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• There are dynamical methods that try to estimate the fastest growing error 
modes in the IC:

– Singular vectors (ECMWF)
– Bred vectors (NCEP): The first method proposed by ENSEMBLE to explore the “best 

guess” pdf. The fastest growing modes are obtained from the nonlinear model by 
periodically rescaling the bred perturbations (Toth and Kalnay, 1993)

Toth and Kalnay (1997): “The bred growing modes are 
akin to local Lyapunov vectors”

breeding time (T+12h)

Lead-TimeT+72h

T+72h
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1) The control run is perturbed by a random seed and after time dt:
δx(dt) = x*(dt) - x(dt)
x(t) control integration
x*(dt) perturbed integration
dt = breeding time (12h)

2) Design of the Ensemble members:
x(dt)pos = x(dt) + δx(dt)
x(dt)neg = x(dt) - δx(dt) 

3) Rescaling bred-cycle:

+ 72 h

+ 72 h
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Different correlation lengths

ρ=0.1Constant ||.|| ρ=0.001

Arithmetic bred-cycle: SD of T 850 hPa (K)

Logarithmic bred-cycle: Geometric 
mean of T 850 hPa (K)
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Model setup: MM5 configuration

Standard version 3.7 of MM5

A coarse domain of 160 x 151 grid points 
under a Lambert conformal map projection

The domain measures 5565 x 5250 km (grid 
length 35 km)

In the vertical, 24 σ levels were used with
higher density near the surface

Lateral boundary conditions are defined by 
linear interpolation between the Global analyses
ECMWF available at 00, 06, 12 and 18 UTC 
with 0.3º resolution

The grid-resolved mycrophysics processes 
are represented by the Reisner scheme, with 
considers graupel and ice number 
concentration (Reisner et. al, 1998)

The convection is parameterized by the 
modified Kain-Fritsch scheme that includes 
shallow convection (Kain, 2002)

Planetary boundary layer (PBL) processes 
are parameterized with the Medium-Range 
Forecast (MRF) PBL Hong-Pan scheme (Hong 
and Pan, 1996)

Atmospheric radiation is parameterized using 
a Cloud-Radiation scheme

A four-month period, from September to December 2001, which includes a high impact 
severe weather episode affecting the Balearic Islands, has been selected for 
development the proposed methodology of Bred Vectors
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MM5 Ensembles vs Control Run - RMSE T 850 hPa (K)
ECMWF Analysis 00, 06, 12 and 18 UTC 

H+00 … 12h … H+72
Average 2001/08/15 - 2001/12/31 (12 UTC)

MM5 Arithmetic vs Logarithmic – SD and RMSE T 850 hPa (K)
ECMWF Analysis 00, 06, 12 and 18 UTC 

H+00 … 12h … H+72
Average 2001/08/15 - 2001/12/31 (12 UTC)

Motivation Methodology Results
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