Confédération suisse Federal Office of Meteorology and Climatology MeteoSwiss
Confederazione Svizzera
Confederaziun svizra

9 Schweizerische Eidgenossenschaft Federal Department of Home Affairs FDHA

Swiss Confederation

Assimilation of Temperature and
Humidity Profiles from a Raman
Lidar

e 8 %k ar e &
9r % ar P ek T % 9P
ap ar o ar ap ar o
Tr P TP T P % P ap ap @ T %
an P o Y & ap @ B o ar e o EECY & ap
o {3 & 5(? o Toar @ Lt
9 & 9 9 o 2P F o9

9
F o % imﬁarﬂeweuembengﬁr Giovanni Martuce aﬁciA*le@(anfd@r Haefele -~~~

D dnas PR sopep  qpep #}U#} q}q}; TPeP, APAP SR qP9P g7 AP GpApeeRqp GPEP  qPAPAPER g7 9P GPapaR  qp St ShE e o9 = i ok
PP t{h:’}‘{hﬁ}‘#}#{% dm@s}:ﬁ{hﬂ: qPePePERERaR  qpepap 9¢ A qp 9P f} #}{r#ﬁcﬁ} TPeR qp dr ap 9 apaR qp oty
#]:} TPap kb qPepepqR  qPep PR qpepepopep  gp gp 9¢  ApapaP 9P PSP aPePER s dPeR  pep dpap

=
Fqr 4}‘%}%{%%}%}34} 4pap %}J}]*{P E{L PH PPLTE PR P DPPPCTTR CPCPTPPCTE o CTT PTTET PPE TTEE T PR P T 9
GPAPEPP  APEPEPAPR  GPRPRP  GEAPERSpPOpEREPEPRRER  ApEPEpopRpgp Ap q}e@q} qPaPaPeER AP %{j‘ﬂﬂ G wppep  @pup  Spap P @pup b cpopapopopdp mpep dp qp SR gpEp o ap
GPAP  GPAR  GPEPAPHPEPAP  GPRPAPEPEPEpApgR  GpPEpPEp  Spepapgpopap  gpep  gpgpop Dby dbdbdbdh db  dhdbdbdbdbdh  dpdbdbdbdhdbdh  dhdbdbdbdbdbdbdbdh  dhdbdbdh b
PAPIRARgRARARAR MR jf—‘ﬂﬂﬂﬂﬂ ‘{P‘ﬂﬂ{b {F“{F‘f}‘ﬁj‘ﬂ: iﬁ{h‘ﬂﬂﬂﬂ% #}%%%C{é}i{?{h{j{b&%# GPAPAPER  GPSP GPAPEPAP GPEPSPAR  Gpap §p GpeR qpeRqpop ‘{35}‘%%’ ‘ﬂﬂ%
TP o Sk

4}

o

dodbdb b dbdbdbdbdbdbdbdbdbdbdbdbdbdbdbdbdhdbdbdbdbdbdbdbds  dbdbdb

L0 R D dpdhdbdp dhdpds  gpdpdpdbdd  dpebdbdbdbdbdpdbdbdbdbdbddl
dodada bbb s Godadadedh e i d o dodadndadhd 4 o dodnd g b dh b o dh o odndn ot b dh oy dndadhdbdbdh dadh  Gdodndadpdhdbdh (o dodadadpdh  dhdhdhds  Godaddh b b dh oo s
bbb b dhdbdbdb b dbdbdbdbdb b dbdhdbdbdbdbdbdhdh dhdbdhdb bbb wbwhwhﬂ;ﬁh%Mﬂ%ﬁhﬁwﬁ&wﬁw%cﬁhaﬁc&wazﬁbwhmwp#chb bdbdbdbdbdbdbdbdbdbdbdhdbdbdhdh  dhdbdhdbdbdb
P PLDED DL HDDD #}%#}#}{3#}#}#}%#}:}#}%#}% SLDDBLPDDELPDDELHDDD DA f}#}:“D#HHPEH]::G:%%%%E:%%#}t}%#%c}#}%#%

n

Mﬁ?&;}%@wﬁ}wﬂ]ﬁﬁ;ﬁfﬁwﬁ}# P9PaP PP aPRaP AP GP 5P T i LDJ”{ HﬁL\erHfLLJHr‘HrLuJLgJHfo ELHLLJH_r‘HrH_H L\f qP W0 agaPaRap A, H;Hfﬁg}ﬁf{j:;@ﬁf}q}ﬁg}ﬁf#w%
L L d E
6" International Symposium on Data Assimilation, 5.-9, March 2018 =~

#}#}{mﬂﬂﬂ:#}{h%% 1@M%%% QP#}E}#]:*ﬂ:#H}:{3#}f\}#}{ﬂ#}{‘e#}ﬁ#}{‘e%{h{ﬁ}{:#}%#}tﬁ:%#}{hf}'%f}‘#} PP ep f}‘ﬂ:#}%*{H}ﬁ#}%ﬂ:ﬂ:#}ﬂ:%{hﬁ}%mﬁﬁ##}t} B s
L~ gll

J

nn I I I I I n RN | L L Y L L Y 0L 0L 0L 0L 0L JL I JL O O O O O O O Y L L Y Y 0L Y L L L G L I T I T n oy oL L L L L Y 0L L 0L L L AL Y O O L L0y Ly

qPAPAPAPaR AP AP AP AR AR P AP AP (P AP AP AP AP AP AR AR AR AR AP P AR AP AR AR AR RGP AP AR AR AP AP AR AR §R AP AR §P AP AP AR AP AP AR aR AP AP AR AP AP AP AR AR AP AR AP AP AP AP ARER AR AR PaR AR R qPaPaPRaR
PP AP APaP AR AP AP AR AR AR AR AR S P AP AP R 9P AP §F SR SR AP R AP G 4R §R AR AR R AP g R §R AR AR Ep AR g AR gR g R g P qp R g Ep RGP AR aR AR aE P ERRREREpRRgR R PP AR AP AP AP AR P AR AR AP AP AR AR AP AR AR AR PR
QPP PP PR PP PEPEPERER EPEREREREREREp  qRERER QP e R PR P R R P AP R G R R P PR R P R R R P § P R R AP ER G p Ep R AR PERERaPEREPEPaR  GPEPERgEOpaR  GPEPEREPEPERaRapERgRgRgRERaD
%%@%%%%%%#%%%#%#%%%%%%%%%%%%%%%%%%%%%@%%%#%%%%%%@%%%ﬂ%%%%%%%%%%#%%#%%% PAPAPRPAR AP AR IRAPARAR AP APARARAPAP AR AP AR PR ARAR
GPER  QPARAPAPAPAPEPERERPEPaPEPaPaR  GRER  HRAPER PR eP PR R AR AR RN R RGP AR AP R AP AR AP AP AP AR AP AR g AP AP AP AR AR P AP AR AR AR AR § RGP g P g AP AR AP AP AP AR AP AP AR AR gR gR g R AP AP AP AR AP AP AR ERgRER g AR g ?###F
PP P PP PGP G §R P PP Ep P G g § R AP P g g g R E R P e p S g G R AR P P e B §p §p R AR R P Ep P g g g E R P e B O p G G R R AR P D B §p g gR g R R AP e P O G g R PP e G P AR R P P §p G qR g PR P Ep OGP ERgPEpEpEp G Ep R ERgRgp

I R R e R R R R e e e R R e e R R e e R R R R e R e e e e e e R PP h L b }#}#F#}#F
P AP AP AP AR AP AP AP AR AR AP AR R AP AP AR AP AR R AR AR R g R AR AP e AR AR P AR R AP AR P AR AR AR AR AR R AP AP AP AP AP R aR §R AP AR AP AP AP RGP AR AR ER AP AP R RR AR P AR aR g AP AP R AP RGP AR AP PP AR ARG AP PP AR ER AR P ARaRaP
P P P P SR SR P P P LR LR R R P P R LR R SR P R S LR R AR P P R S AL P R P P P R AL P R SR SR P R L LR R AR SR P R P AL LR R SR P P R R P R SR SR P R R R AR AR P P P AR AR SR G AP (R AP AP AR R Gp AP AR AP AP AR AR P AR R gagpeapaR



O

%
=

b g owenr wehr ars

CHEBLEL

Raman Lidar Humidity Profiles

2000

4500

4000

=) =)
= cn
= =
= =

Height agl (m)

2000

13500

1000

a0n

O

1800
Time

R ar ar ar
T PT P P PTrar

ar ar ar ar
@I PAPTPRR P AP SPAPRR 9P

s

-2
on

el

— N
cn

= —
n

=

¢



-+ Introduction

* Lack of temperature and humidity obs in PBL

* Raman Lidar can provide temperature and humidity profiles
with high temporal and vertical resolution

* Investigate impact of Lidar profiles in the operational,
convective-scale ensemble DA and NWP system of
MeteoSwiss

* Two case studies: a convection and a low stratus case
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U  The MeteoSwiss NWP and DA System

The NWP System ECMWF-Model

18 km gridspacing .

* COSMO Model 4 x per day

* 2.2km grid spacing
* explicit deep convection
* 21 member
» 2 forecasts per day to +120h
The DA System e S e
tfr{};‘ ; ﬁu"‘«}f‘
* COSMO KENDA (Schraff et al., 2016) E—thﬁff il :
TE, v a .
* Based on LETKF (Hunt et al., 2004) . r‘f;r;_*"ﬁ%‘{h ﬁ‘_.f‘{
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@  Assimilated Observations
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O

Observation specifications

Water vapor mass mixing ratio
Temperature

Time resolution: 30 min
Vertical range (day / night):

60 — 5000 m /10’000 m
Vertical height bins of 30-300m
Error: 10% WV MMR /0.5 K
7124 automatic operation
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U Availability of the Payerne Lidar Obs

Does not work in rain and low clouds

Climatological availability: 60%
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U  Case study of 24.08.2017
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U  Mixing Ratio observed by Lidar
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Experimental Setup

KENDA assimilation from 00UTC to 12UTC
— CONYV (assimilation of conventional and Radar obs)
— LIDAR (additional assimilation of Lidar T and RH profiles)

COSMO-E forecasts (CTRL and ensemble) started at 12UTC
from CONV and LIDAR analyses

CTRL forecast initialized by KENDA ensemble mean
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O  CONV Analysis Mean vs Lidar Obs

Water vapour mixing ratio difference
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Effect of Lidar Obs on Analysis Means
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U  Pre-convective Environment
CAPE of Analysis Means valid at 12UTC (IC of forecasts)
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U  Precipitation Forecasts
Deterministic CTRL Forecasts initialized at 12UTC

24h Precipitation sums ending at 25.08.2018 12UTC
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O

Precipitation Forecasts

Probability that 24h precipitation sum exceeds 1mm
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¢  Effect of Lidar Obs on Low Clouds

Analysis means of low clouds versus SEVIRI VIS
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Summary

* Raman Lidar observations close a gap in PBL observation
system

* Continuous temperature and humidity profiles from Lidar in
Payerne (avg availability of 60%)

* Quality approaching that of radiosonde observations

* Successful assimilation with COSMO KENDA for a
convection and low stratus case

* Lidar obs successfully adjusted the pre-convective
environment, allowing for a more skillful precipitation
forecast

* Impact smaller for the low stratus case
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@  Outlook

* Extend assimilation experiments to longer periods
* Introduce new observation type in COSMO KENDA
* Adjust horizontal localization (smaller radius?)
* Adjust observation error
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