17 Variable θ7

2.17.1 Corrections of the moments of the variable
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2.17.3 Performance of the correction
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2.17.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.18 Variable θ8

2.18.1 Corrections of the moments of the variable
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2.18.3 Performance of the correction
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2.18.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.19 Variable θ9

2.19.1 Corrections of the moments of the variable
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2.19.3 Performance of the correction
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2.19.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories
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2.20 Variable θ10

2.20.1 Corrections of the moments of the variable
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2.20.3 Performance of the correction
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2.20.4 Comparison of the e�ciency of the response theory correction for di�erent numbers m of

trajectories

0 1 2 3 4 5
time (days)

10 12

10 10

10 8

10 6

10 4

10 2 MSE with reality

Model 0
Correction model 0
Model 1
Correction model 1
R. T. corr. of model 1 (m = 10000)
R. T. corr. of model 1 (m = 1000)
R. T. corr. of model 1 (m = 500)
R. T. corr. of model 1 (m = 100)
R. T. corr. of model 1 (m = 20)

0 1 2 3 4 5
time (days)

10 12

10 10

10 8

10 6

10 4

Absolute MSE difference between response theory
 and Model 1 exact correction

m = 10000
m = 1000
m = 500
m = 100
m = 20

0 1 2 3 4 5
time (days)

0.00020

0.00015

0.00010

0.00005

0.00000

0.00005

0.00010

0.00015

0.00020

10

Coefficient  of the post-processing scheme

Model 0
Model 1
Response theory (m = 10000)
Response theory (m = 1000)
Response theory (m = 500)
Response theory (m = 100)
Response theory (m = 20)

0 1 2 3 4 5
time (days)

0.925

0.950

0.975

1.000

1.025

1.050

1.075
10

Coefficient  of the post-processing scheme

Model 0
Model 1
Response theory (m = 10000)
Response theory (m = 1000)
Response theory (m = 500)
Response theory (m = 100)
Response theory (m = 20)

122


	Experiment varying the friction coefficient
	Variable 1
	Variable 2
	Variable 3
	Variable 4
	Variable 5
	Variable 6
	Variable 7
	Variable 8
	Variable 9
	Variable 10
	Variable 1
	Variable 2
	Variable 3
	Variable 4
	Variable 5
	Variable 6
	Variable 7
	Variable 8
	Variable 9
	Variable 10

	Experiment varying the Newtonian cooling coefficient
	Variable 1
	Variable 2
	Variable 3
	Variable 4
	Variable 5
	Variable 6
	Variable 7
	Variable 8
	Variable 9
	Variable 10
	Variable 1
	Variable 2
	Variable 3
	Variable 4
	Variable 5
	Variable 6
	Variable 7
	Variable 8
	Variable 9
	Variable 10


