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The RPSS
(Ranked Probability Skill Score)

* Defined over categories (e.g. too cold, normal, too warm)

 Measures degree to which forecasting system outperforms a
(typically climatological) reference

Deviation of ensemble forecasts

@ from observation %
RPSS =1 —
@) Deviation of climatologic forecasts

from observation |
)
\ (
— ,"/

The RPSS is negatively biased for small ensemble size !
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© The RPSS

0 White noise toy model

O No skill by construction
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L+

The RPSS

RPSS =1 —

)
(RPS) .

(RPS)

RESS, =1 =2 Rps
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Probability density

ensemble size: 9
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Probability forecast

Mdiller et al. 2005 -> Monte Carlo approach
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The debiased RPSS,

Analytical solution

Weigel et al. 2007a

:

k=11

{Pz' (1 —pi — 2 Zk: Pj)]

(RPS)
RPSS), =1 —
P (RPS¢y) 4 D
1
General case D = A
K:
;-
M:

Number of forecast categories
Prob. of i-th forecast category
Ensemble size
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U  Special case: The debiased BSS,

Analytical solution Weigel et al. 2007a
BSSp, =1 (BS)
P (BSq) AD

Brier score:

Two categories with 1

prob p and (1-p) D= —-p-(1-p)
M

D is intrinsic (un)reliability of EPS

The Discrete Brier and Ranked Probability Skill Scores

Andreas Weigel, Verification Workshop, ECI\}:IVSVF, 1SFeb 2007 f\ NCCR CLIMATE

Swiss Climate Research



The debiased RPSS,
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The debiased BSS,

d ECMWF System 2 seasonal forecasts (T2m)
O 2 equiprobable forecast categories

0.6 -
0.4 -
0.2 -
p]
@ 0.0
m E
-0.2 1
04 s BSSp
= 0_6 | T T T I L T T T I T T T T ] T T T T ] T T T 1 I T T T L ] T T T T 'I T Ll T T I
5 10 15 20 25 30 35 40
Ensemble Size
Southern Africa
The Discrete Brier and Ranked Probability Skill Scores f
Andreas Weigel, Verification Workshop, ECMWF, 1 Feb 2007 r\ N c c R C LI M AT E

Swiss Climate Research



Overview

d The RPSS and RPSS,
d RPSS, for weighted multi-models

d Conclusions

The Discrete Brier and Ranked Probability Skill Scores f\
Andreas Weigel, Verification Workshop, ECMWF, 1 Feb 2007 N C C R c LI M AT E

Swiss Climate Research



U  RPSS, for multi-models

(RPS)

RPSS,, = 1 —
b (RPS¢)

What is M for multi-models? D :@- Do( Py Py pK)

\

N: Number of models 1
M,: ensemble size of n-th model f\f’feff — N w2
W,,: weight of n-th Model 2 n=1 M.,

Weigel et al. 2007b
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RPSS, for multi-models

d Combining two white noise toymodels (9-member ensembles)
0 Multi-model with zero skill by construction
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RPSS, for multi-models
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Application (DEMETER data)

multi-model
better than
best participating single model
(measured with RPSYS)
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Application (DEMETER data)

multi-model
better than
best participating single model
(measured with RPSS,)

Both participating
single models are
highly under-dispersive

Weigel et al. 2006
(Proc. THORPEX)
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Conclusions

RPSS (BSS) is negatively biased for small ensemble sizes

Bias can be removed by adding the EPS’s
“intrinsic unreliability” to the climatological reference

=> Debiased RPSS, (BSS,)

RPSS, can be generalized to multi-model ensembles
by introducing an effective ensemble size

RPSS measures actual skill of raw ensemble forecasts

RPSS, measures “true” skill of forecasting system
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© The RPSS

ensemble size: 1000

(RPS)
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RPSS =1 —
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The Discrete Brier and Ranked Probability Skill Scores f\
Andreas Weigel, Verification Workshop, ECMWF, 1 Feb 2007 N c c R C LI M AT E

Swiss Climate Research



The debiased RPSS,

. Maller et al. 2005
SOIUUOn Weigel et al. 2007a

(RPS)
(RPScy) { D

RPSSp =1 —

Special case 1.

: 2
K equiprobable n_ I K°—1
forecast categories M 6K
M: Ensemble size
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L+

The meaning of D

(BS)

<BSCZ> D

Brier score BSSp, =1 -
decomposition:
(BS) = REL - RES + UNC
(BSe) = UNC
(BS,,) = UNC + REL,,
D = REL,,

“Intrinsic (un)reliability”
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¥  The BSS,for multi-models
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¥  The BSS,for multi-models

d System 2 forecasts combined with GloSea forecasts (1987-2001)
Q  Verification against ERA40
ad T2m for JJA, lead-time 1 month, eastern Europe
O 2 equiprobable forecast categories (i.e. Brier Score situation)
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O Application (DEMETER data)

Investigate where multi-model ensembles locally outperform
the participating single models

Consider two models (ECMWF and UKMO) from the
DEMETER data set (Palmer et al., 2004)

Seasonal JJA-forecasts of T 2m

Combine them to weighted multi-model ensembles using the
method of Rajagopalan et al. (2002)

Verification from against ERA40 data (1960-2001)
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