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®isdts 1, The ICON-Model oA )

* Operational NWP model of DWD: ICON (ICOsahedral
Nonhydrostatic)

* Two-way NEST over Europe (~6.5 km)

* Resolution: 13 km deterministic
40 km ensemble (40 member)
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Wisdts 1. DA System at DWD ] ©
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____Global Model Verification
¥ Reading Comparison
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WMO verification against observations
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P ieading o Bayesian Filtering via PF  venimeauscner sona E
* Qur Particle Filters are based on the LETKF philosophy
» Localisation: as LETKF in ensemble space

» Adaptivity: tools for spread control
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Reading 2. Bayesian Filtering via PF

Deutscher Wetterdienst
Wetter und Klima aus einer Hand

©

6 LETKF |
DATA ’
5—— 0.8
a—  *
0.6
33— p - —
* - 0.4
2 — '. n
Posterior T g o
1 | Prior '
0 0
0 2 4 6 10
Classical PF LAPF
61 I 1 ~ |
DATA DATA
5 0.8
4
> |
3 Priof - R LP.r 1of
o ' 0.4 « v
- * g8 2l | | T _as 2l
2 Poﬂerlorﬂ- Re " _ —;’-’
ole ° » Posterior .
1 0 H
o o
0 0
0 2 4 6 8 2 4 6 8 10
06.03.2018 On Localised Particle Filters for the Global Weather Prediction Model ICON anne.walter@dwd.de 7



P Reading 9 Bayesian Filtering via PF e eeteTcenst E

First Step: The Classical Particle Filter

* « HampbdyyBayessformuliato czaabulbdte mew anallysis
disgibotiben
Pz(ca)(x)! =p(xlyx) =c p(yklx)p,({b)(x), x € R"
|§ % gorqg]rerwg éle?tri]o];agg{’(:)r: fX p,({“) (x)dx =1

* To carry out the analysis step at time a posteriori

5 \Je(?&ﬁ%y o1t the analygis step at time ¢, a posteriori

weights p\* are calculated
: 1 T _
IS chosen Sll!)(lﬁj?) that ,-5(v-Hx®) R (y-Hx®)

c is chosen such that Z{Elp;(fi) =L
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Second Step: Classical Resampling

-+ Ascommukdttebwedigitts are definkedined:
Waco, = 0
Wac; = Wae,_, T Pi i=1,..,L

where denote%the ensemble.size
where denotes the ensemble size

e Drawing r;~U([0,1]),/j = 1,...,L, setR; = j. — r; and
Drawing, set. and Aef ne %?grf%rm rh:f—lt{gg @{/_:Foftﬁe

egtransform matrix

defl e partic
partlcr:]es by: P
o 1 lf R] € (Waci_l,WaCi],
Wi ; = )
’ 0 otherwise,

with , denotes the interval of |
valgsl -, L with W € R™, (s, t] denotes the interval of

values s <n <'t.
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Third Step: Spread Control

* - Baasddooriiiecaakdgitveermuttipicedtvecinfiaiiom factor p
deétemmieedotyyt el LEETHG-
E [dg—bdo—b ] — Tr(R)

P T I (HPPHT)
* Weighting factor has been chosen, due to the small

- egsigibtngifador a has been chosen, due to the small
ensemble size (L = 40)

pr = apr + (1 — a)pr-1
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Third Step: Spread Control

Ppémbbimmmer 18 igag@sktptadt dpyeach totthih 6 wsisim

Co, p < p(o) )
where .. and,, with p—p0
07 Yot (¢ . PO <p<p®y
if and if ‘0 o) p(D — p© P P=p
\ C1, p > p(l) )

where ¢y = 0.02, ¢; = 0.2, p® = 1.0 and p(™ = 1.4, with
c=ciifp=p®ando=cyifp < p®
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Fourth Step: Gaussian Resampling
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Fourth Step: Gaussian Resampling

* . Weighhss/eapecaislmastny, diamng friim the posierior
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Y |
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> |t is an explicit calculation of the Bayes posterior based on radial basis
function approximation of the prior.
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P Reading 5. Numerical Testing el e E

Experimental set-up

* Full ensemble: 40 T [K] at 03.05.2016 15 UTC ~1000 hPa
members e e s

60 - |~ Eie

« Reduced resolution:
- 26km deterministic
- 52km ensembles
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* Period:
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Global RMSE for obs-fg statistics (Radiosondes vs. Model)
Period: 08.05.2016 — 31.05.2016
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Global RMSE for obs-fg statistics (Radiosondes vs. Model)
Period: 08.05.2016 — 22.05.2016
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Global RMSE for obs-fg statistics (Radiosondes vs. Model)
Period: 08.05.2016 — 22.05.2016
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Preading 5 Numerical Testing

Global RMSE for obs-fg statistics
Period: 08.05.2016 — 22.05.2016
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Global spread of T [K] ~ 500 hPa
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Global verification of different lead times against Radiosondes
Period: 02.05.2016 — 24.05.2016

Lpper air temperature (K) wind speed (m/s)
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* LAPF and LMCPF implemented in an operational NWP
system

* Both Particle Filters are able to provide reasonable
atmospheric analysis in a large-scale environment and are
running stably over a period of one month

* The LMCPF outperforms the LAPF but not yet the LETKF,
but both Particle Filters nearly reach the results of the
operational LETKF

» Both Particle Filters are showing promising results; further
tuning is in progress.
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Thanks for the attention!
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Global histogram of number of particles with weight
31.05.2016 21 UTC ~1000 hPa
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31.05.2016 21 UTC ~ 500 hPa

Global histograms of number of 3
particles with weight
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