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HARMONIE =
HIRLAM ALADIN RESEARCH for MESOSCALE OPERATIONAL NWP IN EUROPE

HIRLAM 1985 -201S HARMONIE 2005 - ...

Hydrostatic semi-lagrangian Non-hydrostatic semi-lagrangian
semi-implicit gridpoint semi-implicit spectral
Dynamical core

convecfion!

Physical parametrizations Radiation, miCI'Oth_SiCS, Radiatiora microphysics, turbulence
cti

Atmosphere turbulence, convection Resolve

Surface Integrated surface SURFEX externalised framework
paramenzations




During the HIRLAM-B programme 2011-2015
we aim to move all NWP model development
from HIRLAM to the HARMONIE framework

How to transfer our HIRLAM-based experience
to the world of HARMONIE? What would happen
to the HIRLAM-based applications like Enviro-
HIRLAM or Rossby centre climate model?

Coming back to these questions later in the
presentation or during the school week!
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SSS06

St.Petersburg Summer School 2006

on

http://netfam.fmi.fi/SSS06

Nonhydrostatic dynamics and fine scale data assimilation

11-17.6.2006 Sanatorium Dunes, Sestroretsk

Time Monday Tuesday Wednesday Thursday Friday Saturday
BASIC DYNAMICS BASIC NUMERICS DYNAMICS TOFICS DATA-ASSIMILATION DATA-ASSIMILATION ||LAST DAY
Opening of the workshop - rector
10:00-11:00 of RSHU, prof. Lev Karlin Split explicit methods - | Boundary conditions: lateral gjlses?r;?giigidag&ma m g;:;.llssion
. - ) _ . . - 7. -
Delopment of fine-scale NWP Almut Gassmann upper. lower - Mihall Tolstyh Eresmaa Francois Bouyssel and closure
systems - Jeanette Onvlee
11:00-11:20||Coffee Coffee Coffee Coffee Coffee Coffee
Remote sensing +
new observations -
Basic equations, vertical Semi-implicit, semi- Spectral formulation of Data assimilation in
11:20-12:20||coordinates, simplifications - lagrangian methods - nonhvdrostatic model - Pierre ||operational LAM's - Roger GNSS - Reima
Hans-Joachim Herzog Rein Room Benard Randriamampianina Eresmaa
Radar - Kirsti Salonen
12:20-12:30||Short break Short break Short break Short break Short break
12:30-13.30 | LeSt cases for nonhydrostatic Nume&;al Sts.bmt and Eurbul.encle E’:md tl.’l SICSS : Simulation of analysis errors ||Satellite radiances -
T effects - Rein Room SIMoOLhing - Fiette Jnamles INLSLaCLIONS - SeMION | qiry 15 Stefanescu Per Dahlgren
Benard Sukoriansky
13:30-15:00||Lunch Lunch Lunch Lunch Lunch
Discussion on
mesoscale data
Introduction to d . Introduction to data a}s]81lrlmlatlon
nrecue 1?{3 .g. ﬂlamlc?ﬂ.. r I . . D . . tinue: assimilation exercises - Per | at eggei "
15.00-17.30/||8%ercises (1] (2] - Aarne Manni ynamics exercises ynamics exercises continue; Dahlgren - introduction

Dynamics exercises start

continue

discussion on results

2D DA exercises start

chaired by Jeanette
Onvlee

- comments and
questions by
participants

17:30-17:40

Short break

Short break

Short break

Short break

Short break

P T



A slide by Reima Eresmaa:

ILMATIETEEN LAITOS
METEQROLOGISKA INSTITUTET
FINMNISH METEQROLOGICAL INSTITUTE

The purpose of data assimilation

Essentially, data assimilation is the procedure for
importing the information content of observations
into the numerical modelling system

The output of data assimilation
« IS a maximum likelihood estimate of atmospheric state
IS called analysis

e serves as the initial condition for the deterministic
forecast

Introduction to Data Assimilation 15 June 2006 3




DEVELOPMENT OF DATA ASSIMILATION IN HARMONIE

ATMOSPHERE
Three-dimensional variational assimilation

Focus on local observations, e.g. radar wind and reflectivity

SURFACE

Spatialisation by optimal interpolation:
temperature, humidity, snow, ice ...

Variational methods for the analysis of soil moisture and temperature
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Nonhydrostatic dynamics
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Quarterly Journal of the Royal Meteorological Society Q. J. R. Meteorol. Sec. 136: 155169, January 2010 Part A

Royal Meteorological Society

Dynamical kernel of the Aladin—NH spectral limited-area
model: Revised formulation and sensitivity experiments

P. Bénard,* J. Vivoda,” J. Masek,? P. Smolikova,® K. Yessad,® Ch. Smith,% R. Brozkova®

and J.-F. Geleyn®*

* Météo-France, Toulouse; France

® Slovak Hydro-Meteorological Institute, Bratislava, Slovakia
“ Czech Hydro-Meteorological Institute, Prague, Czech Republic
d Met Office, Exeter, UK
*Correspondence to: P. Bénard, CNRM/GMAP, 42 Avenue G. Coriolis, F-31057 Toulouse Cedex, France.
E-mail: pierre.benard@meteo.fr
'The contribution of C. Smith was written in the course of his employment at the Met Office, UK and is published with
the permission of the controller of HMSO and the Queen’s Printer for Scottland.




ALADIN NONHYDROSTATIC KERNEL

Fully elastic Euler equations
Semi-implicit, semi-Lagrangian transport
Horizontal spectral representation
Terrain following, pressure-based

vertical coordinate

Next: two slides by Hans-Joachim Herzog,
NetFAM 2006 summer school in Sestroretsk
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Nonhydrostatic model equations

Compressible/elastic

| ncompressi ble/anelastic *

Hydrostatic ( pri e)
equati 30

equations with full
physical structure

reduction of equation set due to

e (E—Fjw+ o =0

a_ ou
0z 0 X

dt

reduction to hydrostatic equation

dw
0|2 _990_
dt ( +F]p . 5—0

full set of prognostic
variables

filter condition:

2 2
[6 + g jp—l‘zp:F(x,z);Vt

ox* 0Z°

boundary value problem constitutes a
diagnostic relation for p

filter condition:
w1
07" 4H?
boundary value problem

constitutes a diagnostic
relation for w

w=G(x,2); vt

| nternal acoustic and
gravity waves are com-
pletely contained.

Hydrostatic and geostrophic
adaptation

I nternal gravity waves are com-
pletely contained, acoustic waves
arefiltered out.

Hyadrostatic and geostrophic adaptation

| nternal gravity waves are
contained, but insufficiently
presented (L2 >> 12
acoustic waves excluded.
Geostrophic adaptation

Damping/filtering of acoustic waves
due to an appropriate numerical
scheme ( split-explicit ,
semi-implicit-semi-Lagrange)
Models: MM5, LM, WRF-NCAR,

UK-Unified Model, etc. ...
WK78, Cullen, Gassmann

Numerical treatment of elliptic pressure
equation isdifficult and needs to be done

with care (terrain-following coordinate).
An excellent research model isEULAG
(Grabowski, W.W.,P.K.Smolarkiewicz,
2002,MWR 130, 939-952.)

Most operational global and limited
area models are hydrostatic.

* refinements of anelastic approximation: P.B.Bannon,1996, J.Atm.Sc. 53, No.23, 3618-3628.
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Physical parametrisations
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MONTHLY WEATHER REVIEW

The AROME-France Convective-Scale Operational Model

Y. SEITY, P. BROUSSEAU, S. MALARDEL, G. HELLO, P. BENARD, F. BOUTTIER,
C. LAC, AND V. MASSON

Meteo-France CNRM-GAME, Toulouse, France

(Manuscript received 19 March 2010, in final form 29 September 2010)

ABSTRACT

After six years of scientific, technical developments and meteorological validation, the Application of
Research to Operations at Mesoscale (AROME-France) convective-scale model became operational at
Météo-France at the end of 2008. This paper presents the main characteristics of this new numerical
weather prediction system: the nonhydrostatic dynamical model core, detailed moist physics, and the as-
sociated three-dimensional variational data assimilation (3D-Var) scheme. Dynamics options settings and
variables are explained. The physical parameterizations are depicted as well as their mutual interactions.
The scale-specific features of the 3D-Var scheme are shown. The performance of the forecast model is
evaluated using objective scores and case studies that highlight its benefits and weaknesses.

VOLUME 139
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DEEP CONVECTION
CLOUD MICROPHYSICS
SHALLOW CONVECTION
TURBULENCE

~ - four slides by Valery Masson,
Meteo France, 15 July 2011 at FMI



'Deep Convection : parameterized vs explicit

Prognostic variables represent a mean state on the mesh grid.
The high resolution allows to avoid some parametrizations : convection

10 km Storm events on North ofg France
15" June 2009 :

Cumulonimbus are 'sub- ..
grid' in former
generation Numerical
Weather Prediction
models (e.g. ALADIN)

They are explicitely
resolved in AROME

=TEO FRANCE

ours un temps d’avance




ew Microphysics adapted for high resolution models

Aggregates | Graupel and

Cloud Rain Pristine ice and snow hailstone

Columns

Liquid water contents : Fog < 0.1g/m3. Sc : 0.1g/m3 to 0.5g/m3 .
Cumulus : from 0.5g/m3 (early stage) to 1g/m3 (later stage). Cb : Up to 14g/m3

METEO FRANCE

Toujours un temps d’avance



'Shallow convection need to be parameterized

5 |9

dry BL Stratocumulus Shallow cumulus Deep cumulus

= SHALLOW CONVECTION : : Nécessary until Ax ~1km — 500m
= 2 approches:

- classical shallow convection scheme (Kain-Fritsch-Bechtold)
- EDMF-type scheme (Pergaud et al 2009)

METEO FRANCE

Toujours un temps d’avance



'Principle of Eddy-diffusivity Mass Flux scheme

An EDMF-type scheme treats both the boundary layer and the cloud !

K -diffusion \A/—(JD—K% W@ OM, (@ ~9) MassFlux
Z

curmulus layey

o>

B

K-diff

dry conveflive cumulus

boundary fayer subcloud layer

< ¢
K -diffusiqn




SURFEX = SURFace EXternaliseé

Atmosphere

- radiation

- precipitation

- T, wind, humidity
above surface

- radiation
- sensible heat
- evaporation / latent heat

b o0 £ ny
r R - -
-_*

55

Surface (different types!)

Given the meteorological FORCING from the atmosphere, SURFEX

(1) calculates the FLUXES from the surface to atmosphere,

(2) predicts the evolution of many SURFACE QUANTITIES (e.qg., soil moisture), and

(3) diagnostically computes some "SURFACE AIR” METEOROLOGICAL
PARAMETERS (e.g., 2m temperature over different surface types))



Processes taken into account in the SURFEX model for a complex urban landscape
ATMOSPHERE

Temp, hum, wind

AN

Temp, hum, wind

Traffic - Industn,és
Emissions !

Heat «
1‘ Air cond. V&
CO, \A & heating® m
o\ releases .2
£ \,\ea’ﬁ

/ AIR IN THE STREET «
R

esis

h
/.
on

Photosynt
i

Respira

VEGETATION |

Temp, water, snow

ROAD
Temp, water,
snow

L)

Infiltrétl_\on

> Conduction

On going implementation :
Direct radiation through windows, air COI’ldl 1 ﬁ’l
Radiation road orientation, ground water mflltratlon TQEGOF RWCE
U

jours un temps d’avance
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A Lithuanian example (by Martynas Kazlauskas)

Hir
[\ Ia\ny MUSCATEN Summer school 2011

OSENU, Odessa, 3-9 July 2011



The august storm case (1)

4 a L 1 s :-. - 144
4 MSG Infra 10.8um (°C) i G _ == 08 08 2010 00:00 UTC

| .v-_|_ BT

ECMWF WindShear 0-8km (m/s) |- 1A : (? 5

i 490
20 e
0T J

* Intense convective event developed ~
2010-08-07 21 UTC — 2010-08-08-03
UTC

ECMWF MLCAPE 0-100hPa (J/kg)
| ECMWE Wind bean 0-6km (mfs)
Synop

F':".:_':_ 09y

* Wind speeds up to 27 m/s measured in
synop network

Image : Ecmwf/Eumetsat/met.hu/Lhms



Palangos AMS
8.0

Klaipedas KMS
5.0

Silutés HMS
6.0

=160

Nidos KMS
11.0

The august storm case (2)

Telsiy Ms

"13.0

Siauliy M5
16.0

Laukuves MS

"9.0

"18.0 22

kybarty MS
~9.0

Lazdijy M5
~10

* Mostintense at 00 UTC 2010-08-08

Amount of damage done in several
areas indicates that higher wind
speeds occurred / were missed by the
station network (see next slides)

Pane
"20.0

Utenos MS  Ddksto MS
7.0 4.0

Rasei iy ME Dotnuvos MS
5 350

Ukmerges Ms
*14.0

AMC
» 4¥1300

Vilnialis M5 '
1308

Vare 1os M5
"27.0

Wind speeds from LHMS SYNOP network
(2010-08-07-21 / 2010-08-08-03 UTC)



Some extra things

 The storm has caused > 5 min. Eur ( ~
4 min. for forests + agriculture) of
damage.

* Murphy's law in action: LHMS weather
radar down for extended maintenance
before the event... (which means
almost no coverage from neighboring
Belarus/Russia/Poland, and Latvian
radar covering only the very northern
part of Lithuania)

Image : Lithuanian dept. of Civil defense
Forest leveled down to the ground in southern part of Lithuania



Images : Lithuanian dept. of Civil defense




Harmonie model experiments

2 similar setups / Area2(red) Areal
(blue)

Areal 300X300 / Area2 400X400 gp.

E
Arome 2.5 km

Cycle 36h1.3

6 hourly cycling (start at 2010-08-07-06 UTC)
Blending + Surface DA

ETDFK / CANARI_OI_MAIN

3 hourly coupling

In this presentation (shortened):

* Area size impact (Areal v.s Area2) (Host
model - IFS)

Tt



12 UTC 2010 08 07 Arome runs max 10 m. wind speed (3 h.)
Areal — Left, Area2 - right

V1Omayx 18Z207AUG2010 iki:20:45207AU562010 V1Omayx 18Z207AUG2010 iki:20:45207AU562010

:ﬁvo

4 ki b 10 1z 14 18 11 ) 22 4 i ] a0 az 4 ki b 10 1z 14 18 11 ) 22 4 i ] a0 az

V1Omax 21Z207AUG2010 iki:23:45Z207AUG2010




12 UTC 2010 08 07 Arome runs max wind gusts (3 hourly)
Areal — Left, Area2 - right

Gmax 18Z07AUG2010 iki:20:45Z07AUG2010 Gmax 18Z07AUG2010 iki:20:45Z07AUG2010

- "N S

o

!
& 10 11 12 13 14 15 18 1? & o 1 4 . ] B J & L] 11 12 13 14 15 18 17 & P 4 i B J0

Gmax 21207AUG20140 iki:23:45207AUG20140 Gmax 21207AUG2010 ki:23:45207AUG20140

-
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_1¥¢|

F I .




System and experimenting
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HARMONIE = mesoscale IFS

IFS = Integrated Forecast System

Created by ECMWF, nowadays
shared and maintaned together with
ALADIN and HIRLAM consortia

The comprehensive earth-system model developed at
ECMWF forms the basis for all the data assimilation and
forecasting activities. All the main applications required are
available through one integrated computer software system
(a set of computer programs written in Fortran) called the
Integrated Forecast System or IFS.



"agd ™

Legin | Prefersnces | Help/Guide | About Trac

View changes... |

| Wiki Timeline Roadmap Browse Source Wiew Tickets |’ Search i Bleg
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b1 branches 2451 13 hours | uandrae Ulf Andras: Rename beundary strategy operational to simulate_operational - ..
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b SURFEX 5318 & i 6 wesks -psamuels | Mn:_i'lﬁad altitude in Cnl_de_Pnrﬁ.E:’BPﬁONS_.nam




mMACdp/m3IM3; suite def: harmonie; suite: sodai6h13

File Control View -

B

mini-3SMS

I
B— soda3bhl3

" InitRun

E— Build

H— MakeCyclelnput: 20110201

B— Date: 200110201

|
E— Hour: 00

é— Cycle
Iél— StartData
I— FirstGuess
B— Analysis
—  Addsurf
E— An3FC
Interpol_ec_sst
RunCanan
Assim_ SURFEX
— AnUA
E— Forecasting
— Dfi
— Forecast

B— ListenZForecast

L 2
Listen

-1

B frchiv fo

= CollectLogs

sl LogProgress

Efes  Postprocessing: 20110201
L

[

mini-SMS
Interface

Used for
monitoring and
controlling a
HARMONIE
Experiment

This example
IS from the
ECMWF
computing
system, but
would look
similar also In
a local
environment



SURFEX
Part of the HARMONIE NWP system

with surface description, surface data assimilation,

prognostic process models

==

Stand-alone software

for climate, urban, lake, forest ... research



stand alone surfex

Run an experiment where the atmosphere is imposed :

air temperature, humidity, wind speed and direction, precipitation
(liquid+solid), shortwave and longwave incoming radiation

1. prepare physiography
2. prepare initial conditions for the run

3. run the model
atmospheric instants

atm time step 3600 s

sfc time step 300 s



Relations between NWP and ACT

Hir
[\ Ia m MUSCATEN Summer school 2011
OSENU, Odessa, 3-9 July 2011



THANK YOU
for attention!

Many thanks for contributions: “§

Valery Masson, Martynas Kazlauskas,
Patrick LeMoigne, Jouni Raisanen, Andras Horany.
Reima Eresmaa, Hans Joachim Herzog £
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