Supplementary Material 2: Additional Figures
Correcting for Model Changes in Statistical Post-Processing
Jonathan Demaeyer and Stéphane Vannitsem

Institut Royal Météorologique de Belgique, Avenue Clirculaire, 3, 1180 Brussels, Belgium
European Meterological Network, Avenue Circulaire, 8, 1180 Brussels, Belgium

Abstract
In this supplementary note, the results for all the variables of the quasi-geostrophic system are depicted. We
consider the streamfunction variables 1, ...,110 and the temperature variables 601, ..., 6019, corresponding to the
modes:

Fi(z,y) = ﬁCOS(y)y

Fy(z,y) = 2cos(nz)sin(y),

F3(z,y) = 2sin(nz)sin(y),

Fy(z,y) = V2cos(2y),

F5(z,y) = 2cos(nz)sin(2y),

Fs(z,y) = 2sin(nz)sin(2y),

Fr(x,y) = 2cos(2nz)sin(y),

Fg(x,y) = 2sin(2nz)sin(y),

Fy(x,y) = 2cos(2nz)sin(2y),

Fip(z,y) = 2sin(2nz)sin(2y),

Each variables have been corrected by using itself has the unique predictor, according to the different models and
methods described in the main article. Three figures per variable are shown in the following order:

1. The corrections of the moments of the variable (similar to Figs. 5 and 7 of the main article).
2. The performance of the correction (similar to Figs. 6 and 8 of the main article).

3. The comparison of the efficiency of the response theory correction for different numbers m of trajectories
(similar to Fig. 10 of the main article).
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1 Experiment varying the friction coefficient

1.1 Variable 1,

1.1.1 Corrections of the moments of the variable
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1.1.2 Performance of the correction
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1.1.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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1.2 Variable 1,

1.2.1 Corrections of the moments of the variable
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1.2.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.3 Variable

V3

1.3.1 Corrections of the moments of the variable
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1.3.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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1.4 Variable 1,

1.4.1 Corrections of the moments of the variable
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1.4.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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1.5 Variable

1.5.1 Corrections of the moments of the variable
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1.5.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.6 Variable

1.6.1 Corrections of the moments of the variable
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1.6.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.7 Variable v

1.7.1 Corrections of the moments of the variable
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1.7.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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1.8 Variable 15

1.8.1 Corrections of the moments of the variable
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1.8.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.9 Variable 1y
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1.10 Variable v,

1.10.1 Corrections of the moments of the variable
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1.10.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.11 Variable 6,

1.11.1 Corrections

of the moments of the variable
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1.11.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.12 Variable 6,

1.12.1 Corrections of the moments of the variable
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1.12.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
10-1{ — Model 0
—:— Correction model 0 )
—— Model 1 10-
10724 —.— Correction model 1
X m=10000
Y m=1000 1074
1073
A m=500
<« m=100
10~ > 10-6
-5
10 10-8
1076
10—10
1077
10712
1078
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 1 2 3 4 5
time (days) time (days)
(a) (b)
Coefficient a of the post-processing scheme Coefficient B of the post-processing scheme
—— Model 0 —— Model 0
0.12] — Model 1 1751 — Model 1
. —— m=10000 —— m=10000
...... m=1000 15.0] “ m=1000
0.10 m =500 m =500
...... m=100 s m =100
-=- m=20 12,54 === m=20
0.08
10.0
& 0.06 &
7.5
0.04
5.0
0.02
2.5
0.00
0.0
0 1 3 4 0 1 3 4

2 2
time (days) time (days)

(c) (d)

26



1.13 Variable 65

1.13.1 Corrections of the moments of the variable
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1.13.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.14 Variable 6,

1.14.1 Corrections of the moments of the variable
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1.14.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.15 Variable 65

1.15.1 Corrections of the moments of the variable
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1.15.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.16 Variable 65

1.16.1 Corrections of the moments of the variable
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1.16.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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1.17 Variable 6,

1.17.1 Corrections of the moments of the variable
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1.17.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.18 Variable 65

1.18.1 Corrections of the moments of the variable
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1.18.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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1.19 Variable 6,

1.19.1 Corrections of the moments of the variable
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1.19.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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1.20 Variable 6,

1.20.1 Corrections of the moments of the variable
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1.20.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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2 Experiment varying the Newtonian cooling coefficient

2.1 Variable ¢,

2.1.1 Corrections of the moments of the variable
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2.1.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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1073
1075
107
1077
103
1076
1079
1077 i - —— Model 0
- —-— Correction model 0
»
108 PR —— Model 1 107
—:— Correction model 1
X m=10000
1079 v m=1000
; 4 m=500 10713
I < m=100
10-10 ¥ > m=20
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 1 2 3 4 5
time (days) time (days)
(@) (b)
Coefficient a of the post-processing scheme Coefficient B of the post-processing scheme
—— Model 0 1.0064 —— Model 0
0.00050 — Model 1 B —— Model 1
—— m=10000 __-" B —— m=10000
: 1.004
0.00025
1.002
0.00000
. —0.00025 _ 1.000
s H
5
—0.00050 0.998
—0.00075 0.996
-0.00100 0.994
—0.00125
0.992
0 1 3 4 1 3 4

2 2
time (days) time (days)

(c) (d)

44



2.2 Variable v

2.2.1 Corrections of the moments of the variable
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2.2.3 Comparison of the efficiency of the response theory correction for different numbers m of
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2.3 Variable 3

2.3.1 Corrections of the moments of the variable
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2.3.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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2.4 Variable v,

2.4.1 Corrections of the moments of the variable
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2.4.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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2.5 Variable 5

2.5.1 Corrections of the moments of the variable
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2.5.3 Comparison of the efficiency of the response theory correction for different

trajectories
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2.6 Variable vy

2.6.1 Corrections of the moments of the variable
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2.6.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
1073
107>
1074
-7
10-5 10
107
1079
1077
Model 0
—:— Correction model 0
-8 -11
10 —— Model 1 10
—:— Correction model 1
10-° x  m=10000
v m=1000 10-13
10-10 A m=500
< m=100
> m=20
101
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 1 2 3 4 5
time (days) time (days)
(@) (b)
Coefficient a of the post-processing scheme Coefficient B of the post-processing scheme
0.0004 — Model 0
Model 1
1.015 m=10000
0.0002
1.010
0.0000
s 5 1.005
s —0.0002 «Q
1.000
~0.0004{ — Model 0
—— Model 1
—— m=10000
...... m=1000 0.995
—0.0006 m=500
...... m=100 :
-=- m=20 : 0.990
0 1 3 4 0 1 3 4

2 2
time (days) time (days)

(c) (d)

o4



2.7 Variable v

2.7.1 Corrections of the moments of the variable
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2.7.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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2.8 Variable vy

2.8.1 Corrections of the moments of the variable
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2.8.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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2.9 Variable vy

2.9.1 Corrections of the moments of the variable
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2.9.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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2.10 Variable g

2.10.1 Corrections of the moments of the variable
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2.10.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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2.11 Variable 6,
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2.11.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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2.12

Variable 6,

2.12.1 Corrections of the moments of the variable
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2.12.3 Comparison of the efficiency of the response theory correction for different

trajectories
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2.13 Variable 65

2.13.1 Corrections of the moments of the variable
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2.13.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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2.14 Variable 6,

2.14.1 Corrections of the moments of the variable
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2.14.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
-5
10-4{ —— Model 0 10
—:— Correction model 0
—— Model 1 107
10754 —~ Correction model 1
x  m=10000 1077
Y m=1000
6] 4 m=500
10 <« m=100 107
S
1077 1070
10—10
108 —
Ps . 10-11
ix
1079 _/r,! 10-12
vy
/
10-10 i 10-13
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 1 2 3 4 5
time (days) time (days)
(@) (b)
0.0004 Coefficient a of the post-processing scheme Coefficient B of the post-processing scheme
’ —— Model 0
—— Model 1 1.020 A
0.0003{ —— m=10000 i
1.015
0.0002
1.010
0.0001
1.005
§ 0.0000 S
1.000
—0.0001
0.9954 —— Model 0
—— Model 1
—0.0002 09904 — m=10000
Il EPN m=1000
-0.0003 m =500
0.9851 e m =100
-=- m=20
—0.0004
0 1 3 4 0 1 3 4

2 2
time (days) time (days)

(c) (d)

70



2.15 Variable 65

2.15.1 Corrections of the moments of the variable
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2.15.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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2.16 Variable 6;

2.16.1 Corrections of the moments of the variable
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2.16.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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2.17 Variable 6;

2.17.1 Corrections of the moments of the variable
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2.17.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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2.18 Variable 63

2.18.1 Corrections of the moments of the variable
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2.18.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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2.19 Variable 6y

2.19.1 Corrections of the moments of the variable

0.0007 -

Mean

0.0006 Reality

Model 0
Model 1
Response theory

0.0005

0.0004

0.0003

(89)

0.0002

0.0001

0.0000

—0.0001

4

3
time (days)

2.19.2 Performance of the correction

MSE with reality

1074
107°
1076
1077
10-%
107° !
o I/* —— Model 0
10 I# —-— Correction model 0
il —— Model 1
10-11 ) —:— Correction model 1
* x  Response-theory correction of model 1
0 1 2 3 4 5
time (days)
(@
x10-3 Variance
1.58
1.56
1.54
~.§
1.52
—— Reality
—— Model 0
1.507|—.— Correction model 0
—— Model 1
—:— Correction model 1
1.48 x  Response-theory correction of model 1 x
0 1 2 3 4 5

(c)

time (days)

1.

1.

1.

1.

(69%)

1.

1.

(89)

79

64

62

60

58

56

54

Second moment

X
oy
1=}
)

&

Reality

Model 0

Model 1
Response theory

3
time (days)

x1074 Mean

Reality

Model 0

Correction model 0

Model 1

Correction model 1

x  Response-theory correction of model 1

0 1 2 3
time (days)



2.19.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
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2.20 Variable 6y

2.20.1 Corrections of the moments of the variable
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2.20.3 Comparison of the efficiency of the response theory correction for different numbers m of

trajectories
MSE with reality Absolute difference of MSE
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