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Reduction in ensemble spread = window of forecast opportunity?

1  Quantifying reliability: spread-reliability slope (SRS)

Reliability: to what extent do variations in ensemble spread represent variations in
forecast error? Obtain slope of linear fit of spread-error relation = SRS, illustrated
below for example grid point in northern Europe (60°N, 15°E).

SRS = 1: ideal slope → reliable quantification of  uncertainty variations
SRS ≈ 0: unreliable spread-error relation

(spread variations dominated by sampling)

Data: ECMWF S2S winter 
forecasts, 2015/16–2024/25

2  Where are spread-error relations reliable?

SRS for 50-member ensembles. Hatching: slope not significantly different from zero at 99% confidence.
Qualitatively similar morphology for 100-member ensemble.

3  Physical variability versus sampling variability 4  Leveraging daily sampling to improve reliability

→ temporal averaging of  intra-forecast variability 
improves SRS, even in 10-member ensembles

(SRS)

Sampling noise in small ensembles flattens spread-reliability slope (SRS). Strong physical 
variability between forecast cases helps distinguish genuine uncertainty changes from that noise.

Lead days 14–46, verified against ERA5

60°N, 15°E
(northern Europe)

60°N, 15°E
(eastern Canada)

Strong inter-forecast variability: fluctuations

in mean spread, primarily physically induced

Strong intra-forecast variability: day-to-day

fluctuations, primarily due to sampling

→ reliability (SRS close to 1) requires 
high inter-over-intra variability ratio

Rupp et al. (2026)

Rupp, P., Spaeth, J., and Birner, T. (2026), Weather Clim. Dynam. 7, 767–785. https://doi.org/10.5194/wcd-7-767-2026


