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Emerging technologies in the numerical forecasting:

regional ensemble predictiomand nowcasting
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Outline

= Regional ensemble prediction

ALADIN-LAEF (Limited Area Ensemble Forecasting)

= Nowcasting
INCA (Integrated Nowcasting through Comprehensive Analysis)

= Summary
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Regional ensemble prediction

Atmosphere: chaotic and highly non-linear nature

Small errors in analysis, model physics can grow rapidly
and become large, even in a matter of hours.

Global EPS: lower resolution. medium range

Global NWP models cannot predict extremes of precipitation:
need for coupling to LAMs Forecast spread for Wed 13 May 2009

Extreme rainfall as a function of spatial scale (observational study:
Olsson et al, 1999)
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EPS cannot resolve circulation features in this range (cf lack of k-3 spectrum in model)
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ALADIN-LAEF

Ensemble size

16+1

Horizontal resolution

18 km

Vertical resolution

37 levels

Runs/Day

2 (00, 12 UTC)

Forecast range

60h

Output-Frequency

1h

Model time step

720s

Coupling-Model

ECMWE-EPS

Coupling-Update

6h

Atmosphere perturbation: Blending
ALADIN Bred + ECMWF EPS

Surface perturbation:
Non-Cycling surface Breeding

Model perturbation: multi-physics
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LACE: CZ,
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ECMWEF
EPS fcst

ECMWF/HPC

model ECMWF/HPC
integration data post-
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ZAMG
visualisation &
products
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ALADIN-LAEF: design

Schematic of ALADIN-LAEF configuration
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ending: Theory

Spectral Blending

Change spectral
truncation

Regional ICs
(Standard muncation)

Global ICs
(Standard mumcaion)

Regional ICs
(Blending tmuncarion)

Global ICs

(Blending trancation)

Digital Filter
(Doplh-Chebyvshey)

Filtered

Regional ICs
(Blending muncation)

Filtered

Global ICs
(Blending trancation)

Change spectral
truncation

!

The Blending method

Fellowing the idea by Machenhauer and Haugsn (1$67) and considaring perturbed
riabie G from giosal ensemble, and R from regicnal ensemble, both G and Rars
walid at the resclution of regicna model, their full hammanic Fourier expansions are
given by
O Ei- ¥R "
wihere M s the maximum wave numbers, and L, is the horizonta! wavelengths in x
direstion. Let J be the number of grid-points of the whole regiona! demain along the x
direstion , the inverse truncated Fourier transform, ie. the specral coefficents Gu
and R are obtained by:

Sete L RSB R @

As we meniioned above, the blending is appied on full grid-point resolution of the
regional model but with a lower speciral resalution (we call it the blending runcation).
wihich repeasents the scale resoved by the gicbal data sssimilation. W change the
spectral truncation from the original resalution to the blending speciral resolution, Far
Both G and R. their full harmonic Fourier expansions are gven by.

G- 3Gt R(- S REmen @
whers LM is the maximum wave numbars of the blending spectral truncation. the
nverse truncated Fourier transform, i.e. the spectral coefficients G,"“" and R,*“%
are cotained by:

7 ‘;R(;Jrs...-u, (S
The blending truncation is determined by the resolution of global analysis, is. the
resoiution of the data assimilaton of the global mode

S I

The maxmum wave numbers of the blending speciral fruncation is then calculated

LAL = AL = (T /T2 @
The blending rate Tf/T;" should be larger than ratic bewesn the average
resolution of global model over the regional domain and the resalution of the regicnal
model,

The scale seleciion in the blending is by emplaying the igital fiter technique, which
was crignally used for the initalization of meteorclogical Fields n NWP. Its detsied
escription can be found in Lynch and Huang (1882,

For any model state Gu'®% and Ra‘%", denoted in the following as f, known at {f.
B o, T, Fooee.ee, ol it My be regarded as the Fourier cosfficients of a function
Fie)

Figy= 3 fiee™ M

where & is the digital frequency. The filtering of Feould be conducted by multiplying
F(8) by a function H{g :

1y e,
Hm)'{o i Pz
& '3 the cufoff frequency. In ALADIN digita’ fiter initalization. the non-recursve
Doiph-Chebyshew fiter is appie (Lynch et a1, 1987), which i< given by
Tyl coste ! 1]
oy Tl cost
R e

]

h is specied by cheesing a

regional model. The estimation of the blending spec  For the low-frequancy range, H(6) faks from 1 to r=1/Tasfxg) as |6] goes from 0o &, nomials, which is defined as:

oblaned as follows:

and for the high frequency range & <= || <= x H(# oscillates within Zr. Let f,*

denot the low-frequency part of f, cleary (10)

T =R T T

Whers Tis the spectral truncation of the global data
equivalent truncation of global model coresponding & 3nd
mods

HE)-F- 3 e
X

121 s can be obtained from the

an

Blended

Regional IC
{Standard uncation)

Filtered

Regional ICs
(Srandard muncation)

Regional ICs
(Standard trancaton)

Filtered

Global ICs
(Standard muncation)

Small scales from
regional model

Large scales from
global model

e o
fi= T Fufea= Tiifos 113)
& F=

This is a non-recursive digitsl fifer, since £ Sepends on both past and future values
of £, . but not ather outputs values (Lyneh et al 1827, hyis given by:

1 1

h 142377, 5, cos 2
The solulian of the mede!,integrated from —ty o ty,is weighied averaged:

5
IO=Fhh (18)

50 that at the end of the DF| a balanced initial state is achiewed. In ALADIN DFI, the
filter order N is determined by the ime step AT based on blending fruncation and the
cut-off period Ty

Suppose the results of OF on Gu™™ and Re"™ are G,™™ and R*“", We obtain

the large scale part of the pertubed ICs of global and regional model by

wow

s u )
G- 3G R TR (18)
The symbalic equation of Slending can be summarzed afier Brofkova ot sl [2008)
and Derkova and Bellus (2007);

K- R-R° o in

o e b T

Where Guues denotes nitial condition after blending. After the blending. the fied itseif
keeps the large scale from global assimilation, and smal scale from regional model,
but it might b= st% noisey dus to the pure interpolation, therefore an additonal DF
nitiakzation wilh a narrow stop-band, could be spolied to suppress the noise due 1o
the intzrplolation.
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Blending: feature

Blending global ECMWF EPS with LAEF Breeding

To combine the large-scale uncertainty from ECMWF EPS with
the small-scale uncertainty generated by Breeding in LAEF.

LAEF Initial perturbations:

» The scale of the LAEF perturbation is in accordance with the scales
of variability resolved by the model.

» The LAEF perturbations are consistent with the perturbation
coming through the lateral boundary. Met-office

> The LAEF perturbations are effective immediately from NCEP
the initial time. NCAR
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ALADIN-LAEF performance

What is the more added value of LAEF to its counterpart ECMWF EPS?

ECMWF EPS €—> LAEF

Is LAEF better than its existing high resolution deterministic ALADIN
forecast?

ALADIN-Austria €<—> LAEF
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ALADIN-LAEF vs. ECMWEF EPS

ALADIN-LAEF ECMWF-EPS

Resolution | 18km; 37 Levels | T,399; 62 Levels

Ens. Size 16 50

Model ALADIN ECMWEF-IFS

Continuous Ranked Probability Skill Score
Time interval: 20070615 - 20070820
Total Precipitation [mm/12h]; Surface

BBSM ——
ECMWF_EPS —»— |

w
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ALADIN-LAEF vs. ALADIN-Austria

Is ALADIN-LAEF adding value to its existing high
resolution deterministic ALADIN forecast?

Horizontal 9.6 km ] S
resolution ALADIN-Austria: deterministic

Vertical 60 Levels
resolution

Runs/day 00,06,12,18
UTC

Forecast range 72h / 60h

Output- 1h
Frequence

Time step 415s

Coupling-Modell ARPEGE

Coupling-Update 3h
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ALADIN-LAEF vs. ALADIN-Austria

ALADIN-LAEF ALADIN-AUSTRIA
Resolution 18km;37Levels 9.6km;60 Levels
Ensemble size 16 members 5 members (time lagged)

Forecast Ensemble mean deterministic

ALADIN-Austria: time lagged EPS

WUTC [0[6] 218
OUTC w1
3 m-@ﬁ Lals
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Continuous Ranked Probability Skill Score
Time interval: 20070615 - 20070820
Wind Speed [m/s]; 10m

LAGGED_AUST —+—
BES

M —e—

Continuous Ranked Probability Skill Score
Time interval: 20070615 - 20070820
Total Precipitation [nm/12h]; Surface

‘ ' " LAGGED AUST —+—
BBSM ——

Forecast-range (hours)

Continuous Ranked Probability Skill Score
Time interval: 20070615 - 20070820
Temperature Anomaly [degC]; 2m

‘ LAGGED_AUST —+—
BBSM —x—

ALADIN-Austria as Reference
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ALADIN-LAEF (AT ZOOM) — new domain: 10.9km
u z
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ALADIN-LAEF (AT ZOOM) - old domain: 18km
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::Fig.01 Domain boundaries of the operational ALADIN-LAEF (green). new redefined
ALADIN-LAEF (blue) and GLAMEPS (red).
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LAEF OId VS. LAEF hew ALADIN-LAEF (domain and used OBS)

Higher resolution | %@ﬁ e AN

Stochastic physics
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Optimsied multi-physics
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