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&W Multi-model

“ Hirlam (http://hirlam.org).
“* HRM from DWD (German Weather Service).

“ MM5 (http://box.mmm.ucar.edu/mm5/).
“ UM from UKMO (Great Britain Weather

Service).

“ LM (COSMO Model) from cosmo

consortium (http://www.cosmo-model.org).

N
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&M Multi-Boundaries

From different global deterministic
models:

« ECMWF
e UM from UKMO (UK Weather Service)

“ GQFS from NCEP
“ GME from DWD (German weather Service)
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&M SREPS at INM

- Mummub: Multi-model Multi-boundaries

# 72 hours forecast two times a day (00 &
12 UTC).

“ Characteristics:
* 5 models.

* 4 boundary conditions.
* 2 latest ensembles (HH & HH-12).

“ 20 member ensemble every 12 hours

* Time-lagged Super-Ensemble of 40
members every 12 hours.

N
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A
ﬂPRoad Map

2003-2004 Research to find best ensemble for the Short
Jun 04 - Jun 05 Building M{@R¥del System
Jun 05-Mar 06 Mummub Daily run non-operational
n/20 members Twice a day
September 06 40 member lagged Twice a day
Super-ensemble

Apr 07 (Delay from Daily Twice a day
January) disseminations of
Jan - June 07 BMA Calibration
June 07 BMA Calibration in Twice a day
daily run
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Post-processing

% Integration areas 0.25 latxlon, 40 levels

% Interpolation to a common area
#* ~ North Atlantic + Europe
# Grid 380x184, 0.25¢2 s e s e e,

P

% Software |
# Enhanced PC + Linux

# ECMWF Metview + Local ¢

¥ QOutputs

# Deterministic |

#* Ensemble probabilistic
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Verification

“ Verification exercise, April-June
2000:

* Calibration: with synoptic variables
Z500, T500, Pmsl

* Response to binary events:
reliability and resolution of surface
variables 10m surface wind, 6h and
24h accumulated precipitation
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EJF%bs verification - N1
Probabilistic scores

“+ Ensemble calibration:

# Synoptic variables:
#7500, T500, Pmsl

# Scores:

#Rank histograms
#Spread-skill

% Response to binary events:

# Surface variables:
#10m surface wind (10,15,20m/s thresholds)
#6h accumulated precipitation (1,5,10,20mm thresholds)

#24h accumulated precipitation (1,5,10,20mm
thresholds)

#* Scores:
#Reliability, sharpness (H+24, H+48)
#ROC, Relative Value (H+24, H+48)
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* Using ECMWF Analysis as reference:
#Pms|
# Over all FC lengths H+00 .. H+72:
# Spread-skill
#H+72:
# Rank histograms

* Using Synoptic observations as reference:
#Pms|
# Over all FC lengths H+00 .. H+72:
# Spread-skill
#H+72:
# Rank histograms

N

Synoptic parameters
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EREFE Mulllmedel-Mulilboundaries (Mummub 18, 720 avg members)
Epread vs Emmd Mean sea level Fressure ag. ECMWFanTIeSLED
Aralysls: OUTS VT HH00.  H4T2  Perlod: D000 4o 200G R 335550

Pmsl- ECMWI| .’

Spread (hPa)

SREPS Multimodel-Multiboundaries (Mummub 16.6/20 avg members)
Rank Histogram Mean sea level Pressure ag. ECMWFanT799L90
Analysis: 00UTC VT H+72 Period: 2006/04/01 to 2006/06/30 Rs: 5359520
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| Emsd (hPa)

=
—

%

[] 4 2
Rank of obian

April 2007 HIRLAM / ALADIN All Staff Mee 12



SREPS Mulllmodel-Mulilbourdaries (Mummub 46,7230 avg members)
Epread ve Emed Mean sea level Pressure ag. 8YHOP & TEMP obssrvaliors
Aralysls IOUTC WT HHO. H4T2 Perlod: BOG0401 o B00G0SE30 R 113310

Pmsl- Obs
:
1
SREPS Multimodel-Multiboundaries (Mummub 16.6/20 avg members) i ¥

Emsd (hPa)

Rank Histogram Mean sea level Pressure ag. SYNOP & TEMP observation
Analysis: 00UTC VT H+72 Period: 2006/04/01 to 2006/06/30 Rs: 110497
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% N

w Binary events

“ Binary events X = {0,1} at every
point

“ Accumulated precipitation in 24
hours >= 5mm

# Useful to decompose the forecast
in thresholds

“ Performance computed using
contingency tables (CT’s)
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Precipitation

* Using ECMWF Deterministic Model as
reference:
#6 hours accumulation - 24 hours forecast length

#24 hours accumulation - 54 hours forecast length
#Thresholds 1,5, 10 y 20 mm

* Using Synoptic observations as reference:
#6 hours accumulation - 24 hours forecast length

#24 hours accumulation - 54 hours forecast length
#Thresholds 1, 5, 10 y 20 mm
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Reliab. - 6 h Acc. Precip H+24 (1,5,10,20) mm

Conditional observation frequency

SREPS 17120 avg members)
Reliability Aceum Precipitation o over 1mm ag. ECMWF anTroLe0
pnalysis: 00UTC VT: H424 Period: 2006/04/01 to 20000630 Rs: 535520

5] L3 L) X L) L) X 0E LX)
Forecast frequency

Conditional observation frequency

SREPS ies 1720 avg members)
Reliability Accum Precipitation 6h over Smm ag. ECHWF anT7LO0
pnalysis: 00UTC VT: H424 Period: 2006/04/01 to 20000630 Rs: 535520

L] LX) L] L) L 0E LX)
Forecast frequency

Conditional observation frequency

SREPS 17/20 avg members)
Reliability Accum Precipitation Sh over 10mm ag. ECMWF anTeLo0
{l\ns\yi\s 00UTC VT H+24 Period: 2006/04/01 to 2006/06/30 Rs: 5350520

Fereczfﬂ frequency

Conditional observation frequency

SREPS 17120 avg members)
Reliability Aceum Precipitation o evar 20mm ag. ECMWFanTeLa0
pnalysis: 00UTC VT H+24  Period: 2006/04/01 to 20060630 Rs: 5350520

L) Lx3 L) oe o7 L] LE]
Forecast frequency

Relia

24 h Acc. Prec

H+54 (1,5,10,

20) mm

Conditional observation frequency

SREPS il ies 17120 svg members)
Reliability Accum Precipitation 24h ower imm ag. ECMWF anT70L00
1Ana\yali QOUTC VT: H+54 Period: 2006/04/01 to ZUUBNBKFIJ Rs: 5350520

Ba B3 Be b7  bBo B8
Forecast frequency

Conditional observation frequency

SREPS i 17120 avg members)
Reliability Accum Precipitation 24h r Smm ag. ECMWFanT7e0L00
{Rna\ya\i Q0UTC VT: H+54 Period: EUUUWU‘\ to ZIJUBFUB!SIJ Rs: 5330520

Bz b3 bBa B3 Be By 6@ B8
Forecast frequency

Conditional obszrvation frequency

SREPS il ies 17/20 avg members)
Reliability Accum Precipitation 24h ower 10mm ag ECMWF anT7aL00
1Anal;{sls. Q0UTC VT: H+54 Period: 2006/04/01 to EUUWUWW Rs: 5250520

BT bz b3 bBs B B8 67y bBo B3
Forecast frequency

Conditional cbservation frequency

SREPS i ies 1720 avg members)
Reliability Accum Precipitation 24h over 20mm ag. ECMWFanTNeLO0
{Hnilyals DOUTC VT: H+#54 Period: 2006/04/01 to ZUUWUS!W Rs: 5290520

Forecast frequency
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2‘” > Observations

Reliab. - 6 h Acc. Precip H+24 (1,5,10,20) mm

SREPS Mulfimedel-Mu i bourdaries (MU mmub 17/20awg members)
Rellabll ity Accum Freciphalion Shever 3mm ag. SYNOF & TEMF obscrations
Aralysis: 00UTC VT H+3 Feriod: MOSO4 &b M0G0 Rs: 101752

SREPS Mu Hi model-ulil bourndaries (M ummu b 17120 avg members)
Fellability Accum Fres|phialion Shover 1mm ag. SYHOF & TEMF observailons
Aralysis: 0OUTC WT: 434 Period: B0GU4T fo 30060630 Rs: 101733

SREFS Mulfimedel MU Hibou rares (MU mmub 17/20 3vg membere)
Rellability Accum Prec|phation 8hover 10mm ag. SYNOP & TEMP cbeervallons
ATEIVEIS: 00UTC VT H+34  Perico: MOGD4DT 10 00000 Rs: 101753

SREPS Mu i modsl Multibourdaries (M ummu b 1720 avg membere)
Rellabll ity Accum Precipliation 8hover Mmm ag. SYNOP & TEMP observations
AMEIYSIS: DOUTC VT H424 Period: 200041 10 20000030 R: 101738

51 bz b3 ©f b5 B8 Gr B8 68
Forecast frequency

o 67 Bz B3 B+ B Be b7 bG8 B3
Forecast frequency

51 bz b3 B 65 B8 Gy 65 6&
Forecast frequency
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Hit Rate

Observations

Hit Rate

el-Multiboundaries  (Mummub 17/

Hit Rate

e S~
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MWFan
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O
/gl’lme Lagged Super- Nt

&W ensemble

* How much predictability can be added
by a time-lagged super-ensemble?

* 40 members super-ensemble (SE-
SREPS) with the last two runs of SREPS

( HH & HH-12).
* Verifications against observations
“ Cheap In terms of computer resources
* Just a different post-process
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(MU mmu b, Lagh ummu b 2258050 avg members)
& pread ve Emed 300hFa Helghl ag. E¥HOF & TEMF obssrvallorns
T2 Period: 20000401 fo 0000030 R 2002

=—i— Mummub —@— Lagwmmo

=—i— Mummub —@— Logurms

Varlous ersembles  {Mummu b, Lagh ummu b 22,5030 avg members)
B pread ve Emed Mean s=a level Fressure ag. EYHOF & TE MF observallors
Armalysls: OUTC VT HH0. H472 Perlod: Z0OS040 o OG0 R B350

2500

Spread (Dm)

Mslp

Spread (hPa)

Ems=d (Dm)

]

Emsd (hPa)
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- (Green - SE-SAEPS
ﬂ Rank histogram o HEE

Various ensembles (Mummub,LagMummub 23.9/30 avg members)
Rank Histogram Mean sea level Pressure ag. SYNOP & TEMP observations
Analysis: 00UTC VT: HH48 Pericd: 2006/04/01 to 2006/06/30 Rs: 91354

8 Mummub =@ Lsgrme

\S o
P

Mislp

al
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Rank of objan
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w Reliability diagrams

L)
P

6 h. Acc. Precip. H+48 (1, 5, 10 & 20 mm)

(Green - SE-SREPS
Blue - SREPS

Conditional observation frequency

ReliaBly Accum

varl " bl

v members)
. SYNOP R
Analysis; 0OUTGC VT HHE Perlod: OG04 o H0G060 Rs: B4354

@ —Mummub —@— Lagarme

BT Gz ©3 ©bf 05 68 b7 68 68
Forecast frequency

Conditional obsarvation frequency

var m Bl v members)

Rellabiiity Accum 3. STHOP R
Aralysis: COUTC VT HH2 Perlod: 060401 o MOG0E0 Rs: 84354

99— Mummub —@— Logammo

=
5

e
T

o

t1 6z 63 B4 Br BE b7 65 6%
Forecast frequency

Conditional obsarvation frequency

" b.L g members)
ReliaBiiIty Accum . sYNOF L

Aralysis: COUTC VT HH2 Perlod: 060401 o MOGOE0 Re: B34

—®— Mummub —&— Lagamme

3 L S Sl
Forecast frequency

Conditional observation frequency

ot B.L v members)
Rellapility Accum imin 3. SYNOF &

Aralysis: 0OUTC VT: H442 Perlod: 20060401 o 200000 Fs: BAZS4

1= Mummub —@— Lspumne

b AR R K T L T KA L L
Forecast frequency

April 2007

HIRLAM / ALADIN All Staff Mee

22



T A1

Conclusions |

i+ We show here 3months verification results (April-June
2006), against both synoptic observations and ECMWF
analysis and model;

# Calibration: Spread-skill diagrams and Rank histograms of
precipitation.

# Response to binary events: reliability and resolution of
surface variables 10m surface wind (not shown), 6h
and 24h accumulated precipitation.

it These first results are very good:

* Verification against ECMWF analysis and model shows
very good results

* Verification against observations shows quite good
results

#Ensemble is a bit under-dispersive

Good response to binar Aqlvsetm:a.ee
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e A

Conclusions |l

A Time—Laﬂged Super-ensemble with 40
members had shown better performance than
the Multi-model SREPS alone.

% Multi-model technigue gives much better

spread than any other single-model technique
(results not shown).

% Future:

* Dissemination of probabilistic forecasts in real time.

#* Archiving individual members and probs in MARS at
ECMWEF.

* Bias correction and calibration through a Bayesian
Model Averaging scheme is under development (first
results show better performance, see our poster).

#* BMA for precipitation.
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