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Figure S1: Absolute values of the ensemble-mean 100 hPa 60◦N zonal-mean zonal wind error
(versus ERA-Interim reanalysis) for (a) week 3 and (b) week 4 in DJF ECMWF CY43R3
hindcasts. The mean absolute error (MAE) is indicated by the red vertical lines.
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Figure S2: Time series of 100 hPa 60◦N zonal-mean zonal wind from the 20 OpenIFS ex-
periments showing: (orange) control (CTR) forecasts, (purple) relaxed (RLX) forecasts, and
(gray) ERA-Interim verification. Solid lines denote the ensemble mean.
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Figure S3: The leading 3 EOFs (multiplied by the square-root of the eigenvalue; units m)
of 500 hPa geopotential height anomalies poleward of 20◦N in 00Z ERA-Interim data for
December–March from 1 January 1979–31 December 2018. The percent of total variance
explained by each EOF is also shown.

Figure S4: Pearson’s correlation coefficients between the PC timeseries of the leading three
North American EOFs and the leading three Northern Hemisphere EOFs, in 00Z ERA-
Interim data for December–March from 1 January 1979–31 December 2018. Bold indicates
the correlation is significantly different from zero at the 95% confidence level, according to
10,000 bootstrap re-samples with replacement (confidence intervals shown in square brack-
ets).
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Figure S5: Cosine-latitude weighted pattern correlation coefficients between the North Amer-
ican and Northern Hemisphere EOFs over the North American EOF domain 20-80◦N, 180-
30◦W.

Figure S6: (a) The linear response of Z500 anomalies to a U100 perturbation of -10 m s−1

as inferred from linear regression at each grid point between U100 and Z500 anomalies for
December–March in ERA-Interim 1 January 1979–31 December 2018. (b) The response
of Z500 inferred from β (the linear regression coefficients of the leading three EOFs with
U100) computed as the field reconstructed from the leading three EOFs multiplied by the
components of β. (c) The residual linear response not explained by β, shown as (b) - (a).
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Figure S7: Histograms of the standardized NAO index (defined as the leading EOF of daily
DJFM Z500 anomalies in the domain 20-80◦N, 90◦W-40◦E over 1 January 1979–31 December
2018) for all days assigned to each regime. Also shown are the % of days with a positive
NAO and the mean NAO value for each regime.
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Derivation of the relationship between the RMSE of a full field (or that recon-
structed from a subset of EOFs) and the Euclidean distance error in PC space

Let i, j be grid points in latitude and longitude respectively, then N = i×j is the total
number of grid points in the domain. Let fn be the forecast and on be the observation at
the nth grid point.

Then, the (non area-weighted) domain RMSE is:

RMSE =

{
1

N

N∑
n=1

(fn − on)2

}1/2

(A1)

In K-dimensional principal component (PC) space, the Euclidean distance error is:

d =

{
K∑
k=1

(pk(f)− pk(o))2

}1/2

(A2)

where pk(f)− pk(o) are the kth PC scores of the forecast and observation respectively.

The physical field, and thus its error, can be reconstructed using the PC scores of the forecast
and observations and the EOFs. Denoting these with a hat:

f̂n − ôn =
K∑
k=1

[pk(f)− pk(o)]en,k =
K∑
k=1

pk(ε)en,k (A3)

where pk(ε) is the error in the PC scores and ek is the kth EOF.

Substituting into the equation for RMSE,

RMSE =

 1

N

N∑
n=1

[
K∑
k=1

pk(ε)en,k

]2


1/2

(A4)

Applying the square of a summation, this becomes:

RMSE =

{
1

N

N∑
n=1

[
K∑
k=1

pk(ε)2e2
n,k + 2

K∑
k=1

k−1∑
l=1

pk(ε)en,kpl(ε)en,l

]}1/2

(A5)

Then, due to the orthonormality of the EOFs, this simplifies to:

RMSE =

{
1

N

K∑
k=1

pk(ε)2

}1/2

(A6)

⇒ RMSE =
d

N1/2
(A7)

Hence, the constant of proportionality is the square-root of the dimensions N of the original
dataset.
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