oSwiss

Federal Office of Meteorology and Climatology Mete

Federal Department of Home Affairs FDHA

Schweizerische Eidgenossenschaft

Confédération suisse
Confederazione Svizzera

Confederaziun svizra

O

Swiss Confederation

S R T S T )
T4 b, db  ATLTETETLPLTL ‘
ar i i ar ar qr i i
& ot i oT TSELTLTLTLTL ‘
Top, T Tend, TOTLXERLTL, LLTLTE
e G BTLPEL  HTLTE ETE :
& EIh RO S N -
P S BTeTEY DETSTETS, pTETE .
o P o, TP A, T 1, P P L P O TP L T -
LT T e TTETLPATS LTLT LT -
T T TeY TP ATSTLTLTLTLTS e
4 H TaT PRT LTATLTLT :
e . PR U S 2 A o T :
o L Ve pT TaPh ETATE, KTLPLTL E
o 2T TSI LTE TR T LTS ST -
R o LT ETLDLY LT L
ar o E S e :
R PR LR AL ARy R RS -
b I o T 0
$Hodb PLTLTAVLTLYS T g
= VGV eV ETEVSY LTS ST e T ‘
B TETLTL LTETS BT k
LI TR A A A o w%ﬁ -
: SELTET Ther -
&b i TL BT LTRT 2 :

n

n

S
2

dh
er.

n, N, N n.nn n

n

=

B}
n,r,n, n, ., n.n

n n

a5
ser

n

< ST LT
SePlta®l, 298200

ar
P P ap
i i

n

n

e
TP
&5
b
o
i
ar
qrap
S
TRap
qP P
#H];}
HPEAqPAANPREERAPERRAARAGARREIgEREYRES QPR AREaRERnpagpnpgaTR

o
%
Wal

b

¢
<

ke
¢ses

o
e
ool

<
S

&

n,.n

re
F
TP
P
P
EELE
s
P
o
<
el
P
ar
ShLt
ar

n

T
ar
Al

Gt

n

eeting,

TPEPAF  qPAPEP SRR AR 3P E Hp gp AR R P AP A R §R €2 R AR g Rp gp 9P gp PR E R AR R ER AR AR Sp §p AP ap R A AR ER R AR AR AP gR Ip e gp

j
{‘M

n

PR P EP QPP R PP PR R 0P G g P OPap P EAgP PR aRap P p

CPEPAPaPaParar

n

dhhddbchdbdbdhdbdbdbdbdbdbdhdbdbdhdbdbdbdadbdhdbdbdb dbdbdbdhds db dhdadbdh b dbdhdbdhdh

P AP ER AR AP AR AP AR AP A2 P A R G AR G QR AR R p P R R g g § R g R g p R AP 3R B AR P R AR R g R AR R E I RpRp R RRER INEPERGREaGR  GPRPAPaPapaRgpERLE  GRERRASEap P

PP APAP AP AR AR AP RP AP AP SR APPSR

)
9P
>
ChLt)
ar
P
N
TP
&
TP
eh)
Skt

n

n

SpepepeRaPapT;
a5

pag
S
cpgp
ar
Theb
PP
dhdb
Shkhy
> dhdb
e
ods
Lkl
dhgpgp
ar

n

COSM

P 4P R §F qP AP AP AP AP E A Hp R e g Gp Ep gpapep e

n

n

n,n ., N, n n.n

SR PP AP APPSR 2R AP P g G P QP P PR PR R g AP P P g QR R P P P R g R g g g P g P g P R AR PR AR R 3P g P P SR g AP P AP RS P G P g PGP P g G G P P AR P PR g P C RGP QPP AR PSP 2R gR e P g gPapapaRaPaaaRERED

n

n

HPRPRAEARFERER  HRERCAgpaRRnEnAgRnIRAgInaERapEagpaaga

-

GPEP GPAPERAPAPRRARRaREREqREpEpap  GRAE  EPARAR AR ARG aR IR R AR AR AP AR AR AR R £ AR AR R AR A0 30 G E A 62 G AP ER R AR AR ER AR A 63 6 G G AP G GR P R P AR AR AR CR §R AR G R AP S B A AR R ER AR AR AR AR ERqp A gEaR g
AP A2 HR P P F G AP AP AR AR € R R P R AR AP GP AP § P 9P R § PP E P AR P P §P P AR R Ep AP AP S P E R P G R R G P P Ep GR AR g P 9 AR P A3 R AR P AP AR g g R P Ep QR AR g g AP g R 3 PR S 3 AP AR g P P Ep Qe RE R qa AP R A PR qp ApapeRa:

e

n

fiJ%%fvﬁfﬁf%m—'ﬁfL:JHer'Lu—'L\rL\fL\_HL\_HHJ"Lu—'LfL\fﬁfL:JLLHLu—'L\ﬁLuJLuJ1JJL\_r'Lu'L\fLﬁLu'Lu"Lu—'LuJL\ffLLJHfLu—'LﬁL\_rLLHLU"LEJHJ—'fLLJHﬁfH_HLLrL\fﬁfL\fL\r'Lu—'L\_JL\_HfLLJHerH_HHerHfoLmﬁfL:JHﬁHﬁHﬁHrHﬁfHﬁHﬁHﬁL:Jﬁfoﬁfoﬁff%%fow
db bbb bbb b T dadh b bk db bbb b ds dbIhdhdb db b dbdb dhdach T adhdh b ik dhdbdb bl s dbdbdbdbdb bbb dh s b dbdhdbdh<h &b dhdhdhdt db b db dbdbdbdb bbb dheb b dhdhdadb b i db dheh et b b dbdhdb bbb dh

9P RARP PR AF PP AP AR RP R AR R P Rp PP R a AR AP R g AP R ARp BRI R R P E P PR RPRRRR P RARA RPN qR R ARRARESARIRp RaPap qARPRPRARPRAGAPEAREaARRGRRA

e
°F
>
%P
H
S
>
i
J;}
P PR PP R RP PR AR R RGP PR PR EARRapERLEgp

TG e N e e
b dadbdbdhdtdbdbdbdhdhcndb



Outline

e Setup and implementation

o Status of SPPT code

e COSMO-E forecast quality vs. ECMWEF IFS-ENS
e Qutlook
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COSMO-E operational setup

o 21 members (control and 20 perturbed runs)
o 2.2 km horizontal mesh-size, 60 vertical levels
» two forecasts per day (00 and 12 UTC) up to +120h
 initial condition (perturbations): KENDA assimilation cycle
 KENDA ensemble mean for control
« KENDA members 1-20 (out of 40)

» |ateral boundary condition (perturbations): ECMWF IFS-ENS
(18 & 06 UTC, i.e., 6h older LBCs)

* ENS control for control

 ENS members 1-20 (out of 50)
 model uncertainty: SPPT
« COSMO version 5.0+/GPU, single precision

MeteoSwiss © COSMO General Meeting, 11.09.2016, Marco Arpagaus & André Walser 3



Implementation &
performance on Piz Kesch

« 12 computational nodes per rack with
* 8 dual GPU cards (NVIDIA Tesla K80)
« 2 Intel Haswell (2.6GHZ, 12-core) CPUs

e COSMO-E Setup
« 21 members in parallel
« 2 members per node (1 member: 1 CPU + 8 GPUS)

e Performance: 97 min for +120h forecast

MeteoSwiss © COSMO General Meeting, 11.09.2016, Marco Arpagaus & André Walser 4



Status of SPPT code

MeteoSwiss version includes
¢ same random pattern with gnu, pgi, and cray compiler

» possibility to switch off SPPT when and where targeted
diffusion is active

* technical changes (e.g., SPPT tracer attribute for gx)
* ported to GPU

pull request for cosmo-prerelease ready

has to be approved by SCA Uli Schéttler

aim: available with COSMO v5.6

MeteoSwiss © COSMO General Meeting, 11.09.2016, Marco Arpagaus & André Walser 5



Temperature anomaly problem

« 5 order advection scheme can produce temperature
anomalies

* mitigated by physics and targeted diffusion (switch
|_diff cold pools)

* however, if physics tendencies are significantly reduced by
SPPT, there is a higher chance for temperature anomalies

» switch ltargetdiff _mask to switch off SPPT (for the next
time step) where targeted diffusion is active

e nevertheless, T anomalies still occur in COSMO-E (as well
as in COSMO-1 (1))

* we thus test a new targeted diffusion additionally applied
to u & v and increase the application domain from 1 to 9
grid points - results are promising!

MeteoSwiss © COSMO General Meeting, 11.09.2016, Marco Arpagaus & André Walser 6



Current COSMO -E SPPT setup

SPPT namelist switches for COSMO-E (changes since last
COSMO GM in red):

&EPSCTL
itype_vtaper_rn=2,
itype_qgxpert_rn=2,
itype_gxlim_rn=0,
npattern_rn=1,
imode_rn=1,
hinc_rn=6,
dlat_rn=5.0,
dlon_rn=5.0,
stdv_rn=1.0,
range rn=0.8,
lgauss_rn=.TRUE.,
Ihorint_rn=.TRUE.,
ltimeint_rn=.TRUE.,
ltargetdiff mask=.TRUE.

MeteoSwiss © COSMO General Meeting, 11.09.2016, Marco Arpagaus & André Walser



COSMO-E forecast quality

e l|ast 4 seasons (SON 2016 to JJA 2017) for all
SYNOP stations over full domain

e precipitation; T2m & Td2m

o probabilistic: RPSS; spread-skill, rank histogram
e deterministic: performance diagram, mean error
e comparison against the driving model IFS-ENS

 Note: COSMO-E outperformed COSMO-LEPS
over Switzerland for a number of seasons before
becoming operational in May 2016 when the
generation of COSMO-LEPS products at
MeteoSwiss has been discontinued.

MeteoSwiss © COSMO General Meeting, 11.09.2016, Marco Arpagaus & André Walser



COSMO-E vs. ENS

_ COSMO-E ECMWEF IFS-ENS

grid-spacing
domain

forecast range
deep convection

subgrid-scale
orographic drag

2.2 km (0.02°)
Alps

+120h
explicit

roughness length

initial conditions KENDA (LETKF)
boundary conditions ENS -6h
physics perturbations  SPPT

availability (+120h)

MeteoSwiss

3:45h after analysis time

~20 km

Global

+240h

Tiedtke-Bechtold convection scheme

SSO scheme & roughness length

4D-Var + SVs & EDA

SPPT & SKEBS

7:20h after analysis time
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MAM
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. . £
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SON

MAM

12h precipitation ;

TOT PRECW2 BSS( OT C— E@Glps ENS@GIpS

BSS, 0.1mm/12h
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SON

MAM

12h precipitation ;

TOT PREC 20 RES( O 1) C— E@les ENS@QIpS

RES, 0.1mm/12h

0.10F 0.09
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SON

MAM

12h precipitation ;

TOT PREC12 REL(O1 ) C— E@G\ps ENS@G\pS
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SON

MAM

12h precipitation;

Relmb\\lty D\Qgrom TOT_PREC 2 1 mm

P =

& C—E@alps
=-E1ENS@olps

Observed Relative Frequency

0

Q.0 0.2

W 201 6—08—01

0.4 0.6 0.8

Forecast Probability
&40 to 2016-11-30 18:00 LT: 63-72

ENS

P =

I e<C—E alps
=-E1ENS olps

Observed Relative Frequency

Reliability Diagram TOT_PREC12 1 mm
A e e e e e L

Q.0 0.2

W 2017-03-01

MeteoSwiss

0.4 0.6 0.8 1.0
Forecast Probability
640 to 2017-05-31 18:00 LT: 63-72

Observed Relative Frequency

COSMO-E

Observed Relative Frequency

reliability, Imm/12h

Relmb\\lty D\Qgrom TOT_PREC 2 1 mm

P =

& C—E@alps
=-E1ENS@olps

0.2

W 2016—12—01

0.4 0.6 0.8

Forecast Probability
&4A0 to 2017-02-28 18:00 LT: 63-72

Y =

L < C—E alps
FEENS alps

Religkility Diagram TCT_PREC12 1 rmm
T T

.0 0.2

YT 201 T=06-01

0.4 Q.6 [eX:]

Forecast Probability
6:00 to 2017-08-31 18:0Q0 LT: 63-72

DJF

JJA
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L] L] L] L}
N precipitation; rank histogram
Rank Histogram TOT_PREC12 Rank Histagram TOT_PREC12
3){1047|\\I\\III\I\\\I\\II\‘I\\\I\III‘\I\\II\III\\\\\II\II\7 370x1047‘ll\\l\\\\‘III\\I\\I‘\III\\\\\I\\II\\\\\I\\II\\\\I7
= B C—E@alps 4 L B C—Ealps 4
L B ENS@alps i L B ES@alps i
F q 2.5x10% —
2x10* [ — 2.0x%10% —
SON : I ; DJF
1%10* = 1.0%10* -
q 5.0x10° —
g i
a 10 20 30 40 10 20 30 40 50
Rank Rank
2016-09-01  E:00 to 20161130 1800 LT: 63-72 COSMO_E 207612201 5:00 ko 20170228 18:00 LT: 63-72
ENS 63-72
Rank Histagram TOT_PREC12 Rank Histagram TOT_PREC12

2w ol L B B B BT T e 5L L L L

[ B C—E alps h L B C—F alps 4
L B ENS alps | B ENS_alps

1.5x10%

1.0010° —

MAM f | JJA

5.0x10°

50107

a 10 20 30 44 50 Q 10 20 30 490 50
Rank Rank
2017-03-01 6:00 to 2017-05—31 18:00 LT: 63-72 2017-06-01 600 to 2017-06-31 18:00 LT: 83-72
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SON

MAM

12h precipitation;

SMO-1 vs COSMO-E vs COSMO-7 vs IFS @ch for TOT_PREC12 & MO-1 vs COSMO-E vs COSMO-7 vs HRES @ch for TOT_PREC12{

0.8
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0.0
|

3 2 1.5

13

SMO-1 vs COSMO-E vs COSMO-7 vs IFS @ch for TOT_PREC12 & MO-1 vs COSMO-E vs COSMO-7 vs HRES @ch for TOT_PREC12{
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SON

MAM

T2m; RPSS

RPSS (RPSS)

RPSS (RPSS)
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SON

MAM

T2m; sp

read & skill
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T2m; rank histogram

Rank Histogram T_2M Rank Histegram T_2M
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T2m: mean error of ctrl/median
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Td2m; mean error of ctrl/median
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ff10m; rank histogram

Rank Histogram FF_10M
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ff10m; mean error of ctrl/median
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Main feedbacks from forecasters

« COSMO-E often triggers convection over the Alps only
and misses it over the Swiss plateau:
—> lack of convective precipitation
- missed warnings for thunderstorms
—> In particular with weak synoptic forcing

o Example:

probability TP > 30mm/24h: TPum,up to 70m/24. ‘_

Radar

percent

zzzzz
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Forecast quality summary

« COSMO-E outperforms ENS for the full Alpine domain for
most variables and most seasons (despite 6h older LBCs).

« COSMO-E is still underdispersive in the PBL, most
severely in the short-range (caveat: no obs error included).

e Insummer, COSMO-E exhibits a strong warm and dry
bias . — The warm bias is equally large for COSMO-1 and
COSMO-7.

* Forecast quality of COSMO -E critically depends on the
guality of KENDA ... — and vice versa!

* Not shown: problems in convection triggering without
orographic forcing observed in 2016 (less so in 20177?).
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Outlook

« experiments (by Seraina Klaus; internship) for convective
cases to investigate

* Impact of a setup proposed by PP CALMO
 sensitivity to turbulence length scale (tur_len)

* boundary layer perturbations (T, w, qv) based on
Kober and Craig (2016)

* implementation of member selection by clustering (by
Stephanie Westerhuis, MSc-thesis) into operational suite

« experiments with rescaled (i.e., amplified) KENDA ICs
(and later maybe also ENS LBCs)
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