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▪ Spatio-temporal detail

▪ Uncertainty in the details

Why ensembles need high resolution?
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Why high resolution needs ensembles?
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→ To increase the confidence in the deterministic forecast

→ To indicate an uncertainty in the spatial location of the phenomenon

→ To indicate the possible occurrence of severe weather, even if with low 

probability

→ To generate an uncertainty cascade by driving hazard/impact models

How can high-resolution ensemble 

forecasts be helpful?

?
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15.09.2022 12-24 UTC

Marche event: deterministic forecasts

obs: radar estimate

IFS

COSMO 5 km

COSMO 2.2 km
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COSMO-2I-EPS ensemble forecast

run 14/09/2022, 21 UTC
VT: 15/09/2022 12-15 UTC

ensemble mean ensemble maximum 90th percentile

obs (radar+gauges)
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run 14/09/2022, 21 UTC
VT: 15/09/2022 15-18 UTC

ensemble mean ensemble maximum 90th percentile

COSMO-2I-EPS ensemble forecast

obs (radar+gauges)
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run 14/09/2022, 21 UTC
VT: 15/09/2022 18-21 UTC

ensemble mean ensemble maximum 90th percentile

COSMO-2I-EPS ensemble forecast

obs (radar+gauges)



PROBABILITY wherever in an area

fc range: + 3-27 h
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Scenarios: paintball plots
hourly TP > 20 mm

16 UTC 17 UTC 18 UTC

19 UTC 20 UTC 21 UTC

2023



9 Oct 12-18 UTC

Role of the high-resolution convection-
permitting model:

Genova 9 October 2014

9 Oct 18-24 UTC9 Oct 06-12 UTC9 Oct 00-06 UTC

radar estimate

COSMO 7 km COSMO 2.8 km
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→ To increase the confidence in the deterministic forecast

→ To indicate an uncertainty in the spatial location of the phenomenon

→ To indicate the possible occurrence of severe weather, even if with low 

probability

→ To generate an uncertainty cascade by driving hazard/impact models

How can high-resolution ensemble 

forecasts be helpful?
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The maximum permits to visualise the spatial uncertainty in the prediction of the cyclone

Strong wind
Cyclone over Sicily – 29.10.2021

ensemble mean

COSMO-2I-EPS  - 10m gusts

ensemble maximum ensemble minimum
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Evaluation in a testbed

ESSL, Pucik and Groenemeijer

17

One of very few members

The eastern storms were forecast by

onle a few members

Several members

Case 18 June 2012; good fraction of

members although it was an isolated cluster

One of very few members

Case 22 June 2012

One of very few members

Tornado event.

In general, it depends on the region and time

One of very few members

Case 8 July 2012.

Two storms not forecasted by ICON-D2. ICON-

D2-EPS forecasted them with 1-2 members only
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Upscaled probabilites

Theis et al, 2005

Models are able to forecast areas of convective 

storms, but not the location, structure, and 

movement of the specific individual thunderstorms 

within the area of activity

event somewhere

in 2.8 km box

event somewhere

in 28 km box
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Upscaled probabilities

192023

Upscaled

probabilities

provide a more

realistic

depiction of the

regions of

higher interest. 

Not upscaled

probabilities

have quite low

values and do 

not highlight 

some regions.

DWD, forecasting office

TP 6h > 20 mm TP 6h > 35 mm TP 6h > 60 mm

median 70th percentile 90th percentile



Severe weather: Strong wind
Bora – 17.09.2022

ensemble mean ensemble maximum ensemble minimum

COSMO-2I-EPS  - 10m gusts
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Strong wind
Bora – 17.09.2022
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Strong wind
Bora – 17.09.2022
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→ To increase the confidence in the deterministic forecast

→ To indicate an uncertainty in the spatial location of the phenomenon

→ To indicate the possible occurrence of severe weather, even if with low 

probability

→ To generate an uncertainty cascade by driving hazard/impact models

How can high-resolution ensemble 

forecasts be helpful?
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Ensemble for flood prediction

Felix Fundel, DWD

ICON-EPS global  40 km

24

Measurement

ICON-D2-EPS  2 km

ICON-EU-EPS  20 km
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Ensemble for flood prediction

COSMO-LEPS

Tommaso Diomede, Arpae
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Multi-model forecast of precipitation for 

discharge prediction

HIGH-RES  ~2.5 km

Lead-time:

12-18

LOW-RES  ~ 7 km

Model 1 Model 2 Model 3

Diomede, Davolio, Marsigli et al., 2008: „Discharge predictions

based on multi-model precipitation forecasts“
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→ To increase the confidence in the deterministic forecast

→ To indicate an uncertainty in the spatial location of the phenomenon

→ To indicate the possible occurrence of severe weather even if with low 

probability

→ To generate an uncertainty cascade by driving hazard/impact models

→ Concluding remarks

How can high-resolution ensemble 

forecasts be helpful?
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The rooftop concept

▪ epistemic (or knowledge-based) vs aleatoric (or intrinsic) uncertainty

▪ epistemic uncertainty: aspects relevant to the forecast that could be known but that 

are not sufficiently well known to be represented accurately in our models

▪ intrinsic uncertainty: inherent to some processes and cannot be known, having an 

aleatoric character. This is the case for processes with a strong random component, 

such as convection or turbulence

▪ an ensemble forecast aims at explicitly representing all the sources of uncertainties 

which significantly affect the forecast and its quality, epistemic or intrinsic

Going to (even) higher resolution

2023 28Chiara Marsigli
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The rooftop concept

Going to higher resolution:

▪ some parametrized processes are resolved -> some uncertainties become known

▪ new processes are parametrised -> new uncertainties show up

▪ ensembles are needed!

Going to (even) higher resolution
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Thank you for your attention!



▪ Most reliable scenario (ensemble mean)

▪ Possible alternative scenarios (clusters)

▪ Worst case (extremes)

▪ Pseudo-deterministic scenarios, from the ensemble members distribution 

(median, percentiles)

▪ Probability of occurrence of selected events (probability maps)

▪ Estimate of the forecast uncertainty (spread, diversity)

▪ "Best” scenario (is it possible to select the best member on the basis of updated 

base observations?)

How to use high-resolution 

ensemble forecasts?
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PROBABILITY that the areal 

average/maximum TP exceeds a threshold:
probability maps of the areal mean/maximum precipitation

Precipitation forecasts

Upscaled precipitation forecasts



PROBABILITY for the upscaled forecasts

probability for areal average probability for areal maximum



Maximum PROBABILITY wherever in an area 

that TP exceeds a threshold:
maximum of the probability over the alert areas
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Max
Quantile

Model grid points
Single “pseudo-forecast” point 

representative of the area

Probability of TP>10 mm


