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Sazetak: U radu je dan kratak osvrt na povijest sudjelovanja Hrvatske u ALADIN i RC LACE
projektima. Hrvatski doprinos razvoju ALADIN modela obavlja se u okviru rada RC LACE
grupe, pa je posebna paznja posvecena upravo RC LACE suradnji. Naglasen je znanstveni i
stru¢ni doprinos hrvatskih znanstvenika na pojedinim temama, uc¢esc¢e Hrvatske u organizaciji
ALADIN I RC LACE sastanaka, radionica i seminara. Od ukljuc¢enja Hrvatske u ALADIN i
RC LACE projekte realizirano je 68 dugotrajnijih boravaka 19 hrvatskih meteorologa u me-
teoroloskim sluzbama zemalja ¢lanica. U razdoblju od uspostave ALADIN/HR operative u
Hrvatskoj do kraja 2014. godine 22 hrvatska meteorologa je radilo ukupno 593 mjeseci na te-
mama razvoja modela i razvoju i odrZzavanju lokalnog operativnog prognostickog ALADIN
sustava. Rezultat toga je, izmedu ostalog, znatan broj znanstvenih i stru¢nih radova, te dopri-
nos mnogobrojnim domacim i medunarodnim znanstvenim projektima.

Kljucne rijeci: ALADIN, RC LACE, numericka prognoza vremena

Abstract: The paper gives a brief overview of the history of Croatian participation in the
ALADIN and RC LACE projects. Croatian contribution to the development of the ALADIN
model is carried out in the framework of RC LACE cooperation. Therefore, the special em-
phasis is given to the research and development activities in RC LACE group. Detailed infor-
mation are given on the scientific contribution of Croatian scientists to specific topics and
Croatian role in ALADIN and RC LACE management and meetings, seminar and workshops
organizations. From the beginning of ALADIN and RC LACE cooperation 19 Croatian scien-
tists realized 68 visits to consortium countries. In the period from 2000 (start of the pre-opera-
tional run in Croatia) to 2014, 22 Croatian meteorologists worked a total of 593 months on
model development as well as development and maintenance of the local operational
ALADIN weather prediction system. The result is, among others, a substantial number of sci-
entific papers and contributions to numerous national and international scientific projects.
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1. UVOD

Suvremena prognoza vremena se temelji na
primjeni numeri¢kih modela koji pomocu di-
ferencijalnih jednadzbi opisuju stanje i pro-
mjene u atmosferi. Takav pristup prognozi
vremena zahtjeva vrlo kompleksan sustav koji
ukljucuje brzu komunikaciju potrebnu za pri-
kupljanje podataka i znac¢ajne racunalne kapa-
citete za slozene proracune. Razvoj takvog
prognostickog sustava nije jednostavan i moze
se provesti samo suradnjom velikog broja me-
teorologa i informatickih stru¢njaka. Zbog to-
ga se nacionalne meteoroloske sluzbe udruzu-
ju u konzorcije koji djeluju kao dio EUMET-
NET-ovog (znacenje svih kratica dano je u
prilogu 1) programa kratkoroéne numericke
prognoze vremena SRNWP. Hrvatska je dio
ALADIN konzorcija (slika 1) zajedno s Alzi-
rom, Austrijom, Belgijom, Bugarskom, Repu-
blikom Ce$kom, Francuskom, Madarskom,
Marokom, Poljskom, Portugalom, Rumunj-
skom, Slovackom, Slovenijom, Tunisom i Tur-
skom (http://www.cnrm.meteo.fr/aladin/).

Unutar ALADIN konzorcija postoji posebno
uspostavljena suradnja zemalja Srednje Euro-
pe nazvana RC LACE (Regional Cooperation

1. INTRODUCTION

Modern short-range weather forecasting is
based on the application of numerical models
that describe the way the atmosphere changes
using differential equations. This approach re-
quires very complex weather forecasting sys-
tem with fast communications (to gather the
observations) and significant computer re-
sources (to carry out the large number of calcu-
lations). Developing such a system is not easy
task and could not be done without engage-
ment of significant number of meteorological
and IT experts. Therefore, national meteoro-
logical services in different countries gather in
consortiums under the EUMETNET’s (mean-
ing of abbreviations is given in supplement)
Short Range Numerical Weather Prediction
Project (SRNWP), that develop and maintain
common numerical short-range weather fore-
casting system for operational use by the partic-
ipating institutions. Meteorological and Hydro-
logical Service (DHMZ) of Croatia partici-
pates in ALADIN (Aire Limitée Adaptation
Dynamique Développement InterNational)
consortium (Figure 1) together with Algeria,
Austria, Belgium, Bulgaria, Czech Republic,
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Slika 1. Europski konzorcij programa SRNWP (Short Range Numerical Weather Prediction).

Figure 1. SRNWP (Short Range Numerical Weather Prediction) consortia in Europe.
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for Limited Area modelling in Central Europe)
u koju su uklju¢ene nacionalne meteoroloske
sluzbe Austrije, Hrvatske, Republike Ceske,
Madarske, Rumunjske, Slovacke i Slovenije
(http://www.rclace.eu/).

Cilj ALADIN i RC LACE suradnje je unapri-
jediti nacionalne sustave prognoze vremena i
upozorenja na opasne meteoroloSke prilike
zasnovane na operativnoj primjeni atmosfer-
skih modela za numeri¢ku prognozu vremena
za ograni¢eno podrudje, koji mogu razluciti
procese horizontalnih dimenzija ispod 30 km i
poboljsati prognozu meteoroloskih fenomena
kao $to su obilne oborine, intenzivna olujna
nevremena i olujni vjetar. To ukljucuje sljede-
¢e aktivnosti:
¢ razvoj i odrzavanje sustava numericke pro-
gnoze vremena na ograni¢enom podrucju uz
optimalne informatic¢ke resurse u ¢lanicama
konzorcija;
¢ zajednicko istrazivanje i razvoj na temelju
zajednickog strateskog plana i plana rada s
ciljem odrzavanja ALADIN modela na ak-
tualnoj svjetskoj znanstvenoj i tehnic¢koj ra-
zini;

France, Hungary, Morocco, Poland, Portugal,
Romania, Slovakia, Slovenia, Tunisia and
Turkey (http://www.crnm.meteo.fr/aladin/).
Within the ALADIN consortium exists group
of members called RC LACE (Regional Coop-
eration for Limited Area modeling in Central
Europe). The participants are the National Me-
teorological Services of Austria, Croatia, Czech
Republic, Hungary, Rumania, Slovakia and
Slovenia (http://www.rclace.eu/).

The goal of the ALADIN and RC LACE Col-
laboration is to improve the value of the mete-
orological, hydrological and environmental
warning and forecast services delivered by all
Members to their users, through the opera-
tional implementation of a NWP system capa-
ble of resolving horizontal scales under 30 km,
improving the prediction of severe weather
phenomena such as heavy precipitation, inten-
sive convection and strong winds.
This objective is fulfilled through following ac-
tivities:
¢ To develop and maintain a NWP system for
use in limited area, requiring optimal com-
putational power in the member countries;

Slika 2. Sudionici zajedni¢kog sastanka ravnatelja meteoroloskih sluzbi uklju¢enih u ALADIN i HIRLAM
konzorcije odrzan 2.12.2014. u Readingu u Velikoj Britaniji.

Figure 2. Participants of joint ALADIN General Assembly and HIRLAM Council meeting hold in Reading,

UK on 2nd December 2014.
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e razmjenu znanstvenih rezultata, program-
skih kodova, relevantnih znanja i ekspertiza,
uz uvjet da svi ¢lanovi ALADIN konzorcija
koriste iste alate kod operativnih i istraZiva-
¢kih aktivnosti.

Nakon 2000. godine pokrenuta je suradnja HIR-
LAM i ALADIN konzorcija. Na ALADIN sa-
stanku direktora nacionalnih meteoroloskih
sluzbi odrzanom u Splitu 2004. godine potpisa-
na je rezolucija o suradnji ALADIN i
HIRLAM konzorcija na znanstvenim temama
i razvoju numeri¢kog modela atmosfere za
ograni¢eno podrugje (http://www.cnrm.me-
teo.fr/aladin/IMG/pdf/ResolutionAH.pdf).
Razvoj te suradnje doveo je do deklaracije ko-
jom se definira namjera uspostave jedinstve-
nog konzorcija, koji ¢e raditi na razvoju jedin-
stvenog prognostickog sustava za ograni¢eno
podrucje, imajuci u vidu dosadasnja iskustva i
zajednicke ciljeve. Deklaracija je donesena na
prvom zajedni¢kom sastanku opce skupStine
ALADIN i HIRLAM konzorcija odrzanom
2.12.2014. u Readingu u Velikoj Britaniji (sli-
ka 2). Ovom se suradnjom stvorila jedinstvena
prilika da ALADIN i LACE znanstvenici su-
raduju s HIRLAM ¢lanicama, posebno na po-
drucju asimilacije podataka.

Vise od stotinu znanstvenika iz 16 zemalja,
svaki sa svojim specifi¢nim tehni¢kim i racu-
nalnim mogucénostima i znanjem, neprekidno
doprinosi napretku numeri¢ke prognoze vre-
mena unutar ALADIN sustava. Oni zajedni-
¢ki rade na modernom numerickom modelu
atmosfere koji zasluzuje istaknuto mjesto me-
du suvremenim europskim atmosferskim mo-
delima za numeri¢ku prognozu vremena, te
razvijaju i odrzavaju lokalne operativne pro-
gnosticke sustave. Doprinos hrvatskih meteo-
rologa razvoju ALADIN-a odvija se u okviru
RC LACE projekta kojem ¢emo ovdje posve-
titi posebnu paznju.

2. POVIJESNI PREGLED ZNANSTVENOG
DOPRINOSA LACE GRUPE U ALADIN
PROGRAMU

LACE je program suradnje nacionalnih me-
teoroloskih sluzbi Sredi$nje Europe koje od
1990. godine suraduju na razvoju i primjeni
numeri¢kog modeliranja. U prvoj fazi, sura-
dnja se usredotocila na kreiranje Regionalnog
centra za numericko modeliranje na ogranice-
nom podrucju s operativnim produktima (RC

e Joint research and development activities,
on the basis of the common strategic and re-
lated work plan, with the aim of maintaining
the ALADIN model at scientific and techni-
cal “state of the art” level within the NWP
community;

e Sharing scientific results, numerical codes,
related expertise and know-how is necessary
for all ALADIN Consortium members to
conduct operational and research activities
with the same tools.

The international meteorological context is
steadily changing, specifically with the merger
of the ALADIN and the HIRLAM Consortia.
The resolution on ALADIN-HIRLAM coop-
eration was adopted at the ALADIN Assem-
bly meeting held in Split 2004. The resolution
defines the ALADIN and HIRLAM coopera-
tion on scientific exchange and common LAM
code (http://www.cnrm.meteo.fr/aladin/IMG
/pdf/ResolutionAH.pdf). Progress of the co-
operation leads to the declaration proclaimed
at the 1st joint ALADIN Assembly and
HIRLAM Council meeting in Reading, UK
on 2nd December 2014 (Figure 2). This coop-
eration encourages the unique opportunity for
ALADIN and RC LACE scientists to cooper-
ate with the HIRLAM members, especially in
the field of data assimilation.

More than one hundred scientists from sixteen
countries, each with its own specificity in re-
sources and knowledge, are permanently con-
tributing to the progress of the ALADIN
NWP system. They are working together on
numerical code of the atmosphere, that defi-
nitely deserves its proper place between the
European state-of-the-art NWP models, and
developing local operational forecasting sys-
tems. Croatian contribution takes place within
the RC LACE project that is introduced in
next chapters with more details.

2. HISTORY OF LACE SCIENTIFIC
CONTRIBUTIONS TO THE ALADIN
PROJECT

LACE project is cooperation of national me-
teorological services of Central Europe on co-
operation at development and applied Nu-
merical weather prediction since 1990. LACE
cooperation firstly was established as Region-
al Center for numerical modeling with aim to
provide operative LAM products (RC LACE



A. Baji¢, D. Klari¢: 20 years of Croatian participation in ALADIN and RC LACE projects 21

LACE 1996. - 2002.). Kasnije (od 2003. do da-
nas) je LACE reorgaiziran u Regionalnu
koordinaciju za numeri¢ko modeliranje (RC
LACE). U pocetku je LACE imao $est ¢lanica
iz meteoroloskih sluzbi Austrije, Republike
Ceske, Hrvatske, Madarske, Slovacke i Slove-
nije. Rumunjska se kao sedma ¢lanica 2006.
godine pridruzila LACE-u.

Razdoblje od druge polovice 1980-ih i pocetka
1990-ih godina bilo je vrlo aktivno u europskoj
meteoroloskoj zajednici. Uz doprinos koji se na
podrudju razvoja atmosferskih modela globalne
cirkulacije dogadao u $iroj zajednici, kao poslje-
dica uspostavljanja rada Europskog centra za
srednjoro¢ne prognoze vremena (ECMWF) u
Readingu, europska akademska zajednica po-
stavljala je temelje numerickog modeliranja na
ograni¢enom podrucju. Imajuci u vidu moc re-
gionalnog udruzivanja, koji je dokazan kroz raz-
voj grupe HIRLAM u Skandinaviji krajem
1980-ih godina, LACE je zapoceo regionalno
umrezavanje NWP grupa meteoroloskih sluzbi
Srednje Europe, s ciljem razvoja i primjene mo-
dela za ogranic¢eno podrucje visoke razlucivosti.

Ambicija LACE-a je bila da potpomogne i
razvije znanstvena iskustva i znanja, te da osi-
gura uvjete i udruZi snage oko operativne pri-
mjene LAM-a i pridruZenih aplikacija u Sre-
dnjoj Europi, koji bi kvalitetom svojih produ-
kata trebali nadvisiti kvalitetu produkata glo-
balnih atmosferskih modela. LACE inicijativa
je po¢etkom 1990-ih godina nasla partnera u
meteoroloskoj sluzbi Francuske, koja je radila
na uspostavi LAM-a kao dijela nadgradnje
globalnog atmosferskog modela ARPEGE, te
stvorila tim za razvoj ALADIN-a upravo part-
nerstvom s mnogim meteoroloskim sluzbama
Srednje i Isto¢ne Europe.

2.1. LACE i razvoj LAM modela prilagodenog
operativnoj primjeni

U kreiranju ALADIN modela poStovani su
sljedeci principi: modularnost, skalabilnost,
efikasnost i portabilnost aplikacije. Osnova
ALADIN-a je globalni atmosferski model
ARPEGE koji je uskladen s globalnim
ECMWF IFS modelom. Stoga su u razvoju
ALADIN-a koristeni najvisi stupnjevi znanja
iz polja fizike i dinamike atmosfere, numeri-
¢kih metoda i racunalnog programiranja.

U prvoj fazi uspostavljen je LAM visoke raz-
luc¢ivosti pomocu modificiranih spektralnih

1996-2002). Afterwards, LACE was trans-
formed to Regional cooperation on ALADIN
numerical modeling at Central Europe - Re-
gional Cooperation LACE (RC LACE on-
wards year 2003). Initially LACE group were
six meteorological services of: Austria, Czech
Republic, Croatia, Hungary, Slovakia and
Slovenia, since 2006 Romania has joined as
seventh member.

Second half of eighties and beginning of
nineties in the twenty century were very
proactive period for European scientific mete-
orology community. At the time when Euro-
pean Center for Medium-Range Weather
Forecasts (ECMWF) in Reading was estab-
lished, global atmospheric circulation models
were developed. Thanks to the obtained re-
sults European academic community estab-
lished the basic principles for the limited area
modeling (LAM models). Recognizing a pow-
er of regional cooperation, that was proved by
development of HIRLAM group at Scandi-
navia at the end of eighties, LACE started
with aim to gather regional NWP teams of me-
teorological services at Central Europe for the
joint development of operative applied LAM
at highest resolution grid size.

LACE ambition was that on the base of LAM
development, improve and develop scientific
competence and experience at LAM, to en-
sure conditions and join efforts around opera-
tive and applied LAM and downstream appli-
cations at Central Europe, with product that
should over-perform the global atmospheric
model outputs. LACE initiative had meet
partner at Meteo Service of France - Meteo
France that started a development of LAM
model as part of branch development on the
global meteorological model ARPEGE. Me-
teo France established first group of
ALADIN model developers in partnership
with scientists from Central and Eastern Eu-
ropean meteo services.

2.1. LACE and development of LAM model
for operative purposes

At the creation of ALADIN model the fol-
lowing principles were applied: modularity,
scalability, efficiency and portability of final
application. Taking into account that
ALADIN model is a part of global model
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jednadzbi iz globalnog dinami¢kog modela. Iz-
radena je nehidrostatska verzija dinamike u
modelu. Takoder je razradena metoda povezi-
vanja (eng. coupling) rubnih djelova LAM
modela s globalnim modelom. Usporedno s ti-
me veliki su se napori ulagali u razvoj dijagno-
stike NWP modela, kako bi imali set alata za
pracéenje razvoja modela i objektivnih metoda
za usporedbu globalnih modela i LAM-a.

Prve operativne aplikacije ALADIN modela
bile su ALADIN/Francuska, ALADIN/LACE,
ALADIN/Maroko i ALADIN/Rumunjska
(1996. godine). Za potrebe razvoja tih modela
intenzivno se radilo i na podeSavanju fizikal-
nih parametara lokalnim klimatskim prilika-
ma.

U prvoj operativnoj fazi izraéun ALADIN/
/LACE modela radio se na ra¢unalima u Me-
teo-France-u (20 km horizontalne rezolucije,
+48 sati prognosti¢ke integracije) kao dinami-
¢ka prilagodba, koristeci pocetne uvjete iz
ARPEGE modela i bez asimilacije mjerenih
podataka. Paralelno se u LACE-u formirala
grupa znanstvenika koji su razvijali metode po-
¢etnih uvjeta LAM-a putem optimalne interpo-
lacije prizemnih podataka i 3D varijacijske me-
tode asimilacije (3D Var) visinskih polja.

2.2. RC LACE Prag - centralizirani operativni
i znanstveni centar

Osnivanjem Regionalnog centra LACE u Pra-
gu, 1998. godine, koji je bio jedinstveni opera-
tivni centar za mezoskalnu numericku progno-
zu, zapocinje nova faza znanstvenog doprino-
sa ALADIN/LACE-a pod okriljem ceske me-
teoroloske sluzbe. Prvi puta se i operativna
primjena razdvaja od istrazivackog centra
ALADIN-a u Meteo France-u, te se stvara
NWP istrazivacki centar unutar RC LACE-a
u Pragu. LACE je za potrebe razvoja i koordi-
nacije LAM istrazivanja osnovao LACE znan-
stveno vijeée (LSC), postavio je u LACE
upravi znanstvenog koordinatora (LACE
Scientific Officer - LSO) i koordinatora za
odrzavanje znanstvenih i tehnickih doprinosa
sredi$njoj ALADIN aplikaciji (ALADIN Sy-
stem coordinator). Uvedena je obaveza da sva-
ka zemlja ¢lanica doprinosi RC LACE centru
u Pragu s radom znastvenika u obimu od naj-
manje 4 mjeseca rada godiSnje.

Ova obaveza je doprinjela povecanju broja
znanstvenika ukljuc¢enih u rad na podrucju nu-

ARPEGE, that is also linked to ECMWEF IFS
modular code system, at the ALADIN devel-
opment was following a top-end achievements
at atmospherics physics and dynamics, numer-
ical methods and computer programming.

As the first step, high resolution LAM was es-
tablished on the base of modification of the
spectral space equations from global dynami-
cal model. The non-hydrostatic dynamics of
LAM version was developed. LAM boundary
parts were coupled with global atmospheric
model. In the same time a great efforts were
made at development of NWP model diagnos-
tic, in order to provide tools for monitoring
model developments and the objective meth-
ods for inter comparison of global and LAM
model features.

The first operative model configurations were
ALADIN/France, ALADIN/LACE, ALADIN
/Morocco and ALADIN/Romania (in 1996).
For the development of those operative ver-
sions, an intensive work was performed in de-
velopment of LAM model climatology and high
resolution model orography.

ALADIN/LACE at its first operative set-ups
were executed at Meteo France mainframe
computer (20 km grid size, +48 hours integra-
tion), and only as dynamical adaptation of
ARPEGE initial conditions, without data as-
similation. At the same time, the team of sci-
entists were formed at LACE who started de-
velopment of methods for LAM initialization,
through development of surface analyses
methods by objective interpolation and 3D
variational techniques (3DVar) for upper at-
mosphere methods.

2.2. RC LACE Prague - centralized operative
and research center

Establishing of Regional Center LACE in
Prague in 1998, hosted by Czech meteo serv-
ice, brings a new phase of LACE operative ap-
plication but also started a LACE scientific
contribution. For the first time, operative ap-
plication was separated from ALADIN re-
search center at Meteo France, and the NWP
research center were organized as part of RC
LACE Prague, coordinated by RC LACE
management group. For the purpose of scien-
tific development and coordination, LACE
scientific committee (LSC) was established.
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mericke prognoze vremena, §to je bilo omogu-
¢eno i mnogobrojnim dodatnim usavrSava-
njem unutar RC LACE u Pragu, te posebnim
radionicama s Meteo-France stru¢njacima
(osiguranim od strane LACE i ALADIN pro-
jekta za usavrSavanje znanstvenika ALADIN
Training Network ALATNet).

Teme na kojima se radilo u RC LACE centru
su bile: testiranje metoda modela orografije za
visoku razluc¢ivost, razvoj i testiranje metoda
gnjezdenja za spektralne modele na ogranice-
nom podrudju, razvoj novih produkata LAM-a
vezanih uz atmosferske procese na maloj skali
(udari vjetra, dinamicki parametri stabilnosti,
itd), razvoju dijagnostika i metoda za tretiranje
parametara temperature i vlaznosti tla u mo-
delu, unapredenje i prilagodbe fizikalnih para-
metrizacija konvektivnih procesa za klimatske
prilike Srednje Europe i Sredozemlja.

RC LACE Prag je bio i glavni istraZivacki cen-
tar za razvoj i testiranje nehidrostatske dina-
mike modela koja je trenutna operativna dina-
micka jezgra u konfiguracijama AROME i
ALARO.

RC LACE je razvio i nove metode pocetnih
uvjeta ALADIN modela kao $to je blending
(razdvajanje i filtriranje valnih doprinosa glo-
balne i lokalne skale u po¢etnim uvjetima digi-
talnim filtrom), testiranje i prilagodba varija-
cijske asimilacije podataka (3DVar), te njiho-
va medusobna prilagodba.

UvaZavajudi intenzitet znanstvenog djelovanja
u RC LACE-u posebna se paznja pridavala
razvoju metoda i alata za verifikaciju produ-
kata modela za znanstvenu i operativnu pri-
mjenu.

Operativna konfiguracija ALADIN/LACE
modela koriStena je u operativnoj fazi MAP
projekta 1999. godine kao jedan od prognosti-
¢kih modela za koordinaciju istrazivac¢kih mje-
renja i akcija MAP IOP (Meso-scale Alpine
Programme Intensive Operative Period).
ALADIN/LACE model sudjelovao je takoder
i u MFSTEP (Mediterranean Forcasting Sy-
stem for Environmental Prediction) projektu
kao atmosferski prognosti¢ki model koji je ko-
riSten kao gornji rubni uvjet oceanografskih
modela na Sredozemlju 2002. - 2004. ALADIN/
LACE je bio primjer meteoroloSkoj sluzbi

LACE implemented the position of LACE
scientific officer (LSO) at LACE management
and ALADIN System coordinator officer for
maintenance scientific and technical contribu-
tion at central ALADIN application. Further-
more, LACE put demand to all LACE mem-
bers to dedicate scientists contribution for at
least 4 months yearly.

That new obligation for the all LACE mem-
bers required the enlargement of NWP teams,
and permanent training of the NWP newcom-
ers at RC LACE Prague center, at dedicated
trainings for LACE members at Meteo
France, financed by LACE or by ALADIN
project for training of scientists (ALADIN
training network - ALATNet).

Topics of research at RC LACE Prague were:
testing the methods for orography in model at
high resolution, developing and testing tech-
niques of coupling for spectral LAM models,
developing new products related to small scale
atmospheric processes (wind gusts, dynamical
stability parameters, etc), developing tools
and methods for testing model soil tempera-
ture and humidity, improvement and tuning of
physical parameterization of convective
processes for climate condition over Central
Europe and Mediterranean.

RC LACE Prague was the leading research
center for developing and testing a new non-
hydrostatic spectral model (NH ALADIN),
currently operative NH dynamical core at
ALADIN, AROME and ALARO models.

RC LACE has developed also new initializa-
tion methods for ALADIN model, such as
blending (separation and spectral filtering of
large and small scale increments in the model
initial conditions by digital filter), testing and
adapting of variable data assimilation tech-
niques (3DVar), as well as their mutual adap-
tation.

Taking into account the intensive scientific en-
gagements at RC LACE, the dedicated efforts
were put at the development of methods and
tools for model verification, as for scientific
and operative purposes.

ALADIN/LACE model was one of the opera-
tive models during the MAP IOP project
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Maroka pri razvoju regionalne verzije ALA-
DIN-a za Zapadnu i Sjevernu Afriku (ALA-
DIN NORAF, od 2003. do danas) ¢iji se pro-
dukti emitiraju i radiovalovima $alju u druge
zemlje regije.

2.3. RC LACE znanstveno operativna
koordinacije poslije 2002. godine

Promjenom ciljeva program LACE je nakon
2002. godine uspostavio i novu strukturu. Defi-
nirana su 3 podrucja znanstvene djelatnosti:
asimilacija podataka i prediktabilnost, usavrsa-
vanje numerickih shema i programskih kodova
te poboljsanje fizikalnih parametrizacija u mo-
delu. Rad na svakom podrucju koordinirao je
odabrani ekspert kao dio LACE uprave. Uz
koordinatora za odrzavanje znanstvenih i teh-
nickih doprinosa sredisnjoj ALADIN aplikaci-
ji (ALADIN System coordinator) uveden je
koordinator za podatke (Data Manager) na
poslovima inicijalizacije ugnjezdivanja modela,
asimilacije podataka i verifikacije.

Kako je novom strukturom prestao postojati
jedinstveni znanstveni i operativni centar RC
LACE u Pragu, sve LACE ¢lanice su pocele
lokalni razvoj uz rad na dogovorenim znan-
stvenim temama. U cilju poticanja suradnje
znanstvenika iz razli¢itih zemalja RC LACE je
uveo i poseban fond za znanstveni razvoj koji se
koristio za financiranje gostujucih znanstvenika,
prvenstveno za zajednicki rad NWP LACE
timova i za rad u Meteo France-u.

Prve godine decentraliziranog rada omogucile
su pojedinim LACE NWP timovima specijaliza-
ciju za razlicite teme: Madarska i Republika Ce-
Ska za teme asimilacije podataka, Slovenija i Re-
publika Ceska za fizikalne parametrizacije u mo-
delu, Slovac¢ka i Republika Ceska za rad na nu-
meri¢kim shemama i programskim kodovima,
Austrija i Madarska za metode prediktabilnosti,
Hrvatska i Slovacka za inicijalizaciju modela,
Slovenija i Hrvatska za evaluaciju modela, itd.
Od 2006. godine LACE uvodi i ¢etvrtu znan-
stvenu grupu za prediktabilnost i postavlja
LACE koordinatora za tu aktivnost.

2003. godine u ALADIN-u dolazi do dva velika
pomaka u kojima LACE aktivno suraduje. Raz-
voj konvektivnho razlu¢ivog NWP modela
AROME fine rezolucije od 2.5 km u Meteo-
France-u, koji je utemeljen na nehidrostatskoj
dinamici i asimilaciji ALADIN-a i fizikalnim
shemama Meso NH modela. LACE sudjeluje u

(Meso-scale Alpine Programme Intensive Op-
erative Period) in 1999. It was also used in
MEFSTEP project (Mediterranean Forecasting
System Toward the Environmental Predic-
tions) as atmospheric model to force oceano-
graphic models over Mediterranean (2002-
2004). ALADIN/LACE was the rule model
for the Moroccan Met Service to develop oper-
ative ALADIN model for the West and North
Africa (ALADIN NORAF, since 2003), that
disseminates LAM products via radio signal to
the wide area of undeveloped countries.

2.3. RC LACE scientific and operative
coordination after year 2002

Changing the aims of LACE program, it was
decided to start independent operative nation-
al setups of ALADIN model in 2002. LACE
structure defined 3 areas of scientific activi-
ties: data assimilation and predictability, refin-
ing numerical schemes and model physics and
improvement of model physical parameteriza-
tions. The work in every filed was coordinated
by dedicated experts, as a part of LACE man-
agement group. As some level of operative co-
ordination and optimization were still re-
quired, LACE on top of ALADIN System co-
ordination manager, introduced Data Manag-
er Expert, dedicated to the topics related to
model initialization, coupling, data assimila-
tion and verification issues.

As, with the new structure, common scientific
center RC LACE Prague was closed, all
LACE members started with the development
of local operative applications, and local re-
search tasks. For the purpose to promote
group work on scientific topics, RC LACE in-
troduced special fund for research and devel-
opment that was dedicated to finance scien-
tists in visits, preferably to the mutual work of
LACE NWP teams and Meteo-France.

The first few years of decentralized work were
an opportunity for LACE NWP teams to spe-
cialize on the topics: Hungary and Czech Re-
public on data assimilations, Slovenia and
Czech Republic on model physics, Slovakia
and Czech Republic on model dynamics,
Croatia and Slovakia on model initialization,
Slovenia and Croatia on verification, etc.
Since 2006 LACE introduced fourth research
group on predictability and put LACE expert
coordinator on the issue.
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razvoju AROME fizike i najavljuje razvoj fizi-
kalnih parametrizacija modela horizontalne raz-
lu¢ivosti izmedu 10 i 2.5 km metodama iz pro-
gramskog koda ,,Meso NH*, imajuci u vidu
ogranicene racunalne resurse ALADIN c¢lanica.
Taj je novorazvijeni fizikalni ,,paket™ primjenjiv
na svim rezolucijama, prenosiv za razna racunala
i efikasan u numerickom pogledu, ali se na kraju
odustalo od AROME verzije za navedene skale.

Pod vodstvom osnivaca ALADIN konzorcija
Jean-Francois Gelayna, “oca” i znanstvenog vo-
ditelja ALADIN projekta, 2004. godine zapoci-
nje nova inicijativa za razvoj ALARO fizikal-
nog paketa, koordinirana izmedu Meteo-Fran-
ce-a, Belgije i LACE-a. Spomenuta inicijativa
rezultirala je uspostavom ALARO referentnog
LACE centra koordiniranog od strane Republi-
ke Ceske i Slovenije u cilju razvoja operativne
NWP fizike za 5 km i bolju horizontalnu razluci-
vost, prikladne za operativnu primjenu. Glavni
zadatak ALARO referentnog centra je da se u
jedinstvenom okruZenju objedine i testiraju svi
decentralizirani razvoji elemenata fizikalnog
paketa (shema zracenja, viSeskalabilna konvek-
tivna shema, turbulencija), provjere fizikalne re-
levantnosti rezultata na rezoluciji od 5 km i do-
bije efikasan i prenosiv ALARO model.

U cilju centralizacije istraZivanja, 2005. godine
LACE uspostavlja pred-operativni ALADIN
LAM EPS (Ensamble Prediction System) mo-
del za Srednju Europu, kao standard za ocjenu
prediktabilnosti ALADIN modela na rezolu-
ciji od 18 km (uz koriStenje ansambla od 16
perturbacija modela) i usporedbu s rezultati-
ma ECMWF EPS sustava na rezoluciji od 100
km (ansambla od 50 perturbacija modela).

LACE razvoj i testiranje 3D Var i ostalih asi-
milacijskih metoda je nastavljen u decentrali-
ziranom okruZenju. Kako je ALADIN 3DVar
u pred-operativnoj fazi bio aktivan samo u
madarskoj meteoroloskoj sluzbi, vrlo mali
broj znanstvenika je bio obucen za rad na toj
temi. Stoga LACE organizira seriju radionica
na temu asimilacijskih metoda, alata i rada s
razli¢itim tipovima mjerenih podataka.

Od 2004. godine LACE je i koordinator aktivno-
sti vezanih uz udruzivanje ALADIN i HIRLAM
konzorcija, te ugoséuje HIRLAM znanstveni-
ke u nizu znanstvenih boravaka i radionicaiu
zemljama ¢lanicama HIRLAM-a.

In year 2003 ALADIN program announced
two big steps were LACE actively contribute:
Meteo France introduced a new 2.5 km con-
vection resolving/recognition model AROME,
based on NH dynamics core and data assimila-
tion from ALADIN, and physics from “meso
NH” research group. At the same time
ALADIN announced new model physics de-
velopment for 10 km and 2.5 km horizontal
resolution. Although those versions of both
resolutions were applicable for various IT
main frames and efficient in the numerical
view, at the end AROME version for both
scales were canceled.

Under the leadership of Jean-Francois Gelayn,
“father” and the scientific leader of ALADIN
program, in 2004 started an initiative for a de-
velopment of new ALARO model physics
package, coordinated between Meteo France,
Belgium and LACE. As a support LACE es-
tablished ALARO referent center, coordinat-
ed between Czech and Slovenian teams, tar-
geted to develop an operative NWP physics for
5 km grid size. The main task of ALARO ref-
erent center was to establish the uniform tech-
nical environment for testing and phasing all
decentralized research of the physic modules
(radiation scheme, multi-scale convection
schemes, models of turbulence). In coordina-
tion with LACE team, testing was not just
physical relevance of model physics at “gray
zone resolution” of 5 km, but also provided ef-
ficient and portable ALARO model.

With the aim to centralize research, in 2005
LACE established pre-operative ALADIN
LAM EPS (Ensemble Prediction System) for
Central Europe, as a standard for ALADIN
predictability tests at 18 km grid size (16 per-
turbed members) and for the comparison with
ECMWF EPS, that was at 100 km grid size (50
perturbed members).

In decentralized structure, LACE has contin-
ued developing and testing 3D Var and other
assimilation methods. As 3DVar pre-operative
setup was active just at Hungarian meteo serv-
ice, a very few LACE members were trained to
contribute to data assimilation research. To
spread the knowledge, LACE organized set of
workshops on data assimilation topics (meth-
ods, tools, use of satellite data, etc).
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Potaknuti inicijativom za vrednovanje
HIRLAM programa, 2006. godine SkupStina
RC LACE-a donosi odluku o vrednovanju
LACE projekta, kako bi dobili strué¢nu i neovi-
snu ocjenu uspjesnosti i potreba za suradnjom.
LACE evaluatori, prof. Peter Lynch (Irska) i
prof. Detlev Majewski (Njemacka), ocjenjuju
LACE suradnju vrlo uspjeSnom u polju znan-
stvene suradnje, ali predlazu viSe specijalizaci-
jaidijeljenja resursa u operativnoj suradnji iz-
medu LACE ¢lanica (Lace Evaluation Report
u dokumentima na www.rclace.eu). Kao po-
sljedica tih primjedbi LACE od 2008. godine
uvodi jo§ jedan oblik suradnje i koordinacije
na dijeljenju operativnih aplikacija, te uspo-
stavlja ,,LACE centre“ za teme vezane uz asi-
milaciju podataka, prediktabilnost modela, nu-
mericke metode i fizikalne parametrizacije u
modelu.

Od 2008. godine, u novoj strukturi, LACE

uvodi dvije operativne aplikacije:

1. OPLACE - operativno predprocesiranje i
pracenje kvalitete i kvantitete prizemnih, vi-
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Since 2004 LACE is coordinating a conver-
gence of ALADIN and HIRLAM consortia,
NWP teams, hosts HIRLAM scientists and
management, as well as organizing chain of
working weeks and workshops for HIRLAM
scientists.

Learning from HIRLAM practice, in 2006 RC
LACE Council decided to evaluate LACE
program, to gain expert and independent ex-
pertise of LACE performances and usefulness
of cooperation. LACE evaluators, Prof Peter
Lynch (Ireland) and Prof Detlev Majewski
(Germany) judged LACE cooperation excep-
tionally successful at the scientific fields, but
suggested even more specialization of the
teams and sharing of the resources at opera-
tive practice between LACE members. As the
consequence of the evaluation document, the
new form of cooperation and coordination on
sharing the operative applications and estab-
lished “LACE Centers” for data assimilation,
predictability, model dynamics, model physics
were introduced.

Breakdown of the participation in the ALADIN project
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Slika 3. U¢esée LACE-a (crveno) u ALADIN projektu u razdoblju od 1990. do 2012. godine. Gore: ¢o-

vjek/mjesec godisnje, dolje: godisnji postotak ucesca.

Figure 3. Breakdown of the LACE (red) participation in the ALADIN project. Top: yearly person per

month, bottom: yearly percentage.
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sinskih i satelitskih mjerenja za potrebe asi-
milacije podataka ¢ime je optimiziran rad s
podacima, a LACE ¢lanice su dobile znacaj-
nu pomoc pri uspostavi lokalnih operativnih
asimilacija podataka;

2. LAEF - Operativni ALADIN LAM EPS
sustav utemeljen na originalnoj LACE
,breeding- blending“ metodi perturbacija
LAM pocetnih i rubnih uvjeta i fizikalnih
parametara.

U svojoj Strategiji razvoja LACE c¢lanice zahti-
jevaju da novi modeli pruzaju pravovremene i
pouzdane parametre za izradu sustava upozo-
renja na opasne meteoroloske i sloZzene hidro-
meteoroloske pojave za tri dana unaprijed.
Kao rezultat rada niza znanstvenika i
LACE ALARO referentnog centra, 2009. go-
dine ALADIN-ALARO na rezoluciji od 4.5
km dobio je svoju temeljnu operativnu inacicu.
Od 2010. godine sve ¢lanice operativno provo-
de neku od verzija 3D Var asimilacije podata-

Since 2008, the new LACE structure was in-

troduced for two operative applications:

1. OPLACE - operative preprocessing and
monitoring quality and quantity of observa-
tions (surface, remote and satellite meas-
urements) for data assimilation purposes,
that should optimize data handling and help
LACE members to start national operative
data assimilation configurations;

2. LAEF - Operative ALADIN LAM EPS
system, based on the original LACE
“breeding-blending” method of perturba-
tion of LAM initial, lateral boundary condi-
tions and parameters at model physics.

At LACE Strategy document (www.rclace.eu),
members expressed demand that new models
should be not just superior to the global at-
mospheric model, but also they should pro-
vide reliable parameters for high impact
weather warnings on time and other hydro-
meteo related extreme events three days
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Slika 4. SRNWP-V verifikacija europskih operativnih NWP sustava u razdoblju 1.1.2009. - 31.12.2012., Met
office LAM (crveno), ALADIN-ALARO LACE (tamno plavo), DWD LAM (zeleno), HIRLAM LAM (Zu-
to), ECMWEF (svijetlo plavo). Srednja pogreska vektora vjetra na 10 m.

Figure 4. SRN'WP-V verification of operative European NWP models between 1.1.2009 - 31.12.2012, Met of-
fice LAM (red), ALADIN-ALARO LACE (light blue), DWD LAM (green), HIRLAM LAM (yellow),
ECMWEF (light blue). RMS error of 10 m wind vector.
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Combined dates from 01/01/2009 to 31/12/2012
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Slika 5. SRNWP-V verifikacija europskih operativnih NWP sustava u razdoblju 1.1.2009. - 31.12.2012., Met
office LAM (crveno), ALADIN-ALARO LACE (tamno plavo), DWD LAM (zeleno), HIRLAM LAM (Zu-
to), ECMWEF (svijetlo plavo). Srednja pogreska i srednje odstupanje prizemnog tlaka zraka.

Figure 5. SRNWP-V verification o