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‘{Q Outline

The Numerical Weather Prediction (NWP) problem <

Sources of forecast uncertainties and chaotic behaviour

Ensemble prediction as a practical tool for probabilistic prediction
The ECMWF Ensemble Prediction System
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‘{Q 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 15t ingredient for skilful
weather predictionisa  very good
model/forecasting system

(capable to estimate the initial
conditions and to make

forecasts).
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‘{Q 1. The models used at ECMWEF since 26 January 2010

Single 10 -day EPS 15(32)-day Seasonal
T1279 Forecasts T639/T319 Forecasts T159 Forecasts
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Wave model || || Wave model
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‘{i 1. Model grid & v -levs of the ECMWF T1279/T639 models
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‘{i 1. Data sources of a forecasting system

The 29 ingredient

for skilful weather Geo-stationary satellites Polar—orbiting‘satellites
prediction is  good 6 @5 ﬁ'%w
quality - )
observations
which when
assimilated using
the good
model/forecasting
system can
produce an
accurate estimate AIRCRAFT ’”I
of the current state TEMP
of the atmosphere. il
Profiler
SYNOP - Ship Buoys - o
Drifting & Moored
1 BE
SYNOP - Land
METAR
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‘{i 1. Observations coverage and accuracy

@ TR NSAMSUA mieziisansus @) ONTT-AMSUA

to know the current weather: o

To make accurate forecasts it is important Obs Type

ST R TSV p—

ECMWF Data Coverage (All obs DA) - ATOVS
04/FEB/2009; 12 UTC
Total humber of obs = 404184

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

U ~ 9 million observations (96% from
satellites) are used every 12 hours by
complex assimilation procedures to

optimally define the initial state of the B S
system. —
Unfortunately, there are regions (e.g. the S area o0 2 uTe
I I Total ber of obs = 32687
polar caps and the oceans) with either w . Jotanumberof obs = 32687,
very few or less accurate observations. RS

Iy
2
> -
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‘{Q 1. Obs are assimilated to estimate the state of the atm
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‘{i 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 ECMWEF, ~ 6% of the
available observations (~18

of the ~300 million) are
used daily (bottom).
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‘{i 1. The ECMWEF computers in 1978 and 2011

The 3™ ingredient for skilful
weather predictionis  computer
power , that should be enough to
estimate the initial state and to
integrate the model equations in a
reasonable amount of time.

IBM Cluster 1600
Storage cluster S1a

i

HIGH-PERFORMANCE COMPUTER
Storage cluster S1b

InfiniBand {
Storage Fabric

Compute cluster Cla

Compute cluster C1b

1

Iililiiililii 1978 2011 Ratio
e (AT TN Specification Cray IBM
ﬁ Fr s 1A Power6
GIGABIT ETHERNET ‘Il IBM p690-+ ?EZ:;:;)) CPU 1 17,200 15,000
NETWORK GENERAL PURPOSE + HA Peak pel‘f (ﬂOpS) 160 M 320 T 2,250’000
| “ . Frew Sust perf (flops) 50 M 20T 400,000
DISASTER HECOVERY BUILDING Lilll MEMBER STATES ang Disk space (bytes) 25G 1.2P 480,000

EC/TC/PR/RB -L1 2011 i Roberto Buizza: Sources of uncertainty

10




‘{i 1. Evolution of ECMWF scores over NH for Z500

The Combination —_— score 12mMA reaches 60%

Of improved —_— score 12mMA reaches 63%

dat ECMWEF forecast verification 12UTC E— score 12mMA reaches 70%
ata - geopotential S00hPa — score 12mMA reaches 75%

assimilation and Correlation coefficent of forecast anomaly score 12mMA reaches 80%

. MH Extratropics Lat 20.0to 20.0 Lon -180.0to 180.0
fOI‘ecaStIng (12mMA = 12 manths maving average) score 12mMA reaches 85%
_— score 12mMA reaches 90%

models, an 1oday

increased

number and

better

observations

(especially from
satellites), and
more computer
power have led
to increasingly
accurate
weather
forecasts.
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‘{Q 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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‘{i 2. ACC(Z500) for JJA 2008 over Europe

Despite all the Time series curves .
: 500hPa Geopotential ecmw
|mpr0Vement5 of the Anomaly correlation forecast —_—— met office
past decades Europe Lat 35.0to 75.0 Lon -12.5to 42.5
_ ’ T+120 T ncep
occasionally (1) - msc
forecasts can still fail. o0
& _a® o8 RV 4 .,v“‘».“.ﬂ-) M e R 0 o [}
Ex 1: JJA 2008. Four Rafi A ('}a ‘,f’ ‘ Al L ¢ 1&; . ( i ”A fhﬁ‘;; fﬁi’ksi":--ﬂ 1T
models (ECMWF, UK Sabd o i e " il v Pt
Met - Office, NCEP and e TV KT ' SthER #;,'"5;' -
! i H H W 1 [ P
MSC Canada) failed TR R A r il
to give accurate w0 3 b i i
forecasts (ACC>0.6) ; b f
1
of the large scale 201 !
flow over Europe i
between 5 -7 June. 7
During two other | O ]
. - [ R A R R s s v s
perlods , at |east tWO JJL.JNSES 79 11131517192123252729J]L.JL3\’( 579 111315171921232527293:U20JS1§ 8 1012141618202224 262830
2008

models had similar
failures.
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‘{Q 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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