Dynamical meteor ology

1996 - 2000
1. Summary of publications
Peer- CcC Other Monographs | Totd Abstracts
reviewed
13 8 15 0] 28 13/0
2. Overview

The Group of Dynamicd Meteorology (DM) a Tatu Observatory (TO) was
edtablished in 1992 to promote the fundamentd research into atmospheric dynamics
and ar pollution moddling in Egsonia The group has cdose cooperation with the
Inditute of Environmental Physcs of the Tatu Universty, and participates in the
MSc and PhD Curriculaat the Ingtitute.

2. 1 Principal research trends:

- Fundamentals of amospheric  dynamics in pressure-coordinate
representation;

- Development and gpplication of nonhydrodtatic very high-resolution
numerical wesather forecast models;

- Numericd moddling of ar pollution dynamics. Research into
anthropogenic  ar pollution loads in Egonia and neighbouring Badltic
Region.

2.2 Personnd

Head: Rein R66m (55), Cand. Phys.-Math. Sci (PhD), Prof.
Resear ch staff:
Marko Kaask (34), PhD, postdoc research fellow
Aarne Mannik (28), MSc, PhD student

Junior research personnd: undergraduate students
Andres Luhamaa (environmental physics),

Ivo Mé&gi (gpplied mathematics),

Tand Lumiste (gpplied mathematics).

2. 3 Budget 1996 - 2000 (In kilo-EEKSs)

Y ear Target Grants R/D contracts  (Infra-structure
problems
No Budget [No Budget [No Budget |-

1996 1 161 2 925 |2 18 -

1997 1 235 1 80 3 31 -

1998 1 250 2 130 1 19 -

1999 1 330 2 153 1 6 -

2000 1 314 2 100 10 0 -




2. 4 Development headlines:

1. The main drategic task is to develop further cooperation with the Department of
Environmenta Physcs of Tatu Univerdty and to take more intensvely pat in the
Curriculum of dynamica meteorology and environmenta physics. At present there is
a scenario under development according to which the Group of Dynamica
Meteorology will join the University as the Chair of Meteorology.

2. Research headlines are: (1) continuing development of very high resolution forecast
and climae modds (new integration methods new sub-grid parameterization
schemes); (2) implementation of new forecasting software into practicd use in
Egdonia; (3) reseach into planetay boundary layer physcs for applications in
numericd forecasting and ar pollution models, (4) devedopment of an integrated
regiond-scae air pollution dispersion and deposition model for Estonia.

3. More active paticipation in EC projects (including the Framework 5 programmes).
Two joint projects on regional ar pollution, and severe winter-condition westher
event prediction are currently in goplication.

2. 5 Rooms and equipment

Group has three rooms in good conditions in the man building of the Tartu
Observatory including 7 workplaces.

The equipment consss of computing environment, which can be conddered as
"satidfactory” to "good'":

Two PC workgtations (700 and 500 MHz) ingtalled under Linux;

Two PC workplaces under Windows;

Three rdativedy old (1993-1995) Silicon Grgphics computers as terminas to
workstations (courteous donation of the Finnish Meteorologica Ingtitute).

In addition, the Group has access to the Observatory's eight-node computer cluster
and is one of its main loaders. Group has dso access to the Finnish supercomputer
Cray T3E, on which the mogt time-consuming numerical experimentation is caried
out.

2. 6 Main scientific goals of the project: Climate Forming Factors and Dynamic
Weather Forecast

- Devdopment of the theory of representation of nonhydrogstatic atmospheric
dynamics in pressure related coordinates, providing fundamentas for ingant
continuation of exising numerical weather forecast and climate modds into the
domain of nonhydrogtatic resolutions.

- Deveopment of numericad nonhydrostatic mesoscae modes for smulaions
of atmospheric dynamics and wegther forecast modelling.

- Development and application of regiond-scde dynamic ar pollution and
deposition models.

2.7 Main results;



- Sgma-coordinate mesoscale modd NHAD is developed (in collaboration
with the Reading (UK) and Lisbon Universties). The modd is man test tool for
nonhydrostatic pressure-coordinate-based dynamics. The modd will be agpplied for
moddling of local coastd windsin the Bdltic region.

- Nonhydrogatic kernd for the limited area wesather forecasting modd
HIRLAM is deveoped and prdiminarily tested. The kernd will be implemented in
operationad use as the core of a new-generation, very-high resolution forecast moded
a HIRLAM paticipaing countries (Finland, Sweden, Norway, Denmak, The
Netherlands, Irdland, Icdland, Spain, Lithuania, Latvia and Estonia).

- Air pollution disperson and deposition modes AEROPOL and AEROFOUR
are developed and tested. Modd AEROPOL is implemented in severd environmenta
impact assessments and surveys in Edtonia, and as a training modd, and it is in
implementation for evduation of the environmenta impact of large indudtrid energy,
cement and chemical production sources in the north-eastern part of Edtonia (in
cooperation with Finnish Meteorologicd Indtitute and Inditute of Ecology of Tdlinn
Pedagogicd Univeraty). Modd AEROFOUR will be implemented in the ar pollution
modelling system for Estonia (project proposa is submitted to the Estonian Centre of
Environmenta Investments).

2. 8 Peer-reviewed publications
CC articles

1. R6dm R.. Free and rigid boundary quas-geostrophic models in pressure
coordinates. J. Atm. Sci. 53, 1496 - 1501, 1996.

2. R60m R.: Acoudtic filtering in non-hydrostatic pressure coordinate dynamics.

A variationa approach. J. Atm. Sci. 55, 134 - 149, 1998.

3. Kaask M., Liblik V., Kaask H.. Long-term Depostion Peatterns of Airborne
Weastes in the North- East of Estonia. Oil Shale 16, 315 - 329, and 1999.

4. Rodm R., Mannik A.: Response of Different High- Resolution, Nonhydrogtatic,
Pressure-Coordinate Models to Orographic Forcing. J. Atm. Sci. 56, 2553 - 2570,
1999.

5. R60m R.: Least Action Principle for Generd, Non-Hydrostatic, Compressible,
Acousticaly Non-Filtered Pressure-Coordinate Modd. Quart. J. Royal Meteorol. Soc.
125, 1903 - 1907, 1999.

5. Kaask M., R6dm R., Royset O., Vadset M., Sdukand U., Téugu K.,

Kaask H.: Elemental and base anions deposition in the snow cover of North-Eastern
Egtonia. The impact of industrid emissions. Water, Air, and Soil Pollution

121, 349-366, 2000.

7. Kaask M.: Vdidation of modds AEROFOUR and AEROPOL using the mode
vaidation kit a Moal, International Journal of Environment and Pollution 14, 1-6,
160-166, 2000.

8. Kaasik M., Sdukand U.: Baance of akaine and acidic pollution loads in the area
affected by oil shde combugtion. Oil Shale 17, 113-128, 2000.

Other peer-reviewed papers
1. R6dm R., Ulgde A.. Nonhydrogtatic acoustically filtered equations of atmospheric

dynamics in pressure coordinates. Proc. Estonian Acad. Sci. Phys. Math. 45, 323 -
330, 1996.



2. Kaask M., R6dm R.. A Fourier-spectrd mode for ar pollution disperson
caculations. Hurtalov, T. (editor), Meteorological Processesin the Boundary Layer

Of the Atmosphere, Geophysca Inditute of Slovek Academy of Sciences, Sovak
Meteorologica Society, Bratidava, 204-209, 1996.

3. Kaask M.: Atmospheric Trangport and Depostion of Technogenic Cacium:
Mode Estimation and Field Measurement. Proc. Estonian Acad. Sci. Ecol. 6,

41 - 51, 1996.

4. Gronskel K. E., Walker S. E.,, Kaasik M., Kimmd V., R60m R.: Vdidaion of
local and regiond air pollution modds in northern winter conditions. Air Pollution
Modelling and its Application 22, 737 - 738, Plenum Press, N.Y ., 1998.

5. Kaask M.: A modd vdidation data st respect to the ar pollution depostion in
northern winter conditions. Gryning, S. E., Bachvarova, E. (Editors) Air Pollution
Modelling and its Application XII1, Plenum Press, New York, 771-772, 2000.

3. Research grants

3.1 Estonian Sciense Foundation grant 172(1993 — 1996)
Nonhydrogtatic Atmospheric Dynamicsin Pressure-Related Coor dinates

Grant holder: R. R60m )
Investigators: R. RGOm, A. Méannik, P. Tider, and A. Ulgde
Total budget: 182.5 KEEK

Annotation:

A comprehensve introduction to nonhydrostatic atmospheric dynamics in the unified
pressure-coordinate framework is developed. Results of this investigation are further
goplied to the deveopment of the moded NHAD and nonhydrogtatic kerne of
HIRLAM.

Peer-reviewed papers:

1. R6dmMm R.. Free and rigid boundary quasi-geostrophic modes in pressure
coordinates. J. Atm. Sci. 53, 1496 - 1501, 1996.

2. RG6m R., Ulgde A.: Nonhydrogtatic acoudticaly filtered equations of amospheric
dynamics in Pressure coordinates. Proc. Estonian Acad. Sci. Phys. Math. 45, 323 -
330, 1996.

3. R6Om, R.: Acoudic filtering in non-hydrogtatic pressure coordinates dynamics.

A variationa approach. J. Atm. Sci. 55, 134 - 149, 1998.

3.2 Estonian Science Foundation grant 186 (1993-1996)
Air Pollution Modelling and Forecast

Grant holder: R. R60m

Investigators: R. R66m, M. Kaasik, sudent A. Nemvalts
Total budget: 152.0 KEEK

Annotation:

Air pollution disperson and deposition modds AEROPOL and AEROFOUR are
developed. Modd AEROPOL is tested. Prdiminary study of ar pollution depostion



loads in the North-Eastern Estonian industrid region is carried out. Developed modds
are further implemented in severd environmental impact assessments and surveys in
Edonia, as traning tools, and for evauaion of the environmentd impact of large
industria energy, cement and chemica production sources of Estonia

Peer-reviewed papers.

1. Kaask M.. Atmospheric Trangport and Depodtion of Technogenic Cacium:
Modd Estimation and Fidd Measurement. Proc. Estonian Acad. <ci. Ecol. 6, 41 - 51,
1996.

2. Kaask M., RG6m R.. A Fourier-spectrd modd for ar pollution disperson
cdculations. Hurtalov, T. (editor), Meteorological Processesin the Boundary Layer

Of the Atmosphere, Geophysca Inditute of Slovek Academy of Sciences, Sovak
Meteorologica Society, Bratidava, 204-209, 1996.

3. Gronskel K. E., Waker S. E.,, Kaasik M., Kimmd V., R66m R.: Vdidation of
local and regiond air pollution modes in northern winter conditions. Air Pollution
Modeling and its Application 22, 737 - 738, Plenum Press, N.Y ., 1998.

3.3 Estonian Science Foundation grant 3170 (1998-1999)
Regional Physioraphic Database for Estonian Version of the Limited-Area
Weather Forecast Model HIRLAM

Grant holder: R. RG0mM

Investigators: R. R60m, J. Roosaare, and M. Kaask
Total budget: 103.0 kKEEK

Annotation

Physiographic database of the numerical weather forecast modd HIRLAM is updated
for the Eastern Badltic region to meet enhanced resolution requirements. The updated
database is dedgned for implementation in the Estonian operationd verson of the
HIRLAM.

Peer-reviewed papers. Nil; Other papers two publications in the HIRLAM
Newdletter, No 34 and 35.

3.4 Estonian Science Foundation grant 2624 (1997-2000)
Dynamical Model for Simulation of Weather Processesin Estonia and
Neighbouring Baltic Region

Grant holder: R. R66m

Investigators: R. R6dm, A. Mannik, M. Kaask, undergraduates
T. Lumige, |. M&gi, A. Luhamaa

Total budget: 397.7 KEEK

Annotation

The am of the project is to develop the adiabatic kernd for a very high resolution,
nonhydrogtatic verson of the limited area weether forecast modd HIRLAM. The firg
vason of the kernd, which makes use explicit-Eulerian integration scheme, is
developed and preiminarily tested. The verson with semi-implicit integration scheme



is under development. Modd is amed to implement as the new-generation, very-
high-resolution operationd foreca modd in the HIRLAM participating countries,
and to implement it as the research tool in the MSc-PhD Curricula a Tartu
Universty.

Peer-reviewed papers.

1. R66m R., Mannik A.: Response of Different High- Resolution, Nonhydrogtatic,
Pressure-Coordinate Models to Orographic Forcing. J. Atm. Sci. 56, 2553 - 2570,
1999.

2. R60m R.: Least Action Principle for Genera, Non-Hydrostatic, Compressible,
Acoudticaly NontHiltered Pressure-Coordinate Modd. Quart. J. Royal Meteorol. Soc.
125, 1903 - 1907, 1999.

4. Applicationsand R/D contracts

4.1. Transfer of education-aimed software, 1996, 7000 EEK
Contract with Estonian Marine Education Center. Installing the AEROPOL model for
teaching purposes.

4.2. Upgrading and ingtalation of the model AEROPOL, 1996 - 97, 18000 EEK

Contract with the Institute of Ecology (Estonia). Installing the AEROPOL model at
the North-East Estonian Department of the Institute of Ecology. Development of user
interface for AEROPOL. Reconstruction of the model for small-scale industrial
applications. emissions from chemical tanks, transport, etc.

4.3 Ingdlation of the AEROPOL in Talinn Technica University, 1997. 12000 EEK
Contract with Tallinn Technical University for installation of the AEROPOL model
and configuration its database interface.

44 Inddlation of the AEROPOL modd and development of the database of air
pollution sources for Tartu City, 1997 - 1999, 38000 EEK

Contract with Tartu City Government for introducing up-to-date information into

database and development of the territorial database of air pollution emissions from

industrial, transport and domestic heating sources.

7. Collaboration with other insitutes and univer sitiesin Estonia

Close colldboration exigs with the Inditute of Environmenta Physics of Tartu
Universty. The DM Group takes pat in the Curriculum of environmenta physcs,
including the MSc- and PhD -training. Group members deliver lecture courses of
amospheric dynamics, synoptic meteorology, boundary layer physics, and numerica
methods in amospheric physcs. Head of the Group R. RG0m is the vidting professor
of dynamical meteorology (1998 - 2002) at the University.

Other domedtic links exigt with the Inditute of Ecology of the Tdlinn Pedagogica
Univergty (collaboration in ar pollution problems) and Egtonian Marine Inditute
(boundary layer wind modelling over ses).

5. International cooperation



Continuous collaboration (since 1994) is edablished with the Depatment of
Meteorology of the Reading Univerdty (UK) and Depatment of Geophysics of the
Lisbon Universty (Portugd). Essence of the collaboration has been the development
of the nonhydrogtatic, pressure-coordinate-based, andastic mesomodd of atmospheric
dynamics NHAD, suiteble for high-resolution smulation of mesoscde events. The
modd is presently close to be finished. Since 1999, collaboration on regiond ar
pollution moddling is initiated with the laboratory of Atmospheric Physics of the
Arigtotle University (Tessaloniki, Greece).

Close links exist with the research teams of the HIRLAM participants, where the
Group is a present the basic developer of the nonhydrogtatic kernel to the new-
generation forecat modd. Especidly fruitful are the links with the Swedish
Meteorologicd and Hydrological Indtitute, Finnish Meteorologicd  Inditute, and
Department of Meteorology of the Universty of Helsinki.

Participation in internationa cooperation projects

Project Partners Source of Budget
finandng

Quartification of  dkdingFinnish Meteorologicd  [Nesding 220 000

and acidifying  depostior|inditute, Tartu Foundation, FIM

loads from Egtoniar{Environmental Research,  [Finland

industry, 1999 - 2001. Inc. (Estonia)

9. Defended PhD and M Sc Theses:

1. P. Tidler (1965), MSc, Tartu Univerdty, 1994 "The Quas-geostrophic Model
Of the Atmosphere. A Study of the Accuracy of Diagnogtic Relationships',
Supervisor R. R6dm

2. M. Kaask (1966), MSc, Tartu Universty, 1995: "Air Pollution Disperson and
Deposition Moddling in Loca and Regiona Scaes’,

Supervisor R. R6dm

3. A. Ulgjde (1970), MSc, Tartu University, 1996: "Non-Hydrogtatic

Pressure- Coordinate Models of Atmospheric Dynamics. Acoustic Noise Filtration
Problem",

Supervisor R. RG0m

4. A. Mannik (1972), MSc, Tartu University, 1997:

"Water Trangport and Phase Trangtions in Numericd Meso-Modds of the
Atmosphere’,

Supervisor R. R6dm

5. M. Kaask (1966), PhD, Tartu University, 2000: "Parameterization of
Atmospheric Boundary Layer in the Numericad Modds of Air Pollution Trangport”,
Supervisor R. R6dm

10. Supervision of current PhD and M Sc Theses

PhD Thesis"Semi-Implicit Integration Scheme for Anelagtic, Nonhydrodtatic,
Pressure-Coordinate Modd of Atmospheric Dynamics', A. Méannik (1972),
Supervisor R. R6om.



11. Curriculua Vitae of principal investigatorsand grantholders

11. 1 Rein R60m: Curriculum Vitae

1. Name Rein R60m

2. Position Tartu Observatory, Head of the department of atmospheric
physcs and group of dynamica meteorology, senior research
assosate

3. Date of birth October 17th, 1945

4. Education Tartu University, Bachelor in physics, 1972

5.Research and 1972 -73 engineer a the IAAP (Indtitute of

professional Astrophysics and Atmospheric Physics of

experience the Estonian Academy of Sciences)

1973-83 Junior Research Associate at the IAAP

1983-89 Senior Research Associate at the IAAP

1989-95 Deputy director at the IAAP

Since 1995  Head of the Department of Atmospheric
Physcs and Head of the Group of Dynamica
Meteorology at TO (Tartu Observatory)

1983 -92 Lecturer, Chair of Geophysics, Tartu
Universty (TU)

1993 - 97 Professor of Dynamical Meteorology, TU

Since 1998  Vigting Professor a TU

6. Professional 09.01-31.03.1994  Reading Universty,
training England (TEMPUYS)

May 1995 Universty of Lisbon,
Portugd (TEMPUYS)

December 1996 Univergty of Munich,
Germany (TEMPUS)

February 1997 SMHI, Norrkoping, Sweden
(Research)

01.10.1998 -01.08.1999 L everhulme fellow, Reading
University, England (Research)
7. Academic Candidate of Phys.-Math. Sci. (Ph.D.), 1981,
degree & Thesis  Radiative Transfer in Planetary Atmospheres

8. Research- Chairman of the Estonian Committee for IUGG
administrative Member of American Meteorological
experience Society and European Geophysica Society.

Deputy Director of IAAP 1989-1995.
9. Current research  Numerica methods in amospheric dynamics.
10. Current grants  ESF Grant 2624
11. Dissertations P. Tider, MSc, Tartu Universty, 1994

supervised M. Kaask, MSc, Tartu University, 1995
A.Ulgde, MSc, Tartu University, 1996



A. Méannik, MSc, Tartu University, 1997

M. Kaasik, PhD, Tartu University, 2000
Total number of peer-reviewed papers 1974 - 2000: 31
Other papers, including abstracts 1974 - 2000: 51

Bibliography 1996 - 2000
Peer-reviewed papers:

1. R6dm R.. Free and rigid boundary quas-geostrophic models in pressure
coordinates. J. Atm. Sci. 53, 1496 - 1501, 1996.

2. Rodm R., Ulgde A.: Nonhydrostatic acoustically filtered eguations of amospheric
dynamics in pressure coordinates. Proc. Estonian Acad. Sci. Phys. Math. 45, 323 -
330, 1996.

3. Kaask M., R6dm R. : A Fourier-spectrd mode for ar pollution disperson
cdculations. Hurtalov, T. (editor), Meteorological Processesin the Boundary Layer

of the Atmosphere, Geophyscd Inditute of Sovak Academy of Sciences, Sovak
Meteorologica Society, Bratidava, 204-209, 1996.

4. R60m R., Kaasik M.: Research into amospheric dynamics a Tartu Observatory.
Proc. Estonian Acad. Sci. Phys. Math. 45, 331 - 338, 1996.

5. R60mM R.: Acoudtic filtering in non-hydrostatic pressure coordinate dynamics.

A variationa approach. J. Atm. Sci. 55, 134 - 149, 1998.

6. Gronskel K. E., Waker S. E., Kaasik M., Kimmd V., R66m, R: Vdidation of
locd and regiond ar pollution modds in northern winter conditions. Air Pollution
Modeling and its Application, 22, 737 - 738, Plenum Press, N.Y ., 1998.

7. R60m R., Mannik A.: Responses of Different High- Resolution, Nonhydrostatic,
Pressure-Coordinate Modds to Orographic Forcing. J. Atm. Sci. 56, 2553 - 2570,
1999.

8. R60m R.. Least Action Principle for Genera, Non-Hydrostatic, Compressible,
Acoudticaly NonFiltered Pressure-Coordinate Moddl. Quart. J. Royal Meteorol. Soc.
125, 1903 - 1907, 1999.

9. Kaasik M., R66m R., Royset O., Vadset M., Soukand U., Téugu K., Kaasik H.:
Elementd and base anions depostion in the snow cover of North-Eastern Estonia
The impact of indugtrid emissons. Water, Air, and Soil Pollution 121, 349-366,
2000.

Other publications

1. R60m R. : Nonhydrostatic atmospheric dynamicsin pressure-related coordinates.
Grant of the Estonian Science Foundation No. 172, Final Report. Tartu Observatory,
102 pp., 1997

2. Kaask M., R60m R.: Air pollution moddlling and forecast. Grant of the Estonian
Science Foundation No. 186, Final Report. Tartu Observatory, 58 pp., 1997.

3. R60m, R.: Progress on development of a nonhydrostatic verson of HIRLAM a
Tartu Observatory. Hirlam Newsletter, No. 31, 44 - 45, 1998.

4. R66m R.: Nonhydrogtatic formulation of the HIRLAM.
ftp://apollo.aai.ee/pub/nhlect.ps 23 pp. , 1998.

5. R60mM R., Méannik A.: Nonhydrostatic adiabatic kerndl for HIRLAM.

In: HIRLAM Newsletter, No. 35, 103 - 109, and 2000.

6. Mannik A., R60m R.: Nonhydrogtatic adiabatic kerne for HIRLAM. Part I1.
Andadtic, hybrid-coordinate, explicit-Eulerian modd:




http: //apollo.aai.ee/HIRLAM/nhkern2.ps, 60pp., 2000.

7. R606m R.: Nonhydrostatic adiabatic kernel for HIRLAM. Part 1.
Fundamentals of nonhydrogtatic dynamics in pressure-related coordinates:
http://apollo.aai.ee/HIRLAM/nhkernl.ps, 23pp., 2000.

+ 9 conference papers and abstracts
Participation in scientific meetings 1996 - 2000

XXVI Estonian Physics Days (Tartu, Estonia, 03-04.02.1996)
Kaask M., R66m R.: Air pollution disperson models.
R606m R.: Wavefiltration problem in amaospheric dynamics.

World Congress of Estonian Scientists (11. - 15.08.1996, Talinn)
R60M R., Kaask M.: On the amospheric dynamics research in Tartu
Observatory.

EGS XXII Genera Assembly (Vienna, 21.04.-25.04.1997) .
R66m R., Lindmaa U., Mannik A.: Response of different acoudticaly filtered
high-resol ution pressure- coordinate models to orographic forcing.

HIRLAM Workshop on High Resolution Modeling (Norrkodping, Sweden, 10.05.-
12.05.1999) .
R&0m R.: On the Development of a Nonhydrogtatic Version of HIRLAM.

XXI1 Generd Assembly of the Internationa Union of Geodesy and
Geophysics (Birmingham, United Kingdom, 19.07.- 24.07.1999)
Mannik A., R66m R.: Orographic Waves in Pressure- Coordinate Dynamics.

Seminar of the Estonian Academy of Sciences "Science to the Society”, (Tdlinn,
03.12.1999).

R60m R.: Perspectives of Numerical Weather Forecast for the World, Europe,
and Estonia

HIRLAM Annua Meeting (Norrkdping, Sweden, 27.03.-29.03.2000)
R606m R.: Nonhydrostatic adiabatic kernel for HIRLAM.

IUTAMLIM  (International Union of Theoreticd and Applied Mathematics)
Symposum “"Advances in Mathematicd Moddling of Atmosphere and Ocean
Dynamics' (University of Limerick, Limerick, Irdland, 2.07.-7.07.2000)

R60m R.: Acoudic filtration in pressure-coordinate models. Basic concepts
and applications in nonhydrogtatic moddling.
12. Curricula Vitae of the principal investigators

12. 1 Marko Kaask: Curriculum Vitae

Name Marko Kaask



Date of birth
Academic degree
Position

Resear ch training

Resear ch activities:

Lecturing :

July 25, 1966
PhD in environmentd physics, Tartu University, 2000
Research Fellow/Postdoc
1996 - in Norwegian Ingtitute for Air Research (granted by
Norwegian Research Council);
1997 - in the Universty of Reading, UK (granted by
TEMPUS).
Air pollution modelling and modd validation (ind. fidd
campaigns);
1996 - course "Numerical methodsin Meteorology"
a Tartu University;
1998 —1999 - course "Atmospheric hygiene and ar pollution
trangport” at the Turi College of Tartu Universty;

Number of peer-reviewed publications. 8 (incl. 4 CC)

12. 2 Aarne Mannik: Curriculum Vitae

Name

Date of birth
Academic degree
Position

Research training

Resear ch activities
Stipends

L ecturing

Aarne Mannik

1972

MSc in environmenta physics, Tartu University, 1997

PhD gtudent at the Ingtitute of Environmenta Physics,

Tartu Universty

08.01-07.02.1996: European Research Course

on Atmospheresin Grenoble, France

October 1998: HIRLAM training workshop in Riga, Latvia
Mathematica and physical problems in nonhydrogtatic
modeling of amospheric dynamics

1999 - 2001: Vasda Foundation Stipend from Finnish
Academy of Sciences

1998 - 2000: Course "Numerical models of the atmosphere"
a Tatu Universty.

Number of peer-reviewed papers: 2
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