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Eessbna

Uks aastaon jalle ajalooks saa-
nud. Teadustddsei pruugi aja-
vahemik 1. jaanuarist 31. det-
sembrini alati 16petatud tule-
musi anda. Selles ju teadu-
se vOlu ongi, et Uks lahen-
datud kisimus v@ib pustita-
da mitu uut. Aga kes siis veel,
kui mitte astronoomiaga tege-
lev uurimisasutus peaks jar-
gima planeedi Maa tiirlemi-
se rutmi. Nii olemegi valmis
saanud Aastaraamatu, mis il-
mub 16. korda. Nagu eelmi-
selgi aastal, palume poéhjaliku-
ma teadusto6 kokkuvotte lugemiseks eesti keeles poorduda meie veebilehe
http://www.aai.egoole.

Ei ole mbtet Uritada eessOnanappides ridades jargneva sajakonnalehekul-
je sisu kokku votta, agamdnda seikatahaks siin korrata kill. Naiteks ei mee-
nu lahiminevikust aastat, mil tervelt kolm noort teadlast Observatooriumist
oleksid kaitsnud doktorito6 —tubli, Antti Tamm, Gert Hiitsi ja Mait Lang! Ta-
nu vBimalusele votta enamik meiega seotud doktorante ja magistrante t66le
osakoormusegateaduritena vOi inseneridena, jdudis Observatooriumi toota-
jate arv Ule tiki ajataas 70 piirimaile. Loomulikult aitavad noored kaasaka
teadlaste keskmise vanuse vahendamisele. Veidi avardus ka meie rahvusva-
heline mddde: kosmoloogia toérihmas todtab jareldoktorina Evgenii Vasili-
ev Rostovist, 2007.aastaalgusesagaliitus taimkatte seire téérihmaga Miina
Rautiainen Helsingist. Gert Hutsi suundus parast doktoritdd edukat kaits-
mist Minchenis jareldoktori kohale Londonis.

Taasolid veidi avaramad vGimalused soetadauut teadusaparatuuri, eri-
ti tanu taimkatte uurijate osalemisele Alus- ja Rakendusdkoloogia Tippkes-
kuses. Astronoomid jatkasid vaatlusi Eesti klima kiuste. 2006.aastaei too-
nud veel kdegakatsutavaid tulemusi regulaarseks ligipaasuks mdnele pare-
mas kohas asuvale teleskoobile, kuid eeltd6d kaib — loodetavasti saab vaike
saar La Palma Kanaaride loodenur gas lahiaastatel mitmetele Eestiastronoo-
midele (ja eriti noortele) tuttavamaks. Laiemas plaanis teebrédmu Eestivalit-
suse valmisolek s6limida rahumeelse kosmosealasekoostdd leping Euroopa
Kosmoseagentuuriga ESA. Kui leping eeldatavasti 2007.aastaesimeselpoo-
lel alla kirjutatakse, saabloodetavasti ka Tartu Observatoorium kaasaaidata
selle téitmisele konkr eetsesisuga.



2006.aastatdi peahoonesseT0raveres soojemadhkkonna — sedaeelkdige
otsesemottes. Suvel suurt segadust pdhjustanud keskkuttesisteemi imber-
ehitus ndib end igati digustavat. Suur tdnu peainsenerRein Kalbergile ja hal-
dusdir ektor Enno Ruusalepale — ja muidugi AS Tanelile, kes selle keerulise
t66 korralikult arategi.

Eesootab vaga tdsine aasta.2007.aastal tuleb meil taotleda uued siht -
nantseeritavad teadusteemad. Peagikuulutatakse vélja uus teadusetippkes-
kuste konkurss. Varem vdi hiljem hakkavad liikuma eurorahad teaduse inf-
rastruktuuri kaasajastamiseks.Jubaon avatud Euroopa Liidu teadusuurin-
gute 7. Raamprogrammi esimesedprojektikonkursid. Edukas olla sooviv tea-
dusasutus peab sellistes ettevotmistes osalema. Loodetavasti on meile toeks
ka praegu Riigikogus arutlusel olev Eestiteadus- ja arendustegevusestratee-
gia "Teadmistepdhine Eestill”.

Soovin kolleegidele visadust, jdbudu ja ka parajat hulka 6nne, et meie
soovid ja eesmamgid taituksid.

Toraveres
Dir ektor veebruar 2007

Foreword

The year 2006 has become an history. The time interval from January 1 to
December 31 should not necessarilyyield nalized resultsin reseach work.
Fascination of scienceoften lies in an endlesschain of unanswered questions.
However, it is just appropriate for an astronomical reseach institution to fol-
low the rhythm determined by revolving of the Earth about the Sun. Thus,
the 16th issue of the Annual Report of the Tartu Observatory is in the hands
of the readers.

It is uselessto attempt to summarize content of the following one hun-
dred or more pagesin afew rows here. Nevertheless, someimportant issues
should be pointed out. For example, one cannot remember another such a
good year from the nearest past when threeyoung scientists from the Obser-
vatory defended their Ph.D. thesis—well done, Antti Tamm, Gert HUtsi and
Mait Lang! We were able to employ most of our Ph.D. and M.Sc. students as
part-time reseach associatesor engineers, and so, the number of the people
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employed by the Tartu Observatory reached 70 after a long time. Needless
to say, those young people help to reduce the mean age of our scientists.
Our international dimension widened further: a post-doc reseach associate
Evgenii Vasiliev from Rostov works in the group of cosmology from April,

2006. Starting from the beginning of 2007,another post-doc associateMiina

Rautiainen from Helsinki joined the group of remote sensing of vegetation.
After successfuldefence of the Ph.D. thesisin Munich, Gert Hitsi moved to
a post-doctoral position in London.

We were able to acquire some new scienti ¢ instruments, in particular,
thanks to the participation in the Centre of Excellencefor Basicand Applied
Ecology by our group of remote sensing of vegetation. Astronomers con-
tinued their observations at T6ravere, in spite of hostile climate in Estonia.
Negotiations in order to guarantee aregular accesgo sometelescopein abet-
ter climate are underway — hopefully the small isladelLaPalmain the north-
western corner of Canary islands will be more familiar to several Estonian
astronomers during the coming years. In a wider context, it is a pleasure
to note that Government of Estonia has revealed will to conclude a frame-
work agreementwith the European SpaceAgency for spacecooperation for
peaceful purposes. Should the agreementbe signed in the rst half of 2007as
expected, our Observatory would hopefully be one of the institutions which
would Il the agreementwith areal content.

The year 2006brought awarmer atmosphere into the main building of the
Observatory —in the sensethat central heating system was completely reno-
vated. Although this processcreated quite a messduring the whole summer,
the results are rewarding. Many thanks to chief engineer Rein Kalberg and
management vice-dir ector Enno Ruusalepp for organizing and to Tanel Ltd.
for performing this work.

The forthcoming year 2007 will be full of hard work. We need to apply
for new target- nanced projects. We should participate in a new competition
for the Centres of Excellence. Most likely, the rules for applying and using
the European Structural Funds for renovation of reseach infrastr uctur eswill
be announced soon. First calls for proposalsin the European 7th Framework
Programme are opened. The Parliament of Estoniais discussing a new strat-
egy for R & D activities "Knowledge-based Estonia ll’. Let's hope that Tartu
Observatory would benet from all those developments.

Toraveres
Dir ektor veebruar 2007



1 Ulevaade

11

Uurimisteemad ja grandid

2006.aastaljatkus Tartu Observatooriumis kolme siht nantseeritava teadus-
teemataitmine (1 kEEK = 1000EEK = 63.9EUR):

Struktuuride areng Universumis kaugest minevikust téanapaevani
(teemajuht J.Einasto) — 2300kEEK,

Tahtede ehitus, keemiline koostis ja evolutsioon (teemajuht T. Kipper)
—3138kEEK,

Eesti ning Balti regiooni keskkonna optilise kaugseire alused (teema
juht A. Kuusk) —2510kEEK.

Lisaks rahastasSihtasutus Eesti Teadusfond 14 granti:

1.

2.

10.

11.

12.

13.

Grant 5347: M. Gramann — Superparvede, parvede ja galaktikate di-
naamiline evolutsioon Universumis —73.4KEEK.

Grant 5348: U. Veismann — Atmosfaari optiliste parameetrite mdoju
Paikeseultraviolettkiir gusele maapinnal —85KEEK.

. Grant 5760: I. Pustylnik — FuUsikalised protsessid ja evolutsioonilised

trendid kaksikslisteemides valgete kaabustahtede formeerumise vara-
jasesstaadiumis — 62 KEEK.

. Grant 6100: A. Kuusk — Kiir gusenergia hajumine ja neeldumine loo-

duslikes ja kultiveeritud taimkatetes —124kEEK.

. Grant 6104: E. Saar— Suuremastaabilise struktuuri tappiskosmoloogia

—220kEEK.

. Grant 6105:A.-E. Sapar—Taheatmosfaaride ja tahetuule ehitus ja spek-

trid; fllUsikalised protsessidneis — 140kEEK.

. Grant 6106:J.Vennik — Galaktikate evolutsioon gruppides —137kEEK.
. Grant 6810:1. Kolka —Suure kiir gusvéimsusegakaugelearenenud tdhed

kosmoseteleskoobiGaia objektidena — 141 KEEK.

. Grant 6812: M. Méttus — Huperspektraalsete ja mitme vaatenurga alt

moddetud kaugseireandmete kasutamisvBimalused metsa struktuuri
hindamiseks —173.2kEEK.

Grant 6813: J. Pelt — Dispersioonispektrite teooria ja rakendused — 80
KEEK.

Grant 6814: A. Reinart — Satellitkaugseire meetodite arendamine Eesti
optiliselt mitmekomponendiliste veekogude uurimiseks —243kEEK.
Grant 6815: T. Nilson — Eesti metsade produktiivsuse monitooring
satelliitkaugseir e abil — 200kEEK.

Grant 6845: U. Peterson— Metsaga metsamaa pindala muutused Balti
regiooni idaosas alates 1980-ndate aastate keskpaigast kuni aastani
2005,hinnangud Landsat TM satelliidipiltide aegreast- 80 kEEK.
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14. V. Russak oli Uks pohitaitia TU dotsendi H. Ohvrili grandis nr. 5857
(44.8KEEK Tartu Observatooriumile).

Need grandisummad ei sisalda asutuse uldkulul®ivu. Viimane (20 %
grantide summast) eraldati otse Observatooriumi eelarvesse.

Muud projektid ja lepingud:
Keskkonnaministeeriumi riikliku keskkonnaseire programmi alam-
programm "Eesti maastike muutuste uuringud ja kaugseire” -
Keskkonnaministeerium: U. Peterson—200kEEK.
HYRESSA - HYperspectral REmote Sensingin Europe — speci ¢ Sup-
port Actions — EL 6. raamprogrammi projekt (2006—2008) Euroopa
Komisjon: projekti juht Dr. lls Reusen,Flemish Institute for Technolo-
gical Reseach (VITO); TO koordinaator M. M6éttus —130.2KEEK.
Rootsi Riikliku Kosmosendukogu grant (2006—2007)"Operatiivsete
kaugseire meetodite arendamine Rootsi veekvaliteedi monitooringu
toetamiseks”: A. Reinart —39kSEK 65.7kEEK.
Eesti rannikumer e ja siseveekogudekaugseire meetodite taiustamine —
Keskkonnaministeerium: A. Reinart —40kEEK.
Deklareeritud pdllupindade kontroll kaugseirevahenditega — P6lluma-
janduse Registrite ja Informatsiooni Amet: U. Peterson—40kEEK.
Puude ja p66sastekatvus Hiiu ja Parnu maakonna pdllumassiividel —
Pdllumajanduse Registrite ja Informatsiooni Amet: U. Peterson — 30
KEEK.
Riikliku programmi "Humanitaar - ja loodusteaduslikud kogud” alam-
programm "Astr onoomiliste fotoplaatide digitaliseerimine ja plaatide
arhiivi korrastamine” — Haridus- ja Teadusministeerium: K. Annuk —
103.4kEEK.
Eeluuring optilise kiir guse tappisradiomeetria rakendusteks Eesti et-
tevotetes—Ettevotluse Arendamise Sihtasutus: A. Reinart, U. Veismann
—185kEEK (makstakse parast projekti I16ppu aastal 2007).
Taimkatte seire toorihm osaleb Alus- ja Rakendusotkoloogia Tipp-
keskuses, juhataja Prof. Olevi Kull (Tartu Ulikool, Botaanika ja
Okoloogia Instituut). Selle koostoé raames toetas Ettevétluse Aren-
damise Sihtasutus infrapunakaamera ThermaCam SC 3000 ostu sum-
maga 1342.45kEEK.

Nende teemade ja projektide raames tehtust leidub pdhjalikum Ulevaade
peatiikkides 3-5.

10



1.2 Tootajad

Observatooriumi too0tajate arv suurenes 2006. aasta jooksul tUsna maér-
gatavalt. Peamiselttanu siht nantseerimise mdéningale suurenemiselesaime
enamiku meiega seotud doktorantidest ja magistrantidest votta toole 0.25
koormusega teaduritena v0i inseneridena. 1. veebruaril lisandusid tb6tajate
nimekirja Mari Burmeister, Tonis Eenmae, Anti Hirv, Joel Kuusk ja Indr ek
Vurm, 1. martsil Krista Alikas ja Kristi Valdmets ning 1. mail Tiina Liimets.
Ka Tallinna Tahetorni astronoom Voldemar Harvig on alates 1. martsist 0.25
koormusega meie taheflitisika teemataitjate hulgas.

R&6mustav on markida, et kolm noort kolleegi kaitsesid 2006.aastal oma
doktoritdd: Gert Hutsi Minchenis ning Antti Tamm ja Mait Lang Tartus.

Matti Mottus tootas esimesepoole 2006. aastastjareldoktorina Helsingi
Ulikoolis. Omamoodi "vahetusena” to6tab 2007. aasta algusest meie Ob-
servatooriumis Soome Akadeemia jareldoktor Miina Rautiainen Helsingist.
Meie oma baas nantseerimise arvelt to6tab jareldoktorina kosmoloogia eri-
alal Evgenii Vasiliev Rostovist (Venemaa,alates5. aprillist 2006).

2006. aastatdi kaasaka mitmeid kurbi kaotusi. 6. juunil lahkus 68 aasta
vanuselt kauaaegne hea kolleeg Mihkel Jdeveer Muude Ulesannete seasoli
tema peamisekstdoks viimasel ajal "Tahetorni Kalendri” koostamine ja and-
mete arvutamine. Taoli vimase 31kalendri peatoimetaja.

17. novembril saime teate Eesti vanima astronoomi Hugo Raudsaare
(83) surmast. Pealeselle, et ta oli vimane vaatleja vanas Tartu Tahetornis
Toomemael, oli ka tema mdnda aega”Tahetorni Kalendri” peatoimetaja.

Siligava kurbusega meenutame, et meie hulgast lahkusid ka endised
kolleegid Ira Saar(63)27. veebruaril ja Herbert Niilisk (76)16. oktoobril.

Kdigi muutuste tulemusena oli 1. jaanuaril 2007 Tartu Observatooriumis
to66l 70 inimest, neist 43 vanemteaduri vOi teadurina ja 7 teadustood tegeva
insenerina.
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1.3 Eelarve

Riigieelarvest eraldati Tartu Observatooriumile 2006. aastal 15.976miljonit
krooni (15976 KEEK). Tulud jakulud jagunesid jargnevalt:

Eelarve 2006 (KEEK)
103.4

sihtfinantseerimine
baasfinantseerimine
ETF grandid

riiklik programm
infrastruktuur

investeeringud

Kulude jaotus (KEEK)
889.6

205

tootasu
maksud
teadustdo
lahetused
stipendiumid

majandamine, remont

Lisaks laekus ca 1947 KEEK mitmesugustest koostddprojektidest ja lep-
ingutest, mida on nimetatud osas1.1.

Observatooriumi teadlaste keskmine tootasu 2006.a I6pul oli 11523 EEK
(ca736 EUR).
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1.4 Aparatuur ja seadmed

Uus aparatuur:
Koostdos Alus-ja Rakendusokoloogia Tippkeskusega (Tartu Ulikool)
mur etsestaimkatte seiretoorihm rma FLIR Systemsinfrapunakaame-
ra ThermaCam SC3000,mis todtab spektripiirkonnas 8-9 m, tempera-
tuuritundlikkus 20 mK.
Veekogude kaugseire meetodite arendamiseks taiendati TriOS Opti-
cal Sensorskomplekti teise hiperspektraalse radiomeetriga RAMSES-
ARC-VIS. Selle spektraalsed omadused (piirkond 380-950 nm,
lahutusvBime 2 nm) vdimaldavad taiustada vee bio-optilisi mudeleid
jakasutadariista satelliitide tulemite kontr olliks ka pidevm&dtmiste re-
iimis liikuvalt laevalt.
Firma Carl Zeiss minispektr omeetri mooduli MMS-1 (400-1100m, 256
kanalit) baasil ehitas J.Kuusk arvutijuhitava lennukispektr omeetri, mil-
lega moddeti Jarvseljakatsealametsade peegeldusspektreid.
Astroflitisikaliste spektraalvaatluste jaoks muretseti uus CCD kaamera
Andor Newton DU 970N, millel on 1600 200 pikselit (pikseli suurus
16 16 m), termoelektriline jahutusststeem (t66temperatuur —90 C)
jakdrge valgustundlikkus, eriti spektri ultravioletses osas.

Astronoomilised vaatlused jatkusid tavapérasel viisil. 1.5m teleskoobiga
tehti spektraalvaatlusi 54 66l ning 0.6 m teleskoobiga fotomeetrilisi vaatlusi
8 6ol.

1.5 Teadusnduk ogu t60

Tartu Observatooriumi teadusndukogu on 13-likmeline. 2006. a selle koos-
seis ei muutunud. NOukogu esimeeson direktor Laurits Leedjarv ja ase-
esimeesvanemteadur Tonu Viik. Valjastpoolt Observatooriumi kuuluvad
ndukogusse Riigikogu aseesimeesakadeemik Ene Ergma ja Tartu Ulikooli
professorRein R6GmM. Haridus- ja Teadusministeeriumi poolt maaratud liige
on TU dotsent PeeterTenjes.
Teadusndukogu pidas 10koosolekut, kuulati jargmisi teaduslikke ettekan-
deid:
Jaanuar—T. Kipper. Iseéraliku muutliku tdhe V838 Mon uurimisest.
Veebmuar — U. Peterson Vaga suure ruumilise lahutusega satelliidipildid
metsade kaugseires.
Marts —A. Sapar Kuumade taheatmosfaaride ja nende spektrite mudelarvu-
tuste tulemustest ja probleemidest.
Aprill —T. Viik: Polariseeritud kiir gus sligaval atmosfaaris.
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September—T. Liimets V 838 Monocerotis'e fotomeetria ja valguskaja.
—J.BudenkovaMetsakooslustesajajooksul toimunud muutuste

hindamine kaugseire jaruumianallisi vahenditega.

November — U. Veismann, A. Reinart Rakendusuuringud optika-radio-
meetria ja kaugseire alal.

Detsember— A. Kuusk Metsade peegeldusspektrite mddtmine satelliidilt ja
helikopterilt.

Muid teadusndukogu tegemisi:
13. veebruari koosolekul raakis PeeterTenjesGppetdd korralduse uuen-
dustest Tartu Ulikoolis.
13. martsi koosolekul kinnitati 16ppenud ETF grantide I16pparuanded.
24. martsil esitati Ténu Viik Eesti Teadusfondi reaalteadusteja tehnika
ekspertkomisjoni esimehe kandidaadiks ning toetati Toivo Maimetsa
kandidatuuri keskkonnateaduste ja eluslooduse ekspertkomisjoni esi-
mehe kohale. Samuti kinnitati O. Okulovi jareldoktori grandi I8pparu-
anne.
17. aprilli koosolekul esitasL. Leedjarv eelmisel aastal eraldatud baas-
nantseerimise raha kasutamise aruande.
12. juuni koosolekul arutati Tartu Observatooriumi arengukava ja in-
vesteeringute plaane. Maarati kindlaks E.J.Opiku ja J.Rossinimeliste
stipendiumite suurus —10000EEK kumbki.
25.  septembri koosolekul maarati Ernst Julius Opik nimeline
stipendium TU magistrandile Tiina Liimetsale ja Juhan Rossinimeline
stipendium Eesti Maadlikooli doktorandile Julia Budenkovale.
16. oktoobri koosolekul kinnitati siht nantseeritavate teemade jatku-
taotlused.
18. detsembri koosolekul esitati riigi teaduspreemia kandidaatideks
teadusharu paradigmat ja maailmapilti modjutava avastuse eest
akadeemik JaanEinasto (kollektiivi juht) ning Maret Einasto, Enn Saar
ja Erik Tago.

1.6 Suhted avalikkusega

limselt kdige olulisemaks avalikkusega suhtlemise viisiks on jatkuvalt eks-
kursioonide vastuvftmine Tdraveres. 2006.aastal kulastas Observatooriumi
221 grupi koosseisustle 4600inimese, kes said néha ja katsuda Eesti rah-
vapéarast taevast Lagle Israeli seinapannool, 1.5-meetrist teleskoopi, Stellaa-
riumi valjapanekuid, viibida virtuaalses planetaariumis jne. Giiditood tee-
vad mitmed astronoomid oma pdhitdd korvalt, neid juhendab Mare Ruusa-
lepp, keska ise sageli ekskursioone vastu votab.

Taevaste sindmuste ja Observatooriumi tegemiste vastu tunnevad huvi
mitmed raadio- ja telekanalid — nditeks Ain Kallis andis 2006. aastal koguni
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23intervjuud, Tonu Viik 13. Mitmed teadlased esinesid loengutega koolides,
rmade Uritustel, teaduspdevadel jm, 160di kaasaesmakordselt Eestis labi-
viidud "Teadlasteddl” jne. Tapsem tlevaade on toodud Ik. 99-101.

Lisaks sellele, et meie teadlased avaldavad populaarteaduslikke artik-
leid, huvitub ajakirjandus vahel ka Tartu Observatooriumist endast. Naiteks
"Tartu Postimees” pihendas jaanuaris 2006kaks tervet lehekiilge TGraveres
tehtavale.

Tavaparane teadust populariseeriv tegevus jatkus vanas Tartu Tahetor-
nis Toomemael. Sellesldid aktiivselt kaasa ka meie teadurid Erik Tago ja
Tonis Eenmée. Traditsioonilisel astronoomiahuviliste Ule—Eestilisel kokku-
tulekul, mis seekord toimus 10.—14. augustini 2006 Mahtras, esinesid meie
inimestest ettekannetegaTonis Eenmae,Mirt Gramann ja Erik Tago. Mitmed
noored teadurid kaisid astronoomiahuviliste seltskonnaga Tirgis vaatamas
29. martsil toimunud taielikku paikesevarjutust.

Heino Eelsalu fondi stipendiumi sai Sabine Brauckmann Karl Ernst von
Baeri todde avaldamiseks inglise keeles.

"Tahetorni Kalendrit” 31 aastattoimetanud | Mihkel J(”)eveer‘ lahkus meie
hulgast 6. juunil 2006. Uut peatoimetajat pole me suutnud seni leida, kuid
Uhiste jdupingutuste tulemusena ilmus 2007. aastakalender (83. aastakaik)
tavapdrasel ajal. Uudse valjaandena lasksime trikkida Mare Ruusalepa ja
Kalju Annuki koostatud "Tahistaeva Kalender 2007” — loodetavasti saab
ka selline varviliste taevapiltidega seinakalender meie traditsiooniliseks val-
jaandeks.

1.7 Tanuavaldused

Meie teadlased on saanud rahalist v6i muud toetust paljudelt asutustelt tle
maailma. Oleme tanulikud koigile toetajatele, nende nimed leiate inglise-
keelsestosastlehekiljel 21
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2 Summary

2.1

Research projects and grants

Most of the nances for basicresearch in Estonia are channelled through tar-
get nanced projects.In 2006,reseach in the framework of threeprojectswas
continued (1 KEEK = 1000EEK = 63.9EUR):

Evolution of structurein the Universe from deep past until the present
(principal investigator J.Einasto) — 2300kEEK,

Structur e, chemical composition and evolution of stars (principal inves-
tigator T. Kipper) —3138KEEK,

Optical remote sensing of environment in Estonia and Baltic region
(principal investigator A. Kuusk) —2510kEEK.

In addition, the Estonian ScienceFoundation nanced 14 grant projectsfrom
our Observatory:

1.

2.

10.

11.

12.

Grant 5347:M. Gramann — Dynamical evolution of superclusters, clus-
ters and galaxiesin the Universe —73.4kEEK.

Grant 5348: U. Veismann — The in uence of atmospheric optical para-
meters on the ground-level solar UV radiation —85KEEK.

. Grant 5760:1. Pustylnik —Physical processesand evolutionary trendsin

closebinary systemsduring the early stagesof white dwarfes formation
—62KkEEK.

. Grant 6100: A. Kuusk — Scattering and absorption of radiation energy

in natural and cultivated vegetation canopies— 124kEEK.

. Grant 6104: E. Saar— Precise cosmology of the large scale structure —

220kEEK.

. Grant 6105: A.-E. Sapar— Structure and spectra of stellar atmospheres

and stellar winds; physical processesn them — 140kEEK.

. Grant 6106:J.Vennik — Evolution of galaxiesin groups —137KkEEK.
. Grant 6810:1. Kolka —Luminous highly evolved starsin the framework

of GAIA —141KEEK.

. Grant 6812:M. Mé&ttus — Applicability of hyperspectral and multiangu-

lar remotely senseddata for estimating foreststructure — 173.2kEEK.
Grant 6813:J.Pelt — Theory and applications of dispersion spectra—80
KEEK.

Grant 6814: A. Reinart — Development of the remote sensing methods
according to the speci ¢ conditions of Estonian optically multicompo-
nental waters —243KkEEK.

Grant 6815:T. Nilson —Monitoring the productivity of Estonian forests
by satellite remote sensing— 200kEEK.
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13. Grant 6845: U. Peterson— Ratesand patterns of forest cover change
from mid-1980s till 2005in the Eastern Baltic region, evaluated with
multitemporal Landsat imagery —80KkEEK.

14. V. Russak participated in the grant 5857 led by H. Ohvril from Tartu
University (44.8KEEK to Tartu Observatory).

Those amounts do not contain institutional overheads. The latter (20 % of
eachgrant) was transferred separately to the budget of the Observatory.

Someother projectsand contracts:
National programme of environmental monitoring, subprogramme
"Remote sensing and studies on change of Estonian landscapes” — Mi-
nistry of Environment: U. Peterson—200kEEK.
HYRESSA - HYperspectral REmote Sensingin Europe — specic Sup-
port Actions (A EU 6th Framework project) (2006—2008)- European
Commission: Projectleader Dr. lls Reusen,Flemish Institute for Tech-
nological Reseach (VITO), our coordinator M. Méttus — 130.2KEEK.
Operationalisation of remote sensing methods to support Swedish wa-
ter quality monitoring organizations (2006—-2007)- Swedish National
SpaceBoard, Sweden: A. Reinart —39kSEK  65.7kEEK.
Remote sensing of coastal and inland waters — Ministry of Environ-
ment: A. Reinart —40kEEK.
Checking of declared agricultural lands with remote sensing methods
— Estonian Agricultural Registersand Information Board: U. Peterson—
40kEEK.
Crown cover of shrubs and treeson agricultural lands in Hiiu and
Parnu counties — Estonian Agricultural Registers and Information
Board: U. Peterson— 30KEEK.
National programme for preserving collections in humanities and na-
tural sciencessubprogramme "Digitalizing and archiving astronomical
photographic plates” —Ministry of Education and Reseach: K. Annuk
—103.4kEEK.
Preliminary study of applications of optical radiometry in Estonian en-
terprises and institutions (September2006—February 2007)—Enterprise
Estonia: A. Reinart, U. Veismann — 185kEEK (to be paid in 2007).
The group of sensing of vegetation belongs to the Centre of Excellence
for Basicand Applied Ecology, headed by Prof. Olevi Kull, Tartu Uni-
versity, Institute of Botany and Ecology. In the framework of this co-
operation, purchaseof a high precision infrar ed camera ThermaCam
SC3000was supported by the Enterprise Estonia in the amount of
1342 .45EEK.

A scienti ¢ report about the activities within all theseprojectsand topics will

be given in Chapters 3-5.

17



2.2 Staff

The number of people employed by the Observatory increasedquite signi -

cantly during 2006.Thanks to someincreasein the target nancing, we could
employ most of young Ph.D. and M.Sc. students as part-time (0.25)reseach
associatesor engineers. Among them are Mari Burmeister, Tnis Eenmae,
Anti Hirv, Joel Kuusk, Indrek Vurm (all starting from February 1), Krista
Alikas, Kristi Valdmets (from March 1), and Tiina Liimets (from May 1). In
addition, Voldemar Harvig from Tallinn Observatory was also employed as
a part-time reseach associatefrom March 1.

It is also pleasure to state that threeyoung reseachersfrom our Observa-
tory defended their Ph.D. thesisin 2006: Gert Hitsi in Munich, Antti Tamm
and Mait Lang in Tartu.

Matti Mottus worked as a post-doctoral associatein the University of
Helsinki from January 1 to June 30, 2006. As a kind of "exchange”, post-
doctoral associateMiina Rautiainen from Helsinki started her work at our
Observatory in January 2007 (in the group of remote sensing of vegetation).
Another post-doctoral associatefrom Rostov (Russia) Evgenii Vasiliev was
employed on April 5,2006into the group of cosmology.

On the other hand, we have to mention severalsadlossesin 2006.0n June
6, our good colleague Mihkel Jdeveerpassedaway in the age of 68. Among
others, one of his main tasks was computing and compiling the Calendar of
the Observatory. He was an editor -in-chief for 31issuesof the Calendar.

On November 17, we heard about the death of the oldest Estonian ast-
ronomer Hugo Raudsaar (83). Besidesbeing the main observer in the Old
Observatory in Tartu, he also served as an editor-in-chief of the Calendar of
the Observatory for sometime.

With a deep regret, we note passing away of our former colleagues Ira
Saar(63)on February 27,and Herbert Niilisk (76)on October 16.

As aresult of all the changes,the number of people employed by the Tartu
Observatory was 70 on January 1, 2007. Of them, 43 are on the position of
reseachersand 7 on that of research engineers.
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2.3 Budget

The total amount allocated from the state budget dir ectly to the Observatory

was 15976kEEK and it was divided asfollows:

Budget 2006 (KEEK)
103.4

Expenditure (KEEK)
889.6

205

target-financed projects
basic financing

ESF grants

national programme
infrastructure
renovation

salaries

taxes

research expenses
travel

stipends

maintenance, renovation

In addition, about 1947 KkEEK from contracts with several organizations

were allocated to the Observatory.

The mean monthly salary of reseachers was approximately 11 523 EEK

(736 EUR) by the end of 2006.
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2.4 Instruments and facilities

In collaboration with the Centre of Excellence for Basic and Applied
Ecology, the group of sensing of vegetation purchased a high preci-
sion infrar ed cameraThermaCam SC3000(FLIR Systems).The camera
works in the spectral range 8-9 m, sensitivity 20 mK.

To complement TriOS Optical Sensors measurement system, a se-
cond underwater hyperspectral radiometer RAMSES-ARC-VISwas ob-
tained. Its spectral characteristics (range 380-950nm, resolution 2 nm)
enablesto develop bio-optical models of water and use the instrument
for validation of oceancolour satellite products also during continued
measurements from a moving ship.

Using the minispectrometer module MMS-1 by Carl Zeiss (400-1100
nm, 256 channels) J. Kuusk designed an airborne spectrometer which
was used for the measurementsof forestre ectance spectraat Jarvselja,
Estonia.

A new CCD camera Andor Newton DU 970N for astrospectroscopi-
cal observations was purchased. Its main characteristics are 1600 200
pixels (pixel size 16 16 m), working temperature —90 C achieved by
thermoelectrical cooling, and high sensitivity, especially in the ultravio-
let spectral region.

Astronomical observations were continued asusually. The 1.5m telescope
was used for spectroscopic observations during 54 nights, and the 0.6 m tele-
scopefor photometric observations during 8 nights.

2.5 Scientic Council

Tartu Observatory has a Scienti ¢ Council consisting of 13 members. There
were no changesin the content of the Council during 2006. Director Lau-
rits Leedjarv actsasa chairman of the Council, and senior reseach associate
Tdnu Viik asa vice-chairman. There are two members from outside the Ob-
servatory, appointed by the director: Academician Ene Ergma, vice-speaker
of the Parliament of Estonia, and Prof. Rein R66m from Tartu University .
Associate professorPeeterTenjeshas beenappointed by the Ministry of Edu-
cation and Reseach.
The Scienti ¢ Council held 10 meetings in 2006. The following scienti c
reports were presented:
January—T. Kipper. On the studies of the peculiar variable V838 Mon.
February — U. Peterson Extremely high resolution satellite images in the
remote sensing of forests.
March — A.-E. Sapar Someresults and problems in calculations of model
atmospheresfor hot stars and their spectra.
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April —T. Viik: Polarized radiation deepin an atmosphere.

September — T. Liimets Photometry and light echo of the peculiar star
V838 Mon.
—J.BudenkovaEstimating temporal variations in forestcanopiesby the
means of remote sensing and spatial analysis.

November — U. Veismann,A. Reinart Application studies in optical radio-
metry and remote sensing.

December—A. Kuusk Measuring re ectance spectraof forestsfrom satellites
and from helicopter.

Someother activities of the Council:

On February 13, Peeter Tenjesinformed the Council about alterations
in study regulations in the Tartu University .

On March 13, nal reports of the grants from the Estonian ScienceFoun-
dation were approved.

On March 24, Tdnu Viik was proposed asa candidate for the post of the
Chairman of the Expert Commission for Physical Sciencesand Engi-
neering at the Estonian ScienceFoundation. Final report of the post-doc
grant by O. Okulov was also approved.

On April 17,L. Leedjarv presentedareport on the use of basic nancing

in 2005.

On June 12, development plan and investment priorities of the Obser-
vatory were discussed and approved. At the samemeeting, it was de-
cided that the Ernst Julius Opik and Juhan Rossfellowship in 2006will

be 10 000 EEK both.

On September 25, the Ernst Julius Opik fellowship (10 000 EEK) was
awarded to the M.Sc. student of Tartu University Tiina Liimets. The
Juhan Rossfellowship (10000 EEK) was awarded to the Ph.D. student
Julia Budenkova from the Estonian University of Life Sciences.

On October 16, applications for continuation of the target- nanced
projectswere discussedand approved.

On December 18, Academician Jaan Einasto (group leader), Maret
Einasto, Enn Saar and Erik Tago were proposed as nominees for the
National SciencePrize.

2.6 Public relations

One of the main forms of our public relations are excursions to the site of
the Observatory at Toravere. In 2006, more than 4600people in 221 groups
visited the Observatory. They all could seeand touch Estonian ethnographic
sky on the stony mosaic by Lagle Israel, the 1.5-metertelescope,expositions
in the Stellaarium, enjoy starry sky in the virtual planetarium etc. Several
our astronomers guide the excursions in addition to their main job. Mare
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Ruusalepp coordinates the work of guides, and often guides the excursions
herself.

Severalradio and TV channels are interested in heavenly events and in
the activities of the Observatory — for example, Ain Kallis was interviewed
23 times and Tonu Viik 13 times in 2006! Our scientists gave lectures in
schools,in companies, on public sciencedays etc. The European Resechers'
night was celebrated in Estonia for the rst time — needlessto say that our
astronomers and especially students participated in this event actively.

We wrote popular scienti ¢ papers as usually. In addition, some news-
papers and magazines published reportages about Tartu Observatory. For
example, the "Tartu Postimees” newspaper devoted two full pagesto our
activities in January 2006.

Popularizing of astronomy continued in The Old Observatory in Tartu as
usually, with active participation of our reseachersErik Tagoand Tdnis Een-
mae. Traditional annual meeting of Estonian amateur astronomers took place
at Mahtra, from August 10to 14,2006. Among others, Tonis Eenmée, Mirt
Gramann and Erik Tago gave lecturesthere. Someof our reseacerstravelled
to Turkey to watch the total solar eclipse on March 29, 2006.

The fellowship of the Heino Eelsalu Foundation was awarded to Sabine
Brankmann for translating papers by famous biologist Karl Ernst von Baer
(1792-1876)nto English.

| Mihkel JBeveer, who was the editor-in-chief of the Calendar of the Ob-
servatory for 31 years, passedaway on June 6, 2006. We have not beenable
to nd a new editor-in-chief yet. However, thanks to the efforts by many
colleagues, the Calendar for 2007 was published in time. In addition, we
published another calendar — "The Calendar of Starry Sky 2007”, compiled
by Mare Ruusalepp and Kalju Annuk. This calendar contains nice colour
photographs, and hopefully will also be our traditional publication.
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3 Evolution of structure in the Univer se from deep
past until the present Struktuuride areng
Univer sumis kaug est minevikust tanapaevani

Universumit k8ige suuremates mastaapides kasitlev kosmoloogia on tea-
tud mottes ajalooteadus, mis uurib, milline oli Universum miljardeid aas-
taid tagasi. Viimaste aastatesuured taevallevaated — naiteks 2dFGRS(kahe-
kraadi-valja galaktikate punanihete lUlevaade) ja SDSS(Sloani digitaalne tae-
valllevaade) — naitavad meile jarjest suuremaid osi jarjest nooremast Univer -
sumist. Nende Ulevaadete avalikustatud tulemustel baseeuvad suuresti ka
meie kosmoloogide tegemised.

Alustagem aga Gert Hitsi doktoritoost, milles ta kasitles kosmilist heli
ehk akustilistel sagedustel toimuvaid bartonvonkumisi. Need akustilised
lained, mis levisid véga varases Universumis kiir gusdominantsel epohhil
(kuni ajani ca 380 000 aastat parast Suurt Pauku), jatavad jalgi nii praegu
vaadeldavasse reliktkiir gusessekui galaktikate jaotusesse. T00s dnnestus
leida reliktkiir gusest rekordilised seitse maksimumi ning sellega kinnitada
bartionvdnkumiste harmoonilisust ja sellesttulenevat in atsiooniteooria 8ig-
sust.

Galaktikate korrelatsioonifunktsiooni omadused suurte galaktikavahe-
liste kauguste puhul pohimétteliselt klapivad akustilistest vonkumistest
saadud tulemustega, kuid leitud suureamplituudiga vénkumised suurtel va-
hekaugustel nduavad ilmselt standardse in atsiooniteooria téiendamist uut
tudpi hairitustega.

Uuriti galaktikate tihedusvéljade morfoloogiat: vaga suurtel skaaladel (ca
40 Mpc) laheneb galaktikate jaotus Gaussijaotusele. Teine galaktikajaotuse
morfoloogiaga seotud t60 oli galaktika lamentide automaatse leidmise al-
goritmi h&alestamine. Filamentide kirjeldusfunktsioonide otsinguid viisid
huvitavale analoogiale vihmaussiur gude statistikaga.

Jatkus 2dFGRS ja SDSSilevaadetest saadud galaktikate superparvede
uurimine. Avaldati vaadeldud superparvede kataloogid ja koostati mudel-
superparvede kataloogid, kasutades Millenniumi projekti numbrilisi kos-
moloogilisi struktuurimudeleid. Vorreldi vaadeldud ja modelleeritud super-
parvede omadusi. Osutus, et kdige olulisem erinevus vaatluste ja mudelite
vahel seisnebsuperparvede kordsuses: vaatluslike superparvede hulgas on
ligi kimme korda rohkem eriti massiivseid (heledaid) superparvi kui mod-
elleeritud superparvede hulgas. Selleerinevuse p8hjus ei ole veel selge.

Algas koige rikkamate superparvede morfoloogia uurimine Minkowski
funktsionaalide ja kujuleidjate abil. Esialgu vdib Oelda, et vaadeldavatel su-
perparvedel on kdigil tldpiline morfoloogiline signatuur, mida saab mod-
elleerida lihtsa mitmelihar gneva lamendi abil.
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Uuriti galaktikate vastasmdjusid vaikestes tihedates galaktikarihmades:
leiti olulisi loodelisi héairitusi eelkdige galaktikate ulatuslikes gaashalodes,
ent ndrgemaid hairitusi ka tdheketastes.

Doktorivaitekirja kaitseska Antti Tamm. Selletdo jatkuna saadi 22 kauge
ketasgalaktika (punanihetel 0.5 < z < 2:6 ehk ajas kuni 10 miljardit aas-
tat tagasi) heleduse ja varvuste jaotused. Leiti, et punanihetest z = 1 kuni
praeguseni (st vimase 6 miljardi aastajooksul) ei ole galaktikate tahelise
aine mass-heledusesuhete ning tumeda aine tsentraalse tiheduse osasmar-
gatavat arengut toimunud. Kaugemad galaktikad on aga oluliselt vaikse-
mad ja sinisemad (tugevama tahetekkega). Kaugete galaktikate kérval uu-
riti ka lahedasigalaktikaid, jatkateslahedastegalaktikate detailsete hidr odi-
naamiliste mudelite arendamist.

Alustati tumeda aine ruumtiheduse jaotuse uurimist galaktikates, er-
iti galaktikate keskosades. Kuna kdige tapsemad fotomeetrilised, spek-
troskoopilised ja kinemaatilised vaatlusandmed on olemaslahedalasuva An-
dromeda galaktika kohta, siis valitigi seeesimeseksobjektiks. Tulemused os-
utusid Ullatuslikeks: vaatlustest harilikult leitud isotermilise jaotuse asemel
andis paremakoosk®dla tsentri suunasjarsult kasvav nn NFW tiheduse jaotus.

Jatkus neutraalse vesiniku jaotuse uurimine meie Galaktikas. Muuhul-
gas selgus, et lisaks traditsioonilisele massiivsele kroonile vdib osavarjatud
ainest olla koondunud kettakujulisse allslisteemi, mis sisaldab umbes R
15kpc raadiusegardngasstruktuuri.

Et vOrrelda harilikke tumeainet kirjeldavat kosmoloogilise struktuuri
arengu mudeleid vaatlustega, alustati galaktikate tekke modelleerimist
tumeda aine halodes. Galaktikate tekke uurimisega haakub ka Evgenii
Vasilievi, meie Rostovi Ulikoolist tulnud jareldoktori uurimisteema, pimeda
ajaldpp ja esimestetéhtede teke. Pimedadajad nagu neid nimetas Sir Martin
Rees,on meie Universumi arengus aeg viimase hajumise epohhi, mil tekkis
kosmiline reliktkiir gus, ja esimesteheledate objektide tekke vahel.
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3.1 Statistics of the spatial distrib ution of galaxies

The main reseach directionsin this eld were the studies of the power spec-
trum and the correlation function of the new galaxy redshift surveys. Inte-
resting results were obtained for the acoustic oscillations in the galaxy distri-
butions, and for its multiscale morphology .

Gert Hutsi completed his PhD thesis "Cosmic sound: Measuring the Uni-
verse with baryonic acoustic oscillations”. Many of the results described in
this section were contained in this thesis.

3.1.1 Power spectrum and correlation function of the galaxy
distrib ution

In his thesis, G. Hitsi studied the
possibility of constraining the proper-
ties of dark energy, using the informa-
tion encoded in the spatial clustering
pattern of the galaxy clusters selected
by the Sunyayev-Zeldovich (SZ) effect.
Although the spatial number density
of galaxy clusters is rather low, their
stronger clustering strength, as com-
pared to the galaxies,and especially the
capability of the upcoming wide-angle
SZ-cluster surveys to cover large cos-
mological volumes, allows us to get a
high delity measurement of the mat-
ter power spectrum on large scales.
Under the assumption that redshift es-
timates of the clusters will be avail-
able, G. Hitsi showed that the Planck
and SPTFtype SZ-surveys should lead
to the detection of baryonic featuresin
the matter power spectrum. This will help to break maximume-likelihood
method degeneraciesbetween cosmological parameters, leading mainly to a
tighter constraint on the dark energy equation of state parameter wpg. This
study was published in Astronomy & Astrophysics.

E. Saarworked on estimation of the galaxy correlation function at large
distances. The in ation paradigm predicts that the pair correlation function
has a single secondary maximum around 100 Mpc, and after that the cor-
relation function smoothly approacheszero. This prediction can be checked
dir ectly by observations. Sofar people have searched for the maximum, have

Gert Hitsi
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found it and have beenhappy with the result. Nobody haseven tried to esti-
mate the correlation function for larger distances,maybe becausetheory does
not predict anything interesting there. So,we have a possibility to checkthe
theory of in ation.

E. Saarstarted this work already in 2005,in Valencia, using the SDSSLRG
(Luminous Red Galaxies)database,asthis coversthe largestvolume in space.
The results were messy;, asit is dif cult to processthe SDSS_RG data, mainly
becauseof very complex selectioneffects. In 2006E. Saargave the sameprob-
lem to M. Sootlato study, for his bachelor's thesis. G. Hitsi helped with the
most dif cult job, generation of the Poissoncomparison sample (the selection
effects play the most important role here). This time they found a reliable
result — although we seethe predicted secondary maximum, we seealso a
number of further maxima at larger distances (Fig. 3.1). Have they proved
the in ationary theory wrong?

Alas, not yet, becausethe selectionrules for the LRG sample are extremely
complex, and any systematicsin the selectionfunctions that we have not con-
sidered may give a wrong signal. There are also doubts in the main result —
the existenceof the secondary maximum. Figure. 3.1shows also the correla-
tion functions for two subsamples (the SDSScovers two separateregions in
the sky). As you see,the subsample A gives a secondary maximum (this sub-
sample is larger, and determines also the total correlation function). For the
subsample Bwe seeno peak, but a plateau, and the minima of the correlation
functions differ, too.

E. Saaralso checkedthe existenceof the secondary maximum for the 2dF-
GRSsample (together with V. Martinez and P. de la Cruz, Valencia). In order
to avoid selection corrections, they did not use the full sample, but a series
of volume-limited (constant-density) samples. The result is intriguing —we
seeno secondary maximum, although the 2dFGRSteam has found baryon
oscillation harmonics for the power spectrum, meaning that the correlation
function hasto have asingle secondary maximum. The bad possibility is that
this maximum hasbeengenerated by the incompletenesscorrections applied
to the data. But they analysed also the correlation functions for the N -body
mock catalogues,especially created to mimic the 2dFGRS,and found that its
sample variance is extremely large, with a much larger rms amplitude than
that of the theoretically predicted maximum itself. It meansthat the question
is open at the moment. They continue the work, trying to get better selection
corrections for the LRG and to better estimate their effect on the correlation
function estimates. If theseadditional maxima werereal, it would mean that
not only adiabatic perturbations were generated at the end of the in atio-
nary stage;maybe, isothermal perturbations had a large role, and this could
seriously changeour pictur e of the early stagesof evolution of the universe.
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Figure 3.1: SDSSLRG correlation function for large pairwise distances. Solid line
— total sample, dashed line — subsample A, dotted line — subsample B. The error
limits show Poissonian2 errors. SDSSLRG korr elatsioonifunktsioon suurte galak-
tikate vahekauguste puhul. Taisjoon naitab kogu valimi korr elatsioonifunktsiooni,
kriipsjoon esindab allvalimit A ja punktiirjoon —allvalimit B.Veapiirid on arvutatud
Poissoni2 reeglist lahtudes.

3.1.2 Acoustic oscillations in the galaxy distrib ution

One of the new methods that have beenused recently to determine the early
evolution of cosmological structureis the study of acoustic oscillations in the
matter distribution. Acoustic wavesin the coupled baryon-photon uid prior
to the epoch of recombination will lead to characteristic maxima and minima
in the matter power spectrum. Numerical simulations show that the features
in the matter spectrum survive the destructive in uence of nonlinear gravita-
tional evolution, albeit in distorted form. The length scaleof acousticfeatures
canbe considered a'standard ruler' and it canbe usedto study the expansion
history and the properties of dark energy in the Universe.

G. Hutsi analysed the two-point clustering descriptors of the galaxies
in the SDSSDR4 LRG sample. This study lead to the detection of acous-
tic features in the redshift-space power spectrum down to the scales of

0:2hMpc 1, which corresponds to the 6th-7th peak in the cosmic mi-
crowave background (CMB) angular power spectrum. As the angular uc-
tuations in the CMB are strongly damped at those scales,this result shows
that modern galaxy redshift surveys can provide complementary informa-
tion to the precision measurements of the CMB. After correcting for nonlin-
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earities and redshift-space distortions, using the halo model approach, the
best-t CDM cosmological model was found that gives a very good match
to the LRG power spectrum. This model is closeto the current cosmologi-
cal “concordance” model. Assuming adiabatic initial conditions and using
the distance-redshift relation given by the best-t CDM cosmology, the co-
moving acoustic scalewas measured to be (1054 2:3)h ! Mpc. Using the
WMAP data together with the value of the Hubble parameter from the HST
Key Project,Hog = 72 8km/s/Mpc, the corresponding scalewould be pre-
dicted to be (107 20)h ! Mpc, showing that the new result provides approx-
imately an order of magnitude impr ovement over the previous prediction.
This study was published in Astronomy & Astrophysics.

G. Hitsi's results show that a detailed study of acoustic oscillations in dif-
ferent galaxy and galaxy cluster samplesis very important. The signal that
we are looking for is distorted due to nonlinear effectsand redshift spacedis-
tortions. We must also take into account the differencesbetween the dark
matter and galaxy distributions. G. Hutsi and M. Gramann, in collaboration
with O. Lahav from University College London (United Kingdom), started a
detailed study of the evolution of acoustic oscillations, using numerical simu-
lations. Starting from the presentdistribution of matter, it is possible to track
the dynamical evolution of the large-scaledensity backin time and to recover
the initial linear acoustic oscillations. Different reconstruction methods can
be used for that purpose. Using this approach, it is also possible to analyse
and model redshift spacedistortions. G. Hitsi, M. Gramann and O. Lahav
are continuing this study, expecting to nd the best methods for recovering
the initial acoustic oscillations from galaxy redshift catalogues.

3.1.3 Constraints on cosmological parameter s

In his third paper, published in Astronomy & Astrophysics, G. Hiitsi carried
out amaximum-likelihood cosmological parameter estimation by the MCMC
(Markov Chain Monte Carlo) technique, using the CMB data from the WMAP
experiment together with his new estimate of the comoving acousticscale,as
well asthe full SDSSLRG power spectrum. This analysis focused on adia-
batic, spatially at models with negligible massive neutrino and tensor per-
turbation contributions. The simplest 6-parameter cosmological model was
extended with the dark energy effective equation of state parameter wpg. The
most remarkable result is the constraint obtained for the Hubble parameter
Ho = 7&8‘“22% km/s/Mpc. This preciseestimate helped to break several pa-
rameter degeneraciesand allowed to determine the density parameters .qm,

b, and also the dark energy equation of state parameter wpg with signif-
icantly higher accuracy than those obtained for the WMAP and HST data
alone. Determination of these parametersdir ectly constrains the low redshift
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expansion law of the Universe. Particularly, it was found that a decelerating
Universe is ruled out at the Gaussian5:5 con dence level.

3.1.4 Morphology of the galaxy distrib ution

E. Saar together with V. Martinez (Valencia), J.-L. Starck (Paris) and D.

Donoho (Stanford) continued to work on morphology of the cosmological

density elds. They formulated the results of their last year's multiscale mor-

phological analysis of the 2dFGRSasa paper which was acceptedby Monthly

Notices of the Royal Astronomical Society As one of the main results of the

work was that the volume of the 2dFGRSwas too small to make de nite pre-

dictions about the Gaussianity of the initial densities, they started to study

morphology of the SDSSLRG. As noted above, using this sample needshard

work, but the analysis is done by now. Finally, they also found Gaussian

morphology for the density eld, but for very large scales(about 40 Mpc).
They compared this result with pre-

vious studies of the morphology of the

SDSS,where Gaussianity is found, as

usual, for much smaller scales (about

10 Mpc). They followed the stan-

dard recipe where the point processis

smoothed by a Gaussian of a width

equal to the correlation radius, and ob-

tained the sameresults as obtained be-

fore by other authors. They also cal-

culated the correlation function of the

new, smoothed density and found that

its amplitude is small, less than 0.5 at

the maximum. This means that this

eld is closeto Poissonian. Then, they

calculated Minkowski functionals for a

Poissoniandensity eld and found that

theseare Gaussian. Thus, strong Gaus-

sian smoothing transforms the density Enn Saar

eld into Poissonian,and the morphol-

ogy of such a eld hasto be Gaussian,

just becauseof the recipe chosen. The studies made using this recipe have

only checkedthis result, which is interesting for mathematics, but trivial for

physics, and have not told us anything about the real nature of cosmologi-

cal density elds. The wavelet decomposition E. Saarand his colleaguesuse

nds much stronger deviations from Gaussianity, being a sensitive tool, but

even here,the LRG sample is already too sparse. They continue the analysis,
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using the full SDSSsample (main plus LRG), and checking the morphological
equivalence of Gaussianand Poissonian elds.

Another reseach dir ection, connected with the description of the large-
scalegalaxy distribution, was tuning of the lament nding algorithm, pro-
posed by R. Stoica (Avignon), together with V. Martinez (Valencia) and E.
Saar They wrote a paper basedon their last year's results on 3-D laments
for the 2dFGRSand submitted it to Journal of the Royal Statistical Society:
SeriesC (Applied Statistics). Meanwhile, they continued searching for de-
scriptive statistics for the laments, and found interesting similarities with
earthworm wormhole statistics. They plan to extend their algorithm to be
ableto nd the best lament models (the setof the rules for joining lament
elements). Presently the algorithm nds the best laments for agiven model.

3.2 Properties of galaxy systems

The cosmology group, together with colleagues from other observatories,
continued the study of properties of galaxy systemsof dif ferent scale,starting
from the largest(superclusters of galaxies),until the smallest(galaxy groups).

3.2.1 Supercluster s of galaxies

The cosmology group (J.Einasto, M. Einasto, E. Tago, E. Saar L. J.Liivamagi,
, G. Hutsi, I. Suhhonenko), together with J. Jaaniste (Estonian
University of Life Sciences),P. Heinaméaki and P. Nurmi (Tuorla), V. Mdller
(Potsdam), and D. Tucker (Fermilab, Chicago)) continued the study of super-
clusters in the 2dF Galaxy Redshift Survey (2dFGRS)and the Sloan Digital
Sky Survey Data Release4 (SDSSDR4). Supercluster catalogueswere pub-
lished in Astronomy & Astrophysics and were made available on the group
web site. They also compiled catalogues of simulated superclusters, using
the Millenium Simulation results (theseare the largestnumerical simulations
available which also contain simulated galaxies).

They compared the properties of the observed and simulated superclus-
ters. The most important difference between the observed and simulated
superclustersis their multiplicity —about ten times more massive (luminous)
superclusters are found in observations than in simulations (Fig. 3.2). The
reason of this differenceis not yet clear; several studies are in progressto
clarify that.

The supercluster catalogues contain superclusters of very different rich-
nessfrom very poor superclusters, similar to the Local Supercluster, up to ex-
tremely rich superclusters, which contain tens of rich clusters of galaxies, in-
cluding X-ray clusters. The cosmology group compared the geometrical and
physical properties of superclusters of different richness: their sizes,shapes,
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Figure 3.2: Comparison of luminosity functions (left panel) and multiplicity func-
tions (right panel) of observed and model (Millennium) superclusters. Vaadel-
dud ja mudel-superparvede heledusfunktsioonide (vasakpoolne joonis) ja kordsus-
funktsioonide (parempoolne joonis) vordlus.

compactnessand symmetry, mean densities and other properties. This study
showed that rich superclusters are not only of larger sizesthan poor super-
clusters, they also have larger mean densities of galaxies. This fact shows
that superclusters are physical systems with properties depending mainly
on supercluster richness, and not just arti cial assembliesof galaxy clusters,
groups and single galaxies. Rich superclusters are also lesssymmetrical than
poor superclusters,and lesscompact (more lamentary) than poor superclus-
ters.

Mor eover, rich superclusters contain high density coreswith relative den-
sities > 10, while in poor superclusters such high density coresare absent.

The group also studied the properties of galaxiesin rich and poor super-
clusters and, for comparison, in the eld. One may expectthat the proper-
ties of galaxies in different superclusters are, in average, the same. How-
ever, this study showed several unexpected results. They demonstrated that
the fraction of early type, passive galaxies in rich superclusters is slightly
larger than in poor superclusters, and is the smallest among the eld galax-
ies. Most importantly , in high density cores of rich superclusters ( > 10)
there is an excessof early type, passive galaxiesin groups and clusters, as
well asamong isolated galaxies. In other words, in high density coresthere
are less star-forming galaxiesthan in lessdense environments in superclus-
ters. In addition, the main galaxies of rich superclusters have larger lumi-
nosities than those of poor superclusters and of groups in the eld. It has
been shown before by other authors that galaxy morphologies depend on
the local (group/cluster) environment up to distances of 1-2 cluster virial
radii. The results of the Tartu cosmology group show that both the local
(group/cluster) environment and the global (supercluster) environment in-
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uence galaxy morphologies and their star formation activity.

M. Einasto and E. Saar began to study the morphology (shapes, sizes
and substructures) of the richest superclusters, both in observations and in
the Millenium Simulation. Two richest observed superclusters are shown in
Fig. 3.3. In particular, they use Minkowski functionals and shape nders to
describe the properties of superclusters. Several other members of the cos-
mology group (L. J.Liivamagi, J.Einasto) and V. Martinez (Valencia) and
J.-L. Starck (Paris) have joined this study. An interesting preliminary result
is that the observed superclusters have a characteristic shape nder signature
that can be modelled by a simple multibranched lamentary structure.

From left Vasakult paremale: Erik Tago, JaanEinasto, Maret Einasto,
Lauri Juhan Liivamé&gi

3.2.2 Cluster s and groups of galaxies

E. Tago continued the compilation of the database of rich clusters in colla-
boration with H. Andernach (Mexico). The catalogue contains redshifts for
4706clusters and velocity dispersions for 2642clusters. It has beenand will
be used to study the spatial distribution of the clusters and to determine the
cosmological matter density parameter.

E. Tago compiled cataloguesof groups basedon the SloanDigital Sky Sur-
vey Data Releases4 and 5, which include 565715 and 674 749 galaxy red-
shifts, respectively. For nal analysis he used only the data of the latest data
release,DR5. To generate the group catalogue he applied a modied FoF
(Friends-of-Friends) method that takes into account the density-luminosity
relation in observed groups, yielding a FoF linking length that only slightly
increaseswith redshift. The scaling law for the linking length was deter-
mined by shifting of the nearby observed groups to larger distancesand de-
termining their observed properties.
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Figure 3.3: Two richest 2dFGRSsuperclusters. Left panel — supercluster 9 (cube size
122.4Mpc/ h), right panel —supercluster 126 (cube size 93.6Mpc/ h). Kaks rikkaimat
2dFGRSsuperparve. Vasak paneel — superparv 9 (kuubis suurusegal22.4Mpc/ h),
parem paneel —superparv 126 (kuubis suurusega93.6Mpc/ h).

The nal SDSSgroup catalogue consists of 53 048 groups. It was used to
study the group luminosity function, the global luminosity density eld, the
group properties in various large scaleenvironments and for compilation of
a supercluster catalogue.

J. Vennik studied galaxy interactions in small dense groups of galaxies.
He found the interaction probabilities for a galaxy group, dominated by the
galaxy IC 65, using a perturbation parameter, which describes moderately
disturbed extended gaseoushaloes as well as marginally disturbed stellar
disks in several group galaxies. These predictions have been found to be
generally conrmed by the recent surface photometry by J.Vennik. As an
another characteristic, which could probably manifest the interactions — the
star-formation activity (SFA) in giant and dwarf group members —was ana-
lysed. It was found that the luminous galaxiesshow either nearly continuous
or slowly decreasing SFA, but short star-bursts (e.g.,induced by minor mer-
gers) cannot be excluded. The dwarf satellite of the parent galaxy of the
group is nesting a chain of star-forming knots of different age. Other, rela-
tively isolated possible dwarf group members do not show excessiveSFA.

In order to model galaxy clusters and groups, P. Heinamaki, P. Nurmi and
J.Holopainen (Tuorla), together with E. Saar M. Einasto and J.Einasto and V.
Martinez (Valencia),built CDM cosmological simulations with different re-
solution and volumes. Using N -body simulations with a broad scaleof mass
and spatial resolution, they studied the structure of dark matter haloes and
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From left Vasakult paremale: JaanVennik, Urmas Haud, Margus Sisask

the distribution of massesand the spatial distribution of subhaloeswithin the
main haloes. Dark matter haloeswere identi ed using an algorithm that is
based on the adaptive grid structure of the MLAPM simulation code. The
haloes encompassthe massscalefrom 10°M to 10'°M . They determined
the subhalo massfunction for such haloes, where it was possible to resolve
substructur e, showed that the subhalo massfunction canbe described by the
Weibull distribution, and that it depends slightly on the redshift.

L.J. Livamagi and E. Saar continued developing a wavelet-based algo-
rithm for extracting galaxy groups from galaxy redshift catalogues. They
extended their previous 2-D approachto 3-D, analysed the rules for de ning
groups of different scales,and studied the possibility of applying steerable
wavelets for this task. This work isin progress.

3.3 Single galaxies

Galaxiesform the basis of all large-scalecosmological structur e studies, and
their properties and evolution carry important clueson the history of the uni-
verse. The galaxy physics group studied both distant and nearby galaxies,
developed their dynamical models and applied theseto observations. Distri-
bution of the neutral hydr ogenin our Galaxy was studied aswell.

This year Antti Tamm defended his PhD thesis "Structur e of Distant Disk
Galaxies”.
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3.3.1 Structure of distant disk galaxies

Comparison of local galaxies with those at large distances (and observed at
earlier times) allows to dir ectly study galactic evolution. A photometric sur-
vey of distant disk galaxieson the basisof high-r esolution Hubble SpaceTele-
scope near-infrar ed imaging was carried out by P. Tenjesand A. Tamm. In
total, 22 galaxiesin the redshift range 0:5 < z < 2:6 were analysed, reaching
alook-back time of 10 Gigayears.

Figure 3.4: Disk sizes as a function of redshift for the Hubble Deep Field South
NICMOS eld. The size of the data points representsdif ferent luminosities of gala-
xies. The solid line is alinear t to the data, other lines are theoretical predictions.
Ketasgalaktikate mdotmed Hubble Deep Field-South NICMOS-kaamera vaatevéljas
punanihke funktsioonina. Sumbolite erinevad suurused iseloomustavad galaktikate
heledust. Must pidevjoon néitab lineaarset seostr (e)=r(0) = 1+ 0:26z, teised jooned
—teoreetilisi mudeleid.

Single-component Sérsicmodel distributions were tted to the rest-frame
B -luminosity proles. The half-light radii showed a systematic decreaseto-
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wards higher redshifts within all threebins of absolute luminosity (Fig. 3.4).
Reproduction of the observed size evolution of disks with redshift is a good
testfor galaxy formation theories. Therelation found for the HDF-S NICMOS
eld galaxiesr(e)=r(0) = 1+ 0:26z is in good concordance with computer
simulations and theoretical predictions arising from hierarchical clustering
scenarios.

Therest-frame (U-V) colours and colour distributions at dif ferent redshifts
were compared. Galaxiesat high redshifts were found to be bluer, with inner
regions bluer than outer regions. Blue colours are probably an indication of
active star formation, so early galaxiesform starsvery intensely and the star
forming regions are centrally concentrated. The results were published in a
paper in Astronomy & Astrophysics and were reported by A. Tamm at the
conference”Cosmic Frontiers” in Durham, UK.

These and the previous studies of the structure of distant disk galaxies
formed the basisfor the PhD thesis of A. Tamm, "Structure of Distant Disk
Galaxies”, supervised by P. Tenjes. In the dissertation, rst an overview of
the current knowledge of galaxy evolution, acquired from observations and
computer simulations, was given. Thereafter, the methodology and the re-
sults of the study of self-consistentmass-distribution models of disk galaxies
at high redshifts (up to z = 1) and of the photometric study of galaxies at
even higher redshifts, were described. A conclusion was reachedthat from
the redshift z = 1 until now (over the last 6 Gigayears), no signi cant evolu-
tion of stellar mass-to-light ratios and central densities of dark matter haloes
hastaken place. For more distant galaxies,considerable changesin disk sizes
and star formation rateswere found.

3.3.2 Structure of local disk galaxies

Detailed studies of the structur e of disk galaxieshave beenconducted at Tartu
for more than half a century. P. Tenjesand E. Tempel (a PhD student of Tartu
University) continued developing detailed hydr odynamic models of nearby
galaxies, assuming the general caseof a three-axial velocity ellipsoid. The
initial model did not enableto solve Jeansequations asa system, this problem
hasnow beensolved.

The model was applied to the well observed edge-on Sagalaxy M 104.As
the initial data, a previously developed photometric model was used, with
the addition of the luminosity pro le for the central region of the galaxy from
the HST archive data and of the measurementsin red and infrar ed Iters. The
modelled kinematics allowed a satisfactory match to the measured velocity
dispersions in three planes parallel to the major axis of the galaxy and for
two planes parallel to the minor axis. As aresult, a self-consistent hydr ody-
namical model for M 104 was derived and published in Monthly Notices of
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the Royal Astronomical Society, together with a description of the algorithm.
In the best- tting model, the velocity dispersion ellipsoids are radially elon-
gated. Velocity dispersions outside the galactic plane are sensitive to the dark
matter distribution, thus the model enablesto discriminate between the con-
tributions to the total massdistribution by the disk and by the dark matter
halo. As a new feature, the algorithm now also allows to use different dark
matter distributions (NFW, isothermal, etc).

E. Tempel, together with E. Saar continued developing detailed phase
space models of our Galaxy, using the Schrddinger-Poisson method. It is
hoped that this method might give a much better description of the velocity
distribution than the usual N-body simulations. The initial version of the
code is almost completed, but there are no results so far. The problem is in
calculating the phase density, based on a given wavefunction; it is not clear
yet how to determine the necessarynumber of wave packetsand how to re-
scalethe real spacequantities into their quantum counterparts.

3.3.3 Dark matter in galaxies

Using the improved
hydr odynamic
model and models
for the chemical
evolution of stel-
lar components, A.
Tamm, E. Tempel
and P. Tenjes started
a study of the spatial
density distribution
of dark matter in
central regions of
galaxies.
The most accurate
photometric, spectro-
scopic and kinematic
data are available for
the Sb galaxy M 31, From left Vasakult paremale: Peeter Tenjes, EImo
which was chosento Tempel, Antti Tamm
be studied rst. For
M 31the stellar dispersions and rotation velocities are available for the whole
meridional plane within the central region of the galaxy; observations of
planetary nebulae for the outer parts of galaxy canalso be used. On the basis
of the surface brightness distributions in different colours, the colour indices
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Figure 3.5: Dark matter distribution in Andr omeda galaxy. The observed velocity
dispersions and rotational velocities are used to model the stellar component and
observations of planetary nebulae and rotational velocities are used to model the
gasdistribution. Solid lines show the best- tting NFW and isothermal pro les for
the dark matter distribution. Ainetiheduse jaotused Andr omeda galaktikas kiir uste
dispersioonide ja poorlemiskiir uste pdhjal tahelise komponendi ja planetaarudude
jaoks ning ainult podrlemiskiir ustestleitud jaotus gaasipuhul. Pidevate joontegaon
toodud NFW jaisotermiline tumeaine jaotus.

(B-V), (B-I), (B—K) etc. of the galactic components (bulge, thick disk, thin
disk, stellar halo) were estimated. Together with the available measurements
for the metallicity of the stellar matter in M 31, the colour indices were used
for estimating the agesand mass-to-light ratios of the stellar components. For
this purpose, chemical evolution models of simple stellar populations by dif-
ferent reseach groups were used. Thesemodels describe the evolution of a
single-burst stellar population with a given initial massfunction in time and
allow to calculate the corresponding integral colours and masses.

Using the estimatesfor the massesand mass-to-light ratios and the hydr o-
dynamic modelling code developed by E. Tempel, the rotation velocities and
velocity dispersions, generated by the gravitational potential of the stellar
components, were calculated. Assuming the difference between the calcu-
lated and the actual kinematics of the galaxy to be caused by the gravita-
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tional potential of adark matter halo, the density distribution of the halo was
found. The results are somewhat surprising: instead of an isothermal dis-
tribution asusually found, an NFW-pro le, similar to the results of N -body
simulations, was suggestedby the analysis (Fig. 3.5). This demonstrates that
there might be no conict between N -body simulations and actual galaxies;
if we do not account properly for velocity dispersions, we systematically un-
derestimate the true gravitational potential in the central regions of galaxies.
In addition to M 31, the dark matter distribution in the galaxy M 104hasalso
beenstudied by now; the initial resultscon rm the results found for M 31.

3.3.4 Structure of H1in the Galaxy

The distribution of H | in the Galaxy was studied by U. Haud. He wrote
four papers on the subject, based on the results of the studies of last years
(Gaussian decomposition of H | proles and their physical interpr etation).
Thesepapers have beensubmitted to dif ferent journals (Astronomy & Astro-
physics, Baltic Astronomy).

U. Haud also participated in the project that attempts to constrain the
dark matter models of our Galaxy on the base of the shape of an unper-
turbed gaseousdisk. Thesestudies were undertaken by the astronomers of
the Argelander-Institut fir Astronomie of Bonn University. In these stud-
ies, the Leiden/Ar gentina/Bonn all sky 21-cmline survey was used, and the
3-D H | volume density distribution for the Milky Way was derived, up to
galactocentric radii of 60 kpc and to heights of 20 kpc. Besidesa massive
extended halo of M 1:8 10%M , a self-gravitating dark matter disk of
M  1:5 10'M ,including aring atR  15kpc with M 2:4 10'°°M was
found. This ring had been previously postulated on the basis of the EGRET
data and it coincides with a giant stellar structur e that surrounds the Galaxy.
The resulting Milky Way rotation curve is at up to R 22kpc and slowly
decreasesoutwar ds. The H | gaslayer is strongly aring. The HWHM scale
height is 60 pc at R = 4kpc and increasesto  3000pc at R 45kpc. The
Milky Way hasawell de ned exponential H | disk with aradial scalelength
of 3.75kpc in surface density that extends at leastto R 30kpc. At larger
distances the HI distribution is shallower, with surface density decreasing
slowly outwar ds. The Galactic warp is well described asa homogeneousfea-
ture in three Fourier modes with slowly variable phasesup to R 45kpc.
The nodal line of the gasat larger distancesis trailing.

3.3.5 Empirical models of galaxies

E. Tempel, E. Saarand M. Gramann started modelling the formation of galax-
iesin dark matter haloes. They useaMonte-Carlo technique, wherethe merg-
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ing histories of haloesare generated randomly, using certain empirical rules.
This technique is simpler and faster than detailed tracking of the merging
histories of N -body haloes. We might lose possible correlation between the
merging histories of neighbouring haloes, but, as N -body simulations start
from random realizations of the initial conditions, the merging histories are
stochastic, anyway. This method gives a model galaxy for every halo in a
single event, and, nally , leadsto probability distributions of galaxy proper-
ties, depending on their host halo parameters. If we now nd ahalo sample
from a N -body simulation, we can generate galaxy samplesthat correspond
to these haloes.

E. Tempel wrote a program that allows to follow the merging of haloes,
cooling of the halo gas, star formation in galaxy disks, and the evolution of
the chemical abundancesin the gas. After adding the stellar evolution history
(evolutionary tracks), he can predict the luminosities of model galaxies.

For studies of large-scale
structure, the most impor -
tant variables of galaxy
samples are the positions
and velocities of galax-
ies and their luminosities.
The positions and veloci-
ties can be obtained from
conventional N -body mod-
els, nding their dark mat-
ter haloes and subhaloes.
In order to get galaxy lumi-
nosities, we have to model
galaxy formation in haloes.
This has been done before,
using both the Monte-Carlo
technique and direct trac-
ing of halo merging histo-
riesin N-body simulations,
and adding galaxy evolu-
tion code.

The largest simulation of both the dark matter and galaxy evolution is the
Millennium Simulation. Its results can be "observed” in the German Virtual
Observatory database. The databaseitself includes data on more than billion
galaxies, with their morphological type, stellar mass, luminosity in different
Iters, etc.,together with the properties of their host haloes.

As this databaseis solarge, it can be used asthe parent population. Given
aN -body halo (or subhalo), we canrandomly selecta galaxy from a subsetof

Mirt Gramann
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this database,restricted by the dark halo properties. This approachis equiva-
lent to the Monte-Carlo method described above, but we omit building model
galaxies and use galaxies produced by others.

In order to selecta specic galaxy, a kernel method is used; we select,
rst, a kernel of proper widths, both in the halo redshift and its mass, and
selecta Millennium galaxy, using the kernel weights. E. Tempel has written
a program that queries the database,gives a list of dark matter haloes, and
producesamodel galaxy sample.

E. Tempel tested this method on a sample of dark matter haloes along a
lightcone. The method works, although in order to fully populate alightcone,
the halo list should include subhaloes; at the moment it does not yet, and
part of the galaxiesis missing. After the lightcone code (E. Saars addition to
A. Knebe's MLAPM code) starts producing subhaloes,the galaxy content of
deep observational samples can be predicted.

In order to checkif the only halo properties determining their galaxy con-
tent are the halo redshift and its mass,E. Tempel searched for the dependence
of galaxy properties on the halo environment (its environmental density).
The preliminary conclusion is that there is no correlation, but the extra pa-
rameter problem hasto be explored more carefully, looking for correlations
between the halo properties and different properties of model galaxies (e.g.,
their morphology). Model galaxy catalogues will be built, given N -body
haloesand subhaloes,together with P. Heinamaki and P. Nurmi (Tuorla).

3.4 Dark ages and the r st stars in the univer se

The"dark ages”, asit was called by Sir Martin Rees,is an epochin the history
of our universe between the time of the last scattering, where the primary
cosmic microwave background formed, and the birth of the rst luminous
objects. This is the reseach subject of E. Vasiliev, our postdoc from Rostov
University (Russia).

As the universe is predominantly neutral during the dark ages,its con-
tents can be observed in the redshifted 21 cm line of the atomic hydr ogen.
There are a few mechanisms and processesthat lead to excitation of the 21
cm transition. E. Vasiliev and Y. Shchekinov (Rostov) found that decaying
dark matter can in uence the 21 cm line emission. Extra ionizing photons
and heating from the decay of the dark matter particles strongly changethe
characteristics of the 21 cm emission. Emission signaturesdepending on the
type of the dark matter particles within in the detection limits of the planned
giant meter-wavelength telescopesas LOFAR, LWA, SKA, and futur e obser
vations of the epoch of the dark agescould put constrains on the physics of
decaying dark matter.
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Another direction of E. Vasiliev's reseach is connected with the proper-
ties of the rst and second stellar generations. The rst stars are formed
from metal-free gas; the usual assumption is that there exist only a few ef-
cient coolants at the low gastemperatures. Becauseof that, the rst stars
are believed to be massive, about hundr eds of solar masses. But in some
physical conditions the HD (hydr ogen+deuterium) molecules are favoured
to form in suf cient amounts. Those molecules are very ef cient coolants at
very low temperatur es,and gascan be easily fragmented into smaller clouds,
which may give birth to lessmassive stars, with massescloseto those of nor-
mal starsin our Galaxy. E. Vasiliev and Y. Shchekinov pointed out that such
(favourable for HD formation) conditions are realized in mergers of massive
haloes at high redshifts. Thus, the birth of low-mass stars could be possible
in the primor dial gasaswell.

The rst stars explode asvery energetic supernovae and enrich the envi-
ronment with metals, which induce more rapid cooling and the formation of
the second population of stars. The transition from the lessef cient molecu-
lar cooling to amore ef cient metal cooling is thought to happen at a certain
value of metallicity — the critical metallicity. E. Vasiliev and Y. Shchekinov
demonstrated that the value of critical metallicity depends strongly on the
abundancesof the Ho/HD molecules and on the previous history of the gas.
For high molecular fractions, the dependenceof the critical metallicity on gas
density is very steep,and the critical metallicity canbelower than 10 °. Thus,
the extremely low-metallicity stars, observed in our Galaxy, can be the relics
of the transition from the rst to the secondstellar generations.
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4 Structure , chemical composition and evolution of
stars Tahtede ehitus, keemiline koostis ja
evolutsioon

Tahed on Universumi struktuuri olulised komponendid, milles toimuvad
fuUsikalised protsessid kujundavad galaktikate ja sedakaudu kogu Univer -
sumi evolutsiooni. Teiselt poolt on ainult tédnu tahtedele véimalik planee-
tide, sealhulgas ka Maa-taoliste olemasolu. Uheks vdtmepr obleemiks sel-
liste seostemdistmisel on tahtede keemiline koostis ja selle evolutsioonilised
muutused.

2006. aastal uuriti taheflilisika teema raames enamasti juba traditsioo-
niliseks kujunenud objekte ja ndhtusi. Jahedate hilisesse evolutsiooni-
staadiumisse joudnud téhtede uuringud keskendusid peamiselt objektile
CGCS 6857, mis kuulub susinikurikaste protoplanetaarsete udude vaike-
searvulisse rthma. Tema keemiline koostis ja Umbrise omadused viitavad
seosteletdhe metallisisalduse ja mitmete fuusikaliste protsessideiseérasuste
vahel. Jahedatetahtede hulka voib liigitada ka juba mitu aastat uurimise
all olnud iseéraliku tahe V838 Mon, kuigi viimane aastaandis meile jarjest
rohkem tdendeid, et tegemist vBib olla kaksiktdhega, kus teine komponent
on kuum B-spektriklassi taht.

Tahtede temperatuurijada kdige kuumemas otsas asuvate O- ja B-
spektriklassi ning Wolf-Rayet (WR) tahtede puhul oli muude hulgas Uks
olulisemaid tulemusi arusaam, et intensiivset tdhetuult genereeriv aine val-
javool saabalguse vaga stigaval tahe sisemuses,téanu tahe konvektiivse su-
damiku aeglaselkokkutdmbumisel vabanevale gravitatsiooniener giale. Nii
kuumade tahtede kui muude meie vaatlusprogrammi objektide vaatlused
muutusid efektiivsemaks (parem signaal-mura suhe, luhemad ekspositsioo-
niajad) tanu martsis 2006t60le rakendatud uuele CCD kaamerale.

Jatkus to6 tarkvarapaketiga SMART, mis on meil loodud kuumade téh-
tede mudelatmosfaaride arvutamiseks ning neis toimuvate fuusikaliste prot-
sesside ja véljakiiratava tdhespektri uurimiseks. Peatdhelepanu poorati
arvuti mélumahu kokkuhoiule suurte andmemassiivide teisendamise teel
ning Starki efekti arvestamisele vesiniku ja heeliumi spektrijoonte arvu-
tamisel. Tootati valja uus meetod tdheatmosfaéaride keemilise koostise ja selle
vertikaaljaotuse maaramiseks kaalutud vaatlusandmete ja kaalutud mudel-
spektrite parima Uhildamise teel — selleks on vaja kdrgekvaliteedilisi vaat-
lusandmeid (spektraalne lahutus 100000ringis, signaal-mura suhe vahemalt
200).

Kaksiktahtedest olid uurimise all peamiselt HR-diagrammi nn horison-
taalse haru ehk EHB téhti sisaldavad siisteemid ja simbiootilised téhed.
Onnestus leida lihtne analiiitiline seosEHB kaksiktéhtede massi véljavoolu
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kiir use ning susteemi kogumassi jm parameetrite vahel. Tapsustati kaksik-
tahe RX Casmudelit. Vaatluslikust aspektist oli huvitavaks tulemuseks sel-
liste markide esmakordne leidmine hastiuuritud stmbiootilise tdhe Z And
spektrist, mis viitavad tédhe kuumast komponendist véljuvatele Kiir etele (ca
1700km s 1) kitsalt suunatud gaasijugadele.

Euroopa Kosmoseagentuuri satelliidi Gaia (start planeeritud detsembris
2011),mille andmet6otluse ettevalmistuseson meie taheflisikud mitu aastat
osalenud, fotomeetriliste mdo6tmiste kontseptsiooni muudeti hiljuti. Seetbttu
on oluliselt suurenenud emissioonijoontega tahtede osatahtsus Gaia fo-
tomeetrilise stisteemikalibr eerimisel ning meie kogemused ja tulemused on
tubliks toeks Gaia vastavale to6riihmale.

Uued statistilised meetodid astronoomiliste aegridade t66tluses andsid
muuhulgas tulemuseks, et Paikesel siiski ei ole "ndgu" — teiste sdnadega,
iimselt ei toimu péaikese aktiivsuse tsentrite sellist triivi ja nn ip- op tldpi
Umberlulitumist ca 3.7 aastatagant nagu mdned teised uurijad on leidnud.
Taiustati gravitatsioonildatse efektist tingitud kaksikkujutiste lahutamise
metoodikat.

Kiir gusvalja kaitumise uurimisel stigaval atmosfaéari seeskasutati nérge-
nemiskoe tsiendi numbrilist arvutamist erinevate mdédtmetega hajutavate ja
neelavate osakeste puhul. Universumi vfimsaimate teadaolevate plahva-
tuste —gammakiir guse séhvatuste — uurimisel on abiks meie t66d kiir guslike
protsesside (stinkrotronkiir gus ja -neeldumine, Comptoni hajumine) kirjel-
damisel relativistlikus plasmas. Seejuureskasitleti vdimalikult laia osakeste
jafootonite energia vahemikku.
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4.1 Late-type stars

The studies of post-AGB starsand starsafter the nal helium-shell ash were
continued by T. Kipper and V.G. Klochkova (Special Astrophysical Observa-
tory, Russia).

In 2006, the post-AGB star CGCS6857=IRAS20000+3239was studied.
This star has a considerable IR-excesscausedby large amount of circumstel-
lar material. It belongs to the small group of C-rich protoplanetary nebulae
(PPN) displaying in their IRAS LSR spectraa still unidenti ed emission fea-
ture around 21 m. We observed the star with the prime focus echelle spec-
trometer PFESof the 6-meter telescopeof SAO RAS.

100 — —

Figure 4.1: The proles
of the Na I D lines in the
spectrum of CGCS6857
in velocity scale. Four
components of the lines
are indicated. NalD
jooned CGCS6857 spek-
tris Kkiir uste skaalas. On
margitud neli kompo-
nenti.

[ntensity
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T. Kipper and V. Klochkova measured radial velocities of various groups
of atomic lines and molecular bands. They found that the NalD doublet
consists of four components, three of which may be interstellar or due to
distant expanding envelopes.

They also analysed the chemical composition of the star's atmosphere.
The obtained abundances show that CGCS6857 is really a post-AGB star:
it is overabundant in carbon and nitr ogen and shows especially large excess
of heavy s-processnuclei. It is known that not all post-AGB candidates show
such details of chemical composition, only a small group (six stars) of PPN,
which display an emission band at 21 m, are C-rich and have large over-
abundances of s-processelements. The latter feature is a dir ect evidence of
third dredge up (TDU) in thesestars. The low metallicity of CGCS6857sup-
ports the earlier conclusion that TDU is more ef cient in metal-poor stars.

I. Kolka in collaboration with T. Kipper and T. Liimets hasinvestigated the
available archival spectraand photometric time-series obtained at Tartu Ob-
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Figure 4.2: The portion of the spectrum of CGCS6857bracketed by the Lall and the
H lines. Both lines are heavily blended by CN lines. The almost equal intensity of
Lall and H lines is result of the overabundance of elements produced in s-process.
Osa CGCS6857 spektrist Lall ja H joonte vahel. M&lemad jooned on tugevasti
blendeeritud CN po&oérlemisjoontega. Lall jaH joonte peaaegu tihesugune inten-
siivsus on s-protsessistoodetud elementide suurenenud sisalduse tulemus.

servatory for the peculiar variable star V838 Mon. The comparison of bright-
nessdata on V838 Mon and its light echowith contemporaneous published
results points to the reasonablequality of our measurementsto be included
in the international databaseon this object. The archival spectraof V838 Mon
demonstrated strong evidences of the interaction between the gas expelled
from V838 Mon and a hotter secondary component indicating that this vari-
able is a physical binary star. The results on V838 Mon were presentedin
May 20060n La Palma, Spain at the conferencededicated to this object.

4.2 Hot luminous stars
After afew years delay the investigation of the yellow hypergiant HR 8752

has beencontinued. The spectrarecorded at Tartu Observatory in 2000—2005
(19 nights in total) will be analysed in collaboration with C. de Jagerand
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From left Vasakult paremale: Tiina Liimets, Tonu Kipper , Indrek Kolka

H. Nieuwenhuijzen (The Netherlands) in orderto nd out the causesfor vari-
ability of the effective temperatur e of this star.

The O-type star HD 191612changesits spectral type with the period of

540 days. The true nature of this variability is still unclear, and the co-
operative spectral monitoring of HD 191612is a continuing effort of several
observatories (the Plis I. Howarth from University College London, UK). The
observations at Tartu (K. Annuk, L. Leedjarv) have beenreduced by I. Kolka
and added to the common databaseused in the analysis which is in progress
at UCL. A similar star (HD 108)was alsoincluded in the spectroscopic moni-
toring programme at Tartu Observatory.

T. Nugis continued modelling of Wolf-Rayet (WR) star winds (in colla-
boration with H. Lamers, The Netherlands) and started the investigations to
clarify what is the causeof matter out ow and how deep inside the star the
matter ow starts in the caseof hot stars (OB and WR stars). The winds of
WR stars are optically thick in continuum (their sonic points are located at
large optical depth in continuum) and the winds of OB stars are optically
thin. Both, the optically thick and thin wind models consist of a "cir cular
argument” that the wind is existing.

T. Nugis found that in the caseof the core-burning hot stars (WR and OB
stars) the ow can start already very deep inside the star (hear the convec-
tive core surface) due to the liberation of the part of the gravitational energy
followed by the slow contraction of the core.
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T. Nugis, K. Annuk and A. Hirv (in collaboration with A. Niedzielski and
K. Czart from Toruh, Poland) completed the reduction of the observations
of mid-IR spectra of WR stars and are preparing the data for publication.
The spectral observations were carried out with the 1.5-m telescopeof Tartu
Observatory (northern stars)and with the Radcliffe 1.9-mtelescopeof SAAO
(South Africa, southern stars).

K. Annuk continued spectroscopic observations of WR starsusing the 1.5-
m telescope. He observed binary systemsas well as supposed single stars.
Observing programme of the binary systemsis long-term and has been con-
tinued for more than twenty years. The aim of this programme is to specify
the orbital parameters of these systems. Partially, this work was carried out
in cooperation with S.Marchenko (Western Kentucky University , USA).

Pro le variations of emission lines in the both single and binary WR stars
were studied. It was found that most observed stars show remarkable pro le
variations. In summer 2006,K. Annuk started observations of the WR star
WR 148, also in cooperation with S.Marchenko. Most likely, this star has a
compact companion, neutron star or black hole.

K. Annuk also continued spectroscopic observations of the Be star Pleione
(BU Tau).

4.3 Modelling of stellar atmospheres and formation of spectra
in them

Recentrapid progressin the high-pr ecision and high spectral resolution as-
trospectroscopy and in the computer facilities has produced the situation
where large classof different stellar atmospheres and physical phenomena
in them can be studied in detail and compared with the observational data.
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Suchstudies have also beencarried out at Tartu Observatory.

The Fortran-90 software SMART, composed by A. Sapar, R. Poolamaeand
A. Aret for computation of model atmospheres of hot stars and for study
of physical processesn their atmospheres, including radiative transfer and
formation of emergent stellar spectra, hasbeenimpr oved. New packing and
unpacking software for the obtained high-resolution synthetic spectra and
high-r esolution limb darkening data has beencomposed. It reducesthe data
to aform, which enablesto zip them into les severaltimes smaller than if zip
procedure were applied directly. As aresult, signi cantly more of the bulky
spectral data can be stored on a DVD disk for further studies. Composed
program enablesto compute the detailed spectra of spherical stars with any
rotation velocity and orientation of rotation axis, and also the light curves of
undistorted eclipsing closebinaries using the limb darkening data asinput.

R. Poolaméae has composed a modi ed C++ code for computing stellar
spectra of somewhat wider range of spectral classesthan SMART. Due to
more precisebut complicated algorithms for computing the Stark broadened
H and He line pro les, it is alsowell applicable to white dwarfs.

Compact analytical expressionsfor the Stark broadened spectral line pro-
les have beenderived by A. Sapar R. Poolamae and L. Sapar Necessary
high-pr ecision analytical formulae for the Holtsmark prole function have
beenfound using seriesexpansionsat small and large values of the line argu-
ment, and abest t formula at the intermediate values of the argument. This
best t expressionhasaform of the ratio of two polynomials. Numerical cal-
culations showed that relative error lessthan 10 7 is obtained if 30 terms of
the expansion are taken into account.

The spectral line pro le function, which forms asa convolution of Stark,
Doppler and Lorentz pro les, has also been studied. Double analytical in-
tegration of the expression has been carried out. Thereby the computation
of the prole function has beenreduced to a sum of three single integrals,
describing correspondingly the contributions of Stark, Doppler and Lorentz
pro les into the total pro le function. The analytical formulae have also been
found for thesecontribution functions atthe small and large argument values
of Holtsmark prole function using the seriesexpansions. For the intermedi-
atepro le region, however, it is necessaryto carry out numerical integrations
and the suitable expressionsfor summation and integration have been pro-
posed.

4.4 Diffusion of chemical elements and their isotopes in the
chemicall y peculiar (CP) stellar atmospheres

Impr ovements of the theory of diffusion of chemical elements and their iso-
topes in the stellar atmospheresdue to radiative pressure and light-induced
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Figure4.3: Comparison of observed and synthetic spectraof the CP star HR 175640n
the ultraviolet (upper panel) and visual (lower panel) regions. The observed spectra
have been obtained with ESO8-m telescopeby Castelli & Hubrig, synthetic spectra
have been computed with program SMART. Notice a good t of the observed and
computed spectral line pro les of differentions. CP tdhe HR 175640vaadeldud ja
programmiga SMART arvutatud spektri vBrdlus ultravioletses (ulal) ja visuaalses
(all) spektripiirkonnas.
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drift (LID) have beenmade by A. Saparand A. Aret. The corresponding soft-
ware has been composed and used to study segregation of the mercury iso-
topesin the chemically peculiar (CP) stellar atmospheres, nding vertical dis-
tribution of the Hg isotopesfor different model data and evolutionary stages.
An additional le of mercury spectral lines data, taking into account hyper-
ne and isotopic splitting of spectral lines hasbeencompiled by A. Aret. The
splitting of spectrallines is due to the differencein the number of neutronsin
the nuclei of isotopes.

A. Sapar, A. Aret, L. Saparand R. Poolamé&e elaborated a new method to
determine the chemical composition and its vertical distribution throughout
the whole stellar atmosphere. The method is based on the sum of weighted
spectral line proles. The weight function is de ned asthe absolute value
of the derivative of the residual ux relative to the logarithmic abundance
of the studied chemical element. The correction to the chemical composition
is thereafter found by the best t method, applied to the difference of the
similarly weighted observed and computed synthetic spectra. The proposed
procedure removes automatically all spectral areasfree of spectral lines of
the studied elements. It also gives dominating weight to these spectral lines
and their slopes which are more sensitive to the abundance of the studied
chemical element. To obtain adequate results, the high-dispersion and high-
precision data both for the observed and synthetic spectra are needed. In
addition, high signal-to-noise ratio of the observed spectrais obligatory. The
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method can be named the pan-spectral or cumulative weighted line widths
method.

The corresponding software has been composed and chemical composi-
tion of the CP star HR 175640 which is atypical HgMn star, has beenstudied
(Figure 4.3). The observational spectrum obtained in Chile on the ESO 8-
meter telescopewith high-dispersion echelle spectrograph UVES by Castelli
and Hubrig was used. The spectrum hassignal-to-noise ratio 200—-400resolu-
tion 90000-110000and it coversthe wavelength range 300—-100hanometers.
Abundances of 12 chemical elementsand general pictur e of their distribution
in the atmosphere were determined using the proposed pan-spectral method.

The method can also be used for nding correctionsto effective tempera-
tureand gravity using asthe weight function the absolute value of derivative
of residual ux with respectto the studied parameter.

4.5 Precataclysmic and eclipsing close binaries

V.-V. Pustynski and I. Pustyl-

nik continued studies of the

peculiarities of the evolu-

tionary history of extreme

horizontal branch (EHB)

objects in binary systems

with hot subdwarfs. These

helium burning stars have

massesalmost exactly equal

to a half of solar mass and

thin practically inert hydro-

gen envelopes. Predominant

part of all known EHB stars

belong to the binary sys-

tems. V.-V. Pustynski and |I.

Pustylnik have found simple

analytical approximating From left Vasakult paremale: Vladislav-
formulae for the mass loss Venjamin Pustynski, 1zold Pustylnik

rate during the Roche lobe

lling evolutionary stageof such binaries. It turned out that for a wide range
of initial separations between the components and different values of the
assumed acctretion rates, the massloss rate from the binary is proportional
to the luminosity of the binary and inversely proportional to the product
of its total mass by the radius of donor star with power law index close to
n = 3=2. This relation is valid aslong asthe donor's radius remains closeto
the critical Roche lobe size. The value of the index n is weakly dependent
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on the rate of the Roche lobe over ow and the ratio of the massesof the
components.

A long-period eclipsing binary system RX Cas (Po, = 329:38) has been
studied by V. Harvig and I. Pustylnik basedon new light curves. The earlier
oneswere obtained by P. Kalv and V. Harvig. The former head of Tallinn Ob-
servatory P. Kalv who investigated RX Cas between 1969and 1993, pointed
out that the intrinsic variability of this binary, belonging to the W Serpentis
type interacting binary systems,is associatedwith the primary (more lumi-
nous) companion which lls in its Rochelobe. He found a reliable value
of the period of intrinsic variability (Pinyins = 516':06). New UBVR light
curves obtained since 1993support this value. Analysis of the O—-C diagram
is in a good accod with the earlier evidence of the period lengthening at a
rate  P=P 10 " which for the conservative masstransfer implies the mass
exchangerate between the components roughly equal to 10 M per year.
Basedon theseresults, V. Harvig and I. Pustylnik evaluated the most prob-
able physical and orbital parameters of the progenitor of RX Cas using the
formalism elaborated by V.-V. Pustynski and I. Pustylnik. They have found
that the original total massof the binary was about 12M and the initial se-
paration of the components amounted to 345R . Thus, RX Caswas formed
from awide binary systemand becamea closebinary due to the considerable
massloss and masstransfer between the components.

I. Pustylnik, V. Harvig and T. Aas and M. Mars (Tallinn University of Tech-
nology) continued the analysis of UB VR light curves of the eclipsing binary
BM Cas (P, = 1979:275), obtained between 1967 and 1996in Tallinn Ob-
servatory. The authors indicated that the observed colour variations of light
curves can be explained assuming that the effective temperatur e of the invi-
sible secondary component is at most T¢», =3500-400K and the radius of
its photosphere is much smaller than that of the primary. Therefore the sys-
tem looks more red in a primary minimum than in the maximum light, due
to the transit of the cool secondary companion over the disc of the primary
component with Tg 1 = 8200K.

The observed asymmetry of the light curves canbe interpr eted in terms of
an emission structur e located on the hemisphere of an A5 supergiant facing
the companion. The temperatur e of this hot region is about 40% higher than
in the ambient photosphere. The size of the hot region was estimated and
the observed asymmetry of the light curves and intrinsic variability are ex-
plained with the aid of recurrent surface ar e activity. The luminosity of the
primary supergiant component and the estimated position of BM Cason the
H-R diagram suggestthat the binary is in a short-lived evolutionary stage
of intensive massloss. The secondary is still a main sequencestar and the
binary residesin acommon envelope.
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4.6 Symbiotic stars and related objects

Spectroscopic moni-
toring of the symbiotic
binaries CH Cyg, AG
Dra, Z And and EG And
was continued by L.
Leedjarv, K. Annuk, M.
Burmeister et al. Z And
which is considered to
be a prototype of sym-
biotic stars, revealed
the most interesting
result:  starting from

late July, additional
emission components From left Vasakult paremale: Mari Burmeister,

of the hydr ogen Balmer Laurits Leedjarv, Alar Puss

lines at the radial ve-

locities of about  1150km s ! were found. By analogy with some other
symbiotic stars, such features most likely imply bipolar jets emitted from
the hot component of the symbiotic star. Ejection of bipolar jets during the
outburst of Z And in 2001was suspectedfrom radio observations. In spite
of extensive observations, signs for jets were never before detected from the
optical spectra of Z And. This fact shows that there could exist different
types of outbursts in the given classicalsymbiotic star.

Another symbiotic star AG Dra went into the strongest outburst of the
last nine years in summer 2006. Unlike several earlier outbursts, observed
by us, the presentoutburst is to be considered so called cool outburst, during
which the effective temperatur e of the hot component decreasedsigni cantly ,
and high excitation emission lines (for example, He Il 4686A, and Raman
scattered O VI line at  6825A) almost disappeared from the spectrum of the
star.

A. Pusscontinued to correctmodel calculations for the binary star VV Cep
in 2006, computing emission lines pro les originating from a rotating disk.
Investigations of the interacting binary star AX Mon were also continued.

4.7 Gaia mission

V. Malyuto participated in a preparatory work for the Gaia space mission
(to be launched by ESA in 2011). To classify stars observed in the mission,
the minimum distance method (MDM) is being developed where the astro-
physical parameters (APs) are determined by averaging over the APs of the
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nearest neighbours. To impr ove the available APs for the neighbours, an in-
tercomparison and homogenization of the APs (originated from different ca
talogues) is being performed. This work on homogenization of cataloguesis
basedon atechnique of estimating the external accuraciesof cataloguesfrom
data residuals which has been elaborated in Tartu by Kuzmin, Malyuto and
Eelsaluin 1986. At the presentstagethe values of effective temperatur esfor
the most reliable catalogues(up to 10) have beencompiled and analysed, the
external errors for some catalogues have been estimated by the above men-
tioned technique and the system of weights (inversely proportional to the
external and internal errors) has been proposed to produce a homogenized
catalogue of effective temperatures for many hundr eds of FGK stars. This
approachwill be extended to other APs, too (luminosity , gravity, metallicity).

The rst step to optimize the photometric system for the Gaia spacetele-
scopewas nished by the publication of a comprehensive paper on the sub-
jectin 2006in Monthly Notices of the Royal Astronomical Society. |. Kolka
and V. Malyuto were amongst the co-authors of this investigation. Due to the
changeddesign of the Gaiatelescopethe photometric taskswill be performed
with the low resolution slitless spectrograph replacing the former method of
Iterband photometry. This new schemeenhancesthe role of emission line
objectsin the calibration of photometric data. The databaseon spectral en-
ergy distributions of emission line stars compiled by I. Kolka has been pro-
vided to the Gaia photometry coordination unit for the corresponding simu-
lative analysis. A preliminary version of the similar databaseon T Tauri stars
has been compiled by the bachelar student M. Kama (under supervision by
I. Kolka) to be used in the assessmenf classi cation capabilities of the Gaia
photometric systemin the caseof thesestars.

4.8 Time and frequenc y analysis of astronomical phenomena

J. Pelt continued to work on the lines well established already. Using new
statistical methods he tried to nd how it is possible to single out a non-
axisymmetric component of the solar activity. The activity elements on the
surface of the Sun follow general dif ferential rotation patterns and it is very
hard to detect large scaleirr egularities deeperinside. Someauthors have ob-
tained quite controversial results about possibility that the Sun has a kind
of "face” which can be revealed by particular sophisticated statistical proce-
dures. With colleaguesfrom Finland and Great Britain J.Pelt tried to check
the results obtained, but in vain.

Together with younger coworkers J.Pelt proceededwith statistical analy-
sis of gravitational lens systemsdata. They developed a new method to esti-
mate full time delay setsfrom blended photometry. In particular, they stud-
ied systemswith one pure signal and bi-component blend. In the latest in-

56



1 1 1 1 1 1 1 1 1 1 1
-3.20 -3.17 -3.13 -3.10 -3.07 -3.04 -3.01 -2.98 -2.95 -2.92 -2.89 -2.86 -2.82 -2.79 -2.76

50 T
40 -

30 ‘
20

10

0 A N
360 370 380 390 400 410 420 430 440 450 460 470 480

A (d)

Figure 4.4:1t is known, that thereis atime delay betweenthe A and B light curves of
the double quasar QSO0957+561.Using our method for estimating time delays from
unresolved photometry, we were able to show, that the B curve can be disentangled
into two time-shifted sourcecurves. There are two minima in the gur e, that mark
two pairs of time delays we found. Long delay between A and B curves is marked
as | and short delay between the components of B curve is marked as . Thetwo
pairs of time delays are equally signi cant becauseof the degeneracy of the method.
Gravitatsioonilaats tekitab kvasarist QSO 0957+561kaks kujutist: A ja B. Nende ku-
jutiste heleduskdverad on sarnased, kuid ajas nihutatud. Meil &nnestus naidata,
et B-kdver on omakorda kahe sarnase,aga ajas nihutatud heleduskdvera summa.
Miinimumid pildil tahistavad kvasari heleduskdveratest leitud ajanihete paare: |
on A- ja B-kdverate vaheline pikk ajanihe, ¢ on B-k8vera komponentide vaheline
[ihike ajanihe (paevades).Miinimumide dubleeritus tuleneb meetodi omadustest.

vestigations they already started to analyse systemswheretwo bi-component
blends are observed. New results can be quite useful for along time baseline
monitoring programmes with moderate resolution.

A quite new topic where J.Pelt is engagedtogether with students is use of
socalled Huang-Hilbert transforms. Currently they develop a necessarysoft-
ware base.lt is planned to use a new methodology to analyselight curves of
the young Sun-like magnetically active stars and (exceptionally) also meteo-
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rological and actinometric data. The method is promising becauseit allows
to detectweak modulations and nonlinearities in cyclic data.

4.9 Radiative transfer

T. Viik together with N.J. McCormick (Washington University , Seattle, USA)
studied the behaviour of the radiation eld deep inside an atmosphere by
means of numerically investigating the attenuation coefcients. The scatte
ring and absorbing particles of different sizes and either spherical or ran-
domly oriented nonspherical shapewere considered.

I. Vurm and J.Poutanen (Oulu, Finland) developed a numerical code to
describe radiative processesn relativistic plasmasin the vicinity of compact
astrophysical objects. The relevant processestaken into account are cyclo-
synchrotron emission and absorption and Compton scattering. The code can
handle awide range of particle energies,from nonrelativistic to ultrar elativis-
tic energies for charged patrticles and from radio frequenciesto GeV/T eV en-
ergies for radiation. A simple one-zone model is being used for describing
radiative transfer. In contrast, the relevant microprocesseshave been calcu-
lated asaccurately as possible without making different simplifying approx-
imations (such as the Thomson approximation or neglecting the cyclotron
regime), which would render the code applicable only to certain energetic
regimes.
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5 Optical remote sensing of environment in Estonia
and Baltic region Eesti ning Balti regiooni
keskk onna optilise kaugseire alused

Atmosfaarifiidsika osakonnauurimistemaatika hdlmab nii kliima uuringuid,
atmosfaarioptikat kui aluspinna uuringuid optilise kaugseire meetoditega.
Arendati edasi radiomeetria seadmeparki nii UV-Kiir guse kui taimkatte ja
veekogude spektraalsete peegeldusomaduste mddtmiseks.

Euroopa Liidu COST 726projektile on tehtud soovitusi tagasiulatuva eri-
teemse UV kiir guse paevadooside kaardi koostamiseks kogu Euroopa koh-
ta kuni 1950. aastaalguseni. Eestis ei kiini UV kiir guse tase ligikaudu
100 paeva valtel vitamiin D slnteesi vbimaldava laveni, kuid paikese kaes
viibimine vajab ka meie laiuskraadil piiramist suvel, kui osutuvad voima-
likuks liiga suured UV Kiir guse doosid. Olukorra tdpsemaks hindamiseks
on kasutusel automaatne UV spektrite registreerimise stisteem, millega on
2004. aastastalatesregistreeritud umbes 30 000 spektrit. Sedaandmestikku
kasutatakse eriiteemse UV-kiir guse ja vitamiini D siinteesivakiir guse muut-
likkuse uurimiseks.

Jatkus atmosfaari aerosooli omaduste ja klima muutuste statistiliste
seadusparasusteuurimine, et selgitada klimamuutuse v@imalikkust. At-
mosaari optiliste omaduste tundmine on oluline nii kiir gusklima kui satel-
litkaugseir e jaoks. Paikesekiirguse aegridade anallusist selgub, et vimase
10-15 aasta jooksul on muutuste trendid vastupidised eelmistele kimnen-
ditele, p&hjuseks aerosooli hulga kahanemine jamuutused atmosféaari tsirku-
latsioonis.

Eesti veekogude satellitkaugseir e usaldatavuse tagamiseksviidi [&bi hul-
galiselt tugimddtmisi Peipsijarvel ja Soomelahel. Satelliidiandmed lubavad
maarata vee seisundit kogu akvatooriumi ulatuses, mis ei ole véimalik kon-
taktmododtmistega. Hasti dnnestub klor oftlli hulga mé&éramine. Lahustunud
orgaanilise aine hulga edukaks maaramiseks satelliitide optiliste mddtmiste
andmetest on vajalik tdiendav uurimisto.

Taimkatte kaugseire vallas viidi [&bi nii alusuuringuid kui ka rakendati
kogunenud oskusi konkreetsete praktiliste Ulesannete lahendamiseks.
Fuusikaliste kiir guslevimudelite teooria arendamiseks uuriti  footoni
uuestiporkumise tdéenaosuserakendatavust geomeetrilis-optilistes taimkatte
kiir guslevimudelites. Lisaks korr ektsele matemaatilisele formuleerimisele
vajavad nimetatud mudelid ka usaldusvaarset informatsiooni taimkatte
seesmisestruktuuri kohta, mis on paraku vaga raskesti mdddetav. Seetbttu
kasutatakse sageli mitmesuguseid regressioonmudeleid sidumaks Kiir -
guslevis olulised puu véra parameetrid ja lehtede kogupindala kergemini
moddetavate parameetritega nagu puude koérgus, rinnasdiameeter jms.
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Taoliste seosteleidmiseks ja pegeldusmudelite sisendparameetrite kontr ol-
liks tehti mitmeid valimddtmisi nii Eesti Maadtlikooli Jarvselja 6ppebaasis,
mis on juba aastaid teeninud satelliidimddtmiste tugialana, kui ka Toravere
energiavosa istanduses. Satelliidipiltide interpr eteerimise tapsust aitab
suurendada ka vastvalminud 256-kanaliline arvutijuhitav lennukispek-
tromeeter, millega mdddeti Jarvselja satellidimddtmiste (CHRIS/PROBA)
katseala atmosfaarialuseid peegeldumisspektreid. Mdodtmistulemused
vOimaldasid korrigeerida uurimissatellidii  PROBA todtava kujutise-
spektromeetri CHRIS kaliibrimiskoe tsiente.

Uuriti  Jarvselja puistute peegeldusomaduste sesoonseid kaike, pri-
maarproduktsiooni hindamise v@imalusi ning lageraiealade seiret moju-
tavaid tegureid. Valjatootatud meetodid on kasutatavad Kyoto protokolli
ndbuete taitmise kontrolliks. Lisaks on satelliidiinfot edukalt kasutatud Eesti
maastike muutuste ja maakasutusetrendide tuvastamiseks.

In the laboratory of optical radiometry Optilise radiomeetria
laboratooriumis
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5.1 Solar UV radiation and atmospheric ozone

About 30000UV spectra have beenrecorded at TGravere since 2004using a
computer aided minispectrometer Avantes AvaSpec256. Currently a study
of the reliability of calculations of the dosesapplying dif ferent spectral weigh
ting functions is performed.

The calibration facilities available in the laboratory of optical radiometry
of Tartu Observatory have beenimpr oved during 2006thanks to using a new
serti cated FEL lamp and modi cations in its power supply. These mea-
sures helped to achieve impr ovement in the quality assuranceof the local
optical measurementsin the UV range (U. Veismann, S.Latt, I. Ansko, E.-M.
Maasik). The laboratory of optical measurements offers calibration service
also to other Estonian institutions. Currently the Enterprise Estonia supports
apreliminary study of the Estonian potential usersand their needsrelated to
the development of optical laboratory facilities. The study is performed from
Septl, 2006to Feb28,2007.

The work on the Estonian climatology of the UV radiation is close to

nishing and the most important results have been published in 2006 (K.
Eerme, U. Veismann, S. Latt). The group of remote sensing of the atmo-
sphere is a participant in COST 726 action Long-term Changesand Clima-
tology of UV Radiation over Europe (2004—2008).The action has a goal to
elaborate appropriate methods and to reconstruct the maps of daily erythe-
mal dose for the whole Europe back to 1950. The major COST action related
activity in 2006was a modelling exercise. Within the framework of this ex-
ercisedif ferent proxy-based statistical and theoretical methods of reconstruc-
tion of the erythemal UV dosesfor pastyearswere testedand compared. The
main results were presented at the international SPIE conferencein Stock-
holm. A testreconstruction using the Tartu statistical model and Bergen (Nor -
way) and Potsdam (Germany) data-setshas beenperformed (K. Eerme). The
Tartu-Toraver e Meteorological Station belongs to the network of World Base-
line Surface Radiation Network (BSRN)and its proxy data used for the UV
dosereconstruction are among the most complete onesin Europe allowing to
study the suitability of different proposed methods before the nal selection
of the best tting version.

A statistical study of interannual variations of daily relative global irra-
diance as well as daily relative direct irradiance as the proxies for the UV
dosesreconstrution has been performed within different seasonsfor 1955—
2006. Certain regularities have beenfound. The mutual correlation between
the spring, summer, autumnal and winter totals was found to be very low.
Quasicyclic featuresin spring and summer totals were evident and no linear
trend during the whole studied period hasbeenfound (K. Eerme, A. Kallis,
I. Ansko, U. Veismann).
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Sufcient amounts of vitamin D are needed to keep human metabolism
in required conditions. The necessaryvitamin D level is supported by its
synthesisin human skin due to moderate sunlight exposures. Maximum ef-
ciency of the synthesis occurs at 297 nm but the data of regular narrow-
band measurements of the UV radiation at wavelength 306 nm of the sensor
CUVB1 can be used for studies of availability of the vitamin D synthesizing
radiation (K. Eerme, U. Veismann, S.Latt, I. Ansko). At the geographical la-
titudes above 50 there exists a period around the winter solstice, so called
"vitamin D winter ”, when the level of short-wave UV radiation remains per-
sistently below the threshold neededfor vitamin D production. The Estonian
conventional clear-sky "vitamin D winter ” lasts about 100days. Due to the
lower seasonaltotal ozone in autumn it starts at 16.5 noon solar elevation
around Nov 6and endsat 21.5 noon solar elevation around Feb19. The con-
ventional here means as corresponding to the normal seasonaltotal ozone
and atmospheric transparency. Depending on the total ozone and cloudiness
the "vitamin D winter ” may start up to two weeks earlier and last for an-
other two weeks later of its conventional end. A preliminary study of the
possibilities to reconstruct the availability of vitamin D synthesizing doses
before and after the conventional "vitamin D winter ” has beendone back to
1979,i.e. for the period when satellite total ozone data are available. As the
ambient UV radiation exposure leads to both bene cial and harmful health
effects, the regulation of exposuresis a key problem to avoid both too short
and excessivelylong exposures.

5.2 Earth atmosphere and climate

Studies on the quantifying of non-stationarity in climatic time seriesare go-
ing on (O. Karner). Together with P. Post (University of Tartu) the temporal

variability of daily air ow characteristics (DAFC), calculated for the Baltic
Seaarea are studied. Changesin the statistical characteristics of the series
increments appear to be similar to those for the surface air temperatureincre-
ments, showing weaker non-stationarity while the incrementrange increases.
This property may enable one to use simple empirical models for describing

their temporal variability . A manuscript on the revealed results was submit-

ted for publication to the journal Environmetrics.

V. Russakhas analysed optical properties of aerosol measured by a spect-
ral photometer Cimel Electronique 318A at Toravere in 2002—-2004. In the
spectral area of 440-1020nm atmospheric aerosol at Téravere is mainly act-
ing asadif fuser of solar radiation. During the summer—months the dif fusion
constitutes about 80 % from the total extinction. The role of diffusion de-
creasesin August-September. The diffusion by the ne aerosol (r = 0.05-0.6

m) decreaseswith the increaseof the wavelength of the radiation, while for
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coarseparticles an opposite relationship is characteristic.

Two different periods have becomeevident in the time seriesof solar ra-
diation measured at Tartu-TOraver e Meteorological Station: the period from
1955t0 the beginning of the 1990swas characterized by a decreasein global
and dir ect solar radiation, aswell asin atmospheric transparency of cloud-
freeatmosphere and by an increasein low cloudiness, while opposite trends
have becomeevident during morerecentyears. According to the proposal of
the BALTEX Secetariat (The European Continental-Scale Experiment of the
Global Energy and Water Cycle Experiment within the World Climate Re-
search Programme), V. Russak together with J.Jaagus(University of Tartu)
analysed long-term changesin cloudiness, sunshine duration and compo-
nents of radiation balance,and their territorial peculiarities in the Baltic Sea
catchment basin. The results of this analysis will constitute a part of the book
"BAL TEX Assessmentof Climate Change for the Baltic SeaBasin”. The rst
version of the manuscript hasbeen nished.

From left Vasakult paremale Silver Latt, llmar Ansko, Viivi Russak, Uno
Veismann, Anu Reinart, Olavi Karner. Sitting Istub: Kalju Eerme

5.3 Remote sensing of water bodies

Main topic of activities was related to validation of MERIS/Envisat (ESA)
latest reprocessing results. ESA nished new reprocessingin March and
opened data archives for validation and tests. For collections of in situ data
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we have participated in several eld campaigns, organized in collaboration
with Marine SystemsInstitute (Tallinn University of Technology) and Ma-
rine Institute (Tartu University). Thanks for work of doctoral students (I.
Ansko and S. Latt) new measurement system was tested and used during
Lake Peipsi eld campaigns. TriOS Optical Sensorsmeasurement system,
which includes three hyperspectral radiometers (one for incident irradiance,
one for sky radiance and one for water leaving radiance) enablesvalidation
of oceancolour satellite products also during continued measurements from
moving ship.

For analysis of MERIS 2nd reprocessing(K. Alikas, A. Reinart) altogether
279 images over large European lakes (Peipsi, Vanern and Vattern) were
used. Results are best for L. Peipsi. MERIS Casell processingresulted in
invalid re ectance over the lakes asindicated by ag PCD-1-13,and invalid
Case ll products (concentration of chlorophyll, suspended sediments and
absorption by CDOM - Coloured Dissolved Organic Matter) for 70-90%of
casesin L. Vanern, for 90-100%n L. Vattern and for only 5-47%in L. Peipsi.
Nevertheless, many featuresin the spatial distribution of optical properties
can be observed (dif ferencesin lakes, plankton bloom, river plumes).

On the basis of the MERIS Level 2 RR data we were able to conclude
that the MERIS Casell chlorophyll concentration product (algat2) and the
in situ measured CChl correlate (R2=0.52), and the values look reasonable.
The MERIS results make a clear dif ference between the three studied lakes —
L. Peipsi has the highest and L. Vattern the lowest values; development of a
seasonalvariation (bloom) can be detected. The MERIS still underestimates
very high chlorophyll values during autumn bloom in L. Peipsi (>45mg m 3)
and underestimatesvalues in L. Vanern and L. Vattern about twice. For sus-
pended sediment and CDOM product there were no correlations between
the MERIS and measured data. The product total-suspstill gives areasonable
spatial distribution for most of the lakes area (excluding the coastalregion of
L. Vanern).

Absorption by CDOM is strongly underestimated in L. Vanern and Peipsi.
Validation of the MERIS product over lakes should continue including the
validation of relationships between optically active substancesand inherent
optical properties. However, it is most critical to impr ove atmospheric correc-
tion over lakes, and receivevalid re ectance input for the Casell processing.

K. Valdmets participated in eld cruise of the Vrije Universiteit, Amster-
dam, to complement databasefor inherent optical properties, neededfor de-
velopment of optical classi cation of coastaland lakes waters. Turbid waters
of North Seacoastal regions and Waddenzee are comparable with L. Peipsi
during heavy bloom (Secchitransparency 0.5 m), while in clearest waters
(Secchi6é m) water transparency exceedscommon values measured in Gulf
of Finland (2—4m).
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Figure 5.1: Water quality products and Flagged areas(purple) over L. Peipsi (8 May
2003)on MERIS RR-L2images. Flagsare usedto detectand mark areaswhich areout
of the algorithm training range. Vee parameetrid (kloroftll ja héljum, lahustunud
orgaaniline aine) ja margendatud piirkonnad Peipisi jarve MERIS RR-L2 pildil (8.
mai 2003). Margendiga (lilla) tahistatakse piirkondi, kus satelliidipildi t66tlus pole
onnestunud.
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5.4 Remote sensing of vegetation

Theoretical investigations on the compatibility of the photon recollision pro-
bability theory with a geometric-optical model of radiative transfer in veg-
etation were carried out. Photon recollision probability in plant canopies
is de ned as the probability that a photon, after having survived an inte-
raction with a canopy element, will interact again. This probability can be
considered spectrally invariant and is a useful tool for relating the solutions
of the radiative transfer problem at different wavelengths. It was shown
that the two physically-based conceptsare compatible and crown-level clum-
ping in plant canopiesincreasesphoton recollision probability. The concept
of photon recollision probability has been previously studied to paramete-
rize shoot-level clumping in canopy re ectance models. Clustering of conifer
needlesinto shoots enhancesabsorption of intercepted radiation due to an
increasein photon recollision probability. Crown-level clumping described
by geometric-optical models, despite a dif ferent geometry, produces a simi-
lar effect on a much larger scale.

The seasonalcourse of re ectance was calculated by means of the Kuusk-
Nilson forestre ectance model for fertile and infertile birch and pine forests,
spruce forests and Pinus bog. The results of simulation were compared to
the respective seasonalcoursesderived from the time seriesof Landsat and
SPOT satellite images. The comparisons showed a rather good qualitative
agreement, however, with some quantitative differences. The most impor -
tant driving factors causing the seasonalcourse of re ectance, occured to be
the seasonalchangesin treelayer and grass/dwarf shrub layer greenleaf area
index, course of sun angle during the season,and, as some surprise, change
of surface (soil+litter) moistur e, especially in early spring and autumn. To
explain the convex seasonalcourses of low canopy cover Pinus bogs, it is
not suf cient to only consider the effect of sun angle change. Evidently, the
ground vegetation together with the bog surface should have the convex sea-
sonalre ectance curves aswell. On mineral soils, typical seasonalre ectance
curves of the understor ey are concavein the visible part of the spectrum, as
caused by the maximum of green leaf areaindex and of amount of chloro-
phyll in midsummer. It was found that for a selection of forest types from
Jarvselja,an acceptable(R2 = 0.83)linear relation exists between the seasonal
average of the NDVI (Normalised Difference Vegetation Index) as derived
from the time series of satellite images and wood mass increment as esti-
mated from the forest databaseof Jarvselja. This fact gives us a hope that the
methods of satellite remote sensing are applicable for estimating the primary
productivity of Estonian foreststo monitor the ful Iment of requirements of
the Kyoto protocol.

A series of tests was carried out by M. Lang to test the applicability of
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published treecrown radius and foliage massmodels in forming the input of
aforestre ectance model. The study was basedon the detailed forestinven-
tory data from forestgrowth plots (A. Kiviste, M. Hor do, Estonian University

of Life Sciences),three Landsat-7 ETM+ images and the database of forest
understor ey re ectance spectra. Measured gap fraction data from ten forest
growth plots were analysed using the Nilson-Kuusk's inversion method. The
results showed that at the moment the available regressionmodels for crown
radius and foliage massestimation are not suitable for re ectance simulation

experiments in Estonian forests.

Figure 5.2: Forestsat Jarvselja.Jarvseljametsad.

Re ectance spectra of several forest stands at Jarvselja test site in the
CHRIS/Pr oba sceneof July 10, 2005were measured on board a helicopter
on July 26, 2006 (A. Kuusk, J. Kuusk, M. Lang). J. Kuusk designed a
computer-controlled airborne spectrometer. The heart of the spectrometer
is the 256 band NIR enhanced miniatur e spectrometer MMS-1 by Carl Zeiss
JenaGmbH. The spectrometer is controlled by an Atmel microcontroller AT-
mega88. The fore-optics restricts the eld-of-view to 2 . In addition to spec-
trometer the measuring systemincorporated Logitech QuickCam Messenger
web cameraand Magellan SporTrak Pro GPS.The spectrometer was mounted
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at the chassisof a Robinson R-22 helicopter looking vertically. Data from
the spectrometer were collected by a laptop PC 3-5times per second, and
from the web camera and a Magellan SporTrak GPSreceiver once per se-
cond. Measurements were done from the height of 100 m above ground
level. Eachrecorded spectrum was digitally recorded onto the CHRIS im-
age, the accuracy of determining locations was checked by comparing web
cameraimages to registered aerial photographs provided by Estonian Land
Board. Re ectance spectrawere collected for 209stands.

From left Vasakult paremale: 2nd row Seisavad: Ténu Prans, Matti Pehk,
Tiit Nilson, Madis Sulev, Joel Kuusk, Mait Lang, Matti M®&ttus,

Andres Kuusk, Urmas Peterson. 1strow Istuvad : Miina Rautiainen, San-
dra Suviste, Krista Alikas

Atmospheric correction of the CHRIS images was performed in two
stages.First, with the 6Satmospheric RT model alook-up-table (LUT) of top-
of-atmosphere (TOA) radiances was generated varying ground vegetation
parameters in model simulations. The multispectral homogeneous canopy
re ectance model served asthe underlaying surfacein the 6Smodel. In sim-
ulations the measured atmosphere parameters were used. The created LUT
was approximated by a secondorder polynomial separatelyfor every CHRIS
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band. The approximation polynomials were used for the calculation of top-
of-canopy re ectance using the TOA radiance measured by CHRIS. Second,
the adjacency effect was corrected by 2-D deconvolution. The point spread
function (PSF)of the atmosphere was estimated using radiance of small water
bodies in red spectral bands. Atmospherically corrected CHRIS re ectance
values have good agreementwith airborne data in visible spectral bands. The
NIR bands of the CHRIS imaging spectrometer seemto have somecalibration
problems.

U. Petersontogether with A. Kiviste and J.Budenkova (Estonian Univer -
sity of Life Sciences,Institute of Forestry and Rural Engineering) estimated
the in uence of clearcut patch variables: patch size, patch shape and grow-
ing conditions on forest clearcut classi cation results on medium resolution
Landsat Thematic Mapper winter images. The threshold level separating the
forest clearcuts from the non-changed areason a differenceimage of a two-
date image pair was de ned to match the total areaof the classi ed clearcuts
from the satellite image to the total area of clearcuts de ned in the forestry
database.The analysis showed that a major effect on the classi cation results
was caused by the factors like: "the mean of the clearcut pixel values on a
differenceimage” and "the relative number of clearcut boundary pixels with
forest". Factors like "the relative number of clearcut boundary pixels with
coniferous forest” and "the ratio of clearcut areato clearcut perimeter” had a
statistically signi cant but relatively minor in uence on classi cation results.
The age of a clearcut, time in years passedsince clearcut logging and the site
type group had no signi cant in uence on classi cation results. The relation-
ships were evident in all Landsat TM bands of the visible and near infrar ed
spectral region.

5.5 Structure model for alder stand

In 2006,M. M6ttus and M. Sulev continued the work on impr oving the struc-
ture model of the gray alder (Alnus incang stand in Tdravere. The aim of
the model is to produce input parameters for forest radiative transfer mo-
dels allowing to estimate the accuracy of the abstractions and simpli cations

used in such mo dels and to assesstheir in uence on model outputs. The
structure model describesthe plants asfractal structures. As a simpli cation,

growth dynamics is excluded, so the model is only valid at the moment of
the measurements. Thus, the model is based on growth orders, but the geo-
metrical dimensions (length, diameter) of the growth ordersis xed at their
mid-summer values. After mid-summer, the development of the stand was
slow and this approximation can be considered reasonably accurate. A to-
tal of six growth orders was determined in 2006, from the stem (order 0) to
the leaves (order 5). First-order branches are the lowest branches attached
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Figure 5.3: A raytraced image of an alder stand generated by the structure model.
Statistilise struktuurimudeli poolt genereeritud lepavdsa.

to the stem, the development of which started during the rst growing year;
second-order branchescan be attached both to the rst-or der branchesor di-
rectly to the stem above the rst-or der branches, etc. Leaves are attached
either to the branchesof the highest order (order 4) or the highest-order seg-
ments of lower-order branches. However, the six growth orders can not be
dir ectly linked to growing yearsastheir number is smaller than the ageof the
stand in years. For example, during the lasttwo years,the number of growth
orders hasonly increasedby one.

The measurement schemewas modi ed in 2006to take into account the
shortcomings in statistical samplesobtained during the previous years. Thus,
a representative sample of both the geometric dimensions and the branching
structure of various growth orders was obtained using a hierarchical sam-
pling scheme. The modi ed schemealso allowed us to reduce the required
measurement effort. The measurementswere carried out from the beginning
of July until mid-August.

To evaluate the performance of plant canopy radiative transfer models,
various radiation measurements were carried out: the spectral re ectance
and transmittance of leaves and ground re ectance was measured using a
FieldSpec spectrometer (ASD, Inc.). Simultaneously with the biometrical
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measurements, several characteristics of the radiation eld both inside and
above the alder stand were measured using the FieldSpec spectrometer and
a CCD radiometer constructed in Tartu Observatory. These measurements
allowed us to characterize the spectral and angular signatures of radiation
transmitted and re ected by the canopy. Additionally , a carriage moving
along a six-meter-long aluminium bar was equipped with broadband sen-
sors to record the spatial variation of the radiation eld. Incident radiation
was measured at the nearby actinometrical station of Estonian Meteorological
and Hydr ological Institute and by a sun photometer operated by the NASA
AERONET network.
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6.3 Popular Articles Aimear tiklid

20. detsembril 2006 esitles akadeemik JaanEinasto oma raamatut "Tumeda
aine lugu”, mille andis Eesti Motteloo sarjasvalja kirjastus "llmamaa”. 528-
lehekiljelise raamatu koostajaoli Mihkel J6eveersaatesona’Kuhu kdik need
lilled jaid...” kirjutas Enn Saar Raamatusseon koondatud populaarteadus-
likke japublitsistlikke artikleid aastaist1974—2001ligi poole raamatu mahust
moodustab agaoriginaalne malestustelugu "Per asperaad astrum”.

On December 20, 2006 Academician Jaan Einasto presented his book
"Story of Dark Matter”, published by the "llmamaa Publischers”. This book
(528pp.) compiles popular scienti ¢ and publicistic papers by the renowned
scientist from 1974to 2001,but rst of all, original story "Per asperaad as-
trum”, re ecting personal and scienti ¢ life of JaanEinasto.
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EinastoJ.,EinastoM.: Seemadistatuslik kdiksus. EestiAastaraamaR006—2007
Koost. J.Kivi, Tallinn, Euroinformer: Eurodlikool, 323-3512006.

Einasto J: Mihkel Jdeveer In Memoriam. Tahetorni Kalender2007 43—-45,
2006.

EinastoJ: Aksel Kipper 100- Grigori Kuzmin 90. TéhetorniKalender2007,
46-52,2006.

EinastoM.: Caroline Herschel jatemavennad. TahetorniKalender2007, 81-87,
2006.
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Jaanistel., Eenmaer.: Diplom Rahvusvaheliselt Astronoomiaoltimpiaadilt.
TahetorniKalender2007, 88—90,2006.
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92,2006.
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2007 66-68,2006.

TagoE.: COBE kobe Nobel! TahetorniKalender2007, 69—71,2006.

TenjesP.: Professor Grigori Kuzmini teaduslikust parandist. TahetorniKalen-
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Kallis A.: Soojataattdi jurikuu keskel korraliku kevade vélja.
Postimegd9.05.2006.

Kallis A.: Suitsu jatolmu mitmel pool. ilm.eg 14.05.2006.
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Kallis A.: Juuli oli jaanist kuumem. Maaleht 03.08.2006.

Kallis A.: Uuest ilmar ekordist. ilm.eg 08.08.2006.
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Kéarner O.: Modelling the Global Temperature Series.Grant of the Estonian
Sciencd-oundationNo 5004,Final Report.11 pp, 2006.

Nugis T.: Stellar Evolution at Low Metallicity: Mass Loss, Explosions, Cos-
mology. Grant ofthe EstonianSciencé-oundationNo 6102,Final Report.17
pp, 2006.
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6.5 Preprints Preprindid

BurmeisterM., Leedjari..: Evidence for Bipolar Jetsfrom the Optical Spectra
of the Prototypical Symbiotic Star Z Andr omedae [astro-ph/0611475].

EinastoJ: Formation of the Supercluster-Void Network [astro-ph/0609686].

EinastoJ.,EinastoM., TagoE., Suhhonenkd., Jaaniste), Heinamaki P., Mller
V., KnebeA., Tucker D.: Superclusters of Galaxiesfrom the 2dF Redshift
Survey. |. The Catalogue [astro-ph/0603764].

EinastoJ., EinastoM., TagoE., SaarE., Hitsi G., , Liivaméagi L.J.,
Suhhonenkd., JaanisteJ.,Heinamaki P., Miller V., Knebe A., Tucker D.:
Superclusters of Galaxiesfrom the 2dF Redshift Survey. [l. Comparison
with Simulations [astro-ph/0604539].

EinastoM., EinastoJ.,TagoE., SaarE., LiivamagiL.J.,, Hutsi G.,Hei-
namaki P, Miller V., Tucker D.: Superclusters of Galaxiesfrom the 2dF
Redshift Survey. lll. The Properties of Galaxiesin Superclusters [astro-
ph/0609749].

Haud U., Kalberla PM.W.: Gaussian Decomposition of H | Surveys — Ill.
Local H I. [http://www .aai.ee/ urmas/ast/Local.pdf]

Nurmi P, Heinamaki P, SaarE., EinastoM., Holopainen J.,Martinez V. J.,
EinastoJ: Subhaloesin CDM Cosmological Simulations. I. Massesand
Abundances [astro-ph/0611941].

SaarE., Martinez V. J.,Starck J.-L.,Donoho D. L.: Multiscale Morphology of
the Galaxy Distribution [astro-ph/0610958].

SaarE.: Multiscale Methods [astro-ph/0612370].

Shchekinov Yu.A., VasilievE.: Particle Decay in the Early Universe: Predic-
tions for 21 cm [astro-ph/0604231].

VasilievE., Shchekinov Yu.A.: Primordial Gas Cooling Behind Shockwaves
[astro-ph/0604403].
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7 Meetings Konverentsid ja seminarid

7.1 Astronomy Astronoomia

AstronomicalSeminar(US Naval Observatory, Washington, USA, 14.02.2006)
—|. Pustylnik.
Pustylnik I.: On The In uence of Mass Loss and Angular Momentum
Loss on the Evolution in Binary Systems With Hot Subdwarfs (EHB
objects) (oral presentation).
Seminardedicatedo E.J.Opik (National Air and SpaceMuseum, Washington,
USA, 22.02.2006}- I. Pustylnik.
Pustylnik I.: Collecting Materials in Archives and Libraries in Washing-
ton DC for Scienti c Biography of Ernst Julius Opik (1893-1985)oral
presentation).
Hungarian Academyof ScienceLonfeence’Detre 100" (Budapest, Hungary,
20.04.2006% J.Einasto.
EinastoJ: Formation of the Superclusters-Void Network (oral presenta-
tion).
Uppsala University Astronomical Seminar (Uppsala University, Sweden,
27.04.2006) J.Einasto.
EinastoJ: Superclusters of Galaxies (oral presentation).
Uppsala University Physics Colloquium (Uppsala University, Sweden,
28.04.2006% J.Einasto.
EinastoJ: Dark Matter Story (oral presentation).
Board of DirectorsMeeting, "Astr onomy and Astrophysics”(Dwingeloo, The
Netherlands, 06.05.2006)- L. Leedjarv.
Workshop"The Nature of V838Mon and Its Light Echo” (La Palma, Spain,
15.05.-19.05.2006) T. Kipper, I. Kolka, T.Liimets.
KipperT.: Chemical Composition of V838Mon (oral presentation).
Kolkal.: Spectral Variability and Binary Natur e of V838Mon (oral pre-
sentation).
LiimetsT.: The Light Echo of V838Mon (oral presentation).
RegionalAstronomicalConfeence’Close Binary Starsin Modern Astrophysics”
(Moscow, Russia,21.05.-28.05.2006) I. Pustylnik.
Pustylnik I., PustynskiV.-V.: On the In uence of MassLossand Angular
Momentum Losson the Evolution of Binaries with Hot Subdwarfs (oral
presentation).
Pustylnik I., Kalv P, Harvig V.: RX CasRevisited (poster).
Confeence’Parenagal00” (Moscow, Russia,25.05.2006)- J.Einasto.
EinastoJ: From Galactic Models to Dark Matter (oral presentation).
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Workshopon MassLossfrom Starsand the Evolution of Stellar Clusters(Lunte-
ren, The Netherlands, 29.05.-01.06.2006) T. Nugis.
Nugis T.: Optically Thick Winds of Hot Stars:What Determines the Mass
Flux? (poster).
AspenWorkshopg'CosmicVoids” (Aspen, USA, 30.05.-27.06.2006) J.Einasto.
EinastoJ: Voids in Galaxy Distribution (oral presentation).
EinastoJ: 2dF and SDSSSupercluster Network (oral presentation).
EinastoJ: Evolution of the Supercluster-Void Network (oral presenta-
tion).
EinastoJ: Supercluster Evolution (oral presentation).
EinastoJ: Supercluster-Void Network (oral presentation).
Seminaron ASTRONET and Nordic Optical TelescopgVilnius, Lithuania,
05.06.-06.06.2006) I. Kolka, L. Leedjarv, A. Tamm.
Leedjani.: Astronomy in the Systemof R&D in Estonia (oral presenta-
tion).
OPTICON FP7Planning Meeting (Edinbur gh, UK, 22.06.—23.06.2006)
L. Leedjarv.
Challenge®f RelativisticJets(Cracow, Poland, 25.06.—01.07.2006) I. Vurm.
CosmicStories:Bernards JourneyAcrossthe Universe(Valéncia, Spain, 26.06.—
30.06.2006} J.Einasto, E. Saar
EinastoJ: Supercluster-Void Network (oral presentation).
Confeence’Astr onomy-2006"(Saint-Petersburg, Russia, 26.06.—29.06.2006}
E. Vasiliev.
VasilievE.: Decaying Dark Matter Particles and Observations of the Ear-
ly Universe in the 21-cmLine (poster).
Confeence’Chemodynamics-2006(Lyon, France,09.07.-14.07.2006)
E. Vasiliev.
VasilievE.: Critical Metallicity for Post-Poplll Stars(poster).
Euroscienc®penForum—-ESOF200gMunich, Germany, 14.07.—19.07.2006)
|. Pustylnik.
SummerSchool'SupercomputationalCosmology’(Potsdam Astrophysical Ins-
titute, Potsdam, Germany, 17.07.—11.08.2006) L. J.Liivamagi.
CosmicFrontiers(Dur ham, UK, 31.07.-04.08.2006) A. Tamm, E. Tempel.
TammA.: Observing the Evolution of Disk Galaxies (poster).
15th EuropeanWhite Dwarfs Workshop (Leicester University, UK, 07.08.—
11.08.2006} V.-V. Pustynski.
PustynskiV.-V., Pustylnik I.: About the Evolutionary History of the Pro-
genitors of EHBs and Related Binary Systems(poster).
26th GeneralAssemblyof the International AstronomicalUnion (Prague, Czech
Republic, 14.08.—25.08.2006) T. Eenmae, L. Leedjarv, . Pustylnik,
E. Vasiliev.
Galis R., Hric L., Leedjani., SuhadaR.: Long-Term Photometric Beha-
viour of the Symbiotic SystemAG Dra (poster).
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Pustylnik I., Kalv P, Harvig V., Aas T., Mars M.: UU Cnc and BM Cas
—Two Long-Period Eclipsing Binaries Involving Supergiant Primaries:
Intrinsic Variability asa Circumstantial Evidence on Ongoing Common
Envelope Activity (oral presentation).
Pustylnik I., PustynskiV.-V.: What Can We Learn about the Evolutionary
History of Progenitors of EHBs and Related Binary Systemsfrom their
Observed Properties? (poster).
Pustylnik I.: Ernst Opik's Scienti ¢ Legacy and Its Impact on Modern
Astrophysics (poster).
Korpi M. J.,PeltJ, Brooke J. M., Tuominen I.: On the Nonaxisymmet-
ricity of the Sunspot Distribution: Kinematic Frame Constructions and
their Implications, Solarand Stellar Activity Cycles (poster).
JointDiscussion7, theXXVIth IAU GeneraAssemblyPrague,CzechRepublic,
17.08.-18.08.2006) E. Vasiliev.
VasilievE.: Additional Sourcesof lonization in the Early Universe and
the 21-cmLine (oral presentation).
Workshop”Evolution and Chemistry of Symbiotic Stars, Binary post-AGB and
RelatedObjects” (Wierzba, Poland, 28.08.—30.08.2006} M. Burmeister,
L. Leedjarv.
LeedjarvL., BurmeisterM.: The Peculiar Star CH Cygni on the Back-
ground of Heterogeneity of Symbiotic Stars(oral presentation).
Memorial Scienti ¢ SessiorDedicatedo E.J.Opik (Tallinn, Estonia, 31.08.2006)
—J.Pelt, I. Pustylnik, M. Ruusalepp.
Pustylnik I.: Ernst Julius Opik (1893—-1985)- Scientist and Personality
(oral presentation).
PrecisionSpectoscopyin AstrophysicgAveiro, Portugal, 11.09.—15.09.2006}
A. Aret.
SaparA., AretA., Saparl., Poolama®.: A Pan-SpectralMethod of Abun-
dance Determination (oral presentation).
SpectoscopicMethodsin Modern Astrophysics(INASAN, Moscow, Russia,
13.09.-15.09.2006) A. Sapar, L. Sapar.
SaparA., Poolamad., SaparlL., Aret A.: Computation of Model Atmos-
pheresand Spectraof Hot Starsby Program SMART: Resultsand Prob-
lems (oral presentation).
SaparA., Aret A., SaparL., Poolamadr.: Isotope Segregation in the At-
mospheresof CP Starsdue to LID (oral presentation).
ADASS XVI (Tucson, Arizona, USA, 15.10.-19.10.2006) K. Annuk.
Annuk K.: Astronomical Archive at Tartu Observatory (poster).
Astronomical Seminar (Astronomical Institute of the Slovak Academy of
Sciences,Tatranska Lomnica, Slovakia, 23.11.2006})- |. Pustylnik.
Pustylnik I.: Extreme Horisontal Branch (EHB) Objectsin Binary Sys-
tems (lecture).
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Towardsthe EuropeanExtremely Large TelescopéMarseilles, France, 27.11.—
01.12.2006) K. Annuk.

International AstronomicalSeminarfor Observerf VariableStars”Kolos 2006”
(Humenne, Slovakia, 30.11.—02.12.2006) |. Pustylnik.
Pustylnikl.: sse.f-a Useful Educational Tool for Astronomical Seminars
on Stellar Evolution (lecture).

Groningen University Seminar (Kapteyn Institute, The Netherlands,
08.12.2006}% J.Einasto.
EinastoJ: Luminosity Function of 2dF Galaxies, Clusters and Super-
clusters (oral presentation).

Confeence’CosmicVoids— Much Ado About Nothing” (Amsterdam, The Net-
herlands, 15.12.2006} J.Einasto.
EinastoJ: Evolution of Galaxiesand Clustersin Voids and Superclusters
(oral presentation).

IAU Symposiun41”Stellar PopulationsasBuilding Blocksof Galaxies™(La Pal-
ma, Spain, 10.12.—-16.12.2006) J.Vennik.
VennikJ.,Hopp U.: Stellar Ages and Star-Forming Properties of Galaxies
in a DenseGroup around IC 65 (poster).

7.2 Atmospheric physics Atmosfaarif sika

HYRESSAKIck-offMeeting(Mol, Belgium, 06.02.—07.02.2006) M. Mattus.
Workshop "3D Remote Sensing in  Forestry” (Vienna, Austria, 14.02.—
15.02.2006) A. Kuusk, M. Méttus.
KuuskA.: Radiative Transfer in a Forest (keynote presentation).
Méottus M., Stenberg P, Rautiainen M.: Calculating Photon Recollision
Probability for 3-D Forest Canopies (oral presentation).
OceanScience#/eeting (Honolulu, Hawaii, USA, 20.02.—24.02.2006)
A. Reinart.
ReinartA., AlikasK., Kutser T.: Evaluation of the Chlorophyll Concentra-
tion Data From MERIS for Optically Complex Coastaland Lake Waters
in the Baltic SeaRegion (poster).
SecondNorking Meetingon MERIS and AATSR Calibrationand GeophysicaVa-
lidation (MAVT-2006)(ESA ESRIN, Frascati, Italy, 19.03.—25.03.2006)
A. Reinart.
Reinart A., Teral H., Kratzer S.: Comparison of AERONET Data from
Two Stationsin the Baltic SeaRegion (poster).
4th International Workshopon Multi-Angular Measuementsand Models(Syd-
ney, Australia, 20.03.—24.03.2006) M. Mattus.
Méttus M., Stenberg P.,, Rautiainen M.: Compatibility of Photon Recolli-
sion Probability with aPhysically-BasedForestRe ectance Model (pos-
ter).
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The Sixth COST 726 Member Countries Meeting (Larnaca, Cypros, 06.04.—
07.04.2006) K. Eerme.

BaselineSurfaceRadiation Network Meeting (Lindenberg, Germany, 29.05.—
03.06.2006} U. Veismann, A. Kallis, 1. Ansko.

VeismannU., Anskol., EermeK., Kallis A., MaasikE.-M.: Solar UV Radia-
tion Measurementsin Estonia (poster).

PanelReviewMeeting for the WMO/UNEP ”"Scienti c Assessmentf OzoneDe-
pletion:2006” (Les Diablerets, Switzerland, 19.06.—23.06.2006)

K. Eerme.

HYRESSA SWOT & User Needs Workshop (Munich, Germany, 05.07.—
06.07.2006) M. Mbttus.

WMO International Confeence’Living with Climate Variability and Change:
Understandingthe Uncertaintiesand Managing the Risk” (Espoo, Finland,
17.07.-21.07.2006) A. Kallis.

EermeK., Kallis A.: Year-to-Year Variations of Global Solar Radiation at
Tartu-Toraver e Meteorological Station, Estonia, in 1953—-2005poster).

Sixth EuropearnConfeenceon Applied Climatology(ECAC2006)(Ljubljana, Slo-
venia, 03.09.-07.09.2006) V. Russak.
RussakV.: Changesin Solar Radiation in Estonia During the Last Half-
Century (poster).

EuropearLargelLakesSymposiunm(Tartu, Estonia, 10.09.-15.09.2006)
A. Reinart, K. Alikas, K. Valdmets.
ReinartA., Reinhold M., Karbla M.: MODIS-Derived Water Temperatu-
resover Large European Lakes (oral presentation).
Alikas K., Reinart A.: Validation of MERIS Products Over Large Euro-
pean Lakes— Peipsi, Vanern and Vattern (poster).
ValdmetsK., Reinart A.: Remote Sensing Re ectance Spectrain Accor-
dance of Optical Water Type (poster).

The Seventh COST 726 Member Countries Meeting (Stockholm, Sweden,
11.09.-12.09.2006) K. Eerme.

SPIE Confeence€Eur opeRemoteSensingof Cloudsandthe Atmosphee” (Stock-
holm, Sweden, 11.09.—14.09.2006) K. Eerme, S. Latt.

EermekK., VeismannU., Anskol., Latt S.: Year-to-Year Variations of the
Vitamin D SynthesisRelated UV-B Radiation in Estoniain Autumn and
Spring (oral presentation).

Koepke P, DeBackerH., BaisA. F., Curylo A., EermeK., FeisterU., John-
senB.,Junk J.,Kazantzidis A., Krzyscin J.,Lindfors A., Olseth J.A., den
Outer P, Pribullova A., Schmalwieser W. A., Slaper H., StaigerH., Ver-
debout J.,Vuillemier L., Weihs P.: Modeling Solar UV Radiation in the
Past: Comparison of Algorithms and Input Data (oral presentation).

4th CHRIS ProbaWorkshopEsrin, Italy, 19.09.-21.09.2006) M. Lang.

Lang M.: Angular Dependence of Forest Re ectance Measured From
CHRIS Proba Imagesover JarvseljaTestsite, Estonia (oral presentation).
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2nd International SymposiuntRecentAdvancedn Qualitative RemoteSensing”
(Torrent (Valéncia), Spain, 25.09.-29.09.2006) T. Nilson, M. M@gttus.
Nilson T., Suviste S.,LUkk T., EenmaeA.: SeasonalRe ectance Course of
Some Forest Types in Estonia as Determined from a Seriesof Landsat
TM and SPOTImages and Via Simulation (oral presentation).

Méttus M., Stenbeig P, Rautiainen M.: Compatibility of Photon Recolli-
sion Probability with aPhysically-BasedForestRe ectance Model (pos-
ter).

Patternsand Processes Forest LandscapesConsequencesf Human Manage-
ment. 4th Meeting of IUFRO Working party 8.10.03(Locorotondo, Bari,
Italy, 26.09.—29.09.2006) U. Peterson.

PetersorlJ., Liira J.,Budenkova J.,Kiviste A.: Forest Cover Changes
Sincemid-1980sin the EasternBaltic Region, Evaluated with Multitem-
poral Landsat Imagery (oral presentation).

WorkshopAbout AERONET Measuementsn Swederand Estonia(Stockholm,
Sweden, 27.09.—-30.09.2006) A. Reinart.

ReinartA., Alikas K., Teral H.: Comparison of MERIS Aerosol Products
with AERONET Data (poster).

Finnish RemoteSensing Seminar (Kaukokartoituspaivat, Helsinki, Finland,
09.11.-10.11.2006) M. Méttus.

Baltic Seaand EuropearMarine Strategy— Linking Sciencend Policy (Helsinki,
Finland, 13.11.-15.11.2006) A. Reinart.

Modern Problemsof Sustainable-orest Management)nventory and Monitoring
of Forests(Saint-Petersburg, Russia,22.11.—24.11.2006) U. Peterson.
PetersorlJ., Liira J.,Budenkova J.,Kiviste A.. Forest Cover Changes
Sincemid-1980sin the EasternBaltic Region, Evaluated with Multitem-
poral Landsat Imagery (oral presentation).

7.3 Meetings at Tartu Observatory Tartu Obser vatooriumis
korraldatud konverentsid

28.augustil 2006toimus Tartus Tartu Observatooriumi korraldusel regulaar-
ne tle-Eestiline VIII Keskkonnakaitse alane ndupidamine "Atmosfaéar . Inime-
ne. Ultraviolettkiir gus”. Osavdtjaid Eestierinevatest uurimis- jaametiasutus-
testoli 20.

On August 28, Tartu Observatory organized in Tartu the Estonian Eighth
Environmental Protection Related Workshop: Atmosphere. Human. Ultra-
violet Radiation. There were 20 participants from reseach and governmental
institutions. The following oral reports in Estonian were presented:

VeismannU., Kallis A., MaasikE.-M.: UV Kiir guse mddtmise aparatuur Tora-
veresja perspektiivid.
Anskol., VeismannU.: UV aparatuuri kalibreerimine TOraveres.
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EermeK.: Eriiteemse UV kiir guse klimatoloogia Eesti kohta 1955-2004ja
COST 726raameskoostatav klimatoloogia Euroopa kohta.

Kerner E.-S.,EermeK.: Stratosfaéri osoonihulga seostropopausi kérgusega.

ReinartA., Kikas U., Tamm E.: Atmosfaari aerosooli tiiibi ja vertikaalsete
meteoparameetrite moju aerosooli optilise tiheduse kujunemisele To-
raveres.

Vaht M.: Ultraviolettkiir gus, kasvajad ja autoimmuunhaigused.

Latt S., EermeK., VeismannU., Anskol.: "Vitamiin D talv’ Eestisja vitamiin
D slinteesivakiir guse doosi maaramine.

7.4 Miscellaneous Muud koosolekud ja ettevotmised

SURE Announcemenbf Opportunity Seminar(Experimentsn the International
SpaceStation) (Tallinn, Estonia, 08.02.2006}- L. Leedjarv, S.Latt, J.Pelt.
Leedjani.: Kosmoseuuringutest Eestis(oral presentation).

Visit of the delegatiorof Estoniato the EuropearSpaceAgencyHeadquartergPa-
ris, France,10.03.2006) L. Leedjarv.

Numerical Weather Prediction Vision Workshop (Reading, UK, 15.03.—
17.03.2006}T. Viik.

EMHI konveents "Loodusdnnetustdagajdgede ennetamineja leevendamine”
(Tallinn, Estonia, 23.03.2006} T. Viik.

EuropeanHigh-Level SpacePolicy Group Expert Meeting (Brussels, Belgium,
07.06.2006) L. Leedjarv.

2006EUMETSAT Confeenceg(Helsinki, Finland, 12.06.—16.06.2006) T. Viik.
Viik T.: EW. Besseland Geodesy (oral presentation).

Scienti ¢ expeditionto the Baltic Sea(10.07.—19.07.2006} A. Reinart, K. Vald-
mets.

Struve Geodeti@rc (Haparanda and Pajala, Sweden, 13.08.—15.08.2006)

T. Viik.

Scienti ¢ expeditionto the Baltic Sea(21.08.—23.08.2006} K. Alikas, K. Vald-
mets.

European High-Level Space Policy Group Expert Meeting (Paris, France,
20.09.2006)- L. Leedjarv.

Confeence’National Spacd.aw. Developmentn Europe— Challengegor Small
Countries” (Graz, Austria, 21.09.—22.09.2006) L. Leedjarv.

NATO AdvancedReseath Workshop”Recent Global Catastophesand their
Impact on Human Awarenessand Behaviot (Tallinn, Estonia, 26.10.—
28.10.2006}- I. Pustylnik.

Pustylnik 1., SeltzR.: Mission of Euroscienceand its Regional Sectionsin
Managing Crises (oral presentation).

Nordic Networkto ImproveMethodsfor Aquatic EnvironmentalMonitoring.
Organizing CommitteeMeeting (Oslo, Norway , 30.10.—04.11.2006)

A. Reinart.
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EURISY ProgrammaticSteeringCommitteeMeeting (Paris, France,08.11.2006)
—L. Leedjarv.

European High-Level Space Policy Group Expert Meeting (Paris, France,
09.11.2006) L. Leedjarv.

Engineeringand PhysicalSciencefResearh Council Annual Meeting (London,
UK, 02.11.2006}T. Viik.

European High-Level Space Policy Group Meeting (Brussels, Belgium,
22.11.2006)- L. Leedjarv.

EuropearHigh-LevelSpacdPolicy Group Meeting (Paris, France, 14.12.2006)-
L. Leedjarv.

A. Kallis was an editor of the Handboolof EstonianSnowCover Koostajad:
H. Tooming, J.Kadaja. Toimetaja: A. Kallis. EMHI, EMI.Tallinn-Saku.
504 pp., 2006.

Editing oftwo paperson astrophysicsubmittedfor publicationin "Central Europe
Journalof Physics”—I. Pustylnik.

TheChairmanofthe LOC of NATO AdvancedResearth Workshopg'RecentGlobal
Catastophesandtheir Impacton Human Awarenessand Behavior'—
I. Pustylnik.

Secetary of the Organizing Committeeof the EuropeanLarge LakesSymposium
(September10-15,2006,Tartu, Estonia) — A. Reinart.

T. Viik consulted translating several books into Estonian:
M.K. BaumannW. Hopkins,M. Soluri, L. Nolletti: Mis on maailmaruumis,
Sinisukk, 2005.
B. Bryson Kdiksuse lUhiajalugu, Pegasus,2006.
Kiir gus, inimesed ja keskkond, IAEA, 2006.
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8 Visits and guests Visiidid ja k lalised

8.1 Astronomy Astronoomia

V.-V. Pustynski— Queens University , Belfast (Northern Ireland, UK); 08.01.—
20.01.2006.

I. Vurm — Oulu University , Oulu (Finland); 12.02.—28.02.2006.

K. Annuk — Astronomical Institute, Utrecht University (The Netherlands);
19.02.-26.02.2006.

T. Nugis — Astronomical Institute, Utrecht University (The Netherlands);
19.02.-26.02.2006.

J.Pelt—Helsinki University, Helsinki (Finland); 12.03.-18.03.2006.

V. Malyuto — Lohrmann Observatory, Dresden University of Technology,
Dresden (Germany); 13.03.-19.03.2006.

V. Malyuto — Observatoire de Bordeaux, Bordeaux (France); 02.04.—
07.04.2006

L. Leedjarv— Astronomical Institute, Utrecht University (The Netherlands);
07.05.—09.05.2006.

E. Vasiliev — Rostov State University, Rostov-on-Don (Russia); 16.07.—
12.08.2006.

I. Vurm — Oulu University , Oulu (Finland); 18.08.—31.08.2006.

A. Tamm- Institute for Astrophysics, University of Goéttingen (Germany);
01.10.—29.10.2006.

E. Saar— Observatori Astronomic, Universitat de Valéncia, Valéncia (Spain);
11.10.-07.12.2006.

M. Gramann— University College London, London (UK); 18.10.—25.10.2006.

J.Einasto— Astrophysical Institute Potsdam (Germany); 14.10.-17.12.2006.

[. Vurm — Oulu University , Oulu (Finland); 01.11.-18.11.2006.

I. Pustylnik — Astronomical Institute of the Slovak Academy of Sciences,
Tatranska Lomnica (Slovakia); 10.11.—03.12.2006.

V. Malyuto — Lohrmann Observatory, Dresden University of Technology,
Dresden(Germany); 04.12.—22.12.2006.

I. Pustylnik — Sternberg Astronomical Institute (Moscow, Russia); 10.12.—
14.12.2006.

8.2 Atmospheric physics Atmosfaarif sika

A. Reinart— Stockholm University (Sweden);06.03.—10.03.2006.

K. Valdmets— Field Campaign in North Seaand Waddenzee, Amsterdam
Vrije Universiteit (The Netherlands); 30.04.—16.05.2006.

A. Kallis — Institute for Atmospheric and Climate Science, ETH Zirich
(Switzerland); 08.05.—28.05.2006.
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A. Kallis — Physikalisch-Meteorologisches Observatorium Davos / World
Radiation Center, Davos (Switzerland); 26.05.2006.

A. Kallis, U. Veismann]. Ansko— Lindenberg Physikalisches- Meteorologisc-
hes Observatorium (Lindenberg, Germany); 29.05.—03.06.2006.

S. Latt — Swedish National Testing and Reseach Institute (Boras, Sweden);
14.09.-15.09.2006.

A. Reinart — EC Joint Reseach Centre, Institute for Environment and Sustai-
nability (Ispra, Italy); 16.09.—23.09.2006.

K. Alikas — ESA Training Course at the Institute of Oceanography of the
University of Hambur g (Germany); 25.09.—29.09.2006.

A. Reinart— Helsinki Technical University, Institute of Meteorology, TEKES
(Helsinki, Finland); 12.11.-17.11.2006.

M. M@ottus — Instituto Nacional de Tecnica Aeroespacial (Madrid, Spain);
19.11.-23.11.2006.

S. Latt — Helsinki University of Technology, Metrology Reseach Institute
and STUK (Helsinki, Finland); 27.11.—-02.12.2006.

A. Kallis — Finnish Environment Institute (Finland); 08.12.—09.12.2006.

U. Veismann — Physikalisch-Technische Bundesanstalt, Berlin and
Braunschweig (Germany); 04.12.—-11.12.2006.

8.3 Guests of the obser vatory Obser vatooriumi k lalised

DaleKiefer— Department of Biological SciencesUniversity of Southern
California (USA); 14.01.—-29.01.2006.

Pasi Nurmi — Tuorla Observatory, University of Turku (Finland); 08.02.—
10.02.200604.10.—06.10.2006.

PekkaHeinamaki- Tuorla Observatory, University of Turku (Finland); 08.02.—
10.02.200604.10.—06.10.2006.

Nils Begvall — Uppsala University (Sweden);20.04.—21.04.2006.
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9 Seminar s at the Observatory Obser vatooriumis
toim unud seminarid

9.1 Astronomy Astronoomia

11.01.2006- JaanVennik: Galaktikarihmade alasestkonverentsist Santia-
gos.

18.01.2006- Tonis Eenmée,Hardi Teder: Arvutamine — seeon imelihtne!

25.01.2006- Maret Einasto: GOODS'i uudised.

15.02.2006- To6nu Viik: Tycho Brahe —kuulus taanlane.

22.02.2006- Indr ek Kolka: Muutlik téht V838 Mon.

08.03.2006- JaanEinasto: Superparved 2dF véljas.

15.03.2006- 1zold Pustylnik: Uut E.J.Opiku teaduslikust toost jaloengutest
Marylandi Ulikoolis (1957-1974fMarylandi Ulikooli, Ameerika Fiiusi-
ka Instituudi ning Rahvusliku Lennunduse ja Kosmonautika Muuseu-
mi arhiiviandmete pdhjal).

05.04.2006- JaanPelt: W. Andersoni tagasitulek (sissejuhatus).

12.04.2006- Taavi Tuvikene: Vaatlejanaldunapoolkeral.

21.04.2006-Nils Bergvall (Uppsala University): RecentStudiesof Blue Com-
pact Galaxies— Red Halos and Lyman Continuum Leakage.

26.04.2006- Evgenii Vasiliev: Primordial Gas Cooling Behind Shock Waves
in Merging Halos.

03.05.2006- Anti Hirv: Kuidas Turgis paikesevarjutust vaatamaskaidi.

10.05.2006- JaanEinasto: Uusimat superparvedest.

24.05.2006- JaanPelt: Astronoomiast Soomes.

31.05.2006- Tonu Kipper, Indr ek Kolka, Tiina Liimets: Mida nagime ja kuul-
sime Kanaaridel toimunud V838Mon-le pihendatud konverentsil.
07.06.2006- Izold Pustylnik: Prof. MartBnovi malestuskonverents Moskvas.
13.09.2006~ Laurits Leedjarv, 1zold Pustylnik: Muljeid Prahas toimunud

IAU Peaassambleelt.

20.09.2006- Antti Tamm, EImo Tempel: Kosmilised piirid —konverentsimul-
jeid Durhamist.

27.09.2006-1zold Pustylnik, Tdnis Eenmé&e:Jatkameteemal "Muljeid Prahas
toimunud IAU Peaassambleelt”.

04.10.2006-Lilli Sapar, Arved Sapar:Uldpilt konverentsist”Spektr oskoopia
meetodid nuudisastrofliisikas”, Moskva, 13.10.—-15.10.2006.

11.10.2006- Arved Sapar: Moskva konverentsi ettekannete presentatsioon
"Programmiga SMART saadud tulemustest”.

18.10.2006- Anna Aret: Uus meetod tdheatmosfaaride keemilise koostise
maaramiseks.

25.10.2006- Anna Aret: Konverents Aveiros, Portugalis.
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01.11.2006- Tonu Kipper: R CrB tuupi téahtedest.

08.11.2006- Erik Tago: COBE Nobel.

06.12.2006- Kalju Annuk: ADASS XVI ja kiulaskaigust Kitt Peak'i observa-
tooriumisse.

13.12.2006- Tonu Viik: Besselja geodeesia.

9.2 Atmospheric physics Atmosfaarif sika

20.01.2006- Dale Kiefer (California): Application of an Oceanographic
Information System.
10.02.2006- Ave Kodar, Krista Alikas, Kristi Valdmets, Eva-Stina Kerner:
Kaugseire tudengite ettekanded.
17.03.2006- Silver Latt: Ultraviolettkiir guse mddtmismeetodid ja-vahendid.
21.04.2006- JoelKuusk: Metsa heleduse mé6tmine.
05.05.2006- llmar Ansko: Radiomeetriaskaala, etalonkiir gurid ja kalibr eeri-
mised TO optilise radiomeetria laboris.
12.05.2006- Andr esKuusk: PROBA/CHRIS piltide atmosfaarikorr ektsioon.
19.05.2006- Oleg Okulov: Atmosfaari labipaistvus, veeauru sisaldus ja
aerosooli optiline paksus Rootsisja Eestisaastatel2002—2003.
02.06.2006- Madis Sulev: Spektraalmddtmistest energivdsas.
—Margus Ar u, Veiko Laas: Toravere lepaistanduse biomassi produkt-
siooni hindamine.
09.06.2006- Lennart Neimann (Tartu Ulikool): Atmosfaari labipaistvus
Tartus 1931-1940.
— Triin Kutsar: Taandatud suhte indeksi kasutamine metsanduslike
muutujate hindamiseks satelliidipiltidelt.
—Roman Belov: Erinevate metsatttipide kiir gustemperatuurid Land-
sat 7 satelliidipiltidelt Jarvseljanéitel.
06.10.2006- Mart Noorma (Tartu Ulikool): Optiline radiomeetria Helsinki
Tehnikadlikoolis ja NIST-is (USA).
13.10.2006- Kalju Eerme: Ultraviolett B kiir gus ja vitamiin D stintees.
20.10.2006- Hanno Ohvril (Tartu Ulikool): Ohusamba aerosooli optilistest
omadustest Toraveres2002—2004a. AERONET mddtmistest.
27.10.2006- Tiit Nilson: PROSPECTIeheoptika mudeli laiendamine soojus-
Kiir guse piirkonda.
24.11.2006- Mait Lang: Lehestiku massi ning vora raadiuse mudelite sobi-
vusest metsa heleduse mudeli sisendandmete koostamisel.
08.12.2006- Olavi Karner: Luhillevaade AERONETIi jaamade asutamisest
ja kasutamisestA. Smirnovi ettekande alusel.
15.12.2006- Joel Kuusk: 2006.a. suvel toimunud Jarvseljametsade spekt-
raalse heleduse mddtmise tulemused.
22.12.2006- llmar Ansko: Veealustespektromeetrite RAMSESkalibr eerimi-
sestja kasutamisest.
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10 Member ship in scienti®c organizations
Teadusor ganisatsioonide liikmed

Academiguropaea-J.Einasto

Akademisch&esellschafiir Deutschbaltisch&ultur — T. Viik

AmericanAstronomicalSociety- J. Einasto

AmericanGeophysicadUnion — A. Reinart

AmericanOptical Society- T. Viik

Boardof Dir ectors‘Astr onomyand Astrophysics™ L. Leedjarv

Boardof MemberCountriesRepesentativesf COST 726 Action — K. Eerme

Boardofthe Tartu AstronomyClub—E. Tago

British InterplanetarySociety- U. Veismann

Eco-EthicdnternationalUnion — A. Kallis

Editorial Board“Agricultural andForestMeteoplogy” —A. Kuusk

Editorial BoardAstr onomicaland Astrophysicallransactions™ I. Pustylnik

Editorial Board“Baltic Astronomy”—T. Kipper

Editorial Board’Central EuropeanJournalof Physics”— 1. Pustylnik

Editorial Board"Journal of Quantitative Spectoscopyand RadiativeTransfei —
T. Viik

Editorial Board"Silva Fennica”— T. Nilson

EestiAstronoomiaSelts— K. Annuk, J.Einasto, V. Harvig, T. Kipper, I. Kolka,
L. Leedjary, T. Nugis, J.Pelt, A. Puss,I. Pustylnik, V.-V. Pustynski, M.
Ruusalepp, L. Sapar, E. Tago, U. Veismann, T. Viik

EestiFuusikaSelts— A. Aret, K. Eerme, J.Einasto, T. Kipper, L. Leedjarv,
E. Saar M. Suley, P. Tenjes,T. Viik

EestiGeograa aSelts— A. Kallis

EestiKosmosepoliitikd 66grupp/ EstonianSpaceolicy Working Group—
L. Leedjarv (Vice-Chair), T. Viik

EestiKvaliteeditihing- U. Veismann

EestiKirjanduseSelts— U. Veismann

EestiLooduskaits&elts— M. Sulev

EestiLooduseuurijat&elts- K. Eerme, A. Kallis, V. Russak,A. Sapar, M. Suley,
U. Veismann, T. Viik

EestiTeadlasté.iit —J.Einasto, T. Viik

EestiTeadusteAkadeemid EstonianAcademyof Sciences- J.Einasto, A. Sapar

Eesti Rahvuslik AstronoomiaKomitee/ EstonianNational Committeeon Astro-
nomy-—J.Einasto, L. Leedjarv (Chair), E. Saat T. Viik

EestiGeofluusik&komitee/ EstonianGeophysicaLommittee- K. Eerme

EestiTeadusfondndukogu-T. Viik (alates01.09.2006)

EURISY ProgrammaticSteeringCommittee- L. Leedjarv
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EuropearAstronomicalSociety-K. Annuk, J.Einasto, M. Gramann, V. Harvig,
T. Kipper, I. Kolka, L. Leedjarv, V. Malyuto, T. Nugis, I. Pustylnik, V.-V.
Pustynski, E. Saat A. Sapar, L. Sapar, E. Tago, P. Tenjes,U. Veismann,
J.Vennik, T. Viik

EuropearHigh LevelSpacdolicy Group—L. Leedjarv

Eurosciene- 1. Pustylnik, U. Veismann

Euro—AsianAstronomicalSociety- A. Ar et, J.Einasto, V. Malyuto, |. Pustylnik,
V.-V. Pustynski, A. Sapar

Field Editor "Agr onomie Agricultur eand Environment”— A. Kuusk

GAIA Classi cationWorking Group— V. Malyuto

GAIA PhotometryWorking Group—I. Kolka

TheGAIA DataProcessingndAnalysis Consortium(DPAC), CoordinationUnit
CUS8: AstrophysicaParameters- V. Malyuto

GermanAstronomicalSociety- J.Einasto

International AstronomicalUnion — K. Annuk, J.Einasto, M. Einasto, M. Gra-
mann, U. Haud, T. Kipper, I. Kolka, L. Leedjarv, V. Malyuto, T. Nugis,
J.Pelt, I. Pustylnik, E. Saat A. Sapar, L. Sapar, I. Suhhonenko, E. Tago,
P. Tenjes,U. Veismann, J.Vennik, T. Viik

Marie Curie FellowshipAssociation- A. Reinart

MTU Euroscienc&esti—I. Pustylnik, V.-V. Pustynski

RoyalAstronomicalSociety- J.Einasto (associatedmember)

Societyfor EuropeanrAstronomyin Culture—I. Pustylnik

TeaduskompetentBidukogu/ EstonianCouncil of Scienti c Competence T. Viik
(Vice-Chair, kuni 01.09.2006)

Ultraviolettkiirguse,osoonja aensoolidaiurimise koordineerimis&estiNdukogu
—K. Eerme, A. Kallis, U. Veismann

OpetatudEestiSelts— U. Peterson

Working Group4 of COST 726 Action — S. Latt

WMO World ClimateResearh ProgrammeBaselineSurfaceRadiationNetwork
(BSRN), PAR (PhotosyntheticallyActive Radiation) Working Group —
A. Kallis
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11 Teaching and Popularizing Oppet ja
populariseerimine

11.1 Lecture courses and seminar s Loengukur sused ja
seminarid

11.1.1 Astronomy Astronoomia

AstronomyCoursefor the N6o High Schoolheldat the ObservatoryAst-
ronoomigkursusNoo Reaalgiimnaasiunii2. klassidelelabi viidud ob-
servatooriumis- K. Annuk, L. Leedjarv, M. Ruusalepp, E. Tago, T.
Viik.

ThePhysicsof StarsTahtedduusika— T. Viik, Tartu University .
[http://lwww.aai.ee/ viik/loengukursus' Tahtedeflitsika”, IV+274 Ik.]

PhysicalCosmology-utsikalinekosmoloogia E. Tago and M. Gramann,
Tartu University .

AstronomyAstronoomia- P. Tenjes, Tartu University .

Master Seminarin AstrophysicdAstroflitisikamagistriseminar P. Tenjes,
A. Hirv, Tartu University .

Atomic and Subatomidhysicd Mikr omaailmé&uusikal —P. Tenjes, Tartu
University .

MathematicalPhysicd Matemaatilinefutsikal — P. Tenjes, Tartu Univer -
sity.

Methodsof MathematicalPhysicsMatemaatilisedtiiisikameetodid- P. Ten-
jes, Tartu University .

11.1.2 Atmospheric physics Atmosf riftilisika

EnvironmentalSciencé&eskkonnadpetusK. Eerme, Tartu University .

Introductionto GeophysicSissejuhatugieoftitisikasse K. Eerme, Tartu
University .

PhysicalGeographyFuusiline geograa a— A. Kallis, Estonian Maritime
Academy.

Applied Meteoology Rakendusmeteoloogia— A. Kallis, Public Service
Academy of Estonia.

MeteobplogicalTechnologyand ObservationalNetworks Meteotehnoloogia
javaatlusvégud—A. Kallis, Tartu University .

EnvironmentalRemoteSensingKeskkonngaugseie — T. Nilson, Tartu
University .

VegetatiorRemotesSensinglaimkattekaugseie—T. Nilson, Tartu Univer -
sity.
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Fundamentalof RemoteSensingKaugseie alused— U. Peterson, Tartu
University .

EnvironmentalMonitoring and Environmental Protection Keskkonnasei-
re ja Keskkonnakaitse- U. Peterson, Estonian University of Life
Sciences.

Geographidnformation SystemsGeograa lisednformatsioonisisteemid
U. Peterson,Estonian University of Life Sciences.

Computer-AidedMeasuementsArvutijuhitavad modtmised— U. Veis-
mann together with A. Mirme, Tartu University .

ImageProcessingn RemoteSensingPilditdootluskaugseies—U. Veismann
together with A. Luts, Tartu University .

Projectin MechatonicSystemsViehatroonikasusteemigeojekt—J.Kuusk
(praktikumi juhendaja), Tartu University .

11.2 Popular lectures Populaar teaduslikud loengud ja
esinemised

13intervjuud BNS-ile,raadiolga televisioonile- T. Viik.

23intervjuud BNSile,raadiolga televisioonile- A. Kallis.

LoengusarRaadio2-laastaaegadknast— A. Kallis.

AstronoomiaarengEestis(Seminar "V aldur Tiit 75, Tartu, 15.01.2006)
—J.Einasto.

Struve meridiaanikaatUNESCO maailmaparandnimekirjas(Tartu Han-
saRotary Klubi, 16.01.2006}-T. Viik.

EAS-ESA-SUREseminar(Paevasida,Vikerraadio, 08.02.2006}-

L. Leedjarv.

ThomasClausen— karjapoisistprofessorikg§Tartu Ulikooli Ajaloomuu-
seumi teadusajaloo paev, Tartu, 08.02.2006)- T. Viik.

Struve meridiaanikaatJNESCO maailmaparandnimekirjas(Eesti Astro-
noomia Seltsiaastakoosolek,Tallinn, 11.02.2006)-T. Viik.

Eestija ESA suhted,kosmoseuuringudeestis (Keskkonnatelk, Raadio
Kuku, 19.02.2006) L. Leedjarv.

Koik algab Paikesest(Loodusdhtu Rahvusraamatukogus, raamatu
"Universum valguses ja vihmas” tutvustus, Tallinn, 20.03.2006)
—L. Leedjarv.

Mis on ilmakatastoof? (Loodusdhtu Rahvusraamatukogus, raamatu
"Universum valguses ja vihmas” tutvustus, Tallinn, 20.03.2006)
—A. Kallis.

Tahespektertaheflitisika infoallikana (Eesti flilisikapaevad, Tartu,
22.03.2006) A. Sapar
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Universum,nagumetedatunneme(loeng Rakvere Reaalgiimnaasiumis,
Rakvere, 05.04.2006)- L. Leedjarv.

PildikesiUniversumi ehituses{loeng AS Kodumajatehas, 11.04.2006)-
L. Leedjarv.

Intervjuu Eesti(ja Noukogudekosmosemgrammides{Eesti Raadio ve-
nekeelsedsaated,12.04.2006) L. Leedjarv.

Loeng’Uks viisidest,kuidasloodusteid tappapiitiab—tormid” (Eesti Loo-
duseuurijate Selts,Tartu, 12.04.2006) A. Kallis.

EestiteadlasedJniversumit uurimas (Tartu College, Toronto, Canada,
25.04.2006) L. Leedjarv.

Kuidastehagalaktikaid?(Tartu Ulikooli astrofiiiisika magistriseminar,
Tartu, 04.05.2006) E. Tempel.

Tahtedeststrofluusiku pilguga: millised nad on, mis neis toimub, kuidas
nad arenevada milline on tahekiigus (Rakvere Reaalgiimnaasium,
05.05.2006)- A. Sapar.

Konsultatsioonidaevakehadasimuutidemaaramisealal (J.Vissarionov —
EKV Tapa Valjadppekeskusest,mai-juuni 2006)— J.Vennik.

F.G.W. Struve Maa kuju tapsustajangTahise avamine Tartu Tahetorni
juur esseosesStruve kaare kandmisega maailmapéarandi nimekir -
ja, Tartu, 18.06.2006)- T. Viik.

Asteroid 2004 XP14 ja teisedohustajadRaadio Ring FM, 03.07.2006)-
L. Leedjarv.

llImanahtustes(limahuviliste paev, Luunja, 13.08.2006) A. Kallis.

Gammasahvatusegd maailmadesaatus(Astronoomiahuviliste XI Ule-
Eestiline kokkutulek, Mahtra, 12.08.2006) E. Tago.

Loeng "Paikese kiirguse moodtmistest Eestis” (Eesti Maaudlikool,
20.09.2006) A. Kallis.

Maailmaehitus("Teadlaste 66”, Janeda,22.09.2006} J.Einasto.

Kuidas on kujunenud keemiliseclemendidmillest koosnevaddhed,Maa
jameie("Teadlaste66”, Janeda,22.09.2006) A. Sapar.

Maailm ja ménda(Juristide Liidu seminar, 28.09.2006)- J.Einasto.

Nobeli2006.afliisikapeemiastVikerraadio saade”Labor ”, 08.10.2006)
—M. Gramann.

Maa ja temaasukadpaikesepaistdlTaiskasvanute koolitus, Tartumaa
Muuseum, 10.10.2006)- K. Eerme.

Tumeaine galaktikatega nendeiimber (Eesti Flitsika Seltsi Tappistea-
duste sigiskool, 21.10.2006}- P. Tenjes.

Tahtedga planeetideéekkes(Tartu Ulikooli usuteaduskond, loengusari
"Algused jaldpud”, 25.10.2006) L. Leedjarv.

Miks Pluuto enam planeet pole? (Terevisioon, Eesti Televisioon,
27.10.2006} L. Leedjarv.
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Kosmodgkui riskiallikas?(Interdistsiplinaarne konverents "Inimteadvus
ja kaitumine riski tingimustes”, Tallinna Ulikool, 27.10.2006)-
L. Leedjarv.

Tycho Brahe — kuulus taanlane (Tartu Tahetorni Astronoomiaring,
31.10.2006)T. Viik.

COBENobel(Tartu Téahetorni Astronoomiring, 07.11.2006) E. Tago.

NobelifuldsikaauhinnadastronoomideléTartu Tahetorni Astronoomia-
ring, 21.11.2006)- E. Tago.

Loeng’llmauudiseid” (Parnu, Looduskaitse Selts,25.11.2006)
—A. Kallis.

Loengusari "limavaatlustest meil ja mujal” (Tallinn, EMHI, 05.—
12.12.2006) A. Kallis.

Gravitatsioonilaatse@Tartu Tahetorni Astronoomiaring, 05.12.2006)-
E. Tempel.

Rubriik "Ain Kallis ilmast” — veebisaidis www.ilm.ee

11.3 Ph.D. theses defended by the staff of the Observatory
Obser vatooriumi tootajate poolt kaitstud vaitekirjad

A. Tamm Structur e of Distant Disk Galaxies.Kaugete ketasgalaktikate
strukuur , Ph.D. Thesis, Tartu University .
Defence Kaitsmine: 20.04.2006.
Supervisor Juhendaja P. Tenjes(Tartu University).
Opponent Oponendid: N. Bergvall (Uppsala), J. Vennik (Tartu
Observatory).

G. Hiutsi: Cosmic Sound: Measuring the Universe with Baryo-
nic Acoustic Oscillations. Kosmiline heli: Universumi mootmi-
ne akustiliste bartionvonkumiste abil. Ph.D. Thesis, Ludwig-
Maximilians-Universitdt Munchen, 2006
Defence Kaitsmine: 30.05.2006.

Supervisor Juhendaja R. Sunyaev (Max-Planck-Institut fir Ast-
rophysik, Garching, Germany).
Opponent Oponent: V. Mukhanov (LMU, Minchen).

M. Lang The Performance of Foliage Mass and Crown Radius Mo-
dels in Forming the Input of a ForestRe ectance Model. Lehesti-
ku massining vora raadiuse mudelite sobivusestmetsaheleduse
mudeli sisendandmete koostamisel. Ph.D. Thesis, Estonian Uni-
versity of Life Sciences.

Defence Kaitsmine: 30.11.2006.
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Supervisors Juhendajad: T. Nilson (Tartu Observatory), A. Kiviste
(Estonian University of Life Sciences.)
Opponent Oponent: J.Varjo (Helsinki University, Finland).

11.4 Supervising of graduation theses Bakalaureusetdtdde
juhendamine

K. Eerme— E.-S. Kerner: Tropopausi temperatuur ja kdrgus ning
osoonikihi kogupaksus — seosedTallinna kohal / Relationships
Between the Tropopause Height and Temperature and the At-
mospheric Total Ozone Above Tallinn (B.Sc.),Tartu University .

I. Kolka— M. Kama: T Tauri tahtede spektraalsete energiajaotuste po-
hitiibid, tunnused ja muutlikkus — ettevalmistus Gaia missioo-
niks / The Spectral Energy Distributions of T Tauri Stars, their
Characteristics and Variability —in Preparation for the Gaia Mis-
sion (B.Sc.),Tartu University .

T. Nilson — R. Belov: Erinevate metsatuipide Kkiir gustemperatuurid
Landsat 7 satelliidipiltidelt Jarvseljanaitel / Radiation Tempera-
turesof Different Forest Types asMeasured from Landsat 7 Satel-
lite Imagesover Jarvselja(B.Sc.),Tartu University .

T. Nilson — R. Kutsar: Taandatud suhte indeksi kasutamine met-
sanduslike muutujate hindamiseks satelliidipiltidelt / Reduced
Simple Ratio Index to Estimate Forest Variables from Satellite
Images (B.Sc.),Tartu University .

E. Saar— M. Sootla: Galaktikate korrelatsioonifunktsioon suurtel va-
hekaugustel / Correlation Function of Galaxies at Large Dis-
tances(B.Sc.),Tartu University .

U. Veismann— H. Lokk: Paikese ultraviolettkiir guse moodtesisteem
/ Measuring System of Solar Ultraviolet Radiation (B.Sc.),Tartu
University .

U. Veismann- T. Tamm: Pilvede maaramine taeva kujutises / Detec-
ting of Clouds in Sky Images (B.Sc.),Tartu University .

11.5 Supervising of M.Sc. and Ph.D. theses Magistri- ja
doktoritodde juhendamine

P. Tenjes- A. Tamm: Structure of Distant Disk Galaxies (Ph.D.), Tartu
University .

T. Nilson — M. Lang: Lehestiku massi ning vora raadiuse mudelite
sobivusest metsa heleduse mudeli sisendandmete koostamisel /
The Performance of Foliage Mass and Crown Radius Models in
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Forming the Input of a Forest Re ectance Model (Ph.D.), Esto-
nian University of Life Sciences.

U. PetersonJ.Liira — K. Pissa:Metsaservad keskmise ruumilise lahu-
tusegalLandsat Thematic Mapper satelliidipiltidel / ForestEdges
on Medium Resolution Landsat Thematic Mapper Satellite Ima-
ges(Ph.D.), Tartu University .

U. Peterson- J. Budenkova: Lageraiealade kaardistamine keskmise
ruumilise lahutusega talvistelt satelliidipiltidelt / Forest Clear-
Cut Mapping with Medium Spatial Resolution Satellite Winter
Images (M. Sc.),Estonian University of Life Sciences.

A. Reinart—K. Alikas: MERIStulemite kontroll Eestiveekogude kaug-
seire tarbeks / Validation of MERIS Products over Estonian Wa-
ters (M.Sc.), Tartu University .

A. Reinart—K. Valdmets: Peipsijarve bio-optiline mudel / Bio-optical
Model of Lake Peipsi (M.Sc.), Tartu University .

11.6 Refereeing of theses Oponeerimine

K. Eerme- R. Vabamae:2005.aastajaanuaritormi numbriline model-
leerimine ja analiiis / Numerical Modelling and Analysis of the
Storm of January 2005(B.Sc.),Tartu University .

T. Nilson —J.Budenkova: Lageraiealade kaardistamine keskmise ruu-
milise lahutusega talvistelt satelliidipiltidelt / Forest Clear-Cut
Mapping with Medium Spatial Resolution Satellite Winter Ima-
ges(M. Sc.),Estonian University of Life Sciences.

V. Russak— E.-S. Kerner: Tropopausi temperatuur ja kdrgus ning
osoonikihi kogupaksus — seosedTallinna kohal / Relationships
Between the Tropopause Height and Temperature and the At-
mospheric Total Ozone Above Tallinn (B.Sc.),Tartu University .

V. Russak— L. Neiman: Atmosfaari labipaistvus Tartus 1931-1940
| Atmospheric Transparency in Tartu, 1931-1940(M.Sc.), Tartu
University .

J.Kuusk — K. Tamm: Aerosooliosakesteliikuvuse analliisaatori arvu-
tijuhitav pingeallikas / Computer Controlled Voltage Supply for
the Aerosol Particle Differential Mobility Analyzer (B.Sc.),Tartu
University .

J.Vennik— A. Tamm: Kaugete ketasgalaktikate strukuur / Structure
of Distant Disk Galaxies(Ph.D.), Tartu University .
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12 Staff Koosseis (01.01.2007)

Director/ Direktor

Vice dir ector (management)/ Haldusdir ektor
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