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Twenty years of

Ensemble Prediction at ECMWF

3 December 2012

Twenty years ago, on 24 November 1992, the first
ensemble forecasts were produced at ECMWF.

At that time, ensemble forecasts were issued three
times a week, on Friday, Saturday and Sunday, with
33 members at aT63L19 resolution for up to 10
days. Today, the ensemble system runs twice a day
with 51 members at resolution T639L62 to day 10,
and T319L62 from day 10 to 15. It uses a coupled
ocean-atmosphere model when it is extended to

32 days twice weekly. Worldwide, it is recognised

as providing the best global, medium-range and
monthly probabilistic forecasts. ‘Spaghetti’ maps are
now firmly on the table of most forecasters!

You are invited to join us to celebrate 20 years of
ensemble prediction with an afternoon of talks
from people who contributed to its design and
implementation in its early days.

3 December 2012 programme

ECMWEF Lecture Theatre

13.30 Erland Kallén
Welcome

13.45 Stefano Tibaldi
Why ensembles?

14.15 JoeTribbia
SVs: are they still valuable?

1445 Tim Palmer
Is the butterfly effect real?

15.15 Coffee break

15.45 Robert Mureau
Do users really want
ensemble forecasts?

16.15 Jan Barkmeijer
A bright future for linear
models?

16.45 Franco Molteni
Ensemble methods and
long-range prediction

17.15 Roberto Buizza
What's next?



EPS-produkter i produktionen

Hur skall de se ut?
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Ar naturen
deterministisk
eller
probabilistisk ?
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vilkas grundlaggande lagar ar probabilistiska
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Den mest fundamentala teorin av hur naturen fungerar ar kvantmekaniken
vilkas grundlaggande lagar ar probabilistiska

NWP ar en tillampning av Navier-Stokes ekvationer
vilkas grundlaggande lagar ar deterministiska

Fraga: Hur gar det ihop?
Svar: Naturen ar ocksa kaotisk, dvs.

The present determines the future
but

The approximate present does not approximately determine the future



Feltillvaxt - Prediktabilitet
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Prediktabiliteten
ar mycket
skalberoende
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Spectra of mean square error of 850hPa temperature December 2014 - February 2015
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Saturday 10 September 2016 0000 UTC ECMWEF t+0 VT: Saturday 10 September 2016 0000 UTC
850 hPa Temperature/500 hPa Geopotential
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Wednesday 07 September 2016 0000 UTC ECMWF t+72 VT: Saturday 10 September 2016 0000 UTC

850 hPa Temperature/500 hPa Geopotential
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Sunday 04 September 2016 0000 UTC ECMWF t+144 VT: Saturday 10 September 2016 0000 UTC
850 hPa Temperature/500 hPa Geopotential
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Thursday 01 September 2016 0000 UTC ECMWF t+216 VT: Saturday 10 September 2016 0000 UTC
850 hPa Temperature/500 hPa Geopotential
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EPS-produkter i produktionen

Hur skall de se ut?

SOK FM - SMHI



Ensemble-prognoser for

* Finskaliga km skala
* Kortfristiga 0-48 timmar

baserade pa limited area modeller

WRF
MEPS



Svarighet med
EPS information

7 dimensioner
var, x,y,z,t,t.m



8 principiellt olika
satt att presentera
EPS information



1. Alla individuella ensemble medlemmar presenteras

som horisontella falt / Frimarkskartor




2. Nagra representativa ensemble medlemmar

en fran var och en av ett antal typiska grupper, eller kluster

Monday 21 March 2016 00UTC ECMWF EPS Cluster scenario - 500 hPa Geopotential
Reference step t+72-96 Domain 75/340/30/40 Cont. in cluster=2 Det. in cluster=2

forecastta72 VT: Thursday 24 March 2016 DOUTC forecazt 34 VT Thursday 24 March 2018 12U7C forecast 1488 VT :Friday 25 March 2018 0OUTG
: Cluster: 1{af 2, papulation: 2 . member: 31

Cluster: 1{cf 3), papulation: 2 mker: 31
[ REPRN <3

Chuzter: 1(af 3, pa
2 =

forecast t+72 VT: Thursday 24 March 2016 00UTC forecast t484 WT:Thursday 24 March 2018 12UTC forecast 1458 VT Friday 25 March 2018 OUTS
Cluster: 2jcf 3), population: 20, repres. member: 14 Cluster: 2{af &), papuation: . memrher: 14 < 2of 3, ion: 14
! g Eaper i o i

forecazt 34 VT Thursday 24 March 2018 12U7C forecast 1488 VT :Friday 25 March 2018 0OUTG
Cluster: 3faf ], papulation: 10, repres, member: 13 Chuzter: Hof ), papulat 5
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3. Sannolikhetsfordelningen presenteras

a. som tidsutveckling av PDF
for variabeln V i punkten P / Ensemble Plymer

ECMWF Ensemble forecasts
Norrkoping, Sweden 58.55°N 16.18°E (ENS land point) 2 m
High Resolution Forecast and ENS Distribution
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3. Sannolikhetsfordelningen presenteras

b. som tidsutveckling av Iadagram
for variabeln V i punkten P / Férenklade Ensemble Plymer

2m min/max Temperature (*C) reduced to 2 m (station height) from 53 m (ENS)
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c. som vertikalprofiler av PDF

3. Sannolikhetsfordelningen presenteras

for variabeln V i den horisontella punkten P
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3. Sannolikhetsfordelningen presenteras

d. for en enskild isolinjes horisontella utbredning
sa kallade Spagetti-plots / Limited Contour Analysis

Ensemble Mean/Members 564 dm 500 hPa Height Line,
0000 UTC 19 Nov 2001 Forecast Valid 1200 UTC Nov 2001
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4. Centrum av fordelningen

mode

20% | 50%

median

mean



4. Centrum av fordelningen presenteras med hjailp av ldagesmattet

a. Medelvarde (Ensemble Mean)

NOAA/NWS Storm Prediction Cenfer, Nogmn. OK

16021 5/0300%000 300 mb kMean Vector Wind (kis)

FCST: FOOO VALID: Mon 20160215/0300 UTC




4. Centrum av fordelningen presenteras med hjailp av ldagesmattet

b. Medianvarde

NOAA/NWS Storm Prediction Center, Noi‘,m_am. 0K
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0215/0300%000 300 ME MEDIAN WIND SFEED (kis; Green)
FCST FOOO VALID: n 20180215/0300 UTGC




4. Centrum av fordelningen presenteras med hjailp av ldagesmattet

c. Typvarde = Sannolikaste vardet

FCST. FOTS WALID: Thu 20160218/0600 UTC _ NOAA/NWS Sitorm Prediction Cenfer, Norman, OK

FRPCPM & 32F TP [1 mem=dotkean=solid;&ll=dash]
160218/0600% 075 LIKELY PTYPE [MCEP Algorithm:Grn=R;Blue=5;Red=2R;Orange=IF]
FCST. FO7S VALID: Thu 20160218/0600 UTC




5. En kvantil av fordelningen presenteras som horisontella falt
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6. Extremvarden hos fordelningen presenteras som falt

a. Maximum-varde

TEO215/0300%000 2 M rAKIMUM DEW POIMNT AT EACH GRID POIMT (From Any MMember) V
FCST. FOO0 VALID: Mon 201680215/0300 UTC




6. Extremvarden hos fordelningen presenteras som falt

b. Minimum-varde




7. Sannolikheten for en handelse presenteras som horisontella falt

Sannolikheten att Variabeln V overstiger ett Troskelvarde T

GLAMEPS PROD (GI.PROD.m52 52/52 members)
Prob 3h Accumulated Rainfall over 0.1mm (Legend)
Analysis: 2016/03/21 06UTC T+030 VT: 2016/03/22 12UTC
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8. Osdkerhetsmatt presenterade som horisontella falt

Standardavvikelsen hos ensemblen = Ensemble Spread

500 hPa Ensemble Mean Heights, Ensemble Mean Std. Dev.
Forecast from 0000 UTC 19 Nov 2001 Valid 1200 UTC 22 Nov 2001
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EPS-produkter
for SMHI - Luftfart

Hur skall de se ut?



Centrum av fordelningen och osakerhetsmatt

500 hPa Ensemble Mean Heights, Ensemble Mean Std. Dev.
Forecast from 0000 UTC 19 Nov 2001 Valid 1200 UTC 22 Nov 2001 Var | ab el
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Sannolikheten for en specifik handelse

GLAMEPS PROD (GI.PROD.m52 52/52 members)
Prob 3h Accumulated Rainfall over 0.1mm (Legend)
Analysis: 2016/03/21 06UTC T+030 VT: 2016/03/22 12UTC
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Operational CMEPS data are produced on three different computers

cirrus/stratus/voima

CMEPS data

where the different members are produced according to the following schedule

Time (UTC) CIRRUS STRATUS VOIMA
oo 03 ... 211000 001 002 012 | 009
o1 04 ... 222|007 003 004 013|010
0z 05 ... 223|008 014 005 006 011
Every hour — ito - there are thus 5 new members produced.
The forecast lead time —lead -is 0, 1, 2, ... , 66 hr.
lead
) lead real g
[ : : : : : : » 1,
ito real vto real
ito vto




7500 Ensemble Mean and Std Dev
Forecast fram 04 UTC 28 JUN 2021
Valid at 03 UTC 29 JUN 2021
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7500 Ensemble Mean and Std Dev
Forecast from 04 UTC 28 JUN 2021
Z500 Ensemble Mean 7500 Ensemble Std Dev Valid at 03 UTC 29 JUN 2021
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T2M Ensemble Mean T2M Ensemble Std Dev T2M Probability that value < 0 C
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Td2M Ensemble Mean Td2M Ensemble Std Dev Td2M Probability that value < 0 C
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T850 Ensemble Mean T850 Ensemble Std Dev T850 Probability that value < 0 C
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HOC Ensemble Mean HOC Ensemble Std Dev
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WDIR1OM Ensemble Mean WDIR10M Ensemble Std Dev
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WS10M Ensemble Mean WS10M Ensemble Std Dev WS10M Probability that value > 25 kn
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VWSH Ensemble Mean VWSH Ensemble Std Dev VWSH Probability that value > 30 kn
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CB Ensemble Mean CB Probability that value < 300 m
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VIS Ensemble Mean VIS Ensemble Std Dev VIS Probability that value < 5000 m
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