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Introduction | The sub-seasonal forecast challenge1796 FERRANTI ET AL.
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FIGURE 7 Ensemble mean anomaly correlation as a function of forecast
lead time for the prediction of the principal component associated with (a)
NAO+/NAO− (westerly/easterly flow across the Atlantic) and (b)
blocking/anti-blocking. (c) Bivariate correlation of P1 and P2. The anomaly
correlation is based on a 5-day running mean applied to the forecasts and
verification data. See Table 1 for further information on the S2S models

assigned to 44.6% of transitions into blocking. Persistence
and NAO+ are the most probable precursors for blocking.
The model beyond day 11 shows a reduction in persistence
and a more equiprobable distribution among the precursors.
However, with the exception of the 16-day forecast range, the

model still represents blocking and NAO+ as the most likely
precursors.

About 38% of the transitions to NAO− originated from
blocking, while persistence accounts for 30.1% of the cases.
The percentage of NAO− transitions originating from NAO+
and BLO− are much smaller. So, blocking is the most likely
precursor of NAO− and it is more probable than the persis-
tence. The signal of a preferred progression from blocking
into NAO− is very clear in both the analysis and the model
data even at the longest forecast ranges. This is consistent
with results from Croci-Maspoli et al. (2007), who show that
in the Euro-Atlantic sector blockings significantly contribute
to the establishment of the negative NAO phase. Michel and
Riviere (2011) investigated the dynamical processes involved
in the transition from blocking to NAO−. They found that
strong cyclonic wave breaking south of Greenland kicks off
the regime transition by favouring the destruction of the Scan-
dinavian high, while the nonlinear interactions among the
transient eddies play the major role in the establishment of
NAO−.

While the persistence in NAO+ (zonal flow type) accounts
for 23.6% of the cases, the most likely precursors for tran-
sitions into NAO+ are BLO− (18.7%) and BLO+ (12.6%).
Transitions into zonal flow type do not seem to have a strong
preferential path. The model statistics compare well with
those of the analysis. Persistence and NAO+ are the most
likely precursors for transitions into BLO−. The model statis-
tic is consistent with the analysis, indicating a good ability of
the model to simulate transitions. It is worth noting that the
number of transitions into BLO− is about one order of magni-
tude smaller than the other transitions and therefore the results
associated with these events might be less robust.

The above results are not sensitive to the choice of 6-day
trajectories. We found similar results (not shown) when we
repeated the computation considering trajectories from 5 to
8 days. As discussed above, the most likely atmospheric cir-
culation before a blocking event is the blocking, consistent
with the fact that the life cycle of the blocking typically
exceeds the 6-day period. NAO+ is favourable for transi-
tions into blocking. The model at day 11 reproduces well the
observed statistics, but by day 16 the blocking persistence
is under-represented. The Scandinavian blocking circulation
(BLO+) is the most favourable condition for a transition into
the Greenland blocking (NAO−). The large percentage of per-
sistence cases is consistent with the fact that the probability
of NAO− persisting beyond 12 days is about twice that of
the probability for the other regimes (Dawson et al., 2012).
The forecast shows a remarkably consistent signal with the
analysis at all forecast ranges.

The preferred transitions into BLO+ and NAO− follow
an anti-clockwise direction in the NAO–BLO space, corre-
sponding to a cyclonic wave breaking progression. There is
no clear preferred direction for transitions into NAO+ (west-
erly flow pattern), so both cyclonic and anti-cyclonic wave
breaking are likely to occur. Overall, the model statistics are
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FIGURE 7 Ensemble mean anomaly correlation as a function of forecast
lead time for the prediction of the principal component associated with (a)
NAO+/NAO− (westerly/easterly flow across the Atlantic) and (b)
blocking/anti-blocking. (c) Bivariate correlation of P1 and P2. The anomaly
correlation is based on a 5-day running mean applied to the forecasts and
verification data. See Table 1 for further information on the S2S models

assigned to 44.6% of transitions into blocking. Persistence
and NAO+ are the most probable precursors for blocking.
The model beyond day 11 shows a reduction in persistence
and a more equiprobable distribution among the precursors.
However, with the exception of the 16-day forecast range, the

model still represents blocking and NAO+ as the most likely
precursors.

About 38% of the transitions to NAO− originated from
blocking, while persistence accounts for 30.1% of the cases.
The percentage of NAO− transitions originating from NAO+
and BLO− are much smaller. So, blocking is the most likely
precursor of NAO− and it is more probable than the persis-
tence. The signal of a preferred progression from blocking
into NAO− is very clear in both the analysis and the model
data even at the longest forecast ranges. This is consistent
with results from Croci-Maspoli et al. (2007), who show that
in the Euro-Atlantic sector blockings significantly contribute
to the establishment of the negative NAO phase. Michel and
Riviere (2011) investigated the dynamical processes involved
in the transition from blocking to NAO−. They found that
strong cyclonic wave breaking south of Greenland kicks off
the regime transition by favouring the destruction of the Scan-
dinavian high, while the nonlinear interactions among the
transient eddies play the major role in the establishment of
NAO−.

While the persistence in NAO+ (zonal flow type) accounts
for 23.6% of the cases, the most likely precursors for tran-
sitions into NAO+ are BLO− (18.7%) and BLO+ (12.6%).
Transitions into zonal flow type do not seem to have a strong
preferential path. The model statistics compare well with
those of the analysis. Persistence and NAO+ are the most
likely precursors for transitions into BLO−. The model statis-
tic is consistent with the analysis, indicating a good ability of
the model to simulate transitions. It is worth noting that the
number of transitions into BLO− is about one order of magni-
tude smaller than the other transitions and therefore the results
associated with these events might be less robust.

The above results are not sensitive to the choice of 6-day
trajectories. We found similar results (not shown) when we
repeated the computation considering trajectories from 5 to
8 days. As discussed above, the most likely atmospheric cir-
culation before a blocking event is the blocking, consistent
with the fact that the life cycle of the blocking typically
exceeds the 6-day period. NAO+ is favourable for transi-
tions into blocking. The model at day 11 reproduces well the
observed statistics, but by day 16 the blocking persistence
is under-represented. The Scandinavian blocking circulation
(BLO+) is the most favourable condition for a transition into
the Greenland blocking (NAO−). The large percentage of per-
sistence cases is consistent with the fact that the probability
of NAO− persisting beyond 12 days is about twice that of
the probability for the other regimes (Dawson et al., 2012).
The forecast shows a remarkably consistent signal with the
analysis at all forecast ranges.

The preferred transitions into BLO+ and NAO− follow
an anti-clockwise direction in the NAO–BLO space, corre-
sponding to a cyclonic wave breaking progression. There is
no clear preferred direction for transitions into NAO+ (west-
erly flow pattern), so both cyclonic and anti-cyclonic wave
breaking are likely to occur. Overall, the model statistics are

ECMWF Strategy
2016 – 2025

«… By developing a 
seamless approach, we 
also aim to predict large-
scale patterns and regime 
transitions up to four 
weeks ahead…»

Winter NAO forecast skill

Ferranti et al., 2018, QJRMS

https://doi.org/10.1002/qj.2411
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How should we calibrate a sub-seasonal forecast to optimize forecast 
skill for weather regimes (WRs)?

How should we verify and rate sub-seasonal WR forecasts?
What should and can we expect from a sub-seasonal model?

Introduction | Research questions



Institute of Meteorology and Climate Research (IMK-TRO)19 November 2020 | Dominik Büeler | dominik.bueeler@kit.edu4

ECMWF IFS reforecasts (S2S project database) (Vitart et al., 2017, BAMS)

Reforecast period: 1997 – 2017, init. from ERA-Interim every ~2 days 
à 4080 in total
11 ensemble members (10 perturbed, 1 control)
Daily output

Data | Sub-seasonal NWP model

https://doi.org/10.1175/BAMS-D-16-0017.1
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Methods | Weather regime implementation

Cluster mean Z500
anomalies of 7

year-round WRs
(Grams et al., 2017, NCLIM)

WR index in
ensemble forecast

(Michele & Rivière, 2011, JAS)

WR life cycle in
ensemble forecast

(Grams et al., 2020, ECMWF 
Newsletter)

Atlantic trough | Zonal | Scandinavian trough | Atlantic ridge | European blocking | Scandinavian blocking | Greenland blocking | No

https://doi.org/10.1038/nclimate3338
https://doi.org/10.1175/2011JAS3635.1
https://www.ecmwf.int/sites/default/files/elibrary/2020/19830-newsletter-no-165-autumn-2020.pdf
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Methods | Weather regime verification
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(Ferro, 2014, QJRMS)
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https://doi.org/10.1002/qj.2270
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Results | Year-round BSS for all WRs
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FIGURE 7 Ensemble mean anomaly correlation as a function of forecast
lead time for the prediction of the principal component associated with (a)
NAO+/NAO− (westerly/easterly flow across the Atlantic) and (b)
blocking/anti-blocking. (c) Bivariate correlation of P1 and P2. The anomaly
correlation is based on a 5-day running mean applied to the forecasts and
verification data. See Table 1 for further information on the S2S models

assigned to 44.6% of transitions into blocking. Persistence
and NAO+ are the most probable precursors for blocking.
The model beyond day 11 shows a reduction in persistence
and a more equiprobable distribution among the precursors.
However, with the exception of the 16-day forecast range, the

model still represents blocking and NAO+ as the most likely
precursors.

About 38% of the transitions to NAO− originated from
blocking, while persistence accounts for 30.1% of the cases.
The percentage of NAO− transitions originating from NAO+
and BLO− are much smaller. So, blocking is the most likely
precursor of NAO− and it is more probable than the persis-
tence. The signal of a preferred progression from blocking
into NAO− is very clear in both the analysis and the model
data even at the longest forecast ranges. This is consistent
with results from Croci-Maspoli et al. (2007), who show that
in the Euro-Atlantic sector blockings significantly contribute
to the establishment of the negative NAO phase. Michel and
Riviere (2011) investigated the dynamical processes involved
in the transition from blocking to NAO−. They found that
strong cyclonic wave breaking south of Greenland kicks off
the regime transition by favouring the destruction of the Scan-
dinavian high, while the nonlinear interactions among the
transient eddies play the major role in the establishment of
NAO−.

While the persistence in NAO+ (zonal flow type) accounts
for 23.6% of the cases, the most likely precursors for tran-
sitions into NAO+ are BLO− (18.7%) and BLO+ (12.6%).
Transitions into zonal flow type do not seem to have a strong
preferential path. The model statistics compare well with
those of the analysis. Persistence and NAO+ are the most
likely precursors for transitions into BLO−. The model statis-
tic is consistent with the analysis, indicating a good ability of
the model to simulate transitions. It is worth noting that the
number of transitions into BLO− is about one order of magni-
tude smaller than the other transitions and therefore the results
associated with these events might be less robust.

The above results are not sensitive to the choice of 6-day
trajectories. We found similar results (not shown) when we
repeated the computation considering trajectories from 5 to
8 days. As discussed above, the most likely atmospheric cir-
culation before a blocking event is the blocking, consistent
with the fact that the life cycle of the blocking typically
exceeds the 6-day period. NAO+ is favourable for transi-
tions into blocking. The model at day 11 reproduces well the
observed statistics, but by day 16 the blocking persistence
is under-represented. The Scandinavian blocking circulation
(BLO+) is the most favourable condition for a transition into
the Greenland blocking (NAO−). The large percentage of per-
sistence cases is consistent with the fact that the probability
of NAO− persisting beyond 12 days is about twice that of
the probability for the other regimes (Dawson et al., 2012).
The forecast shows a remarkably consistent signal with the
analysis at all forecast ranges.

The preferred transitions into BLO+ and NAO− follow
an anti-clockwise direction in the NAO–BLO space, corre-
sponding to a cyclonic wave breaking progression. There is
no clear preferred direction for transitions into NAO+ (west-
erly flow pattern), so both cyclonic and anti-cyclonic wave
breaking are likely to occur. Overall, the model statistics are

Ferranti et al., 
2018, QJRMS

Büeler et al., in preparation

https://doi.org/10.1002/qj.2411
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Results | Year-round BSS for individual WRs
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FIGURE 7 Ensemble mean anomaly correlation as a function of forecast
lead time for the prediction of the principal component associated with (a)
NAO+/NAO− (westerly/easterly flow across the Atlantic) and (b)
blocking/anti-blocking. (c) Bivariate correlation of P1 and P2. The anomaly
correlation is based on a 5-day running mean applied to the forecasts and
verification data. See Table 1 for further information on the S2S models

assigned to 44.6% of transitions into blocking. Persistence
and NAO+ are the most probable precursors for blocking.
The model beyond day 11 shows a reduction in persistence
and a more equiprobable distribution among the precursors.
However, with the exception of the 16-day forecast range, the

model still represents blocking and NAO+ as the most likely
precursors.

About 38% of the transitions to NAO− originated from
blocking, while persistence accounts for 30.1% of the cases.
The percentage of NAO− transitions originating from NAO+
and BLO− are much smaller. So, blocking is the most likely
precursor of NAO− and it is more probable than the persis-
tence. The signal of a preferred progression from blocking
into NAO− is very clear in both the analysis and the model
data even at the longest forecast ranges. This is consistent
with results from Croci-Maspoli et al. (2007), who show that
in the Euro-Atlantic sector blockings significantly contribute
to the establishment of the negative NAO phase. Michel and
Riviere (2011) investigated the dynamical processes involved
in the transition from blocking to NAO−. They found that
strong cyclonic wave breaking south of Greenland kicks off
the regime transition by favouring the destruction of the Scan-
dinavian high, while the nonlinear interactions among the
transient eddies play the major role in the establishment of
NAO−.

While the persistence in NAO+ (zonal flow type) accounts
for 23.6% of the cases, the most likely precursors for tran-
sitions into NAO+ are BLO− (18.7%) and BLO+ (12.6%).
Transitions into zonal flow type do not seem to have a strong
preferential path. The model statistics compare well with
those of the analysis. Persistence and NAO+ are the most
likely precursors for transitions into BLO−. The model statis-
tic is consistent with the analysis, indicating a good ability of
the model to simulate transitions. It is worth noting that the
number of transitions into BLO− is about one order of magni-
tude smaller than the other transitions and therefore the results
associated with these events might be less robust.

The above results are not sensitive to the choice of 6-day
trajectories. We found similar results (not shown) when we
repeated the computation considering trajectories from 5 to
8 days. As discussed above, the most likely atmospheric cir-
culation before a blocking event is the blocking, consistent
with the fact that the life cycle of the blocking typically
exceeds the 6-day period. NAO+ is favourable for transi-
tions into blocking. The model at day 11 reproduces well the
observed statistics, but by day 16 the blocking persistence
is under-represented. The Scandinavian blocking circulation
(BLO+) is the most favourable condition for a transition into
the Greenland blocking (NAO−). The large percentage of per-
sistence cases is consistent with the fact that the probability
of NAO− persisting beyond 12 days is about twice that of
the probability for the other regimes (Dawson et al., 2012).
The forecast shows a remarkably consistent signal with the
analysis at all forecast ranges.

The preferred transitions into BLO+ and NAO− follow
an anti-clockwise direction in the NAO–BLO space, corre-
sponding to a cyclonic wave breaking progression. There is
no clear preferred direction for transitions into NAO+ (west-
erly flow pattern), so both cyclonic and anti-cyclonic wave
breaking are likely to occur. Overall, the model statistics are

Büeler et al., in preparation

Ferranti et al., 
2018, QJRMS

https://doi.org/10.1002/qj.2411
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How to calibrate a WR forecast
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Results | No forecast calibration

Z500anom(tfcst)

Z500(tfcst)

7 WR indices IWR(WR, tfcst)

Subtract Z500 climatology (ERA)

Project on 7 cluster mean Z500anom (ERA)

Find max. IWR and apply min. threshold and 5d-persistence

1 active life cycle LC(tfcst)
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Results | Z500 model biases

1 Jan

2 Apr

2 Jul

1 Oct

10 d 20 d 30 d
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Results | Year-round life cycle frequency biases



Institute of Meteorology and Climate Research (IMK-TRO)19 November 2020 | Dominik Büeler | dominik.bueeler@kit.edu13

Results | Seasonal life cycle frequency biases
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Results | Seasonal life cycle frequency biases
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Results | Standard forecast calibration

Calibrated Z500anom,calib(tfcst)

Z500(tfcst)

7 WR indices IWR(WR, tfcst)

Subtract Z500 climatology (model)

Project on 7 cluster mean Z500anom (ERA)

Find max. IWR and apply min. threshold and 5d-persistence

1 active life cycle LC(tfcst)
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Results | Flow-dependent forecast calibration

Z500anom(tfcst)

Z500(tfcst)

7 WR indices IWR(WR, tfcst)

Subtract Z500 climatology (ERA)

Project on 7 cluster mean Z500anom (ERA)

7 calibrated WR indices IWR,calib(tfcst)

Subtract 7 WR index biases BIWR(WR, calday, tfcst)

Find max. IWR and apply min. threshold and 5d-persistence

1 active life cycle LC(tfcst)
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Results | Year-round life cycle frequency biases

Standard calibration Flow-dependent calibrationNo calibration



Institute of Meteorology and Climate Research (IMK-TRO)19 November 2020 | Dominik Büeler | dominik.bueeler@kit.edu18

Results | Seasonal life cycle frequency biases
DJF

No 
calibration

Standard
calibration

Flow-
dependent
calibration

MAM JJA SON
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Results | Year-round BSS of calibrated forecast

Standard vs. no calibration Flow-dependent vs. no calibration
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Results | Year-round BSS of calibrated forecast

Standard vs. 
no calibration
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Results | Seasonal BSS of calibrated forecast

No
calibration
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Results | Seasonal BSS of calibrated forecast

Standard
calibration
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How to verify a WR forecast
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Results | Evaluated lead-time window

See also, e.g.,
Zhu et al., 2014, MWR

https://doi.org/10.1175/MWR-D-13-00222.1
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Results | BSS with running mean over forecast
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Results | BSS with running attribution over obs.
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Results | BSS with running mean / attribution over both
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Results | BSS with running mean / attribution over both
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Forecast calibration is particularly relevant for 
sub-seasonal WR forecast skill in spring, 
summer, and autumn, but less so in winter
How exactly the forecast is calibrated does not 
really matter

Improving sub-seasonal WR forecast skill may 
also require changing the forecast question: 
“What is the probability that a specific WR will 
appear once within a certain period in the 
future?”
This goes along with modifying the lead time 
window both in the forecast and observational 
space (see also, e.g., Zhu et al., 2014, MWR)

Conclusions | Calibration and verification

https://doi.org/10.1175/MWR-D-13-00222.1
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Thank you!

dominik.bueeler@kit.edu


