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Outline
Development of ECMWF’s forecasting systems

hree current forecasting system upgrades: 1) cy37r3, 2) Monthly FC on
Monday, 3) Seasonal FC System 4

Recent FC performance in terms of the new “Headline Scores”

IThe current FC system configuration

lForecast products based on the EPS

ISummary
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Now is a busy time ...

» Pre-operational testing

= Technical implementation of updated libraries and scripts
= Thorough assessment of the forecast skill
= Adaptation of the web products

= Provision of test data via archive and real-time dissemination

» Three major system changes this autumn:

= 10 Oct/14 Nov: Monday run of the monthly system
= 8 November: Seasonal forecasting System 4
= 15 November: IFS cy37r3
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High-performance computing (HPC)
» Phase 1
= 2 POWERG clusters, each with 272 nodes (32-core)

= Provides an excellent service
> Phase 2/3

= 2 POWERY7 clusters, each with around 750 nodes (32-core)

= Floor strengthening and modification of the chilled water circuits

have been completed s
= |nstallation has started r st e 1
+ Wil deliver 2.8x the performance [N i
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Deposition-Evaporation )

WATER Deposition-Evaporation

(PREVP) VAPOR (PSEVP)
y Condensation-Evaporation 3 Deposition-Sublimation
* (PCOND) (PSUB) *
CLOUD Freezing-Melting-Bergeron CLOUD
WATER (PSMLTI-PBERG) ICE
L] /
» Implemented in
CLOUD
FRACTION
November 2010
Autoconversion (PRAUT) Collection Autoconversion (PSAUT)
Collection (PRACW) (PSACW) Collection (PSACI)
\ |

BN —

Freezing-Melting
—>
(PSMLTS) [ SNOW I

=

» Five-species prognostic microphysics scheme

» All-sky improvements of microwave radiance assimilation

» New soil-moisture analysis scheme

» New snow analysis and the use of higher resolution NESDIS

data

» Changes to the EPS perturbations (introduction of a spectral

stochastic backscatter scheme)
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» Use of background error variances from the ensemble of data
assimilations by the deterministic 4D-Var

» Improvements to the new cloud scheme

» Improvements to the assimilation of satellite data

> Model-level data in GRIB edition 2
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CY37R2 (18 May 2011):
O Use of EDA Variances in 4D-Var
O Reduction of AMSU-A observation errors
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WMO FM-92 GRIB edition 2 migration

> Replaced more than 1800 GRIBEX calis (IFS, MARS, product
generation, emoslib, Metview, ...)

» 5 million model level fields are produced daily (in GRIB-2)

» Extensive testing:

= More than two years of internal testing

= Seven months of parallel e-suite runs, cross-checking every
single field (7.5 TB per day)

= Test data for Member States in MARS and through parallel
dissemination

= Ten days to finish one MARS test (12.5 million different fields, 0.5
million interpolations) - repeated for every software change

» Strong interaction with MS and other users during testing

' ' | >ECMWF
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Cold bhias over northern Europe

14 Jan 2011
g 1 — T T T 104
7 | Attenuated backscatter coefficient |
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> Affected parts of northern Europe, especially during periods of
very cold conditions in January 2011

» Linked with a lack of super-cooled water droplets in low clouds
» Model improvements have been developed for Cy37r3
» Cycle 37r3:

= AMDAR T bias correction,

= Revised surface roughness, reduced T2m diurnal cycle

= Use of NEMO ocean model
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Radiative impact on low-level temperature

over land

Mean T2m change
(72hr forecast for

Jan 2011) for Cy37r3

slw cloud changes

As above, but
change in mean
absolute error
(generally reduced)

NH T1000 hPa
r.m.s.e for
Jan/Feb 2011
Control — Expt
(+ve is good)
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ﬂhanges to representation CA

super-cooled liquid water in
Cy37r3 positive impact.

General increase in occurrence
of super-cooled liquid water,
particularly in weakly forced
situations.

Improved temperature bias and
reduced errors in winter -time
low cloud over land.

Impacts clearly seen in NH and
European T1000 scores.
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ECMWF Strategy 2011-2020

» Approved by Council in June 2011 (unanimously)

» Includes targets and a new set of headline measures

The ECMWEF Strategy 2011-2020 The ECMWF Strategy 2011-2020

Scientific and technical basis
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Primary headline score - EPS
(T850 CRPSS = 25% for NH extratropics)
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Lead time (days)

Supplementary

scores — precipitation

1-SEEPS for 24-h Precipitation, ExTrop, ECMWF, 19970715-20110715
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Supplementary scores - severe weather

Supplementary headline score for tropical cyclone position
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The operational forecasting system

» High resolution deterministic forecast: twice per day
16 km 91-level, to 10 days ahead

> Ensemble forecast (EPS): twice daily
51 members, 30/60 km 62-level, to 15 day

» Monthly forecast EPS extension: twice a week (Mon/Thursdays)
51 members, 30/60 km 62 levels, to 1 month ahead

» Seasonal forecast: once a month (coupled to ocean model)
41 members, 125 km 62 levels, to 7 months ahead
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Find out about us: our forecasts
CEMWF Home Your Room Login Contact Feedback Site Map Search:

-3 . About Us Products Services Research Publications News&Events
L0 Owervew Forecasts Camputing modelling Mews|etters Calendar
. Getting here Crder Data Archive Feanalysis Manuals Employiment
Extreme Forecast |ndex bp - Committees Qrder Software FreplFS Seasonal Library Qpen Tenders

Home = Ahout = Find out about us: our forecasts =

Find out about us: our forecasts

About (General) oy e 251 L5 S e 1 7 oty 3 o 21 T
Overview N5 ot T “{:\‘/)
Corporate Video e~ : A, T

' | .-\‘\\x. _,}

j by - g s %
Cooperation NV ) \,_a___;,/:
Strateqy . s _—
History : AN, '
Funding i P ST il ).
Location . By, N, -~

Contact y - L

Feedback

Staff Pages The following forecasts are produced operationally at ECMWF:
Site Map
Links to other sites

Medium-range: global atmospheric model coupled to ocean wave model

About (Procedural) e Forecasts to ten days from 00 and 12 UTC at 16 km resolution and 91 levels.
Committees ¢ Sl-member ensemble forecasts to 15 days from 00 and 12 UTC at 31 km resolution to day
Basic Documents 10 and 62 km to day 15 (32 on Thursdays) and 62 levels. _
Programmatic * Global Ocean forecasts to ten days from 00 and 12 UTC at 28 km resolution; European
Documents wiaters wave forecast to five days from 00 and 12 UTC at 10 km resolution.

Corporate Brochure

Products: http:fenene ecmat intproductsiforecastsidicharts
Documentation: (below for summarny)
LBhantillear=l
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ECMWEF forecasts
from days to seasons

Med:t?r-nl?liin e 15-Day/32-Day Seasonal
9 EPS Forecasts Forecasts
Forecasts
| I
|| Atmospheric model Atmospheric model
Wave model “ Wave model

[T

|| Ocean model || ~

Ocean Analysis
~Real time

_ yECMWEF
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Evolution of forecast performance

ECMWF, Japan, UK and USA

RMS error (hPa) of forecasts of mean sea level pressure
= ECMWF === JAPAN === JK = JSA

Northern Hemisphere

1950 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Southern Hemisphere

1990 1992 1994 1996 1998 2000 2002 2004 2006 @ 2008 2010

Day 5

Day 3

Day 5

Day3
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Why do we run an ensemble
prediction system?

» Taking account of uncertainty
» Forecasting forecast skill

N

Basic idea:

« Assess uncertainty of today’s forecast
* Provide alternative forecast scenarios

0.1 © Highlight the predictable (large-scale) component and the risk

benefits for a less likely but significant (small-scale) event

* Forecasting extreme events
* Extending the forecast range

—-—________________________________________________________|
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Model grid (32 km)

Multi-value forecast — the Ensemble Prediction System
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EPS products

Strike

Probabllity Maps

Alternative
$Co -

Extreme
Forecast Index

(EFI)
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Ensemble mean and ensemble spread
5-day fc for Monday 12 Sept (ex-Katia)
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Are the EPS probabilities well calibrated
The spread ~ skill relationship

500 hPa height
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Are the EPS probabilities well calibrated
The spread ~ skill relationship

850 hPa temperature
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Probabilities of events
24h precip > 5 mm, 4-day forecast for today
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EPSgrams

Wave Epsgram
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Extreme forecast index (EFI)
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Extra-tropical feature tracking: Xynthia

_from 07 an 27/2/2010 (T+0)
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Feature—specific plume of wind strength

Feature—spesific plume of wind strength
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Tropical Cyclone position error
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Monthly forecasts - weekly T anomalies

. ANALYSIS Analysis and ECMWF EPS-Monthly Forecasting System

Precipitation anomaly
n Verification period: 04-04-2011/TO/M0-04-2011
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ROC AREA

Monthly forecasts - verification (T2m)

skill in terms of weekly means
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Monthly forecasts - verification
prediction of cold spells in Europe (October - March)
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Summary

» ECMWEF forecasts are used extensively to provide early
warnings of severe weather and ocean waves

» ECMWEF focuses its development effort on assisting our users
in this work by

= improving models,
= using latest satellite data,
* increasing resolution,

* introducing products specifically for severe / extreme weather -
New comprehensive Users Guide published 2011

» Three current upgrades:
= Monday run of the Monthly forecasting system
= Seasonal forecasting System 4
= |FS cycle 37r3

Meteorological oerational Systems 2011 Slide 40 o
\ 4



Main development areas for the next
few years

> 140 levels -2012
» 10 km resolution — 2015
» 20t century reanalysis — 2015

» MACC project - CO2, carbon, atmospheric composition,
aerosol, ...

» Increasing parallelism of codes and applications

» Explore new technologies and standards to make
forecast products easily accessible to a widening
user community — MOS13

Meteorological oerational Systems 2011 Slide 41 w F
w



Seasonal forecasts
sea surface temperature, tropical Pacific
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Seasonal forecasts - verification

Accumulated cyclone energy
1 June forecast for the July-December season
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