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Outline

1. The Numerical Weather Prediction (NWP) problem

2. Sources of forecast uncertainties and chaotic behaviour

3. Ensemble prediction as a practical tool for probabilistic prediction

4. The ECMWF Ensemble Prediction System
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1. Numerical Weather Prediction (NWP) models

The behavior of the atmosphere 
is governed by a set of physical 
laws which express how the air 
moves, the process of heating 
and cooling, the role of moisture, 
and so on.

Interactions between the 
atmosphere and the underlying 
land and ocean are important in 
determining the weather.

The 1st ingredient for skilful 
weather prediction is a very good 
model/forecasting system 
(capable to estimate the initial 
conditions and to make 
forecasts).
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1. The models used at ECMWF since 26 January 2010
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1. Model grid & v - levs of the ECMWF T1279/T639 models
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1. Data sources of a forecasting system

The 2nd ingredient
for skilful weather 
prediction is good 
quality 
observations , 
which when 
assimilated using 
the good 
model/forecasting 
system can 
produce an 
accurate estimate 
of the current state 
of the atmosphere.



EC/TC/PR/RB -L1 2011 ïRoberto Buizza : Sources of uncertainty 7

1. Observations coverage and accuracy

To make accurate forecasts it is important 
to know the current weather:

ü ~ 155 million observations (99% from 
satellites) covering the whole globe are 
continuously downloaded and fed into 
the system;

ü ~ 9 million observations (96% from 
satellites) are used every 12 hours by 
complex assimilation procedures to 
optimally define the initial state of the 
system.

Unfortunately, there are regions (e.g. the 
polar caps and the oceans) with either 
very few or less accurate observations. 
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Å Observations are used to correct errors in the short forecast from 
the previous analysis time.

Å Every 12 hours 4 ï8,000,000 observations are assimilated to 
correct the 100,000,000 variables that define the modelôs virtual 
atmosphere.

Å The assimilation is done by a careful 4 -dimensional interpolation 
in space and time of the available observations; this operation 
relies on the quality of the model/forecasting system, and takes 
as much computer power as the 10 -day forecast.

1. Obs are assimilated to estimate the state of the atm
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1. Satellite data used at ECMWF

One of the key factors that 
has been contributing to 
advance in NWP have been 
the increased availability of 
satellite data. 

Thanks to advances in data -
assimilation, these 
observations can be used to 
estimate the initial state in a 
very efficient way.

Since 2010 , ~ 300 million 
satellite observations from ~ 
50 instruments are received 
daily (top).

At ECMWF, ~ 6% of the 
available observations (~18 
of the ~300 million) are 
used daily (bottom). 
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1. The ECMWF computers in 1978 and 2011

1978 2011 Ratio

Specification Cray  
1A

IBM 
Power6

CPU 1 17,200 15,000

Peak perf (flops) 160 M 320 T 2,250,000

Sust perf (flops) 50 M 20 T 400,000

Disk space (bytes) 2.5 G 1.2 P 480,000

The 3 rd ingredient for skilful 
weather prediction is computer 
power , that should be enough to 
estimate the initial state and to 
integrate the model equations in a 
reasonable amount of time. 
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1. Evolution of ECMWF scores over NH for Z500

The combination 
of improved 
data -
assimilation and 
forecasting 
models, an 
increased 
number and 
better 
observations 
(especially from 
satellites), and 
more computer 
power have led 
to increasingly 
accurate 
weather 
forecasts.
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1. Evolution of ECMWF scores over NH and SH for Z500

Improved models and data -assimilation systems, and the increased number of 
satellite observations contributed to reducing the gap between NN and SH 
scores. Since ~2002, the forecast quality over the two hemisphere extra - tropics 
has been very similar. 
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Outline

1. The Numerical Weather Prediction (NWP) problem

2. Sources of forecast uncertainties and chaotic behaviour

3. Ensemble prediction as a practical tool for probabilistic prediction

4. The ECMWF Ensemble Prediction System
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2. ACC(Z500) for JJA 2008 over Europe
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Despite all the 
improvements of the 
past decades, 
occasionally (!!) 
forecasts can still fail.

Ex 1: JJA 2008. Four 
models (ECMWF, UK 
Met -Office, NCEP and 
MSC Canada) failed 
to give accurate 
forecasts (ACC>0.6) 
of the large scale 
flow over Europe 
between 5 -7 June. 
During two other 
periods , at least two 
models had similar 
failures. 
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2. Severe weather prediction: the storm of 24 Jan 2009

Ex 2: on 24 January, an 
intense storm hit Northern 
Spain and France, causing 
casualties and a lot of 
damages. The storm 
developed in the Atlantic and 
reached the coast of France at 
6UTC of 24 Jan. ECMWF T799 
short range (+48h, +54h) 
forecasts had some difficulties 
in intensifying the storm.
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