
P. Becker (DWD) "Meteorological ensemble forecasting", Alkmaar, 2010 May 25th 1

Meteorological Ensemble Forecasting

International Workshop
"Advances in Flood Forecasting and the Implications for Risk Management"

Alkmaar, The Netherlands, 25-26 May 2010

Paul Becker

Business Area "Climate and Environment"
German National Meteorological Service (DWD)



P. Becker (DWD) "Meteorological ensemble forecasting", Alkmaar, 2010 May 25th 2

Overview

� Short Introduction to

- Numerical Weather Prediction at DWD

- Why "Ensemble Prediction"

� Ensemble Prediction Systems

- Focus on COSMO-DE-EPS
- Verification (COSMO-DE-EPS) 
- PEPS, COSMO-LEPS
- VarEPS (ECMWF)
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Numerical Weather Prediction

at DWD

COSMO-EU
(7 km, 3 days)

GME
(30 km,7 days)

COSMO-DE
(2,8 km, 21 hours)
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Why not longer lead times?

lead time

Atmosphere is

a chaotic system

(Lorenz,1963)
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� errors grow faster on small scales (simplified)
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Limits of predictability: Chaotic behaviour of NWP-Mo dels
(because the atmosphere is)

� initial conditions are known inexactly

� need to parameterise subgrid-scale processes

� boundary values are known inexactly
(e.g. atmosphere - earth surface - interaction)

� high non-linearity of model-equations

� physics: pronounced threshold-behaviour of specific
processes, e. g. condensation, convection, turbulence



P. Becker (DWD) "Meteorological ensemble forecasting", Alkmaar, 2010 May 25th 7

Why small grid size?

� without parametrization

of deep convection

� assimilation of radar data

COSMO-EU

GME

COSMO-DE
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Topography of COSMO-DE ( DDDDx = 2,8 km) - Mont Blanc (4810 m)

COSMO-DE, Grid-area: 8 km 2Globe, Grid-area: 1 km 2
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Dynamics of Convection
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mm/h

Benefits of COSMO-DE

COSMO-EU (7 km) COSMO-DE (2,8 km)

captures extremes
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mm/h

COSMO-EU (7 km) COSMO-DE (2,8 km)

Benefits of COSMO-DE

looks more realistic
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What about Deterministic Predictability?

lead time
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Radar Forecast 1 Forecast 2

mm/h

Example: tiny changes in the model � what happens?
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Radar Forecast 1

mm/h

Joint catchment
area of the rivers
Blies and Prims
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mm/h

Radar Forecast 2
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Radar
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��� � paradigm shift from deterministic
to probabilistic prediction

Need for probabilistic approach

� so that user really gets benefit

COSMO-DE (2,8 km)

mm/h
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Idea: Ensemble Prediction System

„variations“ in
prediction system

ensemble products:

- probability density fct
- exceedance probs
- quantiles
- „spread“
- mean
- ...

� tremendous investment in computing power
� Investment in user training

several predictions
= „members“ of ensemble
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Lagged Averaged Forecast (LAF)

Combination of the actual Prediction with Predictions started on 
earlier dates (e.g. T-3h, T-6h, T-9h, 8 forecasts for a 21h forecast
horizon). 

Example: LAF COSMO-DE

Poor Man‘s Ensemble Prediction System (PEPS)

Combination of the actual Predictions of different Models (DWD and 
other National Weather Services of Europe).

Example: SRNWP-PEPS

Types of Ensemble-Predictionsystems (1)
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Multi-Model, Multi-Analysis, Multi-Lateral Boundary EP S

Combination of the actual Predictions of different regional models with
different initial and boundary values.

Example: AEMET-SREPS

„physical based“ Ensemblesystems (single model)

Selective perturbations of the initial and boundary conditions, 
„stochastic“ physics or different parameterisations of model-physics.

Examples: EZMW-EPS, COSMO-LEPS, COSMO-DE-EPS

Types of Ensemble-Predictionsystems (2)
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Ensembles in Development Stage:
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Aim of the COSMO-DE-EPS-Project:

How many ensemble members?

20 members, pre-operational

40 members, operational

When?

3rd Q, 2010 pre-operational

2012 operational
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Tasks within Project

several predictions
= „members“ of ensemble

„variations“ in
prediction system

ensemble products:

- probability density fct
- exceedance probs
- quantiles
- „spread“
- mean
- ...

Visualisation

COSMO-DE-EPS
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Implementation of Perturbations

COSMO-DE-EPS
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Implementation of Perturbations

initial conditions boundary conditions model physics

COSMO-DE-EPS
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Implementation of Perturbations

initial conditions boundary conditions model physics

COSMO-DE-EPS
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Perturbation of the Model

COSMO-DE-EPS
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mm/24h

24-h-accumulations of precipitation [mm]

2 July 2007, 00 UTC + 24hExample of 3 EPS-Members
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Single Member Quality Check

- Frequency Bias Index

- 24 hours accumulated
precipitation

- red line shows the
deterministic COSMO-DE

- all members are within a
reasonable range

COSMO-DE-EPS
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Implementation of Perturbations

initial conditions boundary conditions model physics

COSMO-DE-EPS
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Perturbation of Boundary Conditions

COSMO-DE-EPS



P. Becker (DWD) "Meteorological ensemble forecasting", Alkmaar, 2010 May 25th 33

mm/24h

24h-accumulations of precipitation [mm]
2 July 2007, 00 UTC + 24hExample of 3 EPS-Members
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Implementation of Perturbations

initial conditions boundary conditions model physics

COSMO-DE-EPS
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21 May 2009, 00 UTC + 6h

6h-accumulations of precipitation [mm]

Example of 3 EPS-Members
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Current Ensemble Set-Up
(preliminary!)

initial conditions boundary conditions model physics

COSMO-DE-EPS



P. Becker (DWD) "Meteorological ensemble forecasting", Alkmaar, 2010 May 25th 37

11 22 33 44 55

GMEGME

IFSIFS

UMUM

NCEPNCEP

Current Ensemble Set-Up
(preliminary!)

perturbations
of initial conditions
will be included
soon
(in summer 2010)

COSMO-DE-EPS
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Ensemble Verification

- how good is the Ensemble (at this stage)?

COSMO-DE-EPS
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Verification Data Sets

RADAR

COSMO-DE-EPS
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Radar network of DWD

• 16 operational Radar equipment

• 1 research-radar (Hohenpeißenberg)

• precipitation scan: freq. 5 min

• increase to a number of 17 stations

COSMO-DE-EPS
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Probabilities for exceeding
precipitation amount 0.1 mm/24h

Reliability Diagram

forecast probability
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Probabilistic Verification Measures

Period:
1 July – 16 Sep 2008
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Probabilities for exceeding
precipitation amount 10 mm/24h

Reliability Diagram
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Probabilities for exceeding
precipitation amount 10 mm/24h

Reliability Diagram

forecast probability
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Period:
1 July – 16 Sep 2008

aim of future improvements
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Statistical Postprocessing

COSMO-DE-EPS
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several predictions
= „members“ of ensemble

„variations“ in
prediction system

ensemble products:

- probability density fct
- exceedance probs
- quantiles
- „spread“
- mean
- ...

Statistical Postprocessing

Visualisation

COSMO-DE-EPS
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Statistical Postprocessing

1. Enrich the Statistical Sample

+ neighbourhood

+ “Lagged Average Ensemble”

2. Logistic Regression
for Probabilities

3. cooperation with Universities

Univ. Bonn 
Univ. Heidelberg 

� „calibrate“ probabilities

according to errors in the past

COSMO-DE-EPS
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Why quantify uncertainty?

Amount of uncertainty is variable („error of the day“)

i.e. uncertainty is a real „forecast“

Uncertainty is additional information

(also allows extension of forecast lead time)

COSMO-DE-EPS
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ignore uncertainty � suboptimal decisions?!

uncertainty information
��� � decisions can be adapted individually

Why quantify uncertainty?

���

���

���

COSMO-DE-EPS
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Probabilities
in %

Probability that
precipitation amount
> 1 mm/h

EPS Product Example / Visualisation

warning levels:

� > 10 mm / h, e.g. for farmers

� > 25 mm / h, e.g. for fire brigades
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DWD-PEPS

PEPS = "Poor man's" - EPS
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Size of PEPS - Ensemble

� 23 NWP-Models of National
Weather sevices in Europe

� Grid-size ~ 7 km

� Prediction until max. + 48 h

� Products:

� Ensemble-Mean

� probabilities
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Examples of PEPS - Predictions

total Precip. amount (mm, 24 h) Prob. (%) of  total Precip. (24h) > 20 mm

mm %

Ensemble-mean
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COSMO-LEPS

LEPS = "Limited area" - EPS
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COSMO-LEPS, based on ECMWF-EPS

� Area: Europe

� 16 members

� ~ 7 km grid-size

� 40 levels

� predictions up to +132 h

� spread is not optimized for first two days!
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COSMO-LEPS, products
Examples

precipitation > 20 mm

Probabilities in %
precipitation > 50 mm

maps also available for
precipitation > 100 mm
precipitation > 150 mm

%

%
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VarEPS (ECMWF)

VarEPS = Variable Resolution EPS
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VarEPS / monthly System Products
� 15-day temperature trend (internet)

� monthly temperature, precipitation and wind 
trends (commercial)

Casten Nadale/pixelio.de

Peter Kirchhoff/pixelio.de

VarEPS – actual Configuration

� Area: global

� 51 members

� predictions

� first +10 days, twice a day, grid-size 32 km

� day: +10 to +15, once a day, grid-size 62 km

� day: +15 to +32, once a week, grid-size 62 km



P. Becker (DWD) "Meteorological ensemble forecasting", Alkmaar, 2010 May 25th 58

� Commercial product

� Target: energy suppliers, traders, industry

� Distribution via email

� Regional level: Bundesland

� Temperature, precipitation , and wind weekly means 

� Tercile probabilities (reference period: 1990-2007)

4-Week Trend (VarEPS at DWD)



P. Becker (DWD) "Meteorological ensemble forecasting", Alkmaar, 2010 May 25th 59
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Rike/pixelio.de

Over-prediction of dry events

VarEPS / Verifiation, Example (1)
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Forecast – Analysis (%): Precipitation – tercile 3

Soft categories; cases with 40% probability
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under-prediction of wet events

VarEPS / Verifiation, Example (2)
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VarEPS

��������� �	�
��
����

gap

diff.
EPS

Ensemble of
Climate Projections

"longterm-planning"
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Conclusions

� Example of 3 operational EPS (PEPS, COSMO-LEPS, Var EPS)

� COSMO-DE-EPS: one of the first convection-permittin g EPS

� COSMO-DE-EPS (2.8 km) pre-operational in late 2010

� Ensemble is better than single simulation

� Description of uncertainty contains additional information
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Thank you very much for

your attention!


