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Hayunom Behy UHcTuTyTa 32 dusuky y beorpany

IIPEJIMET: Monba 3a nokpetaibe MocTynKa 3a pen3oop y 3Bambhe BULIW HAYYHH CapaHMK

Monum Hayuro sehe MucTuTyTa 33 pusuKy Aa y cknagy ca [IpaBUIIHMKOM O MOCTYTKY W HAYHHY
BpeIHOBaMa U KBAHTUTATHBHOM MCKa3UBaHy HayYHO-UCTPAKUBAYKMX Pe3y/ITaTa MCTpaKvBaia
TOKpEHe MOj pen3dop y 3Barbe BULLIW HAYYHH CapaHuK.
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Hay4ynom Behy MncruTyTa 3a $pusuky y Beorpaxy

NPEAMET: Muuseme pykoBoauona o persdopy ap 3opana Mujuha ¥ 3Barbe BULIM HAYYHH
capaJHHK

Ap 3opan Mujuh je sanocnen y JlaGoparopuju 3a GusnKy KHBOTHE CpeUHeE HucTuTyTa 32 PUsuKy
y beorpany ox 2003. rosuse, # pyKoBOAWIAL je TOMEHYTe naboparopuje ox 2016. roguse.

Y mnperxoaHom nepHoxy Ap 3opad Mujuh je 6GMO aHraxkoBaH Ha NPOjEeKTHMa WHTETPaTHUX
MHTEPUCIMILTMHAPHAX MCTpaXwuBamka MHHKHCTapCTBa MPOCBETE, HAYKE M TEXHOIOMIKOr PasBoja,
Kao ¥ Ha HEKOJMKO MelyHapogHWX mpojekarta. basu ce TeMaMa M3 06JIacTd Ja/bHHCKE JeTeKIHje
aTMOC(EPCKHX a€pOCOia M FbUXOBHX ONTHIKHX KApaKTEPUCTHKA, AHATM3OM TPaHCIIOpTa MOJyTaHaTa
Kao0 H MCIUTHBAbHUMA KapaKTepHCTHKa aTMocdepe.

C o63upom na np 3opan Mujuh ucnymapa cBe KpuTEpHjyMe nponucane [IpaBHTHAKOM 0 MOCTYIIKY,
Ha9WHy BpCIHOBAMA ¥ KBAHTWTATHBHOM HCKa3WBAy HAYYHOHCTPKMBAYKMX pE3yIITATa
Munrcrapersa npocsete, Hayke H TEXHOJIONIKOT pa3Boja cariacad cam ca HOKpETameM NOCTYIIKA 3a
pen36op ap 3opana Mujuha y 3Barse BALIM HayYHH CapaHHK.

3a cacras Komucuje 3a pens6op ap 3opana Mujuha y 3ame samm HAYYHH CapaJHUK MPEIIAKEM:

1. np Bnagumupa Cpehkosuha, Hay4nor caBeTHiKa WucrutyTa 3a usuxy y Beorpany,

2. nmp Topana [Monmapuha, penosror npodecopa Ousmukor daxynrera YHUBep3uTETa Y
beorpany,

3. np Bramumupa VjoBusmhia, BUiner Hay<HOr capagHKKa HucturyTa 32 dmsuky y Beorpany

W‘ / ‘//Mﬂv/-\
Ip canjiap borojesuh

nupextop uctuTyTa 3a husuky

¥ beorpany,
14.12.2021.



2. BUOTPA®CKH MOJAIIN KAHIUIATA

3opan Mujuh je pohen 15.08.1976. ronune y bujessunu, bocna u Xeprerosuna. OCHOBHE CTyHje
Ha ®um3nukom dakynrery YHuBepsuteTa y beorpany 3appmansa 2003. roauHe ca mpoceuyHOM OIEHOM
9,14 onOpaHUBIIN TUINIOMCKH pajl MMOJ Ha3uBOM “MeTojie Mepema 1 Y30pKOBamba CyCIIeHI0BaHUX
yectuna PMio u PMo s y Bazayxy beorpaga”. Y UHctutyTy 3a dusuky 3anocien je ox 1. jyma 2003.
rOAMHE KaJia M YIHUCYje MOCIEIUIUIOMCKE cTyauje Ha DuznukoMm ¢akynTery YHHUBEp3UTETa Y
Bbeorpany, cmep npumMemeHa U KoMIjyTepcka ¢pusrka Koje 3aBpliaBa ca IpOCEYHOM OIICHOM JIECET
(10). Marucrapcku paj o Ha3uBoM “Meperme KOHIICHTpaIlyja CyCIIeHIOBAaHIX YeCTUIIA Y Ba3ayXy
U MpUMEHa CTAaTHUCTUYKUX MOJIeda 3a MPOIeHY yTHUllaja pa3IMuyUuTHX U3BOpa eMmucuje”, ypaheH y
Jlaboparopuju 3a (U3MKY OKOJHMHE, TOJ PYyKOBOACTBOM Ap Mupjane Tacuh, onbpanuo je 24.
HoBeMOpa 2006. ronvHe 4YMMe je CTeKao aKaJIeMCKH Ha3uB MarucTpa GU3NUKUX HayKa.

3opan Mujuh je 25. mapra 2011. romune Ha PusnukoMm Qaxynrery YHuBepsutera y beorpany
OI0OpaHMO  JOKTOPCKY aucepranujy moa HazuBoM  “OmpehuBame  (PU3NUKO-XEMHU)CKUX
KapaKTepPHUCTHKA, IIPOCTOPHE U BpeMEHCKe pacmozeie Tponocdepckor aepocona: LIDAR cucrem u
pelenTopcKu MoJenu” ol MeHTopcTBoM ap Mupjane Tacuh.

JlobutHuk je Harpazue ,,ipod. ap Jbybomup hupkouh* 3a HajOOBM MarucTapcKu paja o10pamkeH Ha
Ouzuukom pakynrery y beorpamy 3a 2006/2007. roguny.

On 2007. mo 2013. romqune 3opan Mujuh je 6mo aktuBHM WwiaH Komucuje 3a TakMuieme u3 Gpusuke
yueHuka cpeamux mkona J[pymrBa ¢usmuapa CpOuje kao aytop 3amaraka. Y ume Jlpymrsa
¢dusnuapa CpbOuje je Kao CTpy4IHH PyKOBOIMIIALL ITPEABOIMO SKHUIIE Hallle 3eMJbe Ha MehyHapoaHum
omumnujagama u3 ¢pusuke 2009. ronune y Mekcuky u 2011. ronune y Tajnanny.

PykoBoaunar je Jlaboparopuje 3a ¢pusuky xkuBotHe cpeanHe Nucrturyra 3a pusuky y beorpany on
2016. rogune. bro je aHra)xoBaH Ha BHUIlIE HAIMOHAJTHHUX IpojekaTta (MHAHCHPAHUX O] CTpaHe
MuHucTapcTBa MPOCBETE, HAYKE M TEXHOJOIMIKOT pa3Boja. PyKOBOIMO je MOTIPOJEKTOM y OKBUPY
IpOjeKTa MHTErPAIHUX MHTEPIUCHMIUIMHAPHUX HcTpaxkuBamwa WMUN43007 “UctpakuBama
KJIMMAaTCKUX MIPOMEHA U BUXOBOT yTHIIAja HA )XKUBOTHY cpenuny. [Ipaheme yTumaja, aganramnyja u
yOnaxkaBame*.

VY4ecTBOBao je y BHIlIE Mel)yHapoAHUX MpojeKaTa U pyKoBOJAUO je TUMOM u3 HcTuTyTa 32 pusuky
y aBa EU H2020 mpojexta: GEO-CRADLE (Coordinating and integRating state-of-the-art Earth
Observation Activities in the regions of North Africa, Middle East, and Balkans and Developing
Links with GEO related initiatives towards GEOSS) u ACTRIS-2 (Aerosols, Clouds, and Trace gases
Research InfraStructure Network) Integrated Activities (IA). OaroBopHu je uCTpaxuBad y OKBUPY
EBponcke mpexe nugap mepHux cranuna EARLINET (the European Aerosol Research Lidar
Network).

On 2021. roguHe o06aBba (PyHKIIM]y HAITMOHATHOT KOOPJMHATOPA Y OKBHPY EBporickor mporpama
3a capaJmky Y JOMEHY HayYHUX U TexHoJomkux uctpaxubama - COST (European Cooperation in
Science and Technology).

Hp 3opan Mujuh je 06jaBuo 21 pan y mehyHapogauM gaconucrumMa Koju ¢y Ha ocHoBy 6aze SCOPUS
nutupanu 442 myta (6e3 camonurata) y3 h-index 11.

3. HPETJVIEA HAYYHE AKTUBHOCTHA

CBoje mocamainimbe HayuyHe aKTUBHOCTH M MCTpaxuBama JIp 3opaH Mujuh je pa3Bujao y OKBHpY



OIIITE W WHTEPIUCIUIUIMHAPHE (PU3MKE Ha TeMaMa KOje Ce€ OJHOCe Ha JaJbUHCKY JETEKIIU]y
aTMOC(epCKUX aepocojia U MYJITHIUCIHUIUIMHAPHA HCTPaXKMBamka y OOJIACTH 3allITUTE >KUBOTHE
cpenune. [IpaBai ucTpakuBama y MPETXOIHOM MEPHOY je& OMO YCMEPEH Ka eKCIEPUMEHTATHHM
UCTIUTHBAakbUMa KapaKTEPUCTHKA aTMOC(PEPCKUX aepocosa, HCIAPJbHUBUX OPTaHCKUX jEAHbCHy,
Kao W TpPUMEHW XHOPHIHUX MOJella 3a aHanu3y TpaHcrmoprta 3aralhyjyhux marepuja. Ympaso
HCIIUTUBAakE TpaHcropTra armocdepckux 3aralyjyhux marepuja, ca moceOHHMM (HOKYycoM Ha
aTMocepcke aepocoiie, Ka0 M KOpHIIheme TajbHHCKE JeTeKIHje (aKTHBHE W TAacHBHE) 3a
onpehuBame ONTHYKUX KapaKTEpUCTHKA aepocoja (BEepTHKATHUX Mpoduia KoedwuimjeHara
EKCTUHKIIH]€, pacejarma) y OCHOBHU Cy UCTPAXKUBAYKIX aKTUBHOCTHU Ap 3opaHa Mwujuha.

VY HacTaBKy Cy YKpaTKO ONMCaHE aKTMBHOCTH KaHAM/ATa y OKBUPY MCTPaKMBAUKHUX TEMa:

Hanomena: 3sezouyom (*) cy osmauenu padosu nyoauxosanu y nepuody HAKOH NPEemxoOHO2
uzbopa y 36arve

3.1 [Ipumena na/bUHCKE JeTEeKIHj€ 32 HCIUTHBAaKE aTMOCHEPCKUX aepocoJia H
KapaKTepucTHKa aTMocdepe

ATMoOc(hepckr aepocoiM €€ y OCHOBU Je(hUHMINY Kao MyNTH(a3HH CHCTEMH CAYMIbEHH O]
YeCTHLIa CYCIICHJOBAaHMX Yy TacHOj CPEIMHHU, OJHOCHO Ba3ayxy. [lorpeba 3a KOHTHHYaTHUM
MepemrMa aepocoiia je MOCIeAnla HHXOBOI YTHIaja Ha MHOTE AacleKTe JKMBOTA: 3ajeJHO ca
racoBMMa CTakJeHe OalTe uMajy KJbydHy yJIOrYy Y KIMMAaTCKHM IPOMEHaMa W BEIWKU yTUIa] Ha
XeMH]jCKe Ipolece y aTMoc(epu Kao MOBPIIMHE 3a O/IBHjame peaklirja Koje T0OBOJIE 10 CMambebha
O30HCKOT CJI0ja; yTU4y Ha YKYIHH OMJIaHC 3padera M pacrojelny TemIepaTrype, Kao U Ha ONTHYKe
KapaKTepUCTUKE aTMocdepe.

On 2014. ronune 3opan Mujuh je 0ArOBOpPHU MCTpaKMBay 3a JIMAAp MEpHY cTaHuLly Y beorpany y
okBupy EARLINET wmpexe. [lopen Mmepewma BepTuKaaHUX Ipoduia aepocosia y IJby UCIUTHBabA
ONTUYKHUX KapaKTEpPUCTHKA M KIUMATOJIOIIKUX CTyJHja y MPOTEKJIoM mepuonay je Paman munmap
cucTeM KopuiiheH u 3a oApehuBame BUCUHE W JUHAMUKE TiaHeTapHor rpanuyHor cioja (I1I'C).
Crnenuduuan ciyyaj AeTMMUYHOT ToMpadema CyHIa je UCKOpHUIINeH 3a UCIUTHBAKkE MapaMeTapa
atMocgepe y neprypOoBaHUM yciaoBUMa. MeTo rpaaujeHTa je ynoTpeOJbeH 3a aHaIu3y IUHAMUKe
IUTAHETapHOT TPAaHUYHOI CJI0ja KOpHcTehM elacTUYHO pacejaHo 3padere yHaszal Ha 355 nm u
aepocoyie Kao Tpacepe. lMcroBpemMeHO y BHIIMM CJIOjeBUMa aTMmocepe y capalmu ca Jp
Bnamumupom CpehkoBuheM BplIeHa je aHaiaM3a EKCIEPUMEHTATHO 3a0eNeKeHUX I0JaTaka
pEJIEBAHTHUX 3a €JIeKTpOMarHeTHe curHaie Bpiio Huckux ¢peksennuja (VLF curnanm). ¥V gamem
pany je ypaheHo MO/IelOBamke MPOCTOPHUX U BPEMEHCKHUX PACIojieNia elIeKTPOHCKE KOHIIEHTpallje
moce0HO pa3BUj€HOM TEXHUKOM yriopehrBama perucTpoBaHUX aMILTUTY/a U (aza ca ogrosapajyhum
BpeIHOCTUMA J100MjeHMM HyMEpHUUKUM MojieloBamkeM npoctupama VLF curnana. Takohe, yBenen
Jj€ JeHOCTaBaH MU3pa3 3a BUCUHCKY M BPEMEHCKY pacrofeny eJIeKTPOHCKE KOHIIEHTpallije 1 BPIIEHO
j€ HyMEepU4KO MOJIEJIOBamke I1a3Me HUCKe joHocdepe ycnen jakux CyHueBux nepryoaryja.

VY okBupy EARLINET wmpexe pa3BujeH je W TecTupaH jeAMHCTBEH Mpollec IpopauyHa Single
Calculus Chain (SCC) xojum ce omoryhasa npouecyupame nojaraka J001jeHux JIUaap MepembuMa
ca BHMCOKOM pE30JyLujoM. VMMmiueMeHTHpaH je WTEepaTMBHUM METOJ 4YHMME Ce IpOopayyHaBa
BepTUKaJIaH mnpopui koepHIMjeHaTa pacejarba YHaszaJ M OJAHOca Jeroyiapu3aluje pacejaHor
3pauema Ha yectuiiama. Tume ce omoryhasa uaeHTH(UKAIM]a YECTUIIA HETTPABUIIHOT 00JIMKa Kao
IITO Cy BYJIKAHCKA WJIM MyCTUI-CKA MPAIIMHA ITO IPEACTaB/ba OCHOBY 3a YCIIOCTaBJbalkhe CUCTEMA
3a paHo ymno3opeme. JloOrjeHn pe3ynTaTi y OKBUPY OMKCAHE capadmbe Cy MPHUKa3aHu y cieaehum



pagoBuMa:

- “*Papagiannopoulos, N., D'Amico, G., Gialitaki, A., Ajtai, N., Alados-Arboledas, L.,
Amodeo, A., Amiridis, V., Baars, H., Balis, D., Binietoglou, I., Comeron, A., Dionisi, D.,
Falconieri, A., Fréville, P., Kampouri, A., Mattis, 1., Miji¢, Z., Molero, F., Papayannis, A.,
Pappalardo, G., Rodriguez-Gomez, A., Solomos, S., and Mona, L. (2020). An EARLINET
early warning system for atmospheric aerosol aviation hazards, Atmospheric Chemistry and
Physics (20) 10775-10789. doi:10.5194/acp-20-10775-2020

- *L.1Ili¢, M. Kuzmanoski, P. Kolarz, A. Nina, V. Sre¢kovi¢, Z. Miji¢, J. Bajceti¢, M. Andri¢,
(2018). Changes of atmospheric properties over Belgrade, observed using remote sensing
and in situ methods during the partial solar eclipse of 20 March 2015, Journal of
Atmospheric and Solar-Terrestrial Physics, 171, 250-259. doi:10.1016/j.jastp.2017.10.001

- *Sreckovi¢ V.A, Suli¢ D.M, Vujéi¢ V, Miji¢ Z.R, Ignjatovi¢ L.M. (2021). Novel Modelling
Approach for Obtaining the Parameters of Low Ionosphere under Extreme Radiation in X-
Spectral Range. Applied Sciences 11(23):11574. doi:10.3390/app112311574

- *Kolarski A, Sre¢kovi¢ V. A, Miji¢ Z.R. (2022). Response of the Earth's Lower lonosphere
to Solar Flares and Lightning-Induced Electron Precipitation Events by Analysis of VLF
Signals: Similarities and Differences. Applied Sciences 12(2):582.
doi:10.3390/app12020582

3.2 ®u3uyKa U XeMHjcKa KapaKkTepu3auuja arMocepckux aepocosia u uaeHTugukanmja
HU3BOpa eMHCH]e

JenHa o7 OCHOBHMX TOTeIIKOha y Mmpolecy OCMHUIbaBamka CTpaTervje 3a KOHTPOJIYy KBalIUTeTa
Ba3/lyxa jecTe HWIACHTHU(HKalMja U KBaHTU(UKalMja YTHIAja MOjeIMHHUX H3BOpa €MHUCHje Ha
KOHIIeHTpauyje 3aral)yjyhux marepuja y Ba3ayxy. Iloremkohe y npuMeHu qucnep3noHUX Mojesa
HacTajy yclie[l HEeNOTIyHE WM HeTauHe HHQopMaluje O TMOJeJUHUM HU3BOpHMA E€MUCH]je
onpehenux 3aralyjyhux marepuja. Y oBakBUM cilyyajeBMMa MOTPEOHO je HMMaTH ajlTepHAaTHBHE
Mozene koju he ponmpuHeTH uAEHTU(UKAIMJU H3BOpa eMucuje. TakBU MOJENU CE€ Ha3uBajy
PELENITOPCKH MOJIENH, jep CY OpUjEHTHCAHU Ha aMOMjeHTalHe KOHIIEHTPALMje Ha MECTYy Mepema
(MecTo pemenTopa) 3a pazIMKy O] AUCIEP3UOHMX MOJENa KOJU Cy OPHjEHTHCAaHW Ha HM3BOP
eMiucuje, TpaHcopT U TpaHchopmaryje 3aral)yjyhux marepuja ox Mecra U3BOpa ma cBE JO MeCTa
Mepema. Ha ocHOBY M3MepeHHX BpeIHOCTH MAaceHUX KOHIIEHTpaluja oJpeheHor Opoja XeMujCKUX
KOMIIOHEHTH y cacTaBy aTMOc(EepCKUX aepocoja U UCHapJbUBUX OpraHckux jenumema (M10J)
nomohy perientopckux Mojena je Moryhe oapeauTu HajBepoBaTHUjU OpOj U3BOpa €MHCH]je, CacTaB
M3BOpa, Ka0 M JONMPUHOC MOjEMHOT U3BOPa y YKYITHO M3MEPEHO] KOHIICHTPAIUjH CBAKOT y30pKa.

[IpBu pesynTatu KapakTepuzaluje/uaeHTH(UKaLKMje U3BOpa Cy JTOOMjeHM NPUMEHOM aHajIu3e
rnaBHux kommnoHeHaTa (PCA - Principal component analysis) Han yectunama PMio u PMas u
nyOIMKOBaHM Cy y paioBUMa:

- Slavica Rajsic, Zoran Mijic, Mirjana Tasic, Mirjana Radenkovic and Jasminka Joksic,
(2008). Evaluation of the levels and sources of trace elements in urban particulate matter,
Environmental Chemistry Letters, 6(2), 95-100. doi: 10.1007/s10311-007-0115-0

- Dragan M. Markovic, Dragan A. Markovic, Anka Jovanovic, Lazar Lazic, Zoran Mijic,
(2008), Determination of O3, N0z, S0, CO and PMio measured in Belgrade urban area,
Environmental Monitoring and Assessment 145 (1), 349-359. doi: 10.1007/s 10661-007-
0044-1




Ynopeno je BpiieHa U GU3NIKO-XEMHjCKa KapakTepu3alyja nojeanHagyHux PM uecTriia aHaan3om
penpe3entatuBHUX PM1o 1 PM> 5 y3opaka kopunthemeMm enekrpoHcke Mukpockonuje (SEM/EDX-
aHanm3a). Kanaumar je pykoBOIMO €KCIIEPUMEHTATHOM ITOCTABKOM MEpEHha U aKTUBHO Y4E€CTBOBAO
y aHaJIM3M y30paka nmomohy eJeKTpoHcKe Mukpockomuje. Ompehene cy pacmojene decTuia o
BEIMYUHU, (aKkTOpy OONMKa, KA0 M KApaKTePUCTHYHE TPyNe 4YECTHIA y OJHOCY Ha HUXOB
XEMUJCKHU cacTaB M o0nuK. M3BpieHo je u nopeheme HaBeleHnX KapaKTepHCTUKA YECTUIIA TOKOM
pa3IMYUTUX BPEMEHCKHX I[IEpHOJa YHMME jeé YKa3aHO Ha TMOPEKIO YEeCTHIA U PEe3yiTaTd Cy
MyOJIMKOBAHU y cliefiehuM pajoBuMa.

- Tasic M., Duric-Stanojevic B., Rajsic S.F., Mijic Z., Novakovic V.T., (2006) Physico-
chemical Characterization of PM10 and PM2.5 in the Belgrade Urban Area, Acta Chimica
Slovenica 53, 401-405.

- Zoran Mijic, Slavica Rajsic, Andrijana Zekic, Mirjana Perisic, Andreja Stojic and
Mirjana Tasic (2010). Characteristics and application of receptor models to the
atmospheric aerosols research, Book chapter in Air quality edited by Ashok Kumar,
pp.143-167. ISBN 978-953-307-131-2.

Y cBOM gajbeM pany KaHAWAAT HAcTaB/ba pajl Ha MNPUMEHM HOBHUX PEUEHTOPCKUX MOJena,
nocebHo Unmix u PMF (Positive Matrix Factorization). Unmix ce ©0a3upa Ha aHaIW3u
CBOJCTBEHHMX BEKTOpa KOpeJallioHEe MAaTpHIle MojaTaka, JAOK 3a NPOLEHY TIpeliKe NPUIHMKOM
padyHama cacTaBa I0jeIMHAYHIX H3BOpPAa EMHUCHje KOPHCTH METOJ y30PKOBama Ca IMOHABJHAHEM
(bootstrap). PMF 3a oapehuBame cacraBa M AONpPUHOCA TMOjJeIUHUX H3BOpA €MHCH]€ KOPHUCTH
JjemTHAUYMHY OJApKama Mace W METOJ] HajMamer KBajpara 3a MHHUMH3HpAmE paziinke u3Mehy
MEpEeHHUX [oJaTaka M MojaTaka MmpeaBUl)eHHX MOJEIOM. Y3 YCIOB IOCTOjalba HEHETaTHBHUX
cactaBa M gornpuHoca nojeauHux u3zBopa PMF omoryhaBa u mojennHayHO NMOHJIEPHCAKE CBAKOT
Mepema dYhMe ce HenocTajyhu mojanyd MOTy TPETHpaTH Kao Mepema ca BEIMKOM TPELIKOM.
Mognenu cy yCHENHO NPUMEHHBAHN Ha BUIICTOAWINY 0a3y KoHIeHTpanuja PMio yectuma u
BUXOBOT Xemujckor cactasa (As, Cd, Cr, Mn, Ni, Pb, CI, Na*, K*, Mg, Ca, NO3", SO4>, NH4"
u OeH3o(a)MUpeH), Kao U YKymHY aTMOC(EPCKy MEMo3UulHjy. YTOpeao ca ASHTU(DUKAIIUOM U
MPOLIEHOM JIOMPUHOCA TOjeAMHUX H3BOpA EMHCHj€ aHAU3MUpaHa je M JUHAMUKA U MEePHUOJUIHOCT
BUXOBOT JonpuHoca kKopuithem ®ypujeoBe cnekTpaigHe aHanuize. PesynTaTu cy 00jaB/beHH Y
cinenehum pagoBuma:

« Mijic, Z., Stojic, A., Perisic, M., Rajsic, S., Tasic, M. (2012). Receptor modeling studies
for the characterization of PM 10 pollution sources in Belgrade. Chemical Industry and
Chemical Engineering Quarterly, 18(4-2), 623-634.

- Lazic L., Urosevic M.A., Mijic Z., Vukovic G., Ilic L. (2016). Traffic contribution to
air pollution in urban street canyons: Integrated application of the OSPM, moss
biomonitoring and spectral analysis, Atmospheric Environment, 141, 347-360.

- Stojic, A., Stanisic Stojic, S., Reljin, 1., Cabarkapa, M., Sostaric, A., Perisic, M.,
Mijic, Z. (2016). Comprehensive analysis of PM10 in Belgrade urban area on the basis
of long term measurements. Environmental Science and Pollution Research, 23, 10722-
10732.

- Mijic, Z., Stojic, A., Perisic, M., Rajsic, S., Tasic, M., Radenkovic, M., Joksic, J.
(2010). Seasonal variability and source apportionment of metals in the atmospheric
deposition in Belgrade. Atmospheric Environment, 44(30), 3630-3637.



3ajenno ca komeroM ap Anapejom Crojuhem, kome je kaHammat Owo MeHTOp, 3opaH Mujuh
MPOIIMPYje TPUMEHY PELEeNTOPCKUX MOjesa M Ha MCIapJbhBa OPTaHCKa jeIMbCHha U HEOPraHCKe
racoBe y arMocdepu. MepemeM KOHIIEHTpalldja HUCIapJbUBUX OPTaHCKUX jeIUE-EHha Ha BETUKOM
Opojy MOJIEKYJICKMX Maca METOJOM MaceHe CIIEKTpOMETpHje ca TpaHcepoMm mpotoHa (Proton
Transfer Reaction Mass Spectrometry - PTR-MS), jenuHcTBeHE Y 3eMibama 3amnagHor bankana,
YCTAaHOBJbCHA j& pENpe3eHTaTHBHA 0a3a rmojartaka y ypoaHoj u ceMu-ypOaHoj cpenunu beorpana.
Pesynratu uctpaxkuBama Cy MPUKa3aHH y pPaloBUMA:

“Sostaric, S. Stanisic Stojic, G. Vukovic, Z. Mijic, A. Stojic, Grzetic I. (2017). Rainwater
capacities for BTEX scavenging from ambient air, Atmospheric Environment, 168, 46-54,
doi:10.1016/j.atmosenv.2017.08.045

- Stojic, A., Stanisic Stojic, S., Sostaric, A., Ilic, L., Mijic Z., Rajsic S. (2015).
Characterization of VOC sources in urban area based on PTR-MS measurements and
receptor modelling, Environmental Science and Pollution Research, 22, 13137-13152.

- Stojic, S. Stanisic Stojic, Z. Mijic, L. Ilic, M. Tomasevic, Marija Todorovic, and
Mirjana Perisic (2015). Comprehensive Analysis of VOC Emission Sources in Belgrade
Urban Area, In: Urban and Built Environments: Sustainable Developments, Health
Implications and Challenges, Editor: Alexis Cohen, Nova Science Publishers, NY, USA,
pp. 55-87, ISBN: 978- 1-63483-117-8

- Tomasevic, M., Z. Mijic, M. Anicic, A. Stojic, M. Perisic, M. Kuzmanoski, M.
Todorovic, and S. Rajsic (2013). Air Quality Study in Belgrade: Particulate Matter
and Volatile Organic Compounds as Threats to Human Health, In: Air Pollution:
Sources, Prevention and Health Effects, Editor: Rajat Sethi, Nova Science Publishers,
NY, USA, pp. 315-346, 2013. ISBN: 978-1-62417- 735-4

33 HUcnutuBame Tpancnopra atmocepckux 3aral)yjyhux marepuja

ITpucyctBo arMocdepckux ModyTaHaTa, MPBEHCTBEHO aTMOC(PEPCKUX aepocosia M UCHapSbUBUX
opranckux jenumema (MOJ) y onpehenoj oOmactu 3aBuce O] WM3BOpa €MHCHjE, ald U Of
TpaHCHOpTa Ba3AylIHUX Maca. Kao anrepHaTtuBa AMCIEP3MOHUM MOJENMMa 33  aHAIU3Y
TPaHCIOPTA MOJTyTaHATa Pa3BUjE€HHU Cy XUOPUIHH PEENTOPCKH MOAETH KOju oMoryhaBajy aHanmmzy
U TPOCTOPHY WACHTU(UKAIM]Y U3BOpAa €MHCHJ€ U HUXOB JONPUHOC Ha PETHOHAIHOM HUBOY.
®dokyCc uCTpaKHMBama KaHAWJATA je Ha aHAIM3W TpaHcmopra atMocdepckux aepoconma u MOJ
nomohy xuOpugnHux mozaena ¢yHkuuje noreHuujanaux gomnpunoca PSCF (Potential Source
Contribution Function) 1 CWT (Concentration Weighted Trajectory) koju mnoapazymeBajy
onpehuBame TpajekTopuja aenuha Baszayxa Ha perumoHanHoM HUBOY, kao u CPF (Conditional
Probability Function) u CBF (Conditional Bivariate Function) 3a jokajqHy TpOCTOpHY aHaIu3y
u3Bopa emucuje. 3a oxapehuBame NpocTOpHE BepoBaTHONE pacrozesie MOTEHUUjaIHUX U3BOpa
eMHCHje U KBaHTU(UKAIIM]je BUXOBOT IONPUHOCA HA MECTY pelenTopa HEONXOAHO j€ U3padyyHaTH
Tpajekropuje nenuha Ba3dayxa U YTBPAWTH HHXOBY PENPE3CHTATUBHOCT BPIICHEM CEJIEKIHje Y
3aBHUCHOCTH OJI BUCHHE TuTaHeTapHOT rpanudHor cioja (I11°C).

VYnpaBo oapehuBame BHCHHE IUIAHETAPHOT I'PAHUYHOT CII0ja jé TpBH MyT pal)eHO Ha MpOCTOpy
bankana momohy HoBor PamaH numap cucTema JIETEKIMjOM €JIaCTUYHO pPacejaHOr MOBPATHOT
3pauema Ha TalacHoj AykuHU 355 nm u PamanoBor pacejama Ha 387 nm. [Ipunuun paga nuaap
CHCTEMa C€ 3aCHHMBA Ha €MHUTOBAKY UMITYJICHOT JIACEPCKOT 3pauema y aTMochepy U IeTeKTOBambY
7ena 3padyema pacejaHor YyHasal. Bucoka BpeMEHCKa M IPOCTOpHA pe3oiiylihja Mepema,



MoryhHOCT ocmarpama U mpahema y peaTHOM BpeMEeHy M aMOMjeHTAHUM YCIOBHMA, Kao H
MoryhHOCT Mepema Ha pa3lajbMHaAMa [0 BHIIE KWIOMETapa JONPUHENIH Cy aTPaKTHBHOCTH
npuMeHe nupap cucrema. 3opan Mujuh je y Wucturyty 3a Qu3MKy paauo Ha pas3Bojy Juaap
CHCTeMa 3aCHOBAHOT Ha JETEKIHMjH €IaCTHYHO PACEjaHOr 3payera yHa3aj Ha TaJlaCHO] IYKUHH
532 nm u 6uo je Boaehu mcTpaxkuBau 3a yBoleme M MOKpeTame HOBOr PamaH nmpap cucrema,
JeAMHCTBEHOT Ha OBUM mpocTopuma. OATOBOPHM je HMCTpaXWBad 3a MHTETPALUjy U Mepema y
OKBHPY EBpOIICKE MpEeXe JHIap CTaHWIAa YMME je 3aloueTo J00Hjare KBAHTUTATHBHE Oase
nojiaraka O BEPTUKAIHO] paclojeNy W KpeTamHMa aepocolia W3HAJ Haler pernona. Pesynrartu
TI00MjeHN eKCTIEPUMEHTAIHUM MepemruMa oMoy iuaap cucrema cy kopuinhenu 3a yHampeheme
XUOpUIHUX MOJeNIa W J0OHjamke Mpelnu3Huje CIUKe O TpaHcmopTy 3aralyjyhux marepuja y
peruony. HenaBHo je 3amodera capanma ca ap Ciobomanom HuukoBuhem Ha yHampehemy u
BIMAALM]H JUCIIEP3UOHOT MOJIENa 3a POTHO3Y TPAHCIIOPTa YECTHIIA MOJICHA Y KOjU CY YKIbY4EHH
JOJAaTHU TIPOLECH KOjH JOMPUHOCE CTBapamy CYOIOJICHCKHMX YECTHIA 3a KOoje ce IOKasyje ma
NPE/ICTaBIbajy N3y3€THY OMACHOCT, IOCEOHO 3a HACTajame acTMe.

- *S. Nickovi¢, L. Ili¢, S. Petkovié, G. Pejanovi¢, A. Huete, Z. Miji¢. A Numerical Model
For Pollen Prediction: Thunderstorm Asthma Case Study, The 8th International
WeBIOPATR Workshop & Conference, 29th November to 1st December 2021, Abstracts
of Keynote Invited Lectures and Contributed papers, p. 37

- Zoran Mijic, Andreja Stojic, Mirjana Perisic, Slavica Rajsic and Mirjana Tasic (2012). In:
Air Quality - New Perspective, Statistical Character and Transport Pathways of Atmospheric
Aerosols in Belgrade, pp. 199 - 226, Editors: Gustavo Lopez Badilla, Benjamin Valdez and
Michael Schorr, Published by InTech, ISBN: 978-953-51-0674-6.

- Stojic, A., Stojic, S. S., Mijic, Z., Sostaric, A., Rajsic, S. (2015). Spatio-temporal
distribution of VOC emissions in urban area based om receptor modeling. Atmospheric
Environment, 106, 71-79.

e Z.Mijic, M. Kuzmanoski, D. Nicolau, L. Belegante (2013). The use of hybrid receptor
models and ground based remote sensing of particulate matter for identification of
potential source regions, Proceedings from the 4th WeBIOPATR Workshop, pp. 52-59.

« Kuzmanoski M., L. Ilic, Z. Mijic, Aerosol remote sensing study of a Saharan dust
intrusion episode in Belgrade, Serbia, XIX International Eco-conference, Environmental
protection of urban and suburban settlements, Proceedings, pp. 73-81. September 23-25,
2015. Novi Sad, Serbia.

- Mijic Z., M. Perisic, A. Stojic, M. Kuzmanoski, L. Ilic, Estimation of atmospheric
aerosol transport by ground-based remote sensing and modeling, XIX International
Eco-conference, Environmental protection of urban and suburban settlements,
Proceedings, pp. 375-382. September 23-25, 2015. Novi Sad, Serbia.

3.4 IIpyMeHa CTATUCTHYKHUX MO/E/IA 32 IIPOLEHY U MPOrHO3y KOHIEHTpauuja atmocgepckux
3aralyjyhux marepuja

Paznuuutu cTaTHCTHYKU MOJIETN CYy TPUMEHBHUBAHM 3a aHAIM3Y nocTojehux 0a3a mojaTaka Koje ce
OJHOCE Ha Mepema KOHIEeHTpamnuja atMmocdepckux 3aralyjyhux marepuja y CpOuju y uusby
KBAaHTUTATUBHOT oJpehuBama MW MpoleHe ycariameHocTH TmocTtojeher crama ca Bakehum
perynaruBama. Ha ocHOBY moparaka JOOMjeHUX Y €KCIIEPUMEHTATHUM KaMIlambaMa MOJISIHpPaHe Cy



paznuuute QyHIMjE pacrlojese IOjeIMHUX TONyTaHaTa Koje Cy HCKOpHIIheHE 3a MPOICHY
HEOMXOJHE peAyKlHje €eMHCHje, Kao U aHalu3dy eKCTPEMHUX BpEAHOCTH H3MEPEHUX
KOHIIGHTpallMja TIOJlyTaHaTa W FHHXOBY BEPOBAaTHONY I0jaBJbHBAaba y PAa3IMUUTUM YCIOBUMA.
Ocobune oBuX (PyHKIMja Cy Jajbe HCKOpHUIIhEeHe 3a TpeaBubame BepoBaTHoOhe mpemMaiivBama
KPUTUYHHUX BPEIHOCTH KOHIIEHTpAllMja y HAPETHOM MEpPHOJy Kao W NPOIEHY HEOMXOTHE
penykiyje eMucuje. Y musby 00JbeT ONMUCHBamba 00JaCTH BUCOKHMX KOHIICHTpanuja PM dectuia u3
TEOpHje eKCTPEMHHMX BpEIHOCTM Cy U3BEICHA JBa THUIA pacrlojena, JBOMapaMeTapcka
€KCIIOHCHIIMjaJITHA W aCUMIITOTCKA (PyHKIH]ja KOje 00JbE OINUCY]y PacIoelly U3MEPEHHX BUCOKHUX
KoHIeHTpauuja PM dyectuna u 71ajy npuOIMKHM]Y BEpOBaTHONY TNpeMalinBama KPUTUIHHUX
BpeaHocTr. OBako pa3BUjeHH MPUCTYN HWMa MpPakTH4YHY npumeHy (2016. romuHe roauHe je
kopumtheH y m3pagu tagammer [lnana kBanmTeTa Ba3myxa y arjomepanuju beorpan, ocHOBHOT
JOKYMEHTa 3a yINpaBJ/balbeé KBAIUTETOM Ba3llyXa Ha TepUTOpUju Tpanga beorpama). [[oGujenu
pe3yaTatu cy myOiauKoBaHW y cienehuM pagoBuMa:

- Zoran Mijic, Mirjana Tasic, Slavica Rajsic, Velibor Novakovic, (2009). The statistical
characters of PM o in Belgrade area, Atmospheric Research, 92 (4), 420-426. doi:10.1016/
j-atmosres.2009.01.002

- Perisic, M, Stojic, A., Stojic, S. S., Sostaric, A., Mijic, Z., Rajsic, S. (2015). Estimation of
required PM 10 emission source reduction on the basis of a 10-year period data. Air
Quality, Atmosphere & Health, 8, 379-389. doi: 10. 1007/ s11869-014-0292-5

= Marija N. Todorovic, Mirjana D. Perisic, Maja Kuzmanoski, Andreja M. Stojic, Andrej 1.
Sostaric, Zoran R. Mijic and Slavica F. Rajsic (2015) Assessment of PMo pollution level
and required source emission reduction in Belgrade area.

Journal of Environmental Science and Health Part A, 50(13), 1351-1359. doi:
10.1080/10934529 .2015 .1059110

VYropeno ca nmpeTxoIHUM, MPEIOKEHA j€ M HOBAa METOJa MPOTHO3€ KBAHTUTATUBHOT JOMPUHOCA
MOjeIMHUX W3BOpa E€MHUCHje 3aCHOBaHA Ha MYITHUBapHjallMOHUM MeToJaMa KOju Kao YyJa3He
rapameTpe MOTY Jla KOPHUCTE cacTaBe U3BOPA KOJU Cy MPETXOTHO JOOM]EHH MOMONY pelenTOpCKUx
Monena. [TokazaHo je Aa ce Ha TakaB HaUYMH MOXKE M3BPIIUTH MPOTHO3A I0jaBJbUBaKkba BUCOKUX
KOHIIeHpanuja 3aralyjyhux marepuja y mojeAMHHM oOJacTUMa caMO Ha OCHOBY CTaHJApIHUX
METEOPOJIOIIKKX MapaMeTapa. Meroza je TecTupaHa Ha 06a3u mojlaTaka U3MEPEHUX KOHIICHTpaIlyja
Beher Opoja ucap/PUBUX OPTAHCKUX JETUbCHA TPUMEHOM MaceHe CIIEKTPOMETPHU]e ca TpaHchepom
MIPOTOHA, a Pe3yATar je MpUKa3aH y paay

- Stojic, A., Maletic, D., Stojic, S. S., Mijic, Z., Sostaric, A. (2015). Forecasting of VOC
emissions from traffic and industry using classification and regression multivariate
methods, Science of the Total Environment, 521-522, 19-26.



4. EJJEMEHTH 3A KBAJIMTATUBHY OLIEHY HAYUYHOT JONPUHOCA
KAHJIMJIATA

4.1 KpajaurTeT HAYy4YHUX pe3yJiTara
4.1.1 HayuyHu HUBO ¥ 3HA4aj pe3yJTaTa, yTulaj HAy4YHUX pajgoBa

Ip 3opan Mujuh je y cBoM JocafalimeM HaAyqHOM paay o0jaBuo ykynHo 21 pan y mehyHapoaaum
yaconucuma ca ISI mucre, ox uera 9 kareropuje M21 (2 paga y MehyHapoJHOM 4acomucy U3y3€THUX
BpenHocT M21a u 7 pamoBa y BpxyHckoMm MelhyHapogHom yacommcy M21), 8 kareropuje M22
(ucraknyTn MehyHapoaHH yaconucH), 4 kareropuje M23 (mehynapogau gaconucu), 2 Kateropuje
M31, 22 xareropuje M33 (caommrema ca MehyHapOAHHX CKyHOBa INTaMIlaHA y IEIWHU) U 29
Kareropuje M34 (caommTema ca Mel)yHapoJHUX CKYTIOBa IITaMIIaHa Y U3BOJY), 2 Kateropuje M53,
1 xateropuje M61, 15 xareropuje M63, 2 kateropuje M64, kao u 3 noriassba y KibU3U KaTeropuje
M13 u 3 y kareropuju M14.

Haxkxon nperxomHor u3bopa y 3Bamkbe 00jaB/BEHO je 5 pagoBa y MehyHapoaHuM yacormcuma
ca ISI nmucre, on vera 2 kareropuje M21 (1 pax y MehyHapOJHOM YacONMUCY H3Y3E€THUX
BpenHoctd M21la u 1 pax y BpxyHckom MmehyHapomnom wacomucy M21), 3 kareropuje M22
(ucraknytu MelhyHapoanu udaconmucu), 6 kareropuje M33 (caommTema ca MehyHapoaHHX
CKYIIOBa IITaMIIaHa y HeIuHU) U 9 kateropuje M34 (caommrema ca Me)yHapoOaHUX CKYIOBa
mITaMIlaHa y u3Boay), 1 kareropuje M63. Kao ner Haj3HaYajHUjUX pajoBa KaHIUaTa MOTY ce
y3eTH:

1. Zoran Mijic, Mirjana Tasic, Slavica Rajsic, Velibor Novakovic, (2009). The statistical
characters of PM10 in Belgrade area, Atmospheric Research, 92 (4), 420-426. doi:10.1016/
Jj-atmosres.2009.01.002 (M®=1,811, nutupan 24 myta)

2. Mijie, Z., Stojic, A., Perisic, M., Rajsic, S., Tasic, M., Radenkovic, M., Joksic, J. (2010).
Seasonal variability and source apportionment of metals in the atmospheric deposition in
Belgrade. Atmospheric Environment, 44(30), 3630-3637 (M®=3,459, uutupan 84 myta)

3. Stojic, A., Stojic, S. S., Mijic, Z., Sostaric, A., Rajsic, S. (2015). Spatio-temporal
distribution of VOC emissions in urban area based on receptor modeling, Atmospheric
Environment, 106, 71-79. doi:10.1016/j.atmosenv.2015.01.071 (I® = 3,459, untupan 19 nyra)

4. Lazic L., Urosevic M.A., Mijic Z., Vukovic G., Ilic L. (2016). Traffic contribution to air
pollution in urban street canyons: Integrated application of the OSPM, moss biomonitoring
and spectral analysis, Atmospheric Environment, 141, 347-360. (M®=3,459, uutupan 19
myTa)

5. Papagiannopoulos, N., D'Amico, G., Gialitaki, A., Ajtai, N., Alados-Arboledas, L., Amodeo,
A., Amiridis, V., Baars, H., Balis, D., Binietoglou, I., Comerén, A., Dionisi, D., Falconieri, A.,
Fréville, P., Kampouri, A., Mattis, 1., Miji¢, Z., Molero, F., Papayannis, A., Pappalardo, G.,
Rodriguez-Gomez, A., Solomos, S., and Mona, L. (2020). An EARLINET early warning
system for atmospheric aerosol aviation hazards, Atmospheric Chemistry and Physics (20)
10775-10789. doi:10.5194/acp-20-10775-2020 (MdD= 6,133, uutupan 4 myra)

HaBenennx meTr HaydyHUX pazoBa pPenpe3eHTyjy OO0JacTH KojuMma ce KaHIWUJAT aKTUBHO OaBU U Y
KOjUMa je /a0 3HauajaH Hay4yHH JIONPHUHOC.



PanoBu 1. u 2. cy HacTanu TOKOM IpHUIIpEMe TOKTOpPCKe aucepranuje. Y pany 1 aHanusupasne cy
CTaTUCTHYKE KapaktepucTuke PMio YecTuIla U TECTUPAHO je HEKOIMKO (YHKIMja pacmojelne 3a
NPOIEHY HEOMXOJHE PEAyKIHje eMUCHje, Ka0 MU aHaIM3y EKCTPEMHHX BPETHOCTH H3MEPEHUX
KOHIIGHTpallija ¥ HHXOBY BepoBaTHOhy mojaBbuBama. OcoOuHe OBUX (yHKIHMja Cy J1ajbe
uckopuihene 3a npeasulame BepoBaTHohe MpemManInBamba KPUTHUYHUX BPEIHOCTH KOHIIGHTpALWja
Ka0 W TIPOIIEHY HEONXOJHE pEeAyKIuje eMucuje. Y 1uiby OOJber ONMUCHBAaKa OOJIACTH BHCOKUX
KOoHIIeHTpauuja PM uecTuiia u3 Teopuje eKCTPEMHHUX BPEIHOCTHU Cy U3BECHA JIBA TUIIA PACIIOJIENa,
JBONIApaMeTapCcKa eKCIIOHEHIMjaJlHAa W acCHUMNTOTCKa (yHKIHMja Koje JMajy MPHOIMKHH]Y
BEpPOBAaTHONY MpeMalirBama KPUTUYHUX BpenHocTd. CIuMYHa METOJa je MMPOKO KopuiheHa y
MPAaKTUYHOj TIPUMEHH 32 TIPOIICHY CTarmba KBAJUTETa Ba3ayXa.

Jlpyru pajn ce 0JTHOCH Ha YETBOPOTOAUIIY CTYyAH]y MPOIEHE YyTHIIaja aHTPONOTCHUX M3BOpa
€MHUCHje Ha J>XUBOTHY CPEAHMHY AaHAJIM3HPAEM MECEYHHX Yy30paKa YKyIHE JeMO3UIHje.
ATOMCKOM ariCOpIIIMOHOM CIIEKTPOMETPHjOM aHanmu3upane cy koHuenrpamnuje Al, V, Cr, Mn,
Fe, Ni, Cu, Zn, Cd u Pb u mpumemeH je peuentopckd MojeNl 3a HACHTUPHUKALIU]Yy U
KBaHTU(UKAIM]y YTHIaja TJIABHUX HM3BOpa €MHCHje. JemaH je o/ HajUUTHPAHHjUX pagoBa
nMajyhu y BUIy Npe3eHTOBaHy 0a3y MojaTaka M MOYETaK MPUMEHE PEHENTOPCKUX MOJEeNa y
OBOj 00J1aCTH.

VY 1pehem pany je mpoiupena npumMena perentopckux mozaena (Unmix, PMF) Ha xonunentpanuje
WCHApJBMBUX OPraHCKUX jeMmberma, acpocoia u racoBa NOy, NOz, NO, SO, CO, and PMjo
N00MjeHe TOKOM KamIiame Mepema y beorpany. Iloy3nana waenTudukaimja u3Bopa 3arahubava,
ONMMC FHUXOBUX KAPAKTEPUCTHKA W TPOICHA FHUXOBE IPOCTOPHO-BPEMEHCKE TUCTPUOYIIH]jE
MIPUKAa3aHU CY KPO3 CBeOOYXBaTHY aHAIN3Y U nopeheme peliemna pelenTopckor Moiena, ¢ 003upom
Ha METEOPOJIOIIKE MMOAATKE, BUCHHY IIAHETAPHOT TPAHUYHOT CJI0ja U PETHOHAHH U TPAHCIIOPT Ha
JaJbUHY.

VY 4eTBpTOM pajay ce UCIUTHBAJIA pacnoena 3aral)yjyhux marepuja y aMOujeHTy ypOaHOT YIUYHOT
kawoHa. Kopuirhen je Operational Street Pollution Model (OSPM) 3a yacoBHy Iporso3y caap:xaja
NOx, NO, NOy, O3, CO, BNZ and PMo. Ctynuja je cripoBejieHa y TeT YIUYHUX KamboHa y beorpamy
TokoM 10-HeJleJbHOT JeTHher nepuoa. Tectupane cy MoryhHocTH GMOMOHUTOpA 32 KOMIapalujy u
aHaIM3y TPEHJa MPOMEHa KOHIICHTpallfja ca BHUCHHOM y ypOaHuM ycioBuMma. [IpumemeHa je
CIIEKTpaJIHA aHaJIM3a 3a UCIIMTHUBAE BapHujallja U MEPUOAMYHOCTH aHTPOIOT€HOT YTHUIIaja.

VY merom pajy je MmpelIcTaB/beH HOB METOJ 32 OTKPUBAHE MOTEHIMjATHUX OMACHOCTH Y Ba3llyXy
ycien mpucycTtBa atMocepckux aepocona. Merosa je 3acHOBaH Ha MepemHMa momohy Juaap
cucTeMa y cKkopo peanHoM Bpemeny (near real time - NRT). ¥ okBupy EARLINET mpesxe pa3Bujex
j€ ¥ TecTupaH jequHCcTBeH nporiec nmpopauyHa The Single Calculus Chain (SCC) kojum ce omoryhasa
npolecyrpame rnojaTaka JOOMjeHUX JHIap MepemhIMa ca BUCOKOM Pe30IyIijoM. MIMIuieMeHTHpaH
j€ UTEepaTHBHU METOJI YMME ce ITpopadyHaBa BepTHUKallaH Ipodui KoeuiMjeHara pacejama yHa3aja
U OJIHOCA JIeTIONIapU3aliije pacejaHor 3padyerma Ha yecThiiaMa. Tume ce omoryhasa uieHTHpHUKaIN]ja
YecTHIla HeTPaBUIHOT OOJIMKA Kao IITO Cy BYJIKAaHCKa WM MMYCTHUH-CKA MpalliiHa IITO MPEeACcTaBiba
OCHOBY 3a YCIIOCTaBJbal€ CUCTEMA 3a PAHO YIIO30PEH-E.

4.1.2 [1o3uTHBHA HUTHPAHOCT HAYYHHUX PAI0OBa KaHAMIATa

[Tomamum o nuTHpPaHOCTH pajoBa KaHauaaTa mpema 0azama nojaraka Scopus u Web of Science cy
CYMHUpaHU Y HapeIHO] TabemH.



baza momaraka bpoj nurarta Bbpoj nuraTa 6e3 h-index

caMoLuTaTa
Scopus 517 442 11
Web of Science 463 417 11

Ilpunoe: nooayu o yumuparnocmu ca unmeprem cmparnuye ISI Web of Science u Scopus

4.1.3 [IapameTpu KBAJIMTETA YACOMMCA

3a mpolieHy KBaJIUTETa Yacoluca y KOjUMa Cy PajJoBH IMyOJIMKOBaHU Yy HACTaBKY CY NPHKa3aHE
KaTeropuje yacomruca M HUXOB (GaKTOp yTHIlaja, OMHOCHO HUMMOAkT ¢aktop — MNP (HaBexeHa je
Haj00Jba BPEIHOCT U3 MEepuo/ia 10 JBE rOJIMHE YHA3aJ of Kaja je pan objaBibeH). [logByueHu cy
OHH (paKTOPH YTHIIja 33 YACOMHUCE Yy KOjUMa je KaHIUAAT 00jaB/bHBA0 HAKOH MPETXOIHOT M300pa
y 3Bame:

VY kareropuju M2la (MehyHapoaHH YacomuC HM3Yy3€THUX BPEIHOCTH) KaHIWIAT je 00jaBHO
panoBe y cienchem dacomucy:

1 pan y Science of the Total Environment (1®=4,099)
1 pan y Atmospheric Chemistry and Physics (1®=6,133)

VY xareropuju M21 (BpxXyHCKHM Mel)yHapogHM dYacONHC) KaHIHUIAT je 00jaBHO paJoBe Yy
cinenehum yaconucuma:

1 pan y Environmental Pollution (1d=3,426)

4 pana y Atmospheric Environment (M1®=3,459 3a 2 paga, U®=3,226 3a 1 pag, UD=3.705 3a 1

pan)
2 pana y Environmental Science and Pollution Research (1®=2,828 3a 2 pana)

VYV kareropuju M22 (ucTtakHyTH MelyHApoJAHM Yacomuc) KaHAUJaT je 00jaBHO pajJioBE Yy
cinenehuMm yacomnucuMma:

2 pana y Applied Sciences (UD=2.679 3a 2 pajna)

1 pan y Journal of Atmospheric and Solar-Terrestrial Physics (UD=1,79)

2 pana y Air Quality, Atmosphere & Health (1®=2,324 3a 2 pana)

1 pan y Atmospheric Research (M1®d=1,811)

1 pan y Environmental Chemistry Letters (1d=1,584)

1 pan y Physica Scripta (M®= 1,920)

VY xareropuju M23 (mehyHapogHu dyacomuc) KaHauaar je objaBuo pajgoBe y cienehum
JacoMUCHUMa:

1 pan y Journal of Environmental Science and Health Part A (U®D= 1,276)

1 pan y Environmental Monitoring and Assessment (D= 1,035)

1 pan y Acta Chimica Slovenica (MD=0,703)

1 pany Chemical Industry and Chemical Engineering Quarterly (MU®=0,610)

VYkynan ¢akrop ytuiaja pagoBa kKanaunata usHocu 53,003, a y mepuony HAaKOH NPETXOTHOT
n3bopa y 3Bame (hakTop yrumaja je 16,989.

Yaconucu y Kojuma je KaHIuaaT o0jaBJbUBAO PagoBE Cy IO CBOM yrjeny IemeHH u Boaehu y
obOyacTiMa KojuMa TpHUIaNajy, a MoceOHO ce UCTUYy daconucu Atmospheric Environment, y
obnactu ¢usuke atmocdepe u mereoponoruje, Atmospheric Chemistry and Physics, Science of the



Total Environment, Environmental Science and Pollution Research y o0nacTu 3alliTUTE KHUBOTHE
CpelMHe ¥ KJIMMATCKHUX ITPOMEHA.

JlonatHu OWMOIMOMETPHUJCKU TIOKa3aTeJbu y Be3u ca 00jaBJbeHHM paJlOBMMa KaHIHIATa HAKOH
MIPETXOTHOT N300pa y HAyYHO 3Bame JaTH Cy Y M0mk0oj Tabenu. OHa caapku umMnakt dakrope (D)
pamoBa, M20 60/10Be pajioBa M0 KaTErOpU3alliji HAyYHOUCTPAXKUBAUYKHUX PE3yJITaTa, KA0 M UMIIAKT
(akTop HOPMAIM30BaH Mo UMIAKTy nuTHpajyher unanka (CHUII) (1aj6osba BpeAHOCT U3 MEPHOAA
710 IBE TOJMHE YHAa3a/1 o1 00jaBe paga). Y Tabenu cy Jate yKyIHe BPEJHOCTH, Ka0 U BPEITHOCTH CBUX
(bakTopa ycpenmeHuX Mo Opojy WwiaHaka v 1o Opojy ayTopa 1o YWIaHKy, 3a pajioBe o0jaBibeHe y M20
KaTeropujama

no M CHUII
YKynHo 16,989 33 6,4
Yepeameno mo unanky | 3,398 6,6 1,28
Ycepeaweno no ayropy | 2,537 1,435 1,04

4.1.4 CteneH caMOCTaJIHOCTH M cTemneH y4yemha y peanusanuju paxoBa y HAy4YHUM LEHTPUMA
y 3¢eM/bH H HHOCTPAHCTBY

Jp 3opan Mujuh uMa n3pakeHy caMOCTaJIHOCT Y Hay4yHOM pajJly U 3HadajaH JOIpHUHOC y BehuHH
nyonukanuja. IlokpeHyo je ucTpaxkuBama Yy O00JIaCTH TpaHCIOpTa pa3lInyUTHX 3aralyjyhux
MaTepHja y atMochepy MpUMEHOM XHOPUAHUX PelenTopcKkux Mojena y Jlabopatopuju 3a ¢pusuky
KUBOTHE cpeauHe MHcturyta 3a Qusmky. Y ucCTpaxuBama Koja €€ OJHOCE Ha aHaJu3y
TpaHcnopTa 3aralyjyhux matepuja y armochepu cy OMIIM YKJbYYEHH M JJOKTOPAHTH, /0 caja Ccy
on0OpameHe ABe JOKTOpcKe aucepranyje Ha Ousnukom ¢akyiarery YHuBep3uterata y beorpany,
a JelHOM O]l WHUX j€ KaHJUJAaT PYKOBOAMO M OMO MeHTOp. Y paJoBHMa KOjU Cy O0jaB/bEHU Y
Mepruoly HaKOH M300pa y MPETXOTHO 3Babe KaHIHUIAT j€ YIeCTBOBAO Y CBHM €KCIIEPHMEHTATHUM
IocTaBKaMa, M aKTMBHO YYECTBOBAaO y UcTpaxuBamwuma. [loceOHO Tpeba ucrahm camocTamHOCT
KaHJuJaTa y MPUMEHH XUOPHUIIHUX PElenTOpPCKUX Mojena. 3ajeJHO ca CBOJUM CTYAEHTOM, JIp
Angapejom CrojuhemM koMe je OMO MEHTOp, MPOIIMPHO je HCTpaXkMBamka Ha NMPUMEHY MaceHe
CTIIEKTPOMETpHje ca TpaHCPepOoM MPOTOHA HA UCTIUTHUBAMKA JTUHAMHKE W TPAHCIIOPTa MCHApJHUBUX
OPTaHCKUX jeIUbeha y aTMochepu.

VY uctpaxxuBamuMa Koja ce OJIHOCE Ha MPUMEHY Jlacepa 3a JaJbUHCKY JETEKIHjy aTMOC(HEpCKUX
aepocojia W WCIHUTHBAKE FHHXOBHX ONTHYKUX KapaKTEPHCTUKA KaHIUAAT je Kao JOKTOPaH[ Y
WHucTtuTyTy 32 (PU3MKY yUECTBOBAO y Pa3BOjy JUAAp CUCTEMA 3aCHOBAHOT Ha JIETEKIIMjH €1aCTUYHO
pacejaHor 3pauema yHa3aJl Ha TalacHo] AykuHu 532 nm. Hakon GopaBka y National Institute of
Research&Development for Optoelectronics y bBykypemry u ycrnocraBibama capaime ca
nabopaTtopujoM 3a JajbMHCKa ocMmarpama y arMmocdepu, 3opaH Mujuh ctude ekcreprMEHTaIHO
UCKYCTBO M MWHHUIMpa Jajbe yHampeheme aajbUHCKE JAeTeKluje aTrMoc(hepcKux aepocosna
npuMeHoM Paman numap cuctema. TpeHyTHO je Boaehw WCTpakMBa4 | OJTOBOpaH 3a
eKCIIEpUMEHTAJIHY TOCTaBKY M PaJi OBOT jeIMHCTBEHOI CHUCTEMA Y PETHOHY.

4.1.5 Harpajae u Npu3Hama 32 HAYYHH Paj

Kangunat je noOutnuk Harpane "Hp JbyGomup ThupkoBuh " 3a Haj0OBM MarucTtapcku paj
onopameH Ha PusznukoMm (akynrery YHuBepsurera y beorpamy 3a 2006/2007 roauny.



4.2 AHra:xoBaHocT y ¢popMHUpamky HAYYHHX KaJpPOBa U Pa3Bojy YCJ10Ba 32 HAYYHH Paj

Hp 3opan Mujuh je ox 2016. ronune pykooawian Jlaboparopuje 3a GU3NKY )KUBOTHE CPEIUHE Y
HNHuctutyTy 3a Qusuky, a y nepuoay ox 2012-2018. r. 61o je aHra)xoBaH M Y OKBUPY aKTHBHOCTH
IlenTpa M3y3eTHHX BpPEAHOCTH 3a NPUMEHY IUIa3ME€ y HAHOTEXHOJIOTHjamMa, OWOMEIUIIMHU |
€KOJIOTHjU. AKTHUBHO j€ YYeCTBOBao y o0e30ehuBamy cpejicTaBa 3a onpeMame j1aboparopuje u 61o
je oaroBopaH 3a HabOaBKy kamurtanHe ompeme (Paman numap cuctem) kao M 3a HHCTajauujy,
KOH(UTrypaIujy u u3rpanmwy nparehe nappactpykrype. Paman muaap cucreM je yCIenHo TeCTupaH
U mymreH y pax noderkom 2014. romuHe. YcmocraBibeHa je mpBa MepHa cranuna y CpOuju u
peruony koja je npuapyxeHa EBporickoj mpexu nuaap mepHux cranuna (EARLINET-European
Aerosol Research Lldar Network), a np 3opan Mujuh je umMeHOBaH 32 OATOBOPHOT UCTpaKMBava
(PD). ¥V okBupy mehyHapoane capaame ap 3opan Mujuh npeaBoaud TUM KOjH je YKIJbYYEH y JBa
npojekxra u3 nporpama EU H2020 (ACTRIS2 Integrated Activities - Aerosols, Clouds, and Trace
gases Research InfraStructure Network, 1 GEO-CRADLE - Coordinating and integRating state-of-
the-art Earth Observation Activities in the regions of North Africa, Middle East, and Balkans and
Developing Links with GEO related initiatives towards GEOSS) uume je o6e36eheno momatao
¢dunancupame 3a pax Jlaboparopuje 3a ¢pusnky KuBoTHE cpeaune 30or yera 2017. rogune noduja
Harpaxy 3a ¢puHaHcHjcKH nonpuHoc MHcTUTyTa 32 Bhusuky. [IpeTxoqHe akTUBHOCTH Cy oMoryhuiie
3Ha4YajaH MCKOPAaK y HOBOM IMIPaBIy HCTPaXMBamba ONTUYKUX KAPAaKTEPUCTHKA W TPAHCIOPTa
aTMOC(epCKUX aepocosa. YIopemo ca MOKPEHYTOM HOBOM HCTPa)KMBAYKOM TEMOM O MPUMEHHU
XHOPUIHUX PEHENTOPCKAX MOJENa 3a aHAJM3Y TPAHCIIOpTA MOJyTaHaTa y atMochepH, JaJbUHCKa
JeTeKIMja U HUCIUTUBamka y aTMochepu MpencTaBibajy TNIaBHY TeMy HayyHOTr pajaa JIp 3opaHa
Mujuha y okBUpY KOj€ je onOpameHa jeHa TOKTOpCKa JUCEPTalrja, a y TOKY j€ paJl Ha U3paju joIl
JjeaHe JOKTOpCKe ucepTaluje.

4.3. Hopmupame 0poja K0ayTOPCKHX pajoBa, NMATEeHATa W TEXHHUYKHX pPelleHa

VY cBUM MyOJUKOBaHUM pajloBUMa KaHJUAAaTa Cy KOMOMHOBAaHA €KCIEPUMEHTAIHA UCTPaKHBamba
CaTEOPHUJCKUM M HYMEPUYKHUM CHUMYJIallijaMa Ia ce padyHajy ca IYHOM TE€KHHOM y OJHOCY Ha
7 xoaytopa . On ykynHo 16 myOiukanuja Koje cy o0jaBjbeHe y epHo1y HaKOH NMPETXOIHOT U300pa
y 3Bame ojroBapajyhe HopMupame Ha OCHOBY Opoja KoayTopa 3€ U3BPIICHO 3a 1 paj kaTeropuje
M21a, 1 pag xateropuje M22, 1 pan kateropuje M33 u 1 pan kareropuje M63. bpoj M 6onoBa je
44.5, a HakoH HOpMHpama je 35,15 mTo je m3Hax 3axTeBaHOr Opoja 00/10Ba 3a pen3dop y 3Bame
BUIIIM HAyYHU CApaJHUK.

4.4 PykoBoheme npojekTuma, MOTHPOjeKTUMA U MPOJeKTHUM 3aJaluMa

Hp 3opan Mujuh je ox 2016. pykooaunar Jlaboparopuje 3a hpu3uky >XxuBOoTHE cpeanHe MHCTHTy3a
3a ¢pu3uky y beorpany.

- Jlp 3opan Mujuh je y okBupy npojekra MUMN43007 '"HMctpaxuBame KINMATCKUX
MpOMEHa W HHUXOBOT yTHIIaja Ha )KUBOTHY CpeluHy- npaheme yTHllaja, ajanTtanuja u
yonaxasme " (2011- 2019), punancupanom o ctpane MUHUCTApCTBA MIPOCBETE, HAYKE U
TeXHOJOMKOT pa3Boja Pemybmmke CpOuje, pykoBoauo motmpojektoMm 3 '"MHTerpanHa
HCTpaXHBama KBAJIUTETA Ba3Ayxay ypbaHuM cpenrHama'.

- V¥V okBupy y EU H2020 mpojekta GEO-CRADLE (Coordinating and integRating state-of-
the- art Earth Observation Activities in the regions of North Africa, Middle East, and Balkans



and Developing Links with GEO related initiatives towards GEOSS), the European Union's
Horizon 2020 (H2020) research and innovation programme under grant agreement No
690133 (2016 - 2018) ap 3opan Mwujuh je pykoBoaWal aKTUBHOCTH TOJI HA3UBOM
"Modelling and computing facilities".

- Jp 3opan Mujuh je pykoBonuo Tumom u3 CpOuje y okBUpy Kammname Mepema 2020. rogune
“COVID-19 NRT lidar measurement campaign” koja je opranuzoBaHa y okBupy ACTRIS
€BOIIPCKE MHUIIM]aTUBE 32 MPOYyYaBaLE MPOMEHa y atMochepH.

- ¥V Hncruryry 3a ¢usuky y okBupy LleHTpa M3y3eTHHX BpPEIHOCTH 3a NPUMEHY IIa3Me Y
HAaHOTEXHOJIOTHjaMa, OWOMEIMIIMHM M EeKOJIOTHjU KaHIUAAT je PYKOBOJIUO IPOjeKTHUM
3agaTkoM "JlaJBMHCKO Mepeme ONTHYKHUX KapaKTepHCTHUKA aepocoia M MOJEIOBAmE Y
atmocdepu" (2013)

- YV Uncrtutyty 3a ¢u3uky y okBupy LleHTpa M3y3eTHHX BpPEIHOCTH 3a IPUMEHY ILIa3Me y
HAaHOTEXHOJIOTHjaMa, OMOMEIUIIMHA W EKOJOTHjH KaHIWIAT je€ PYKOBOIUO TPOjEeKTHUM
3agatkoM "lIpuMeHa pelenTopcKuX Mojelna 3a MACHTU(QHUKALM]Y U KBAaHTHUTATUBHY IMPOICHY
nornpuHoca u3Bopa emucuje’ (2014).

Tlpunosu:
Konuje anexcayeosopa o peanusayuju npojexkma UHUH43007
Konuje coouwrux uzeewmaja Llenmpa usysemuux 8peOHoCmu 3a NPUMeHy Hid3me )
HAHOMEXHOA02Ujamd, OUOMeOUYUHU U eKOT02UjU
Konuja yeoeopa npojexma GEO-CRADLE
H3600 ussewmaja COVID-19 Actris
Oonyxa o umenogary pyKogoouoya iabopamopije

4.5 AKTHBHOCT Y HAYYHHM U HAYYHO-CTPYYHHUM JAPyIITBHMA

Kannupaar je yuectBoBao y pany (2007-2013) Jlp:kaBHe KOMHCHje 3a TaKMHUYeHha U3 (U3MKE 3a
yYUEHHUKe CpellbUX 1IKosa y okBupy [pymrsa ¢puszngyapa Cpbuje koje je omyHOMONhEeHO O] CTpaHe
MuHHCTapCcTBa 32 MPOCBETY, HAYKY M TEXHOJIOIIKH Pa3BOj Jia OpraHu3yje TakKMHU4Yema U3 (pusmke
3a y4eHUKe cpelmux 1mkona y Pemyoauuu CpOuju

« VY ume [pymrBa ¢uszuuapa CpOuje ap 3opan Mujuh je npenBoano Tum yueHuka uz Cpouje
Ha Mel)yHapoaHUM oymMnHjagamMa u3 Qusuke 3a yueHuke cpeamux mkona 2009. rogune y
Mexkcuky u 2011. rogune y Tajnanny.

« On 2007. no 2013. rogune Ouo je uman Komwucuje 3a Takmuyewme M3 (U3MKE Y4YCHHKA
cpenmux 1mkona pymrsa ¢uzndapa CpOuje u ayTop 3agaTaka 3a TaKMU4erma 3a 1. paspes.

« On 2007. no 2013. ronune kaHauaar je kao wiad [pymrsa ¢usnuapa Cpbuje yuecTBoBao y
OpTaHU3aIMj¥i BUIIE PEIyOTMYKUX TaKMHUYEHa W3 (PHU3HKe 3a YYCHHKE OCHOBHUX U CPEIUX
IIKOJIa U YYECTBOBAO Y pajy KOMHCH]ja 3a Iperien 3ajJaTaka

Unan je EUROPLANET SOCIETY, Europlanet South Eastern European Hub, Serbia
4.6 YTHIajHOCT HAYYHHX pe3yJaTaTa
YTumajHoCT Hay4YHUX pPajoBa KaHIUaaTa je HaBeneHa y oaesbiima 4.1. [TyH cnimcak pamoBa aar je

y OIIeJbKY 6, IOK Cy MOJaIy O IMTUPAHOCTH HABEJEHU ca JOCTYITHE 0a3e MmojaTaka HaKOH CITHCKa
CBHUX paJioBa.



4.7 KoHKpeTaH A0NPHHOC KAHAMIATA Y peaju3almju paJoBa y HAyYHUM LHEHTPUMA y 3eM/bH
U HHOCTPAHCTBY

3opan Mujuh je 1a0 KJbyYHHM JONPHHOC Yy Pa3Bojy W IPUMEHH HOBE 00JIacTH

UCTPaXMBama KOJ HAC, JaJbUHCKO] JETEKIUjU aTMOC(HEPCKUX aepocoiia U MPUMEHH XUOPHIHUX

MoJeNa 3a aHanu3y TpaHcroprta 3aralyjyhux marepuja. 3a Bulle JeTajba O JIONPUHOCY

KaHaunaTa nornegatu aeo Cmenen camocmaninocmu u cmenen yyewha y peanuzayuju paooea y

HAYYHUM YEeHMPUMAy 3emmlu U uHocmpancmesy 'y ofieibky 4.1.4.

4.8 YBoaHa npefaBama Ha KOH(epeHIMjaMa U Apyra npeiaBama 1o No3uBYy

[IpenaBama no 1Mo3uBy Ha KOH(epeHIjama oApKaHa y Iepruoay Mpe MPeTXoIHOT u300pa y 3Bame

Z. Mijic, M. Kuzmanoski, D. Nicolau, L. Belegante (2013). The use of hybrid receptor
models and ground based remote sensing of particulate matter for identification of potential
source regions, Proceedings from the 4th WeBIOPATR Workshop Conference, 4th
WeBIOPATR2013, October 2-6, Belgrade, Serbia.

Zoran Mijic, Darko Vasiljevic, Aleksander Kovacevic, Bratimir Panic, Milan Minic, Mirjana
Tasic, Branislav Jelenkovic, Ilija Belic, Ana Vukovic, (2011). Investigation of transport
pathways and potential source regions of atmospheric aerosols in Belgrade: receptor modeling
and LIDAR system, 5" International Workshop on Optoelectronic for Environmental
Monitoring, 28-30 September, Magurele, Romania

Ipunoe:
Konuje nosuenoe nucma u npogpama kougepenyuje y Kojuma ce suou 0dje xanouoam Ouo
npedasau

4.9 Ilenaromku pan

Jp 3opan Mujuh je Beoma akTHBaH Yy MEJAarouIkoM pany U GopMUpamy HayyHOT MOAMIATKA U Y
HACTaBKy Cy HaBeJleHE HajBa)KHU]€ aKTUBHOCTH:

Y ume [dpymrea ¢uznuapa CpOuje ap 3opan Mujuh je npenoauo TuMm yueHuka uz Cpouje
Ha MehyHapoaHUM OJHMMIIMjafaMa W3 (GHU3UKe 3a yueHHuke cpeamux mkona 2009. roaune y
Mekcuky u 2011. roguae Ha Tajmanmy.

On 2007. mo 2013. rogune unan Kommcuje 3a TakMuuewme U3 (pU3MKe yUeHHMKA CpelmbuX
mkona Jpymrea ¢usznyapa CpOuje u 610 ayTop 3ajaTaka 3a TaKMUYEHA.

On 2007. no 2013. ronuHe xaHauAaar je kao wiad [pymra ¢usnuapa Cpbuje yuecTBoBao y
OpTaHU3aIMjH BHIIE PEIyOTUYKHX TaKMHYCHa U3 (PU3HMKE 32 YICHWKE OCHOBHUX U CPEIbUX
IIKOJIa U YYECTBOBAO Y pajy KOMHCH]ja 3a Iperien 3axaTaka

2012. ronune je capahuBao je ca Pernonanaum neHtpom 3a tajeHte beorpan 1-3emyH rue je
panuo Ha M3pagd EKCIEPUMEHTATHUX pajoBa ca YYCHHIMMa KOjH CYy YYeCTBOBAIM Ha
PenyGnuukoM TakMHuemy MIaJUX TajleHaTa 3a OCHOBHE IIKOJIE.

Mkoncke 2014/2015 u 2015/2016. ronune je OMO aHTa)XOBaH 3a OJpKaBambe NpelaBama U
BexkOM m3 mpeamera dusumka Ha TexHwukom dakynTeTy YHupep3uteta CHHTUIYHYM Y



4.9.
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beorpany, cMep EneTkpoTexHHMKa M padyyHapCTBO.

Ha mo3uB Munucrapcta npocere u Hayke Penyonmuke Cpricke y bama Jlynu yuecTtBoBao y
NPUIIPEMH yYEHHKA CpeIbuX IIKoja 3a ydemhe Ha TakMuuewmuma U3  (usuke u
Mel)yHapOIHO] OJTMMITH]aIH.

VYdyecHuk Ha mpojekTy Hayuna Bu3yenm3anuja y MIKOJICKOM MpPOCTOPY M Ha MaMETHOM
tenedony Llenrap 3a nmpomonujy Hayke beorpan, rimaBHu peanuzatop MHCTUTYT 3a pu3nKy
Beorpan, 6poj yrosopa: 667/15, 24.09.2015.

On 2011. no 2014. ronuHe y4yecTByje Ha mpojekty IloacTunajHa OkoJaWHA 32 aKTUBHO
yueme npupogHux Hayka - IIOKO, Ilenrtap 3a mpomonujy Hayke beorpan, rnaBHu
peanuzarop Uuctutyt 3a pusuky beorpan.

Kao nmpenaBau y4ecTBOBao y BHIIIE aKpeIMTOBAHUX CEMHUHApa 3a HACTABHUKE (PU3UKE UHjH je
peanuzarop 6uo Uuctutyt 3a gusuky, beorpan

1 MeHTDpCTBO npu u3paau Mactep, MaruCTapCKux u 10KTOPCKUX pajaoBa

Hp 3opan Mwujuh je Ouo MeHTOp TpU H3paau JOKTOPCKE Aucepranuje ap AHIpeje
Crojuha mmon Ha3uBoMm "AHanmm3a pacnojena W JUHAMHUKE UCIap/bUBUX OPraHCKUX
jenumema U aepocojia y Tporocepu - JIugap U MaceHa CIIeKTpoMeTpuja " koja je
onbpamena 7.07.2015. rogune Ha ®usndkoMm dakynrery YHuUBep3uTeTa y beorpany.

Hp 3opan Mujuh je Ouo 4iman koMucHje 3a 010paHy JOKTOPCKE Aucepramnuje Ap AHapeja
[omrapuha mnox  HazuBoM  MeXaHM3MM — yKJamama  Jako  HCHApJbUBUX
MOHOapoMaTHyHUX yriboBogoHuka (BTEX) wu3 amOujeHTamHor Ba3zayXxa MOKPOM
NENo3UIjoM Koja je oxdOpamena 27.12.2017. roguHe Ha XeMHjCKOM (QakyITeTy
Yuusep3utera y beorpany.

IHpunoe:

Oonyxa Hacmasno-nayunoe eéeha @uzuuroe ghaxynmema Ynusepzumema y beopaoy o
00pehusaryy menmopa 3a 00kmopcky oucepmayujy op Anopeje Cmojuha u ooeosapajyhu
OOKYMEHMU 3d YIAHCMO Y KOMUCUU 3 000pary 0oKmopcke oucepmayuje op Anopeja
Llowmapuha

Mebhynapoana capaama

On 2021. rogune ap 3opan Mujuh 06aBiba PyHKIM]Y HALIMOHATHOT KOOPJMHATOPA Yy OKBHUPY
EBporickor nporpama 3a capajiipy y I0MEHY HAyYHHX U TEXHOJOUIKUX UcTpaxuBama - COST
(European Cooperation in Science and Technology).

Hp 3opan Mujuh je ydyecTBOBao y BHIle Mel)yHapoaAHUX MpojeKaTa y KOjUMa je U PYKOBOJIUO
MOjeTMHIM aKTHBHOCTHMA!

2017-2021. roguHe Kao 3aMEHMK 4WiaHa YIpaBibadkor ojdopa yuyectByje y COST akuuju
inDUST: International Network to Encourage the Use of Monitoring and Forecasting Dust
Products; European Cooperation in Science and Technology, COST Action CA16202;

2016 - 2018. rogune ydectByje y EU H2020 nmpojektry GEO-CRADLE (Coordinating and
integRating state-of-the-art Earth Observation Activities in the regions of North Africa,
Middle East, and Balkans and Developing Links with GEO related initiatives towards
GEOSS), the European Union's Horizon 2020 (H2020) research and innovation programme
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under grant agreement No 690133. Koopaunarop mpojekra je National Observatory of
Athens (NOA). Y okBupy mnpojekTa pyKoOBOAM pajoM TuMa u3 MHcTtuTyTa 3a (QU3UKY Yy
beorpany.

2015 - 2019. rogune yuyectByje y EU H2020 npojekty ACTRIS-2 Integrated Activities (IA).
ACTRIS-2 je ¢unancupan y oksupy the European Union's Horizon 2020 research and
innovation programme (grant agreement No 654109). KoopaunaTtop mpojekra je Consiglio
Nazionale delle Ricerche, CNR, Italy. ¥ okBupy mpojekra pyKOBOJAH paZioM CPIICKOT THMA.
2019 - OaroBopHM je mpeacTaBHUK y uMme tTuMma u3 CpOuje y okBupy mpojekra Aeolus L2A
aerosol and cloud product validation using the European Aerosol Research Lidar Network
EARLINET, kojum pykoBoau EBporicka cBemupcka arenija (ESA)

2014 - Oxrosopnu je npencraBHuK y okBupy EARLINET (the European Aerosol Research
Lidar Nehvork) mpexe.

2011 - 2015. rogunae yuectByje y EU FP7 npojexkty ACTRIS (Aerosols, Clouds, and Trace
gases Research InfraStructure Network). ACTRIS je ¢unancupan y oxsupy the EC 7th
Framework Programme under "Research Infrastructures for Atmospheric Research".
Koopaunatop mnpojexra je Consiglio Nazionale delle Ricerche, CNR, Italy. Y okBupy
MpOjeKTa PYKOBOJHU PAJOM CPIICKOT THMA.

2015 - 2016. rogune yuectByje y pamy npojekta iSPEX-EU. iSPEX-EU je neo mpojekra
LIGHT2015, ¢unancupanor y okBupy the European Union 's innovation programme under
grant agreement No 644964.

2006 - 2009. rogune ydectByje Ha npojekty IPB-CNP Reinforcing Experimental Centre for
Non-equilibrium Studies with Application in Nano-technologies, Etching of Integrated
circuits and Environmental Research y okBupy FP6 nporpama Esporicke yuuje (2006-2009.).
2008 - 2009. roguHe ydecTByje Ha NIpOjeKTy OunarepanHe capaame usMmehy CpbOuje u
Crnosennje: Development of complementary photothermal and optical spectroscopy methods
and techniques.

2006 - 2007. roauHe yd4ecTByje Ha MpOjeKTy OunatepainHe capaame usMmehy Cpbuje u
CrnoBenyje: Jlacepcke TexHMKe 3a mpaheme aepocosa U UCIIUTHBAKkE TacoBa CTakJIeHe OallTe.

Hpunosu:
Konuje ooeosapajyhux yeosopa npojexama u unmeprem cmpanuyay Kojuma ce Ookymenmyje yueuihe
Ha npojekmuma

Oprasmsanyuja HAyYHHX CKYNOBA

UnanctBo y Hayunom on6opy mehynapoane xondepenmuje III Meeting on Astrophysical
Spectroscopy - A&M DATA, koja je oapxkana ox 6-9. neniem6pa 2021. roaune, [1amuh,

UnanctBo y Hayunom on6opy wmehynaponne kongepenuuje The Eighth Intemational
WeBIOPATR Workshop and Conference Particulate Matter: Research and Management
(WeBIOPATR2021) xoja je onpxkana on 29. HosemOpa no 1. JlenemOpa 2021. rogune y
Bbeorpany. https://www.vin .bg.ac.rs/webiopatr/#Workshop/

UnanctBo y Hayunom onbopy wmehynaponne xondepenuuje The Seventh Intemational
WeBIOPATR Workshop and Conference Particulate Matter: Research and Management
(WeBIOPATR2019) koja je ompxkana ox 1. mo 3. okrobpa 2019. romune y beorpany.
https://www.vin .bg.ac.rs/webiopatr/#Workshop/



- UYnanctBo y Hayunom onbopy wmehynapomne koHdepenuuje The Sixt Intemational
WeBIOPATR Workshop and Conference Particulate Matter: Research and Management
(WeBIOPATR2017) koja je oampxkana om 6. 10 9. centemOpa 2017. romune y beorpany.
https://www.vin .bg.ac.rs/webiopatr/#Workshop/

- UpanctBo y OpranmsamuoHoM omp6opy Mehynapomne xondepenumje 18" International
Conference on Photoacoustic and Photothennal Phenomena (ICPPP18) kojaje ompskana ox
1. no 6. centembpa 2015. roqune y HoBom Cany.

- UWranctBo y Hayunom opbopy wmehynapogne kondepenumje The Fifth Intemational
WeBIOPATR Workshop and Conference Particulate Matter: Research and Management
(WeBIOPATR2015) xoja je oapxana on 14. mo 16. okrobpa 2015. rogune y beorpany.
https://www.vin .bg.ac.rs/webiopatr/#Workshop/

- UYnanctBo y Hayunom opbopy wmehynapomgne xoHdepenuuje The Fourth Intemational
WeBIOPATR Workshop and Conference Particulate Matter: Research and Management
(WeBIOPATR2013) koja je oapxkana ox 2. mo 4. okrobpa 2013. rogune y beorpany.
http://www.vin.bg.ac.rs /webiopatr/4th-workshop/

« UYnanctBo y Opranuzannonom og6opy konpepeniuje @oronnka 2010 Teopuja u ekCriepuMeHT
y Cp6wuju, xoja je oapxkana ox 21. go 23. anpwra 2010. ronune y beorpany.

Ilpunosu:
0o0zosapajyhie konuje u u3600uU Krsliea AnCmMpaxkamd u nyonuKayuja ca Ha8eoeHuM cacmasom HaAyuHo2
U opeanuzayuoHoz 0060pa

4.12 YnancrBa y ypehuBaukum ogdopuma yaconuca, ypehusame monorpaduja,
peleH3uje HAayYHUX PaioBa U Mpojexkara

Kannupar je ypaguo ykymHo 55 pe3eH3uja pajoBa 3a HEKOJMKO MelhyHapogHUX dacomnuca. Y
Nepuoly HaKOH NMpEeTXoJHOr u30opa y 3Bame ypanuo je 41 penensujy. Peuensujy je paauo 3a
cnenehe HayuHe yacomuce (y 3arpajiy je HaBeJIeH Opoj pajoBa 3a CBaKy YacCOIHC):

Atmospheric Pollution Research (12), Science of the Total Environment (11), Remote Sensing (5),
Atmospheric Environment (4), Atmosphere (9), Sustainability (3), Applied Sciences (2), Optical and
Quantum Electronics (1), Journal of Cleaner Production (3), Atmospheric Research (2),
International Journal of Environment (1), Environmental Pollution (1), Air Quality, Atmosphere
and Health (1)

Hp 3opan Mujuh je 6uo roct ypeaHuk 3a yaconuc Atmosphere 3a cnenujanad Opoj Mol Ha3UBOM
"Atmospheric Aerosol Hazards".

IIpunosu:
Konuje u nomepde ypeonuwmea waconuca u 002o8apajyhu u3600 uz 6ase nooamaxa Publons


http://www.vin.bg.ac.rs/

5. EJJEMEHTHU 3A KBAHTUTATHUBHY OHEHY HAYYHOI' JOITPUHOCA KAHAUJATA

OcTBapeHu pe3yJITaTH y NePUOAY HAKOH NMPETXOAHOT U300pa y 3Bame

Kareropwuja M 6?;;;;3 1o bpoj panosa YkynHo M 6ojoBa Hop Mgg;ngp oM
M2la 10 1 10 2,381
M21 8 1 8 8
M22 5 3 15 14,166
M33 1 6 6 5,555
M34 0,5 9 4,5 4,5
M63 1 1 1 0,555

Hopeljeﬂ,e ¢Ca MUHUMAJTHUM KBAHTUTATUBHUM YCJIOBHMaA 3a pEI/I360p Y 3Bamkb€ BUIIA HAYYHH

capajHuK®
Munumanau 6poj M 6onosa” OcTtBapeno M OctBapeno M
6oxg0Ba 6e3 OomoBa ca
HOpMHUpamka HOPMHUPAHEM
YkymnHo 50/2 445 35,157
MI10+M20+M314+M32+M33+M41+M42+M9| 40/2 39 30,102
MI11+M12+M21 +M22+M23 30/2 33 24,547

*3a pe3u3doop y 36arve euuiu HAyYHU CapaoHuKk nompeono je 50% 00 munumannoz opoja M 60006a




6. Cnucak nmy0auKanmja no Kareropujama

Momnorpagcka cryauja/noryiasibe y Kibu3u M11 wiun pan y remarckom 300pHuKy Boaeher
mehynapoanor 3nagaja (M13)

Paoosu objaswenu npe npemxoono2 uzbopa y 36arve

A.1.A. Stoji¢, S. Stanisi¢ Stoji¢, Z. Miji¢, L. Ili¢, M. TomaSevi¢, Marija Todorovi¢, and Mirjana
Perisi¢ (2015). Comprehensive Analysis of VOC Emission Sources in Belgrade Urban Area,
In: Urban and Built Environments: Sustainable Developments, Health Implications and
Challenges , Editor: Alexis Cohen, Nova Science Publishers, NY, USA, pp. 55-87, ISBN:
978-1-63483-117-8
https://www.novapublishers.com/catalog/product_info.php?products _id=55296&0sCsid=02f
84bd86252250cc78d9293d753be8b

A.2. Tomasevi¢, M., Z. Miji¢, M. Anici¢, A. Stoji¢, M. Perisi¢, M. Kuzmanoski, M. Todorovic,
and S. Rajsi¢ (2013). Air Quality Study in Belgrade: Particulate Matter and Volatile Organic
Compounds as Threats to Human Health, In: Air Pollution: Sources, Prevention and Health
Effects, Editor: Rajat Sethi, Nova Science Publishers, NY, USA, pp. 315-346, 2013. ISBN:
978-1-62417-735-4
https://www.novapublishers.com/catalog/product_info.php?products_id=38962&o0sCsid=cc
956b5e1008d06¢c56¢891f47982d91¢

A.3. Anic¢i¢ M., Z. Miji¢, M. Kuzmanoski, A. Stoji¢, M. Tomasevi¢, S. Rajsi¢, and M. Tasi¢
(2012). A Study of Airborne Trace Elements in Belgrade Urban Area: Instrumental and
Active Biomonitoring Approach, In: Trace Elements: Environmental Sources, Geochemistry
and Human Health, Editors: Diego Alejandro De Leon and Paloma Raquel Aragon, Nova
Science Publishers, NY, USA, pp.1-30, ISBN: 978-1-62081-401-7
https://www.novapublishers.com/catalog/product_info.php?products_id=30058&0sCsid=cc
956b5e1008d06¢56¢891f47982d91c

Monorpagcka cryauja/moraasibe y kKibu3u M12 nim pag y remarckom 300pHuky Boaeher
melynapoanor 3nauaja (M14)

Paoosu objasmwenu npe npemxoonoz uzbopa y 36arbe

b.1. Zoran Miji¢, Andreja Stoji¢, Mirjana PeriSi¢, Slavica Rajs$i¢ and Mirjana Tasi¢ (2012). In:
Air Quality - New Perspective, Statistical Character and Transport Pathways of Atmospheric
Aerosols in Belgrade, pp. 199 - 226, Editors: Gustavo Lopez Badilla, Benjamin Valdez and
Michael Schorr, Published by InTech, ISBN: 978-953-51-0674-6.
http://www.intechopen.com/books/air-quality-new-perspective/statistical-character-and-
transport-pathways-of-atmospheric-aerosols-in-belgrade

B.2. Zoran Miji¢, Slavica Rajsi¢, Andrijana Zeki¢, Mirjana Perisi¢, Andreja Stoji¢ and Mirjana
Tasi¢ (2010). Characteristics and application of receptor models to the atmospheric aerosols
research, Book chapter in Air quality edited by Ashok Kumar, pp. 143-167. ISBN 978-953-
307-131-2.
http://www.intechopen.com/books/air-quality/characteristics-and-application-of-receptor-
models-to-the-atmospheric-aerosols-research



https://www.novapublishers.com/catalog/product_info.php?products_id=55296&osCsid=02f84bd86252250cc78d9293d753be8b
https://www.novapublishers.com/catalog/product_info.php?products_id=55296&osCsid=02f84bd86252250cc78d9293d753be8b
https://www.novapublishers.com/catalog/product_info.php?products_id=38962&osCsid=cc956b5e1008d06c56c891f47982d91c
https://www.novapublishers.com/catalog/product_info.php?products_id=38962&osCsid=cc956b5e1008d06c56c891f47982d91c
https://www.novapublishers.com/catalog/product_info.php?products_id=30058&osCsid=cc956b5e1008d06c56c891f47982d91c
https://www.novapublishers.com/catalog/product_info.php?products_id=30058&osCsid=cc956b5e1008d06c56c891f47982d91c
http://www.intechopen.com/books/air-quality-new-perspective/statistical-character-and-transport-pathways-of-atmospheric-aerosols-in-belgrade
http://www.intechopen.com/books/air-quality-new-perspective/statistical-character-and-transport-pathways-of-atmospheric-aerosols-in-belgrade
http://www.intechopen.com/books/air-quality/characteristics-and-application-of-receptor-models-to-the-atmospheric-aerosols-research
http://www.intechopen.com/books/air-quality/characteristics-and-application-of-receptor-models-to-the-atmospheric-aerosols-research

b.3. Mirjana Tasi¢, Slavica RajSic, Milica TomasSevi¢, Zoran Miji¢, Mira Anici¢, Velibor
Novakovi¢, Dragan M Markovi¢, Dragan A Markovi¢, Lazar Lazi¢, Mirjana Radenkovi¢,
Jasminka Joksi¢ (2008). Assessment of Air Quality in an Urban Area of Belgrade, Serbia, In:
Environmental technologies, New Developments, Edited by E. Burcu Ozkaraova Gungor, I-
Tech Education and Publishing, Vienna, Austria, ISBN 978-3-902613-10-3, pp. 209-244.
Available from:
http://www.intechopen.com/books/environmental technologies/assessment_of air_quality 1
n_an_urban_area_of belgrade serbia

PAJIOBU OBJABJbEHUM Y HAYUHUM YACOIMUCUMA
MEBYHAPOJHOT 3HAYAJA (M20)

Pan y mehynapoanom yaconucy u3y3seTHux speaHoctu (M21a)

Paoosu 06ia6/beHu HAKOH npeme()Hoe u360pa y 36dre

1. Papagiannopoulos, N., D'Amico, G., Gialitaki, A., Ajtai, N., Alados-Arboledas, L., Amodeo,
A., Amiridis, V., Baars, H., Balis, D., Binietoglou, 1., Comerdn, A., Dionisi, D., Falconieri,
A., Fréville, P., Kampouri, A., Mattis, L., Miji¢, Z., Molero, F., Papayannis, A., Pappalardo,
G., Rodriguez-Gomez, A., Solomos, S., and Mona, L. (2020). An EARLINET early warning
system for atmospheric aerosol aviation hazards,

Atmospheric Chemistry and Physics (20) 10775-10789.
doi:10.5194/acp-20-10775-2020

Paoosu objaswenu npe npemxoono2 uzbopa y 36arbe

1. Stoji¢, A., Maleti¢, D., Stoji¢, S. S., Mijié, Z., Sostari¢, A. (2015). Forecasting of VOC
emissions from traffic and industry using classification and regression multivariate methods,
Science of the Total Environment, 521-522, 19-26.
doi:10.1016/].scitotenv.2015.03.098

Pan y Bpxynckom melhynapoanom yaconucy (M21)

Paoosu objaswenu naxon npemxoono2 uzbopa y 36arve

1. Sostari¢, S. Stani§i¢ Stoji¢, G. Vukovi¢, Z. Mijié, A. Stoji¢, Grzeti¢ I. (2017). Rainwater
capacities for BTEX scavenging from ambient air,
Atmospheric Environment, 168, 46-54,
doi:10.1016/j.atmosenv.2017.08.045.

Paoosu objaswenu npe npemxoorno2 uzbopa y 36arbe



http://www.intechopen.com/books/environmental_technologies/assessment_of_air_quality_in_an_urban_area_of_belgrade__serbia
http://www.intechopen.com/books/environmental_technologies/assessment_of_air_quality_in_an_urban_area_of_belgrade__serbia
http://dx.doi.org/10.1016/j.scitotenv.2015.03.098

. Lazi¢, L., UroSevi¢ M.A., Miji¢, Z., Vukovi¢ G., Ili¢ L. (2016). Traffic contribution to

airpollution in urban street canyons: Integrated application of the OSPM, moss biomonitoring
and spectral analysis

Atmospheric Environment, 141, 347-360.

doi:10.1016/j.atmosenv.2016.07.008

Stoji¢, A., Stanisi¢ Stojié, S., Reljin, I., Cabarkapa, M., Sostari¢, A., Perisi¢, M., Miji¢, Z.
(2016). Comprehensive analysis of PMjo in Belgrade urban area on the basis of long term
measurements.

Environmental Science and Pollution Research, 23, 10722-10732
doi:10.1007/s11356-016-6266-4

Stoji¢, A., Stojic, S. S., Miji¢, Z., Sostarié, A., Rajsi¢, S. (2015). Spatio-temporal distribution
of VOC emissions in urban area based on receptor modeling.

Atmospheric Environment, 106, 71-79.
doi:10.1016/j.atmosenv.2015.01.071

Stoji¢, A., Stanisi¢ Stojic, S., Sostarié, A., Ilié, L., Miji¢ Z., Rajsi¢ S. (2015). Characterization
of VOC sources in urban area based on PTR-MS measurements and receptor modelling,
Environmental Science and Pollution Research, 22, 13137-13152.
doi:10.1007/s11356-015-4540-5

Mijié, Z., Stoji¢, A., Perisi¢, M., Rajsi¢, S., Tasi¢, M., Radenkovi¢, M., Joksi¢, J. (2010).
Seasonal variability and source apportionment of metals in the atmospheric deposition in
Belgrade.

Atmospheric Environment, 44(30), 3630-3637.
doi:10.1016/j.atmosenv.2010.06.045

M. Anici¢, M. Tasi¢, M.V. Frontasyeva, M. Tomasevi¢, S. Rajsi¢, Z.Miji¢, A. Popovic, (2009).
Active Moss Biomonitoring of Trace Elements with Sphagnum girgensohnii Moss Bags in
Relation to Atmospheric Bulk Deposition in Belgrade, Serbia,

Environmental Pollution 157 (2), 673-679.
doi:10.1016/j.envpol.2008.08.003

Pan y ucraknyrom mehynapoanom yaconucy (M22)

Paodosu objaswenu HakoHn npemxo0ro2 u3zbopda y 36arbe

1.

L. Ili¢, M. Kuzmanoski, P. Kolarz, A. Nina, V. Sre¢kovi¢, Z. Miji¢, J. Bajceti¢, M. Andri¢,
(2018). Changes of atmospheric properties over Belgrade, observed using remote sensing and
in situ methods during the partial solar eclipse of 20 March 2015,

Journal of Atmospheric and Solar-Terrestrial Physics, 171, 250-259.
doi:10.1016/j.jastp.2017.10.001.

Sreckovi¢ V.A, Sulié¢ D.M, Vujéié¢ V, Miji¢ Z.R, Ignjatovié¢ L.M. (2021). Novel Modelling
Approach for Obtaining the Parameters of Low lonosphere under Extreme Radiation in X-
Spectral Range.

Applied Sciences 11(23):11574.

d0i:10.3390/app112311574



http://dx.doi.org/10.1016/j.atmosenv.2015.01.071
http://dx.doi.org/10.1016/j.atmosenv.2010.06.045
http://dx.doi.org/10.1016/j.envpol.2008.08.003

3. Kolarski A, Sreckovi¢ V.A, Miji¢ Z.R. (2022). Response of the Earth’s Lower lonosphere to

Solar Flares and Lightning-Induced Electron Precipitation Events by Analysis of VLF Signals:
Similarities and Differences.

Applied Sciences 12(2):582.

d01:10.3390/app12020582

Paoosu objaswenu npe npemxoono2 uzbopa y 36arve

. Perii¢ M, Rajsi¢ S, Sostari¢ A, Miji¢ Z, Stoji¢ A., (2016) Levels of PMo bound species in

Belgrade, Serbia: spatio-temporal distributions and related human health risk estimation
Air Quality, Atmosphere & Health
doi: 10.1007/s11869-016-0411-6

Perisi¢, M., Stoji¢, A., Stoji¢, S. S., Sostari¢, A., Miji¢, Z., Rajsi¢, S. (2015). Estimation of
required PMo emission source reduction on the basis of a 10-year period data. Air Quality,
Atmosphere & Health, 8, 379-389.

doi:10.1007/s11869-014-0292-5

Zoran Miji¢, Mirjana Tasi¢, Slavica Rajsi¢, Velibor Novakovié, (2009). The statistical
characters of PMj in Belgrade area,

Atmospheric Research, 92 (4), 420-426.

doi:10.1016/j.atmosres.2009.01.002

Slavica Raj$i¢, Zoran Miji¢, Mirjana Tasi¢, Mirjana Radenkovi¢ and Jasminka Joksi¢, (2008).
Evaluation of the levels and sources of trace elements in urban particulate matter,
Environmental Chemistry Letters, 6(2), 95-100.

doi:10.1007/s10311-007-0115-0

M.D.Tasi¢, S.F.Rajsi¢, V.T.Novakovi¢. Z.R.Miji¢, M.N.TomaSevic¢, (2005). PMio and PM2 5
Mass Concentration Measurements in Belgrade Urban Area,
Physica Scripta, Vol.T118, 29-30.

Pan y mehynapoanom yaconucy (M23)

1.

Marija N. Todorovi¢, Mirjana D. Perisi¢, Maja M. Kuzmanoski, Andreja M. Stoji¢, Andrej I.
Sostari¢, Zoran R. Miji¢ and Slavica F. Rajsi¢ (2015) Assessment of PM10 pollution level
and required source emission reduction in Belgrade area.

Journal of Environmental Science and Health Part A, 50(13), 1351-1359.
doi:10.1080/10934529.2015.1059110

Mijié, Z., Stoji¢, A., Perisi¢, M., Rajsi¢, S., Tasi¢, M. (2012). Receptor modeling studies for
the characterization of PM1o pollution sources in Belgrade.

Chemical Industry and Chemical Engineering Quarterly, 18(4-2), 623-634.

doi: 10.2298/CICEQ120104108M

. Dragan M. Markovi¢, Dragan A. Markovi¢, Anka Jovanovi¢, Lazar Lazi¢, Zoran Miji¢,

(2008), Determination of O3, NO2, SO,, CO and PMo measured in Belgrade urban area,
Environmental Monitoring and Assessment 145 (1), 349-359.
doi:10.1007/s10661-007-0044-1



http://dx.doi.org/10.1016/j.atmosres.2009.01.002

4. Tasi¢ M., DPuri¢-Stanojevi¢ B., Rajsi¢ S.F., Miji¢ Z., Novakovi¢ V.T., (2006) Physico-

chemical Characterization of PM19 and PM; 5 in the Belgrade Urban Area,
Acta Chimica Slovenica 53, 401-405.

350PHUIIN MEBYHAPOJHUX HAYUHUX CKYIIOBA (M30)

IIpenaBame no no3uBy ca Melh)yHapoaHor ckyna mramMnano y uejusu (M31)

Paoosu objaswenu npe npemxoono2 uzbopa y 36arve

1.

Z.. Mijié¢, M. Kuzmanoski, D. Nicolau, L. Belegante (2013). The use of hybrid receptor models
and ground based remote sensing of particulate matter for identification of potential source
regions, Proceedings from the 4th WeBIOPATR Workshop Conference, 4th
WeBIOPATR2013, October 2-6, Belgrade, Serbia, pp. 52-59.

Zoran Miji¢, Darko Vasiljevi¢, Aleksander Kovacevi¢, Bratimir Pani¢, Milan Minié, Mirjana
Tasi¢, Branislav Jelenkovi¢, Ilija Beli¢, Ana Vukovi¢, (2011). Investigation of transport
pathways and potential source regions of atmospheric aerosols in Belgrade: receptor modeling
and LIDAR system, 5™ International Workshop on Optoelectronic Techiques for
Environmental Monitoring, pg. 109-116. 28-30 September, Magurele, Romania.

Caonmreme ca mel)ynapoanor ckyna mramnano y uejaunu (M33)

Paoosu 06ia6/b€Hu HAKOH npemxodHoe Z/l36ODCZ Yy 36Arme

1.

Z.Miji¢, L. 1li¢, M. Kuzmanoski, Raman lidar for atmospheric aerosol profiling in Serbia, 49th
International October Conference on Mining and Metallurgy, 49th International October
Conference on Mining and Metallurgy, pp. 65 - 68, Bor, 18. - 21. Oct, 2017

Z.Miji¢, M. Perisi¢, L. Ili¢, A. Stoji¢, M. Kuzmanoski, Air mass transport over Balkan region
identified by atmospheric modeling and aerosol lidar technique, 49th International October
Conference on Mining and Metallurgy, 49th International October Conference on Mining and
Metallurgy, pp. 69 - 72, Bor, Serbia, 18. - 21. Oct, 2017

. Maja Kuzmanoski, Luka Ili¢, Marija Todorovi¢, Zoran Mijié, A study of a dust intrusion event

over Belgrade, Serbia, Proceedings from the Sixth International WeBIOPATR Workshop &

Conference / Particulate Matter: Research and Management, pp. 103 - 108, Belgrade, 6. - 8.
Sep, 2017

Mirjana Peri§i¢, Gordana Vukovi¢, Zoran Mijié, Andrej Sostari¢, Andreja Stoji¢, Relative
importance of gaseous pollutants and aerosol constituents for identification of PM10 sources
of variability, Proceedings from the Sixth international WeBIOPATR workshop and
conference Particulate Matter: Research and Management, pp. 109 - 112, 9, Belgrade, 6. - 8.
Sep, 2017

Andreja Stoji¢, Svetalna StaniSi¢ Stoji¢, Mirjana Perisi¢, Zoran Miji¢, Multiscale multifractal
analysis of nonlinearity in particulate matter time series, Proceedings from the Sixth



international WeBIOPATR workshop and conference Particulate Matter: Research and
Management, pp. 114 - 118, Belgrade, 6. - 8. Sep, 2017

Aleksandra Nina, Milan Radovanovi¢, Luka Popovi¢, Ana Cernok, Bratislav Marinkovié,
Vladimir Sre¢kovié, Andelka Kovadevié, Jelena Radovié, Vladan Celebonovi¢, Ivana Milié
Zitnik, Zoran Miji¢, Nikola Veselinovi¢, Aleksandra Kolarski, Alena Zdravkovi¢, Activities
Of Serbian Scientists In Europlanet, Proceedings of the XII Serbian-Bulgarian Astronomical
Conference, 107-121, 2020.

Paoosu objaswenu npe npemxoorno2 usbopa y 36arbe

1.

Kuzmanoski M., L. 1li¢, Z. Miji¢, Aerosol remote sensing study of a Saharan dust intrusion
episode in Belgrade, Serbia, XIX International Eco-conference, Environmental protection of
urban and suburban settlements, Proceedings, pp. 73-81. September 23-25, 2015. Novi Sad,
Serbia.

Miji¢ Z., M. Perisi¢, A. Stoji¢, M. Kuzmanoski, L. Ili¢, Estimation of atmospheric aerosol
transport by ground-based remote sensing and modeling, XIX International Eco-conference,
Environmental protection of urban and suburban settlements, Proceedings, pp. 375-382.
September 23-25, 2015. Novi Sad, Serbia.

Sostari¢, A. Stoji¢, S. Stanisi¢ Stojié¢ and Z. Miji¢, Traffic-related VOC dynamics in Belgrade
urban area, Physical Chemistry 2014: proceedings. Vol. 1. 12th International Conference on
Fundamental and Applied Aspects of Physical Chemistry, September 22-26, 2014, Belgrade,
Serbia, pp. 945-948.

S. Stanigi¢ Stojié, Sostari¢, A. Z. Miji¢, M. Perigi¢, The contribution of chemical industry to
ambient VOC levels in Belgrade, Physical Chemistry 2014: proceedings. Vol. 1. 12th
International Conference on Fundamental and Applied Aspects of Physical Chemistry,
September 22-26, 2014, Belgrade, Serbia, pp. 949-952.

Sostari¢, M. Perisi¢, A. Stoji¢, Z. Miji¢ and S. Rajsi¢, Dynamics of gaseous pollutants in
Belgrade urban area, Physical Chemistry 2014: proceedings. Vol. 1. 12th International
Conference on Fundamental and Applied Aspects of Physical Chemistry, September 22-26,
2014, Belgrade, Serbia, pp. 953-956.

M. Perisi¢, Z. Miji€, A. Stoji¢, Frequency analysis of PM10 time series and assessing source
reduction for air quality compliance in Serbia, Proceedings from the 4th WeBIOPATR
Workshop Conference, 4th WeBIOPATR2013, October 2-6, Belgrade, Serbia, pp. 64-68,
2013.

Sostari¢, M. Perigié, A. Stoji¢, Z. Miji¢, S. Rajsi¢, M. Tasi¢, The influence of air mass origin
and potential source contributions on PM10 in Belgrade, Proceedings from the 4th
WeBIOPATR Workshop Conference, 4th WeBIOPATR2013, October 2-6, 2013, Belgrade,
Serbia, pp.39-43.

Mirjana Peri$i¢, Andreja Stoji¢, Zoran Mijié¢, MarijaTodorovic and Slavica Rajsi¢, Source
apportionment of ambient VOCs in Belgrade semi-urban area, 6th International Conference on
Proton Transfer Reaction Mass Spectrometry and Its Application, Book of Contributions,
2013, Innsbruck, Austria, pp. 204-208.



10.

1.

12.

13.

14.

15.

16.

Andreja Stoji¢, Mirjana Perisi¢, Zoran Mijié, Slavica Rajsi¢, Ambient VOCs measurements
in winter: Belgrade semi-urban area, Sth International Conference on Proton Transfer Reaction
Mass Spectrometry and Its Application, Book of Contributions, 2011, Innsbruck, Austria, pp.
248-251.

M. Perisic, A. Stoji¢, S. Rajsic and Z. Mijic: Assessment of VOCs concentrations in Belgrade
semi-urban area, Proceedings of the 10th International Conference of Fundamental and
Applied aspects of Physical Chemistry, September 21-24, 2010, Belgrade, Serbia, pp. 579-
581.

A. Stoji¢, S.Rajsi¢, M.Perisi¢, Z.Miji¢, M.Tasi¢, Assessment of ambient VOCs levels in
Belgrade semiurban area, 4th International Conference on Proton Transfer Reaction Mass
Spectrometry and its Applications, IUP Insbruck University Press, Conference Series, Eds.
Tilmann D.Mark, Birgit Holzner, Contributions, February 16-21, 2009, Obergurgl, Austria,
pp. 289- 293.

Tasi¢, M., Miji¢, Z., Rajsi¢, S., Stoji¢, A., Radenkovi¢, M., & Joksié, J. Source apportionment
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Abstract. A stand-alone lidar-based method for detecting
airborne hazards for aviation in near real time (NRT) is
presented. A polarization lidar allows for the identifica-
tion of irregular-shaped particles such as volcanic dust and
desert dust. The Single Calculus Chain (SCC) of the Eu-
ropean Aerosol Research Lidar Network (EARLINET) de-
livers high-resolution preprocessed data: the calibrated to-
tal attenuated backscatter and the calibrated volume linear
depolarization ratio time series. From these calibrated lidar
signals, the particle backscatter coefficient and the particle
depolarization ratio can be derived in temporally high reso-
lution and thus provide the basis of the NRT early warning
system (EWS). In particular, an iterative method for the re-
trieval of the particle backscatter is implemented. This im-
proved capability was designed as a pilot that will produce

alerts for imminent threats for aviation. The method is ap-
plied to data during two diverse aerosol scenarios: first, a
record breaking desert dust intrusion in March 2018 over Fi-
nokalia, Greece, and, second, an intrusion of volcanic parti-
cles originating from Mount Etna, Italy, in June 2019 over
Antikythera, Greece. Additionally, a devoted observational
period including several EARLINET lidar systems demon-
strates the network’s preparedness to offer insight into natu-
ral hazards that affect the aviation sector.

Published by Copernicus Publications on behalf of the European Geosciences Union.
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1 Introduction

During the aviation crisis related to the volcanic eruption
of Eyjafjallajokull, Iceland, in 2010, the European Aerosol
Research Lidar Network (EARLINET; Pappalardo et al.,
2014) provided range-resolved information to the World Me-
teorological Organization (WMO) on a daily basis (reports
available at: https://www.earlinet.org, last access: 31 Octo-
ber 2019). The reports communicated the altitude, time, and
location of the volcanic clouds over Europe. Furthermore, the
time—height evolution of the lidar returns was freely avail-
able in near real time (NRT) on the EARLINET website.
The nonautomated, non-harmonized, and non-homogenized
process and the lack of tailored products for natural haz-
ards made the EARLINET data disregarded in the decision-
making process.

The lessons learned from the Eyjafjallajokull crisis em-
phasized the vulnerability of air transportation to natural
hazards (Bolic and Sivcev, 2011). Volcanic ash plumes, as
well as desert dust outbreaks, present an imminent threat to
aviation as they lead, among others, to poor visibility with
considerable consequences to flight operations (Bolic and
Sivcev, 2011; Middleton, 2017). Aircraft that do fly in vol-
canic/desert dust conditions can have a variety of damage
from scouring of surfaces to engine failure (Eliasson et al.,
2016). The aftermath of an encounter can be immediate, re-
ducing flight safety; furthermore, it can financially affect the
airlines due to higher maintenance costs and the replacement
of mechanical equipment.

Furthermore, the Eyjafjallajokull eruption highlighted the
gap in the availability of real-time measurements and moni-
toring information for airborne hazards. Specifically, the lack
of height-resolved information, a key aspect in flight plan-
ning and mitigation strategies, became evident. In the frame
of the Horizon 2020 research project EUNADICS-AV (Euro-
pean Natural Disaster Coordination and Information System
for Aviation; https://www.eunadics.eu, last access: 31 Oc-
tober 2019) funded by the European Commission, differ-
ent organizations worked together in a consortium to pro-
vide relevant data during situations when aviation is affected
by airborne hazards (e.g., volcanic ash, desert dust, biomass
burning, radionuclide). Crucial for the overall success of the
project and the early warning system (EWS) design were the
review of the available observations and the collection of spe-
cific requirements from the different stakeholders that once
more pointed out the importance of height-resolved informa-
tion.

A polarization lidar is an important tool to character-
ize the different aerosols. This system permits the discrim-
ination of light-depolarizing coarse-mode particles such as
volcanic and desert dust and fine-mode particles such as
smoke particles and anthropogenic pollution (e.g., Tesche
et al., 2011; Mamouri and Ansmann, 2017). Further, the lidar
setup allows for the retrieval of coarse-mode and fine-mode
backscatter coefficients for wavelengths of 532 and 1064 nm
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(e.g., Tesche et al., 2009). When synergistically used with
a photometer, it is possible to retrieve their mass concentra-
tion profile (e.g., Ansmann et al., 2012; Lopatin et al., 2013;
Chaikovsky et al., 2016).

During the last years, EARLINET has strongly increased
its observing capacity with the addition of new stations and
a system upgrade, namely, the installation of depolariza-
tion channels. In addition, the further development of the
Single Calculus Chain (SCC) (D’Amico et al., 2015, 2016;
Mattis et al., 2016) under the ACTRIS (Aerosols, Clouds
and Trace gases Research InfraStructure Network) umbrella
eliminated the inconsistencies in the retrieval procedures and
in the signal error calculation, automated the data evaluation,
and now allows for NRT data processing and the generation
of tailored products network-wide. EARLINET has already
demonstrated the network’s NRT capabilities, as well as as-
sisted modeling studies in NRT evaluation and assimilation
(Wang et al., 2014; Sicard et al., 2015). As a consequence,
EARLINET is prepared to provide prompt, height-resolved
information and tailored products that were greatly missed
during the 2010 aviation crisis. Therefore, a methodology for
an early warning system based solely on EARLINET data is
developed.

In Sect. 2, we present the EARLINET remote sensing net-
work and the data that we used in this study. In Sect. 3, we
introduce the methodology of the EARLINET-based EWS.
In Sect. 4, we present the results obtained by applying the
methodology to real measurements and the lessons learned
from a multi-station EARLINET observational period. Fi-
nally, in Sect. 5, we give our conclusions and indicate di-
rections for future work.

2 EARLINET

The European Aerosol Research Lidar Network (EAR-
LINET; Pappalardo et al., 2014) was established in 2000,
provides aerosol profiling data on a continental scale, and is
now part of the Aerosols, Clouds, and Trace gases Research
InfraStructure (ACTRIS; https://www.actris.eu, last access:
31 October 2019). Nowadays, more than 30 stations are ac-
tive and perform measurements according to the network’s
schedule (one daytime and two nighttime measurements
per week). Figure 1 illustrates the network’s geographic
extent and the location of the active EARLINET stations
(green squares) and the joining EARLINET stations (yel-
low squares), together with the non-active site of Finokalia
(red square), for which lidar data are used in this study. Fur-
ther measurements are devoted to special events, such as vol-
canic eruptions, forest fires, and desert dust outbreaks (e.g.,
Mona et al., 2012; Pappalardo et al., 2013; Ortiz-Amezcua
et al., 2017; Granados-Muiioz et al., 2016). The majority of
the EARLINET stations operate multi-wavelength Raman li-
dars that combine a set of elastic and nitrogen inelastic chan-
nels and are equipped with depolarization channels. This li-
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Figure 1. The EARLINET network in Europe. The green squares
indicate the active stations, the yellow squares indicate the join-
ing stations, and the red square indicates the non-active Finokalia,
Greece, station.

dar configuration allows for the retrieval of intensive aerosol
profiles, such as the particle lidar ratio, particle Angstrom ex-
ponent, and particle depolarization ratio. These variables are
shown to vary with the aerosol type and location, and, con-
sequently, EARLINET stations are able to characterize the
aerosol load (Miiller et al., 2007). Accordingly, EARLINET
has established tools for automatic aerosol characterization
(Nicolae et al., 2018; Papagiannopoulos et al., 2018).

To ensure a homogeneous, traceable, and quality-
controlled analysis of raw lidar data across the network, a
centralized and fully automated analysis tool, called the Sin-
gle Calculus Chain (SCC), has been developed within EAR-
LINET (D’Amico et al., 2015, 2016; Mattis et al., 2016).
Raw lidar data are first submitted to the central SCC server by
each EARLINET station, and several lidar products are gen-
erated automatically. In particular, low-resolution (in both
time and space) uncalibrated preprocessed products provided
by the SCC EARLINET Lidar Pre-Processor (ELPP) module
(D’ Amico et al., 2016) and aerosol optical properties vertical
profiles provided by the SCC EARLINET Lidar Data Ana-
lyzer (ELDA) module (Mattis et al., 2016) are made avail-
able. Recently a new version of the SCC has been released
providing also standardized high-resolution preprocessed li-
dar products. These new products include the calibrated at-
tenuated backscatter coefficient and volume linear depolar-
ization ratio time series at instrumental time and space reso-
lution. Particular attention has been paid to the calibration of
the high-resolution products; an automatic and fully trace-
able calibration procedure using the low-resolution SCC-
retrieved particle backscatter and extinction coefficients has
been designed and implemented in the SCC framework.

The cloud screening module is responsible for cloud iden-
tification in uncalibrated lidar signals and especially with low
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clouds since such clouds do not permit the aerosol optical
property retrieval by ELDA. Note that the cloud removal is
also essential in our EWS methodology. The input of the
algorithm is the high-resolution preprocessed signals pro-
duced by the SCC HiRELPP (High-Resolution EARLINET
Pre-Processor) module. The current cloud screening detects
clouds as bins with irregularly high values in signal and edge
strength (Nixon and Aguado, 2019; Tramutoli, 1998). The
algorithm works well with uncalibrated signals recorded by
multiple lidar systems across EARLINET. However, the false
detection of aerosol-laden bins as cloud can occur, especially
in cases where there is high contrast between an aerosol layer
and the rest of the atmosphere. For this reason, the develop-
ment of a cloud screening module based on calibrated lidar
signals and quantitative criteria is foreseen.

The calibrated high-resolution data along with the cloud
screening output are essential for the proposed methodology
and are used in the EWS. The methodology to derive the par-
ticle high-resolution data that are described in Sect. 3 is first
cloud cleared and second based on 5 min and 30 m averaged
profiles in order to increase the signal-to-noise ratio.

2.1 The sites of Finokalia and Antikythera, Greece

The EARLINET component of NOA (National Observatory
of Athens) for the period of April 2017 until May 2018 was
deployed through the NOA lidar system on the north coast
of Crete. The Finokalia Atmospheric Observatory (35.34° N,
25.67° E) is a research infrastructure with activities covering
in situ aerosol characterization, 3-D aerosol distribution, and
gas precursors. Since June 2018, the system has been located
on the island of Antikythera, where a suite of remote sensing
sensors are installed in order to study the properties of natural
aerosol particles (e.g., sea salt, dust, volcanic ash) in Mediter-
ranean background conditions. The islands of Crete and An-
tikythera are very often affected by windblown dust origi-
nating from the Sahara due to their proximity to the African
coastline, and this can be along the traveled path of volcanic
dust and sulfate aerosols from the Italian active volcanoes
(e.g., Hughes et al., 2016).

The NOA lidar system PollyXT (e.g., Engelmann et al.,
2016) operates in the frame of EARLINET and under the um-
brella of ACTRIS. The system is equipped with three elastic
channels at 355, 532, and 1064 nm, two vibration-rotation
Raman channels at 387 and 607 nm, two linear depolariza-
tion channels at 355 and 532 nm, and one water vapor chan-
nel at 407 nm. Depending on the atmospheric conditions, the
combined use of its near-range and far-range telescopes pro-
vides reliable vertical profiles of aerosol optical properties
from 0.2-0.4 km to almost 16 km in height.

2.2 Additional data

For the detection of the desert dust plume, satellite imagery
from the Spinning Enhanced Visible Infrared Imager (SE-
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VIRI) is used. SEVIRI is a line-by-line scanning radiome-
ter on board the Meteosat Second Generation (MSG) geosta-
tionary satellite. It provides data in 12 spectral bands every
15 min for the full Earth disk area. The spatial resolution is
around 3 km at the nadir, which is different from the high-
resolution visible (HRV) band (1 km). In this study, we used
a largely accepted multi-temporal scheme of satellite data
analysis (Tramutoli, 2007) to detect the dust plume over the
Mediterranean basin. In particular, we used the eRSTpyst
(enhanced robust satellite technique for dust detection) algo-
rithm (Marchese et al., 2017), which combines an index ana-
lyzing the visible radiance (at around 0.6 pm) to another one
based on the brightness temperature difference (BTD) of the
signal measured by the SEVIRI spectral channels centered at
10.8 and 12 um wavelengths.

For the detection of the volcanic dust, we use the La-
grangian transport model FLEXPART (FLEXible PARTi-
cle dispersion model; Brioude et al., 2013; Stohl et al.,
2005) in a forward mode to simulate the dispersion of vol-
canic emissions from Mount Etna, Italy. Dispersion simu-
lations are driven by hourly meteorological fields from the
Weather Research and Forecasting model (WRF; Skamarock
et al., 2008) at 36 kmx 36 km horizontal resolution. The ini-
tial and boundary conditions for the off-line coupled WRF-
FLEXPART runs are taken from the National Center for En-
vironmental Prediction (NCEP) final analysis (FNL) dataset
at a 1° x 1° resolution at 6-hourly intervals. The sea surface
temperature (SST) is taken from the NCEP 0.5° x 0.5° anal-
ysis. The simulated case study did not include an eruptive
stage; therefore, the initial injection height is set from the
crater level (3.3 km at sea level, a.s.l.) up to 4 km a.s.l. A total
of 10 000 tracer particles are released for this simulation. Dry
and wet deposition processes are also enabled in these runs.
Saharan dust transport is also described in WRF with the Air
Force Weather Agency (AFWA) scheme (Jones et al., 2012).

3 Methodology

3.1 Retrieval of the particle parameters in temporally
high resolution

The delivery of an alert using EARLINET data is based on a
two-step approach. In the first step, the high-resolution cali-
brated data are used to estimate the particle backscatter co-
efficient and the particle linear depolarization ratio. In or-
der to retrieve the particle backscatter coefficient, an iter-
ative methodology is adapted. The methodology, described
in Di Girolamo et al. (1999), is able to retrieve a particle
backscatter coefficient with an overall error of no more than
50%. Prior to that, the cloud contaminated pixels are re-
moved from the data using the cloud screening algorithm de-
veloped for the SCC (see Sect. 2).

The method is similar to that of Mattis et al. (2016) in
which SCC is employed to derive optical products from elas-
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tic backscatter signals. For an ever-available NRT and auto-
mated aerosol retrieval, we use channels for elastic backscat-
tering, including depolarization, since Raman observations
during daytime have been hitherto challenging.

The calibrated attenuated backscatter coefficient provided
by the SCC can be written as

Batt O, 1) = [Bmotee. (4 ) + Bpar (s 1) Tigree. 1 1) T 1), (1)

where  Bpar(A,7) and Bmolec.(A,7) are, respectively, the
backscatter coefficient for particles (par) and molecules
(molec.); TPQar()L,r) and Trﬁolec. (A, r) represent the two-way
attenuation to and from range r due to, respectively, particles
and molecules at wavelength A. The latter can be expressed
as

R

-2 -1
Tpar/molec. (A, r) = exp —2 / o[par/molec (G, r)dr |, @
0

where apar(A, ) and amolec. (A, ) are the particle and molec-
ular extinction coefficients, respectively. The term A is omit-
ted from the subsequent expressions as the analysis explicitly
focuses on 532 nm. The terms omolec. (7) and Bmolec. (*) can
be estimated from temperature and pressure profiles.

In an initial step, the attenuation in the atmosphere is
2
neglected, ozf(,gg(r) =0m~! = Tp(aOI) (r) =1, which reduces

Eq. (1) to

3)

/3[();3 (r) = Bmolec. (r) |: Pau(r) 1:| .

ﬂmolec.(r)TnzloleC.(r) -

The particle extinction coefficient is estimated by multi-
plying /3152113 (r) with a constant lidar ratio, Sps. Using the
particle extinction coefficient in Eq. (1) we derive a new
backscatter coefficient given by

Bat(r) = _ :| (4)
ﬁmolec.(”)Tnzm]ec'(r)Tpar (r)

Baars et al. (2017) developed a method to derive atmo-
spheric parameters in temporally high resolution, and they
refer to the product of Eq. (4) as the quasi-particle backscat-
ter coefficient, which serves as the best estimate for the
particle backscatter coefficient. However, here the particle
backscatter,

BEN () = Brmolec. (r) [

Batt(r)
2 (-2 1]’ ©)
ﬁmolec.(r)Tmolecv(r)Tpar (r)

is calculated in the ith iteration step from the calibrated atten-
uated backscatter coefficient. The procedure is successfully
terminated if the absolute difference between the backscatter
coefficient of two subsequent profiles is smaller than a fixed
threshold. The absolute difference, Ag, is defined as

25 = | [ psar [ gt

ﬁ;(;la)r(r) = Bmolec. (1) |:

. (6)
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We found that fewer than 10 steps are required for a dif-
ference of 1 % for the cases examined herein.

The particle depolarization ratio at 532 nm can be defined
as (Baars et al., 2017)

Bmolec. (') [Smolec. — dvo1(r)] ) ) -1, @)

8 ar — 5v0 1
par = vl () ]X( Boar () [1 + Smotec

where Smolec. 1S the molecular depolarization ratio and is cal-
culated theoretically (Behrendt and Nakamura, 2002). The
term Syo1(r) denotes the volume depolarization ratio, and it
is the output of SCC.

The input lidar ratio value used in the retrieval could sig-
nificantly affect the results. Papagiannopoulos et al. (2018)
used 48 £ 13 sr for fresh volcanic particles and 55 7 sr for
desert dust particles observed over EARLINET sites in their
aerosol classification, which illustrates the variability of this
intensive parameter. The uncertainty induced due to the as-
sumption of the lidar ratio can easily exceed 20 % (Sasano
et al., 1985) and presents an important source that affects the
retrieval. In this study, Spar = 50 sris chosen for the backscat-
ter coefficient retrieval as it is a good compromise for many
EARLINET sites and different aerosol conditions (Papayan-
nis et al., 2008; Miiller et al., 2007; Mona et al., 2014; Pa-
pagiannopoulos et al., 2016). Figure 2 shows a desert dust
layer around 3 km over the Potenza EARLINET station on
4 April 2016, 18:47-22:15 UTC. The backscatter coefficient
at 532nm retrieved for 30, 50, and 70sr along with the
backscatter coefficient from the Raman method is shown
(Fig. 2a). The three curves almost coincide in the upper part
(relative difference is around 5 %) and deviate from one an-
other by less than 35 % in the lower portion of the profile
where local aerosol is mixed with dust particles.

The performance of the iterative method for Spar = 50 sr
can be assessed in Fig. 2b. The overall agreement is very
good with the relative difference being around 4 %; how-
ever, the iterative method underestimates almost everywhere
the Raman method due to the assumption of Sp,r = 50 sr in-
stead of the measured 43+7 sr. Figure 2c highlights the effect
when the directly measured lidar ratio is plotted against the
fixed lidar ratio. Evidently, the curves agree fairly well for
the aerosol layer (e.g., desert dust) in the free troposphere
and deviate from the layer below (i.e., values over 50 sr). As
discussed above, the inference of the lidar ratio is an impor-
tant factor, yet a lidar ratio value valid for a common volcanic
dust and desert dust layer will provide a robust solution for
this approach.

3.2 Aviation alert delivery

In the second step, the location and the intensity of the
volcanic dust and desert dust event are identified. Mona
and Marenco (2016) reported that particle depolarization ra-
tio values were around 35 % for freshly emitted particles
from various volcanoes and that the values decrease with
time. Similarly, pure Saharan dust particles are supposed
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Figure 2. (a) The 532 nm backscatter coefficient retrieved with the
iterative method (IM) for 30, 50, and 70 sr along with the backscat-
ter coefficient determined with the Raman method (standard SCC
product) measured at Potenza (760 m a.s.l.), Italy, on 4 April 2016,
18:47-22:15 UTC. The lidar system of Potenza has a full overlap
at around 1.15km a.s.1. for 532 nm (Madonna et al., 2018). (b) The
relative difference between the iterative method (IM: 50 sr) and the
Raman method backscatter coefficient. (¢) The lidar ratio profile
measured with the Raman method and the fixed lidar ratio used for
the iterative method.

to have a slightly smaller particle depolarization ratio of
31 % (Freudenthaler et al., 2009). Since nonspherical parti-
cles such as volcanic and desert dust particles yield high par-
ticle depolarization ratio values, the one-step polarization-
lidar photometer networking (POLIPHON) method is used
(e.g., Ansmann et al., 2012).

The particle depolarization ratio is used to separate the
nonspherical particles contribution to the particle backscatter
coefficient. Mamouri and Ansmann (2014) describe in detail
the retrieval process; however, here we treat volcanic dust
and desert dust inextricably. The volcanic dust and desert
dust backscatter coefficient can be expressed by

((Spar - Snc) (1 + 50)
((Sc - (Snc) (1 + Spar) ,

where the coarse (c) and non-coarse (nc) depolarization ra-
tios are set to 6 = 0.31 and &, = 0.05, respectively. For val-
ues Spar < One, we need to set Buc = Bpar. Similarly, when
Spar > ¢, we set Be = Bpar.

Until the aviation crisis in 2010, planes were advised to
avoid the volcanic plumes regardless of the aerosol con-
centration (Guffanti et al., 2010). Recently, the International
Civil Aviation Organization (ICAO, 2014) established three
ash concentration thresholds which play a key role in the
decision-making process. Aircraft are allowed to fly below
0.2mgm™3, whereas they are forbidden to fly over 2 and
4mgm~3 (depending on the aircraft’s resilience).

ﬂc = /3par (8)
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Figure 3. The scatter plot indicates the mean and the standard de-
viation of the conversion factor, cy, for the different literature ref-
erences. The plot is color coded with respect to “Volcanic” (gray)
and “Dust” (orange) observations. The red line highlights the over-
all mean conversion factor and the reddish-pink rectangle shows the
standard deviation —i.e., (0.76 & 0.06) x 10~ m.

The methodology proposed by Ansmann et al. (2012) for
the estimation of aerosol mass concentration profiles em-
ploys data from a single-wavelength polarization lidar. The
methodology retrieves mass concentration profiles with an
uncertainty of 20 %-30 %, and it has proven to be robust and
applicable to very different scenarios (e.g., Mamali et al.,
2018; Coérdoba-Jabonero et al., 2018) that need one wave-
length and can be applied to cloudy skies. We chose to
convert the three ash concentration thresholds into particle
backscatter coefficient. The threshold values for the particle
backscatter coefficient, By, are estimated as

1
Bin=M—:, ©))
pcyS

where M is the mass concentration given by ICAQO, p the vol-
canic and desert dust bulk density, ¢, the mass-to-extinction
conversion factor, and S the volcanic and desert dust lidar ra-
tio. All the terms have to be assumed constant, and they are
selected from the literature. The above concentration thresh-
olds (e.g., 0.2, 2, 4mgm_3) are used for the term M. For
the p, we used the value 2.6 gcm™3 that corresponds to a
commonly used value for volcanic and desert dust appli-
cations (e.g., Gasteiger et al., 2011; Ansmann et al., 2012;
Binietoglou et al., 2015; Mamali et al., 2018). The term S is
chosen to be 50 sr as a good compromise for fresh volcanic
particles (e.g., Ansmann et al., 2011) and Saharan dust (e.g.,
Wiegner et al., 2012).

The term ¢y can be estimated using Aerosol Robotic Net-
work (AERONET) observations as being the ratio of the
coarse column volume concentration, v., to the coarse mode
aerosol optical thickness, t.. More information on the differ-
ent retrievals and AERONET data processing can be found
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Table 1. The code used in Fig. 3 and the respective reference.

Code Reference

\'2! Ansmann et al. (2010)

V2 Ansmann et al. (2011)

V3 Ansmann et al. (2012)

V4 Devenish et al. (2012)

V5 Sicard et al. (2012)

D1 Ansmann et al. (2012)

D2 Binietoglou (2014)

D3 Coérdoba-Jabonero et al. (2018)
D4 Mamali et al. (2018)

D5 Mamouri and Ansmann (2014)
D6 Mamouri and Ansmann (2017)
D7 Ansmann et al. (2019)

in Ansmann et al. (2012), Mamouri and Ansmann (2017),
and Ansmann et al. (2019). However, for an EWS and day—
night availability, we have to select a constant value for vol-
canic dust and desert dust. Figure 3 shows an overview of
AERONET-based ¢y values. To interpret the horizontal axis
of the figure, one should also look at Table 1. The figure
is separated into volcanic (gray points) and desert (orange
points) dust and depicts the range of the observed values;
furthermore, the plot shows the mean and standard deviation
for the overall average of the conversion factors. It is evident
from Fig. 3 that for both volcanic and desert dust the val-
ues accumulate between 0.6 and 0.9 x 107% m with a mean
of (0.76 +0.06) x10~%m. It is worth noting that although
most of the conversion factors were estimated using care-
fully selected AERONET observations, Mamouri and Ans-
mann (2017) and Ansmann et al. (2019) use a climatology to
derive the conversion factor.

The conversion factor for the coarse particles (i.e., vol-
canic and desert dust) varies strongly with the distance from
the source and, in the case of volcanic eruptions, with the
eruption type. Ansmann et al. (2012) highlight that, when
particles larger than 15pum (i.e., the higher limit of the
assumed particles radii for the AERONET data analysis
scheme) are present, the mass concentration may be under-
estimated by more than 100 %. The conversion factor in the
case of dense and coarser plumes should be much higher
and, consequently, will have an adverse impact on our EWS
approach. For instance, Pisani et al. (2012) used a conver-
sion factor of 0.6 x 107> m for a freshly erupted volcanic
plume near Mount Etna in Italy. A similar increase, although
less pronounced, in the conversion factor can be observed in
Mamouri and Ansmann (2017) and Ansmann et al. (2019),
in which the authors retrieve a dust coarse-mode conver-
sion factor (i.e., the values reported in Fig. 3). It is believed
that particles bigger than 10 um usually fall quickly to the
ground, whereas smaller particles can travel over long dis-
tances (Goudie and Middleton, 2006; Wilson et al., 2012).
Conversely, van der Does et al. (2016) and Ryder et al. (2018)
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Figure 4. The EARLINET alert delivery scheme for aviation. The particle backscatter coefficient and depolarization ratio are used to estimate
the coarse backscatter coefficient (one-step POLIPHON method). Three levels are considered that correspond to “Low alert” for particle
concentrations higher than 0.2 mg m~3 and lower than 2 mg m~3, “Medium alert” for concentrations higher than 2 mg m~3 and lower than
4 mg m~3, and “High alert” for mass concentrations higher than 4 mg m~3. The three backscatter coefficient thresholds are 'Btlh =1.7x

106 m_lsr_l, ,8ch =17x107° m_lsr_l, and ,th =3.4x 10" m~Ler~ L,

have illustrated that the desert dust size far away from its
source is much coarser than previously suggested, and this
has been incorporated into climate models. In light of the
above, we chose as the conversion factor in our approach
the maximum retrieved value, which is 0.9 x 10~ %m (Ans-
mann et al., 2012). Hence, the thresholds for the particle
backscatter coefficient become 1.7 x 10° (for 0.2 mg m™?),
1.7 x 1075 (for 2mgm_3), and 3.4 x 10> m~'sr™! (for
4mgm~3). Given also that the EARLINET stations are
far from the active European volcanoes (i.e., Mount Etna
and the Icelandic volcanoes), we consider that the selected
AERONET-derived conversion factor holds for most of the
situations.

Figure 4 illustrates the decision flowchart for the avia-
tion alert delivery in which three alert levels are available:
low alert (0.2 < M. < 2mgm™>), medium alert (2 < M. <
4mgm~?), and high alert (M. > 4 mgm™?), indicating the
increasing amount of dust particles that are likely dangerous
for flight operations. The coarse backscatter coefficient due
to the highly depolarizing particles is estimated first. Next,
the coarse backscatter coefficient is checked, and the level of
alert is decided. Furthermore, to avoid isolated false alarms in
the EWS product, we incorporated a linear spatial smoothing
filter. It is the average of the pixels contained in the neighbor-
hood of each pixel, for which we defined a 3 pixel x 3 pixel
grid. A similar methodology has been demonstrated within
an international demonstration exercise for the purpose of the
EUNADICS-AV project, in which an artificial Mount Etna
eruption was simulated (Hirtl et al., 2020).
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4 Results

In this section, we apply the described methodology to po-
tential perilous events recently detected by the stations of Fi-
nokalia and Antikythera, Greece. The observations refer to
the same lidar system that was initially deployed in Finokalia
and later moved to the island of Antikythera. The aim is not
to present a detailed analysis of investigated cases but instead
to demonstrate the potential of this methodology to be inte-
grated as a tailored EARLINET product for the fast alerting
of airborne hazards relevant to flight operations.

4.1 Desert dust particle case

During March 2018, frequent intense dust storms affected
Greece with the region of Libya being the originating source
(Kaskaoutis et al., 2019). Strong surface and middle and up-
per troposphere Khamsin winds transported dust northwards
for four distinct periods (i.e., 47, 17, 21-22, 25-26 March).
Solomos et al. (2018) examined in detail the record-breaking
episode of 21-22 March, when surface concentrations ex-
ceeded 6mgm™ on 22 March and resulted in the closure
of the Heraklion airport.

Here we focus on 21 March when the dust cloud initially
appeared over Crete. Figure 5 shows the dust map derived
from SEVIRI data along with the cloud cover at 12:00 UTC.
The dusty pixels are depicted in two different colors as a
function of the confidence levels of the dust detection scheme
(i.e., brown means high confidence and orange mid—low con-
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Figure 5. The dust SEVIRI product (Marchese et al., 2017) at
12:00 UTC on 21 March 2018 is represented in confidence levels
(i.e., brown pixels refer to high confidence and orange pixels to
mid-low confidence). The gray pixels indicate the cloud cover.
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Figure 6. WRF-Chem dust aerosol optical depth (AOD) on
21 March 2018 12:00 UTC.

fidence). In particular, the dust cloud moves from north-
ern Africa towards the eastern Mediterranean, where the
cloud cover impedes the dust detection over insular Greece,
although the map demonstrates the intensity and the geo-
graphic extent of the dust event. The situation of the dust
transport at 12:00 UTC on 21 March 2018 is also evident
from the WRF-Chem (WRF model coupled with Chemistry)
dust aerosol optical depth (AOD) in Fig. 6. The entire eastern
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Figure 7. EARLINET observations at Finokalia on 21 March 2018:
(a) the coarse particle backscatter coefficient at 532 nm, (b) the par-
ticle depolarization ratio at 532 nm, (c) the cloud screening output,
and (d) the alert for aviation. Note that the cloud screening product
is given at its full resolution — i.e., the vertical resolution is 7.5 m,
and the temporal resolution is 30 s — and all the other products have
a resolution of 30 m and 5 min instead.

Mediterranean is affected by this episode, and the simulated
AOD exceeds 0.4 over certain parts of eastern Crete near the
Finokalia station.

The coarse particle backscatter coefficient, the particle de-
polarization ratio at 532 nm (as described in Sect. 3.1), the
cloud mask, and the tailored product for the period 07:00-
13:00 UTC are shown in Fig. 7. The dust particles arrive over
Finokalia around 08:00 UTC in a filament-like layer of about
4km, wherein the dust particles exhibit high values of the
particle depolarization ratio. Figure 7d shows the alert prod-
uct for aviation, which demonstrates a low level alert indi-
cating a considerable amount of dust particles in the tropo-
sphere that are likely dangerous for flight operations. In par-
ticular, the coarse particle backscatter coefficient at 532 nm
exhibits values up to 6 x 10%m1! st~ !, which exceeds the
threshold value of 1.7 x 10~ °m~1sr~!. In addition, this case
illustrates the advantage of a ground-based lidar system to
operate below high clouds that obstruct satellite observations
(see Fig. 5) and, therefore, provides important insight.

As the event was aggravated in the following hours, the
lidar signal is most likely attenuated which highlights the
limitation of the methodology. However, the alert delivery
could act as a pre-alerting tool for aviation by pinpointing
the specific aerosol conditions. A similar approach for air-
port operations has been developed using automatic lidars
and ceilometers for the prediction of fog formation (Haeffe-
lin et al., 2016).
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Figure 8. EARLINET observations at Antikythera on 2-
3 June 2019: (a) the coarse particle backscatter coefficient at
532 nm, (b) the particle depolarization ratio at 532 nm, (c) the cloud
screening output, and (d) the alert for aviation. Note that the cloud
screening product is given at its full resolution — i.e., the vertical
resolution is 7.5 m, and the temporal resolution is 30's — and all the
other products have a resolution of 30 m and 5 min instead.

4.2 Volcanic and desert dust particle case

The eruption of the volcano Mount Etna which began in the
early hours of 30 May 2019 injected ash into the atmosphere
at an altitude of 3.5-4.0km (Toulouse Volcanic Ash Advi-
sory Center report at 11:21 UTC, 30 May). The volcanic
activity ceased most likely on 3 June (https://ingvvulcani.
wordpress.com, last access: 31 October 2019). This volcanic
activity did not lead to any air traffic disruption, as was the
case for the explosion on 20 July. The latter caused flight
rerouting and delays (Amato, 2019).

Aerosol particles of possibly volcanic origin were mon-
itored with the multi-wavelength lidar of NOA over An-
tikythera, Greece. The eastward advection of volcanic par-
ticles from Mount Etna presents a common pathway and has
been previously investigated by means of active remote sens-
ing (e.g., Hughes et al., 2016; Zerefos et al., 2006). The pres-
ence of these elevated layers above Greece could be a result
of the continuous Mount Etna activity of the past few days.
Figure 8 shows two distinct layers with different characteris-
tics for the period from 21:00 UTC on 2 June to 06:00 UTC
on 3 June. The first layer is initially observed between 1 and
2km on 2 June and remains visible for the rest of the tem-
poral window. The particle backscatter coefficient is around
1 x107®m~!sr~!, and the particle depolarization ratio is
below 5% and differentiates from the second layer above.
The second layer is seen after 23:30 UTC on 2 June until
03:00 UTC on 3 June and resides in the range of 2-3 km. The
layer particle depolarization ratio is well above 20 % and in-
dicates non-spherical particles. Moreover, it exhibits a higher

https://doi.org/10.5194/acp-20-10775-2020
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Figure 9. FLEXPART vertically integrated volcanic ash particles
(arbitrary values) originating from Mount Etna on 3 June 2019 at
00:00 UTC. The green star indicates the location of Antikythera,
and the red line is the misplacement of the simulated plume from
the lidar station.

particle backscatter coefficient (~ 3 x 10°m~tsr1). As a
result, the alert is triggered for the latter. It is noteworthy that,
as seen in the cloud mask, few pixels within the same aerosol
layer are wrongly classified as clouds and are used instead
in the alert delivery. The improvement of the cloud mask-
ing module is currently ongoing and is expected to elimi-
nate false cloud detection, but nonetheless the aerosol layer
is very well captured by the method.

The identification of the source of the two aerosol lay-
ers is made through an analysis of FLEXPART and WRF-
Chem simulations. Figure 9 indicates the eastward trans-
port of a relatively thin (~ 60 km horizontal width) volcanic
ash plume from Mount Etna towards Greece. As shown by
the FLEXPART simulation, this plume propagated eastwards
from Sicily towards the Tonian Sea, reaching parts of south-
ern Greece. The simulated plume is misplaced by about
70km towards the north from the EARLINET Antikythera
station; however, its vertical structure is still evident in the
cross section of Fig. 10. The eastward motion and the ver-
tical profile of simulated aerosol volcanic plume corroborate
the existence of volcanic particles in the upper layer of Fig. 8.
The non-depolarizing structures below 2 km are sea-salt par-
ticles possibly mixed with dust particles. Limited concentra-
tions (> 0.04 mgm™3) of dust are simulated at these heights
by the WRF-Chem model (Fig. 11) and are accompanied by
increased relative humidity near the surface, thus implying
hygroscopic growth and more spherical particles in this area.
In synthesis, both observations and model simulations advo-
cate for the identification of likely volcanic dust and aged
desert dust particles in the same aerosol scene but in separate
layers. Consequently, the alert delivered refers to volcanic
dust.
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Table 2. EARLINET stations that participated in the EUNADICS-AV exercise during 5-6 March 2019. The percentage of the measurements
made for the 2 consecutive days and the specific temporal windows is reported. The “X” denotes the stations for which it was possible to
derive the alert for aviation — i.e., the availability of a calibrated backscatter coefficient and depolarization ratio of 532 nm.

Measurements performed (%)

EARLINET station EWS
5 March, 6 March,
11:00-17:00UTC  07:00-12:00 UTC
Antikythera (GR) 100 100 X
Athens* (GR) 100 100
Barcelona (ES) 100 0 X
Belgrade™ (SRB) 100 100
Clermont-Ferrand* (FR) 33 40
Cluj* (RO) 100 80
Granada (ES) 17 20 X
Hohenpeissenberg (DE) 100 100 X
Leipzig (DE) 100 100 X
Madrid (ES) 33 0
Potenza (IT) 100 100 X
Rome — Tor Vergata (IT) 100 100
Thessaloniki* (GR) 83 100

The * indicates the stations equipped with a depolarization channel, although this information was not

available during the exercise.
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Figure 10. FLEXPART vertical cross section of the simulated vol-
canic particles (in arbitrary values) over the greater Antikythera re-
gion. The exact location of the cross section is indicated by the red
line in Fig. 9.

4.3 Lessons learned from the EUNADICS-AV exercise

The application of the EWS and the timely delivery of
the EARLINET data were tested in real time during the
EUNADICS-AV exercise, in which EARLINET stations per-
formed synchronous measurements. The EUNADICS-AV
demonstration exercise in March 2019, based on a fictitious
volcanic eruption, demonstrated that tailored observations, as
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well as model services, can profitably support aviation stake-
holders (Hirtl et al., 2020).

In particular, 13 EARLINET stations contributed to the
exercise according to a predefined measurement schedule —
i.e., from 11:00 to 17:00 UTC on 5 March 2019 and from
07:00 to 11:00 UTC on 6 March 2019 — independent of the
station’s capabilities with respect to the EWS. This decision
stems from the opportunity to assess the sequence of proce-
dures for real-time data retrieval and data visualization. In
addition, the measurements schedule, the stations submitted
raw lidar data to the SCC server every hour, which were
automatically available on the EARLINET Quicklook In-
terface (https://quicklooks.earlinet.org/, last access: 16 Jan-
uary 2019). For the majority of the stations and temporal
windows, low clouds and cirrus clouds were observed. Ta-
ble 2 summarizes the measurements gathered per hour seg-
ment and the station capabilities with respect to the EWS.
In total, 73 % of the measurements were performed success-
fully, whereas rain and staffing the stations mostly inhibited
the rest. Moreover, only for six of the stations was it possible
to retrieve the tailored product mainly because of the lack of
the depolarization information during the exercise. The tai-
lored product did not produce any alert as the aerosol lay-
ers were neither volcanic dust nor desert dust, and they did
not yield high backscatter coefficient values. Hence, results
of the exercise are not shown here; nonetheless, the EAR-
LINET observations are available through the EARLINET
Quicklook Interface.

Overall, the raw lidar data were streamed and processed in
less than 30 min from the measurement, enabling the timely
delivery of the lidar data and the tailored product when pos-
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Figure 11. WRF-Chem time-height cross section of simulated
dust concentration (ug m~3) over Antikythera starting on 2 June
at 12:00 UTC. The solid black line is the 0°C isotherm, and the
dashed black line indicates 90 % relative humidity. The red lines
correspond to the time domain of the lidar observations — i.e., from
21:00 UTC on 2 June 2019 until 06:00 UTC on 3 June 2019.

sible. Furthermore, the demonstration exercise was the first
occasion in which the proposed methodology was tested in
NRT, and the obtained results suggest that the network could
actively support stakeholders in decision-making during an
aviation crisis.

5 Conclusions

A tailored product for aviation hazards by means of high-
resolution lidar data has been proposed for the first time
to our knowledge. In particular, the methodology em-
ploys single-wavelength EARLINET high-resolution data
(i.e., 532nm calibrated backscatter coefficient and 532 nm
calibrated volume linear depolarization ratio) and yields
NRT alerts based on established aerosol mass concentra-
tion thresholds. The methodology aims to provide an EAR-
LINET EWS for the fast alerting of airborne hazards exploit-
ing the SCC advancements and to mitigate the effects of a
future aviation crisis. The application on EARLINET data
from the eastern Mediterranean demonstrated the strength of
the methodology in identifying possible dangers for aviation
from volcanic ash and desert dust plumes.

One of the key challenges for a NRT automated alert de-
livery is the calibration of the backscatter and depolariza-
tion profiles as the elastic and depolarization channels are
used. The EARLINET SCC ensures the absolute calibration
of the lidar signals. As a source of high uncertainties in the
retrieval of the particle backscatter coefficient, the inference
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of the lidar ratio was acknowledged. Accordingly, an itera-
tive method has been developed to work with high-resolution
lidar data, which compares well with particle backscatter co-
efficient profiles retrieved with the Raman method.

Additionally, and equally important in the alert deliv-
ery approach, there is the conversion factor with which the
mass concentration thresholds are converted into a particle
backscatter coefficient. The AERONET-derived conversion
factors are known to be restricted by the AERONET data in-
version scheme and to underestimate large to giant particles.
Therefore, the selected conversion factor was chosen (i.e.,
0.9x 1076 m) as the maximum value of the literature review
with reference to fresh volcanic and desert dust observations.

The NRT operation of EARLINET during the
EUNADICS-AV exercise was successfully demonstrated.
The successful application of the method in NRT has been
achieved during the EUNADICS-AV exercise. The raw
data, upon being uploaded to the SCC server, were auto-
matically processed and became freely accessible through
the EARLINET portal and available in order to initiate
the alert delivery. The exercise demonstrated the strength
of the network, which, if promptly triggered, can enable
measurements in the case of natural hazards for aviation.

In addition, a similar approach can be extended to lidar
systems operated by the European volcano observatories.
Two examples of such observatories in Europe are the Isti-
tuto Nazionale di Geofisica e Vulcanologia — Osservatorio
Etneo (INGV-OE) and the Icelandic Meteorological Office
(IMO). INGV-OE is responsible for monitoring Mount Etna,
while IMO is responsible for monitoring all volcanic activity
in Iceland.

This method is highly versatile as it can adapt to other
wavelengths, and the aerosol backscatter thresholds can be
set to accommodate different volcanic and desert dust scenar-
ios by adjusting the conversion factor, the lidar ratio, the bulk
density, and the mass concentration levels. In addition, even
if developed on the basis of EARLINET, it can be applied
to such lidar systems as those that are part of Galion (AD-
Net, LALINET, MPLNET), as well as to current (CALIPSO;
Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Obser-
vation) and future (EarthCARE; Earth Clouds, Aerosols and
Radiation Explorer) lidar-based satellite missions.
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HIGHLIGHTS

e Potential of rainwater for BTEX scavenging from ambient air was examined.

e BTEX concentrations in rain samples exceeded the theoretically predicted values.

e BTEX retention could be associated with BTEX aerosol fraction.

e Random forest and instance based algorithms provide reliable enrichment predictions.
e Gas mixing ratios, rainwater characteristics and meteorology affect BTEX distribution.
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ABSTRACT

The contribution of atmospheric precipitation to volatile organic compound (VOC) removal from the
atmosphere remains a matter of scientific debate. The aim of this study was to examine the potential of
rainwater for benzene, toluene, ethylbenzene and xylene (BTEX) scavenging from ambient air. To that
end, air and rainwater samples were collected simultaneously during several rain events that occurred
over two distinct time periods in the summer and autumn of 2015. BTEX concentrations in the gaseous
and aqueous phases were determined using proton transfer reaction mass spectrometry. The results
reveal that the registered amounts of BTEX in rainwater samples were higher than those predicted by
Henry's law. Additional analysis, including physico-chemical characterization and source apportionment,
was performed and a possible mechanism underlying the BTEX adsorption to the aqueous phase was
considered and discussed herein. Finally, regression multivariate methods (MVA) were successfully
applied (with relative errors from 20%) to examine the functional dependency of BTEX enrichment factor
on gaseous concentrations, physico-chemical properties of rainwater and meteorological parameters.
© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

recognized as a significant public health threat and classified as
group | carcinogen, ethylbenzene is a suspected IIB carcinogen,

Benzene, toluene, ethylbenzene and the three xylene isomers,
frequently referred to as BTEX, constitute a group of aromatic hy-
drocarbon species of particular environmental interest, commonly
associated with the petrochemical industry and incomplete fossil
fuel oxidation (Stojic¢ et al., 2015a, 2015b). Besides being important
photochemical precursors for tropospheric ozone and secondary
organic aerosols (SOA) (Chatani et al., 2015), these hazardous air
pollutants cause chronic toxicity even in small concentrations
(Stoji¢ et al.,, 2015c). According to the IARC data, benzene is

* Corresponding author.
E-mail address: andrej.sostaric@zdravlje.org.rs (A. Sostari¢).

http://dx.doi.org/10.1016/j.atmosenv.2017.08.045
1352-2310/© 2017 Elsevier Ltd. All rights reserved.

while both toluene and the xylene isomers belong to group III
neurotoxins (WHO, 1986, 1993, 1997; Durmusoglu et al., 2010).

In the atmosphere, volatile species are distributed between the
gaseous, aqueous and particle phase (Matsumoto et al.,, 2010). In
their biogeochemical cycle, it is believed that the role of atmo-
spheric water is quite prominent, but this issue is still subject to
continuous scientific debate (McNeill et al., 2012). The concentra-
tions of BTEX in various forms of atmospheric water depend on
various factors including their ambient gas mixing ratios, water
solubility and Henry's law constant, frequency and intensity of
precipitation events (Balla et al., 2014), gas-water surface in-
teractions (Raja and Valsaraj, 2004), content and concentrations of
other species in atmospheric water (Okochi et al., 2005; Sato et al.,
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2006; Allou et al., 2011), as well as the origin of air masses
(Mullaugh et al., 2015). Previous studies, which primarily focused
on wet deposition of BTEX and their partition between gaseous and
aqueous phases, were relatively scarce and provided contradictory
conclusions.

In the study aimed at investigating the capacity of rainwater for
wet scavenging of BTEX, Okochi et al. (2004) reported that the
concentrations of species detected in rain samples were higher
than those predicted by Henry's law, and concluded that atmo-
spheric precipitation might play significantly greater role in
removing BTEX from ambient air than previously thought. Thereby,
the observed supersaturation was assumed to be associated with
the presence of surface-active agents in rain droplets, whereas the
rainfall intensity appeared to be of negligible importance. Accord-
ingly, our previous study confirmed a significant enrichment of
BTEX in the aqueous phase in a dynamic equilibrium system
designed to resemble the interactions between the gaseous and
water phase during rainfall (Sostari¢ et al., 2016). Conversely, recent
findings of Mullaugh et al. (2015) indicate that BTEX were not
efficiently scavenged from the atmosphere by wet deposition pro-
cesses. Furthermore, the authors concluded that light-mediated
reactions with OH- or nitrogen radicals remain the major atmo-
spheric sink for BTEX. Nonetheless, it should be noted that this
research was not based on the ambient air measurements, but it
mainly relied on the previously published BTEX data from similar
locations.

In order to better understand the fate of volatile species in at-
mospheric, terrestrial and aquatic systems, the present study ex-
amines the contribution of rainwater to wet scavenging of
atmospheric BTEX, as well as the mechanisms related to their air-
water distribution transfer.

2. Materials and methods

A total of 53 sample pairs of air and rainwater samples were
collected simultaneously during several rain events that occurred
over two distinct time periods in the summer and autumn season of
2015. The sampling was performed at the Institute of Physics
(Belgrade, Serbia; 44°49' N, 20°28' E), located in the vicinity of the
Danube river, in the suburban residential area, with a number of
local fireboxes active during the heating season.

Rainwater sampling was performed using a custom-built pre-
cipitation collector with the effective sampling area of 9 m?. The
steep collecting panels (45°) were designed to reduce rainfall
retention time and minimize possible BTEX volatilization. Such
large sampling area enabled collecting a vast number of samples
per each rain event. The panels were thoroughly rinsed with 18 MQ
ultrapure water (ELGA PURELAB maxima system) prior to each
sampling campaign, and the rinsing water was collected and
analyzed as a field blank control sample. No target compounds
were detected in the field blank control samples. The samples were
collected and stored directly into brown glass bottles of 1 300 mL.
All bottles were washed with detergent, thoroughly rinsed with
ultrapure water and dried in an oven for 2 h at 105 °C to remove any
trace of contamination. During the sampling, the bottles were filled
to the top to avoid headspace, and the sampling duration and
sample temperature were recorded. Since sampling equipment
enables collection of large volumes of rainwater within a short
period, the last sample in each sampling campaign was collected in
the bottle of 2600 mL and was split into two standard aliquots. The
first aliquot was analyzed immediately, whereas the other one was
examined after all other samples to determine whether the BTEX
levels changed over time. No difference could be observed in the
obtained quantity of double samples (Table S1, Supplementary
material).

BTEX concentrations in both gas and water phases were
measured using proton transfer reaction mass spectrometer
(Standard PTR-quad-MS, lonicon Analytik, GmbH, Austria), whose
detailed description is given elsewhere (Lindinger et al., 1998).
Since PTR-quad-MS is not capable of distinguishing isobaric ions,
the signal detected at m/z 107 referred to Cg aromatic hydrocar-
bons, ethylbenzene, o-, m-, and p-xylene. Signals detected at m/z
79 and m/z 93 referred to benzene and toluene, respectively
(Warneke et al., 2003).

The air samples were collected as a side flow from a 1/8-inch
teflon tube sampling line through which ambient air was drawn
at the flow rate of about 50 L min~"! to ensure short residence. The
sample inlet was located 6 m above ground level with a sampling
angle of 360°. Drift tube parameters included: pressure, ranging
from 2.04 to 2.14 mbar; temperature, 60 °C; voltage, 600 V; E/N
parameter, 145 Td providing reaction time of 90 ps? The count rate
of H30"H,0 was 3—8% of the 9.2-10° counts s~ count rate of pri-
mary H3O" ions. PTR-MS calibration was performed before and
after each sampling campaign using an external standard five-point
calibration, ranging from 0 to 26 ppbV, 0—25 ppbV and 0—80 ppbV
for B, T and EX, respectively. For this purpose, 2.5 ppmV mixture of
BTEX (BTEX in nitrogen, Messer Group GmbH) was diluted with
high-purity synthetic air (CH free, Messer Group GmbH) by means
of HORIBA ASGU 370-P system.

Determination of BTEX concentrations in rainwater was per-
formed immediately after each sampling campaign. A liter of each
unfiltered rainwater sample was transferred to the gas washing
bottle (GWB) and purged out with synthetic air at a flow rate of
1L min~! Rainwater filtration was avoided due to potential
adsorption of species on the filter. The GWB output was connected
with PTR-MS inlet via T-piece, and further analytical procedure,
calibration and data processing were conducted as described in
Sostari¢ et al. (2016). In brief, PTR-MS signal obtained during
exsufflation was subject to baseline fitting. The exsufflation time
was determined for each sample as the interval required for equi-
librium to be achieved (teq). The obtained exsufflation time was
used for determining the amounts of target compounds retained in
the analyzed rainwater samples. The aqueous concentrations of
analyzed species were calculated by multiplying the obtained
amounts by the conversion factor (3.25; 3.83 and 4.41 for B, T and
EX, respectively). The detection limits (DL) in rainwater were
determined using HC free air and calculated as 10 nM, 10 nM and
20 nM for B, T and EX, respectively. The remaining portion of each
rainwater sample was transferred to a 300-mL bottle and stored at
4 °C until further analysis, which included determination of the
major inorganic anions (F~, Cl~, S0%~, NO3 and NO3), dissolved
cations (Na™, NHZ, K, Ca** and Mg?*), total organic carbon, elec-
trical conductivity, UV extinction, turbidity and pH, in accordance
with the standard methods (US EPA 300.1:1993, EN ISO 14911:1998,
ISO 8 245:1999, EN 27888:1993, SMEWW 19th method 5 910 B, US
EPA 180.1:1993, EN ISO 10523:2008, respectively). More details of
the methods and equipment applied for physico-chemical analysis
conducted on rainwater samples are presented in Supplementary
material.

In order to determine the extent to which Henry's law constant
(Ky) describes BTEX distribution between the gaseous and aqueous
phase, distribution coefficients (Dggs) were calculated for each
sample pair and each species, as the ratio of the corresponding
experimentally derived rainwater concentrations in nM (Cg) and
ambient gas phase mixing ratios in ppbV (pg):

Doss = Cr /p, (M arm—l) 1)

Furthermore, the enrichment factors (EF) were calculated as the
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ratio of Dogs and K.

Considering the Ky temperature dependence, EF were calcu-
lated using temperature corrected KyT for each rain sample by
means of the following equation (Sander, 2015):

KyT = 1<H(298.15)exp{%H (ﬁ - %) } (2)

where Ky is the Henry's law constant at 298.15 K for pure water, 4H
is the enthalpy change of air-water transfer, T is the rainwater
temperature, and R is the universal gas constant (8.314 ] K~ mol™1).
Furthermore, to assess the representativeness of ground level
conditions for the atmospheric conditions during rainfall, KyT and
EF altitude profiles were calculated using the temperature profiles
obtained from GDAS1 (Global Data Assimilation System, 2015), by
replacing the rainwater temperature value by the temperature at
the corresponding altitude.

Meteorological parameters during rain events (precipitation
(accumulated rainfall, rain current and peak intensity, and the
duration of a rain event), wind speed and direction, pressure, hu-
midity and temperature) were measured by Vaisala Weather
Transmitter WXT530 Series. Cloud information, including cloud
height and type, was obtained from the airport “Nikola Tesla”,
Belgrade, ICAO code LYBE, located 8.9 km SSW from the sampling
site.

The relationships between enrichment factors (EF), physico-
chemical characteristics and wind characteristics (wind speed
and direction) were examined using the bivariate polar plot ana-
lyses (Carslaw and Beevers, 2013) implemented in the Openair
package (Carslaw and Ropkins, 2012) within the statistical software
environment R (Team, 2012).

The neutralization factors (NF) were calculated based on the
study of Moreda-Pineiro et al. (2014), Tiwari et al. (2016) and ref-
erences therein in order to examine the potential of the cations to
balance the rainwater acidic components:

NFeq] - — 5] 3)
NO3 + [nssSOf{}
_ [nssMg?]
(VP | = NO; + [nssS03 | @
]
[NF NH; } - NO; + [nssSOﬁ‘] ®)
INFe.] = [nssK*] (6)

NO3 + [nssSOﬁ’]

To calculate the non-sea salt fraction of any particular ion (nss),
we assumed that all Na originated from marine sources, and used it
as a referent element. The nss contribution is given as:

[nss — X]; = [Xi] — [Na*L L\[/La}*} sea salt

where [nss - X];j is the nss concentration of the selected ion in the
sample i, [X;] is the total concentration of the ion X measured in the
rainwater sample i, [Na'] is the total concentration of Na®
measured in the rainwater sample, and [[X][Na*] !]scasaic is the
reference ratio determined in the seawater.

Potential remote source regions that might affect the observed

(7)

BTEX mixing ratios were identified using HYSPLIT-derived 72-h
back trajectories (Draxler and Rolph, 2014). The trajectories were
computed for each hour UTC a day before and during each rain
event, above the sampling location at the half of the planetary
boundary layer height calculated from GDAS1 using Meteolnfo
(Wang, 2014), as described in Stoji¢ et al. (2016) and Stoji¢ and
Stanisic Stoji¢ (2017).

Rainwater source apportionment was performed using Unmix
(USEPA, 2007). The maximum number of species selected as input
variables was chosen using the trial and error with the overall aim
of yielding the most physically meaningful results. For concentra-
tions below the DL, a value equal to the half of the DL was used.

Guided regularized random forest (GRRF) was applied (Deng
and Runger, 2013) for the selection of features that are most rele-
vant for EF. Random forest (RF) consists of a number of decision
trees which every node represents a condition on a single variable
designed to split the dataset in two parts so that similar response
values end up in the same set. Variable importance measures how
much each variable decreases the weighted impurity across all
tress, a measure based on which the optimal condition is chosen.
GRFF uses the importance scores from a preliminary RF to guide the
feature selection of regularized random forest (RRF), and has
several advantages as follows: it is more robust and computation-
ally efficient than RRF, varSelRF and LASSO logistic regression; it can
select compact feature subsets moderating the curse of dimen-
sionality; it avoids the effort to analyze irrelevant or redundant
features; and it has competitive accuracy performance. Variable
importance presented herein was obtained by calculating the
average value of 2000 GRRF runs. The appropriate number of trees
was determined to assure out-of-bag error convergence. Method
performance was tested by 100 times replicated 10-fold cross
validation.

To analyze the relationship between EF and features that are
considered most relevant for EF prediction, the following 24
regression MVA methods implemented in Weka 3.8 (Hall et al,,
2009) were applied: Alternating Model Tree, Conjunctive Rule,
Decision Stump, Decision Table, Elastic Net, Gaussian Processes, IBk,
IBKLG, Isotonic Regression, K*, Least Median Squared, Linear
Regression, Locally Weighted Learning, M5P, M5 Rules, Multilayer
Perceptron, Pace Regression, Random Forest, Random Tree, Radial
Base Function (RBF) Network, RBF Regressor, REP Tree, Simple
Linear Regression and SMOreg Support Vector Machine. A brief
description of the methods, including functions (neural network,
support vector machine, etc.), clustering techniques, rules and
trees, is provided in Supplementary material. Method performance
was tested by 10 times replicated 10-fold cross-validation.

3. Results and discussion

Light showers, with occasional thunderstorms, constituted a
considerable part of summer rain events. Scattered and broken
clouds in the form of cumulonimbus or towering cumulus were
observed at the height of 400—1 000 m. In the autumn campaign,
the vast majority of rain events were light and sporadically fol-
lowed by mist. Scattered clouds were registered at levels below
300 m, whereas broken clouds were observed from 100 to 900 m.

As expected, both aqueous and gaseous BTEX concentrations
were higher during the cold part of the year. Lower BTEX concen-
trations in summer can be attributed to intense photochemical
removal and washout effects associated with more sunny and rainy
days (Lee et al., 2002), whereas higher concentrations of BTEX in
autumn can be associated with individual combustion fireboxes
widely spread in the vicinity of the sampling site. Furthermore,
aqueous B concentrations in summer were below DL.

As can be seen in Fig. 1, each rain event was associated with air
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Fig. 1. Back trajectories a day before (August 15 and November 24) and during summer (a) and autumn (b) rain events and corresponding trajectory heights (c, d).

masses coming from different source regions and heights. During
summer rain events, air flows from all directions were followed by
significant variations in physico-chemical properties of rainwater,
whereas N and NE air masses in autumn were associated with a
more uniform rainwater composition. Gaseous concentrations of
volatile species, particularly B, were relatively stable during rain
events, which can be explained by the fact that the sampling site
was dominated by local BTEX sources.

3.1. Physico-chemical characteristics of rainwater

Basic statistics for all rainwater parameters and BTEX concen-
trations is given in Table S2, Supplementary material. The average
rainwater pH was 6.01, while the turbidity was below 10 NTU,
indicating that the samples contained moderate amounts of sus-
pended particles from the atmosphere. As illustrated in Fig. S1,
conductivity, as well as high concentrations of most ions (SO05,
NO3, Ca?*, Mg?*, K™ and Na*) were influenced by the high-speed
SW wind (20—30 m s !), while only NH4 concentrations were
increased with the wind of moderate speed (10 m s~ !) from NE
direction.

The rainwater pH varied from 3.70 to 8.20 with the volume
weighted mean of 6.01, which is mainly due to scavenging of
alkaline species (Ca®* and SO3 ™). The average pH value is also close
to the 5-year-mean (6.1) obtained as a part of the regular air quality
monitoring in Belgrade. The contribution of SO~ to the rainwater
acidity was confirmed by (ClI~ + NO3) and (SOZ~) ratio below 1
(Tiwari et al,, 2016). As shown, Ca®>* was the dominant neutrali-
zation component, followed by NHZ, Mg+ and K*, with mean of
77%, 14%, 7% and 2.3%, respectively.

As shown in Fig. S2, significant correlations were observed as
follows: > 0.80 (NO3 — SO3-, NHf — ag. B, NHf — gas. B,
NHZ — EFg); 0.70—0.80 (F~ — SOF~,F~ — NO3,F~ —aq.B,F~ — gas. B,
F~ — EFg, Kt — Na™); and 0.60—0.70 (NO3 — Mg>*, SO~ — Mg?*,
SOF~ — EFgx, Na* — Mg?*). Furthermore, high correlations were
noted between aq. And gas. BTEX concentrations (>0.80), as well as
between aq. EX and aq. B (0.67) and aq. T (0.67), suggesting that
these species might share the common source.

As can be seen in Tables S3, S4 and S5, four factors were derived
using Unmix. With high contributions of volatile BTEX species (99%,
44.5% and 52.2%) and a relatively high share of UV extinction
(33.3%), the first factor was recognized as organic compounds in the
gaseous form. The second factor, characterized by the highest
contribution of TOC (71.6%) and turbidity (79.7%), represented the
solid fraction dissolved in the atmospheric water. Significant shares
of K* (58.0%), SO5~ (42.2%) and NO3 (31.3%) were also apportioned
to this factor, as a result of fossil fuel burning and traffic exhaust
(Rao et al., 2016; Tiwari et al., 2016). The high shares of crustal-
related elements, Na* (61.8%) and Mg?* (61.4%), were appor-
tioned to the third factor (Cao et al., 2008; Sapek, 2014). Moderate
to significant shares (>30%) of all species except Na™, K™ and B were
apportioned to the fourth factor, being recognized as the aerosol
fraction. Apart from gaseous oxides (SO, and NO), which react
with ozone and OH- radicals in the presence of Ca?** and Mg>*
(Seinfeld and Pandis, 2006), BTEX are susceptible to photo-
oxidation that can also lead to SOA formation. BTEX reactions
include oxidation with ozone and OH-, but also with NOy and SO,
which results in multi-functional oxy products that are further
deposited onto the existing aerosol or initiate the formation of SOA
by self-nucleation. BTEX behave differently in the atmosphere due
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to differences in the methyl chain substituent and the alkyl chain
length. Benzene is considered being extremely stable compared to T
and EX (Stominska et al., 2014), and it is less susceptible to the
heterogeneous reactions and formation of SOA in the atmosphere.

The contributions of the gaseous organic- and aerosol-related
factors were mostly associated with N wind of moderate speed
(<10 m s~ 1), which clearly reflects their local origin, while the solid-
and crustal-related factors were associated with the air masses
from SW direction and high wind speed (20—30 m s~!) (Fig. S3).
The contribution of the factor assigned to aerosols declined during
rain events due to wet deposition, while similar behavior was not
observed for other factors.

TEX air mixing ratios and rain concentrations decreased during
the first 2 h of the rainfall, but tend to rise afterwards probably as a
result of rainfall intensity decrease (Fig. S4, Supplementary
material). The highest TEX enrichment, caused by air mixing ratio
decrease, was detected during the second hour. Typical washout
effect was observed for source contributions related to the rain-
water aerosol and solid components, and was less pronounced for
crustal factor. Unlike TEX, only a slight decrease in benzene air
mixing ratios was noticeable, which is reflected in a constant EFg
increase.

3.2. BTEX distribution between gaseous and aqueous phases

The exsufflation time required for the equilibrium to be ach-
ieved was different for rainwater samples and ultrapure water,
which suggests that physico-chemical properties and BTEX content
distributed between different phases have certain impact on the
adsorption to the aqueous phase (Fig. 2, left). However, the corre-
lations were registered only between the concentrations of B, and
F~ (—0.72) and NHj (0.83) (Fig. S2, Supplementary material). The
impact of rainwater physico-chemical properties on the BTEX
retention was further examined by insufflating 2 ppbV of BTEX in
10 pre-exsufflated rainwater samples, as described in our previous
paper (Sostari¢ et al., 2016). The results showed slightly longer
exsufflation periods for rainwater samples compared to the pure
water, indicating that physico-chemical properties are not the main
contributor to the extended retention in the rainwater. The
comparative qualitative analysis of rainwater and ultrapure water
exsufflation time series obtained by real-time PTR-MS measure-
ments showed that different capacities for BTEX retention can be
mainly associated with BTEX aerosol fraction (Fig. 2, right).

Generally, due to very small Ky values of aromatic compounds,
BTEX concentrations in rainwater are expected to be low
(Stominska et al., 2014). However, according to the results, EF values
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were in the range from 61 to 128, from 8 to 209, and from 25 to 295
for B, T and EX, respectively, indicating that the BTEX amounts in
the aqueous phase significantly exceeded the theoretically pre-
dicted levels. Both lower and higher EF values have been reported
in the literature. According to the studies dealing with the distri-
bution of chlorinated hydrocarbons and monocyclic aromatic hy-
drocarbons between air and rainwater, EF ranged from 2.4 to 34 for
BTEX (Okochi et al., 2004; Sato et al., 2006), whereas the study of
Valsaraj et al. (1993) reported several hundred to a thousand-fold
enrichment of hydrophobic organic compounds in fog samples.
The enhanced BTEX transfer to urban dew water was also shown by
Okochi et al. (2005), with the reported EF values ranging from 7.87
to 20.2. Furthermore, Fries et al. (2007) showed that the concen-
trations of aromatic hydrocarbons including ethylbenzene, xylenes
and 1,2,4-trimethylbenzene, have been significantly lower in rain
(15—53 ng L~1) than in snow (71—2 200 ng L~ 1). In the later study,
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Fries et al. (2008) found that in-cloud scavenging could be a
possible explanation for the occurrence of VOC in fallen snow.

Fig. 3 illustrates the Ky and EF altitude distribution for BTEX. It
should be mentioned that Ky and EF for B and EX exhibit the similar
pattern. As can be seen, Ky and consequently EF, change as the
raindrop falls to the ground. Ky values calculated using the average
temperature on the path of the raindrop differ +20% from those
obtained using the rainwater temperature. Such agreement in-
dicates that the rainwater temperature measured at the ground
level is a good indicator of atmospheric conditions under which
reactions with BTEX takes place. Moreover, in the study of Lin et al.
(2011), it was concluded that, at higher altitudes in locations with
dominant local sources, VOC concentrations were generally lower,
and hence, higher Ky values would not be expected to affect Cg, nor
calculated values of Dggs and EF.

As suggested by the field studies (Valsaraj et al., 1993; Goss,
1994; Okochi et al., 2004; Starokozhev et al., 2009), as well as the
laboratory experiments (Bruant and Conklin, 2000, 2002; Raja
et al, 2002; Raja and Valsaraj, 2004; Sostari¢ et al., 2016), the
interfacial adsorption might be the major mechanism associated
with the enhanced VOC transfer to the aqueous phase.

Some previous studies have examined the composition of at-
mospheric water and the impact of different species, including
nitric acid, anionic and nonionic surfactants, as well as the impact
of salinity and pH on air-water VOC distribution (O'Sullivan et al.,
1996; Vane and Giroux, 2000; Sato et al., 2006; Allou et al., 2011).
The supersaturation of VOC in rain samples was explained by
decreased rainwater polarity associated with the presence of
different organic compounds (Sato et al., 2006). The presence of
colloidal organic matter with its large binding capacity for many
hydrophobic species was found in fog droplets (Valsaraj et al.,
1993). Similarly, in the study of Okochi et al. (2005), the
enhanced dissolution of VOC species in urban dew compared to
rainwater was explained by the fact that dew forms near the
ground and contain more humic-like substances that could lead to
a decrease in water surface tension and consequently result in
higher VOC enrichment.

The present study considers several factors that could
contribute to BTEX enrichment in rainwater, including BTEX con-
centrations, rainwater physico-chemical properties, rainfall in-
tensity, air masses origin, meteorological conditions and adsorption
at the air/water interface.

As regards the physico-chemical characteristics of rainwater,
only F~ and SO~ can be considered important for the prediction of
EFg (—0.73) and EFgx (0.62), respectively. The latter indicates that
SO,-rich coal burning emissions are also a significant source of EX,
while the results for B should be taken with caution due to the
small data size.

Higher rainwater T enrichment was mostly observed for low
gaseous T concentrations, high TOC (8—12 mg L™!) and turbidity
(Supplementary file 1), although the strict link between rainwater
enrichment and gaseous concentrations cannot be established. The
exsufflation dynamics (Fig. 2) and the EF values suggest that pro-
longed BTEX retention could also be attributed to the adsorption to
aerosol fraction. We have considered T partitioning, not only
because T concentrations were in a relatively broad range, but also
because of the significant number of samples collected in both
seasons with comparable concentrations, despite the fact that
similar findings were observed for the rainwater enrichment with
EX (Supplementary file 2). As can be observed in Fig. 4 and Table S6
of the Supplementary material, higher T enrichment was mostly
associated with a higher wind speed at the sampling site (up to
30 m s~ !)and air masses coming from SW area, whereas the lowest
rainwater enrichment was registered under relatively stable at-
mospheric conditions (ws < 5 m s~!). Similar associations were also

observed for EX. Higher rainwater enrichment could be the result of
the prolonged contact time between the aqueous and the gaseous
phases, when strong wind-driven raindrops were falling obliquely.

According to GRRF results (Table S7, Supplementary material),
physico-chemical rainwater properties and gaseous T concentra-
tions appear to be of greater importance than meteorological fac-
tors for predicting T and EX rainwater enrichment. Furthermore,
these findings also indicate that ground level gaseous concentra-
tions have higher impact on the transfer of species to the aqueous
phase than the polluted air masses coming from greater atmo-
spheric heights.

Out of 24 examined MVA regression methods, some of which
were previously successfully applied for prediction of PMjp and
VOC emissions (Stojic¢ et al., 2015d; Perisic et al., 2017), it has been
shown that RF, IBk and IBKLG can provide predictions of EFr and
EFgx based on the variables of the highest importance derived by
GRRF with relative errors of approx. 20%, i.e. 27%, and correlation
coefficients around 0.95 and 0.87, respectively (Table 1).
Conversely, the prediction of EFy and EFgx based on Unmix derived
source contributions was less accurate (K*: 36.3% relative error and
correlation coefficient 0.79). As can be concluded, functional
description of EFt and EFgx can be based on certain rainwater
properties and gaseous T concentrations. In addition to ambient
and rainwater B concentrations, EFg is affected by meteorological
conditions (sample and ambient temperature and Rh), but these
results should be taken with caution due to the small B data size.

Fig. 5 represents EF for T and EX as a function of their ambient
gas phase mixing ratios. As can be seen, EF values increased in
summer, due to ambient air temperature, which is one of the most
important factors for the decrease of the surface tension leading to
enhanced interfacial adsorption (Bruant and Conklin, 2000, 2002).
Another important feature of Fig. 5 is the power functional
dependence of EF on ambient gas phase mixing ratios, as adsorp-
tion processes are generally more efficient for lower adsorbate
concentrations and are characterized by the power functions. These
findings are in compliance with the findings of Sato et al. (2006)
who showed that rainwater enrichment is especially significant
for the species with lower atmospheric concentrations.

4. Conclusions

The transfer of BTEX and other VOC from the atmosphere to
various forms of atmospheric water is an important process that
affects the global transport of air pollutants, environmental fate and
enables the transfer of these species to terrestrial and aquatic
systems. The purpose of this study was to investigate the scav-
enging potential of rainwater and consider the potential mecha-
nisms and factors associated with this phenomenon.

As shown, BTEX concentrations observed in the aqueous phase
exceeded the theoretically predicted values. Given that the inter-
facial adsorption is assumed to be the major mechanism underlying
the enhanced rain scavenging of BTEX, the removal process was
observed to be more efficient for lower gas mixing ratios, mainly
due to equal surface available for smaller number of molecules and
the prolonged contact time between the two phases when wind-
driven rain drops were falling obliquely. Accordingly, theoretical
predictions are probably more accurate in the area of larger gaseous
concentrations, whereas in the case of lower concentrations,
transfer to the aqueous phase is often underestimated. Further-
more, the results of the presented regression multivariate analysis
suggest that multiple factors determine the spatio-temporal BTEX
distribution in the environmental multiphase system, including
ambient mixing ratios, physico-chemical properties of rainwater
and meteorological data. More specifically, the functional descrip-
tion of EFy and EFgx can be based on certain rainwater properties.
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Fig. 4. The relationship between BTEX air mixing ratios (ppb), rain concentrations (nM) and enrichment factor and wind characteristics.

Table 1
MVA method performance comparison for enrichment factor prediction based on the measured parameters and Unmix-derived source contributions: absolute error, relative
error and correlation coefficient (r).

Method EFr EFgx
Measured parameters Unmix derived source Measured parameters Unmix derived source
contributions contributions
Abs. error Rel. error r Abs. error Rel. error r Abs. error Rel. error r Abs. error Rel. error r

Alternating Model Tree 18.5 34.8 0.88 408 76.4 0.67 338 42.0 0.78  59.2 111.0 0.53
Conjunctive Rule 26.1 48.9 064 320 59.9 040 392 48.7 055 434 81.2 041
Decision Stump 25.5 47.8 057 293 54.9 046 364 45.2 057 394 73.8 0.45
Decision Table 17.8 333 0.85 253 474 0.68 339 42.1 0.71 448 83.9 0.46
Elastic Net 15.2 28.5 088 223 41.9 0.77 294 36.5 074 386 724 0.62
Gaussian Processes 16.1 30.2 088 219 41.0 0.79  30.6 38.0 072 410 76.8 0.60
1Bk 11.6 21.7 095 20.6 38.5 079 224 27.8 089 319 59.8 0.68
IBKLG 11.6 21.7 095 20.6 38.5 079 224 27.8 089 319 59.8 0.68
Isotonic Regression 13.7 25.7 093 314 58.9 054 349 433 062 395 74.0 0.58
K* 119 223 0.92 19.4 36.3 079 220 274 087 310 58.1 0.68
Least MedSq 17.4 32.7 087 35.6 66.8 067 52.7 65.4 029 474 88.8 0.50
Linear Regression 15.5 29.1 089 227 42,5 0.78  30.8 38.2 074  39.0 73.2 0.61
LWL 15.9 29.7 0.91 26.7 50.0 0.72 355 441 070 394 73.9 0.53
M5P 139 26.1 0.91 21.6 40.5 0.78  29.7 36.9 0.74 404 75.7 0.60
M5Rules 15.0 28.1 090 229 429 0.74 308 383 074 422 79.1 0.59
Multilayer Perceptron 17.7 33.1 092 242 454 080 375 46.5 074 495 92.7 0.55
Pace Regression 159 29.8 0.88 227 42.6 0.77  30.1 37.4 0.74 386 72.4 0.62
Random Forest 11.6 21.7 095 225 42.2 0.76  27.8 345 076 349 65.4 0.62
Random Tree 138 259 089 286 53.7 059 328 40.8 067 41.7 78.1 0.54
RBF Network 29.9 56.0 045 304 57.0 0.65 448 55.7 049 528 98.9 0.40
RBF Regressor 14.7 27.6 0.91 23.6 44.2 0.78  28.1 34.9 0.83 409 76.6 0.56
REP Tree 13.9 26.1 0.91 22.5 421 072 369 45.8 058 420 78.8 043
Simple Linear Regression ~ 29.9 56.1 049 303 56.7 055 343 42.7 0.71 40.5 75.8 0.61

SMOreg 14.7 275 0.88 215 40.3 0.79 288 35.8 0.75 390 73.2 0.61
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Fig. 5. The relationship between T and EX enrichment factors and their gaseous concentrations.

On the other hand, it has been shown that EFg is affected by
meteorological conditions (sample and ambient temperature, and
Rh), as well as B ambient and rainwater concentrations (however,
these results should be interpreted with caution due to the small B
data size).
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ARTICLE INFO ABSTRACT

Keywords: Measurements of atmospheric parameters were carried out during the partial solar eclipse (51% coverage of solar

Solar eclipse disc) observed in Belgrade on 20 March 2015. The measured parameters included height of the planetary

Lidar boundary layer (PBL), meteorological parameters, solar radiation, surface ozone and air ions, as well as Very Low

Planetary boundary layer Frequency (VLF, 3-30 kHz) and Low Frequency (LF, 30-300 kHz) signals to detect low-ionospheric plasma

Ground based observations perturbations. The observed decrease of global solar and UV-B radiation was 48%, similar to the solar disc
coverage. Meteorological parameters showed similar behavior at two measurement sites, with different elevations
and different measurement heights. Air temperature change due to solar eclipse was more pronounced at the
lower measurement height, showing a decrease of 2.6 °C, with 15-min time delay relative to the eclipse
maximum. However, at the other site temperature did not decrease; its morning increase ceased with the start of
the eclipse, and continued after the eclipse maximum. Relative humidity at both sites remained almost constant
until the eclipse maximum and then decreased as the temperature increased. The wind speed decreased and
reached minimum 35 min after the last contact. The eclipse-induced decrease of PBL height was about 200 m,
with minimum reached 20 min after the eclipse maximum. Although dependent on UV radiation, surface ozone
concentration did not show the expected decrease, possibly due to less significant influence of photochemical
reactions at the measurement site and decline of PBL height. Air-ion concentration decreased during the solar
eclipse, with minimum almost coinciding with the eclipse maximum. Additionally, the referential Line-of-Sight
(LOS) radio link was set in the area of Belgrade, using the carrier frequency of 3 GHz. Perturbation of the
receiving signal level (RSL) was observed on March 20, probably induced by the solar eclipse. Eclipse-related
perturbations in ionospheric D-region were detected based on the VLF/LF signal variations, as a consequence
of Lya radiation decrease.

changes in solar radiation. The layer of the atmosphere in direct inter-
action with the surface, thus directly influenced by the Earth's surface
forcing, is called the planetary boundary layer (PBL). Since surface is also

1. Introduction

Abrupt change in the incoming solar radiation flux during solar

eclipse induces disturbances in different atmospheric layers (Ger-
asopoulos et al., 2008; Aplin et al., 2016). These disturbances are not
necessarily similar to those during sunset/sunrise, because of different
time scales and initial conditions. They depend on a number of factors,
including the percentage of sun obscuration, latitude, season, time of the
day, synoptic conditions, terrain complexity and surface properties. Since
solar energy impacts the atmosphere primarily by convection of heat
from the ground, lower atmospheric layers are more influenced by
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a source of humidity and pollutants, turbulence within the PBL is
responsible for mixing and dispersion of pollutants, while air pollution
concentrations in the PBL are generally higher than those in the free
troposphere (Stull, 1988).

A number of studies have focused on the effect of solar eclipse on
various atmospheric properties, mainly in PBL. Changes in meteorolog-
ical parameters near the ground level were most extensively investigated,
for several eclipse events (Anderson, 1999; Ahrens et al., 2001; Kolarz
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et al., 2005; Founda et al., 2007; Nymphas et al., 2009). The studies re-
ported decrease in temperature and wind speed, changes in wind direc-
tion and increase in relative humidity, as a result of solar eclipse. The
magnitude of these changes varied in different studies. Decrease in height
of the PBL during solar eclipse was also observed (Kolev et al., 2005;
Amiridis et al., 2007). The PBL quickly responds to surface forcing and its
height can range from as low as a few hundred meters to a few kilome-
ters. Diurnal cycle of the PBL height starts with the sunrise by heating of
the surface and development of a convective boundary layer (CBL),
reaching a steady state in the afternoon. The CBL remains as a residual
layer until the development of a new mixing layer on the following day. A
region of statically stable layer — the entrainment zone forms at the top of
the PBL. It closely follows the PBL development, being shallow in the
morning and thickening during the day due to intense turbulence and
vigorous convection (Stull, 1988). During a solar eclipse, the change in
the incoming radiation is more abrupt and affects the evolution of the
PBL (Amiridis et al., 2007; Kolev et al., 2005), thus providing opportunity
for investigating mechanisms involved in PBL evolution.

Some studies investigated eclipse-related changes in ozone concen-
tration (Zerefos et al., 2001; Kolev et al., 2005; Zanis et al., 2001, 2007),
due to its strong dependence upon the magnitude of UV flux (Bian et al.,
2007). Tropospheric ozone (Og)is the result of chemical reactions, mostly
between nitrogen oxides (NOx), carbon monoxide (CO) and volatile
organic compounds (VOCs), helped with UV radiation via process of
photo-dissociation of Os. Surface ozone concentrations were reported in
literature to decrease during solar eclipse, with exception of unpolluted
sites (Zanis et al., 2001, 2007).

Reported observations suggest increase in air ion (Kolarz et al.,
2005; Aplin and Harrison, 2003 and references therein) and air radon
concentrations (Gaso et al., 1994 and references therein) during solar
eclipse, mainly attributed to PBL height decrease. Air ions are natural
constituents of the atmosphere produced mostly by cosmic rays (20% of
overall ionization) and natural radioactivity from soil (gamma decay of
4Ogyand the air (**Rn). The first two ionization sources mentioned
above are nearly constant in time, and consequently changes of air ion
generation areprimarily related to changes in Rn concentration. The
background concentration of cluster air ions in lower troposphere vary
from a few hundred to a few thousand ions cm™!, with an average
near-ground ionization rate of 10 ion pairs em 37! Air ions are
neutralized mostly by ion-to-ion recombination and ion-aerosol attach-
ment (Dolezalek, 1974). Their concentration changes diurnally: during
the night, when the boundary layer conditions are stable concentrations
are high, with maximum at dawn. During the day, with the develop-
ment of convective boundary layer, air ion concentration decreases with
minimum in the afternoon (Blaauboer and Smetsers, 1996). Radon and
aerosol-carried Rn progenies are powerful air ionizers (energy of o
particle decay is more than 5 MeV, while average ionization energy of
air is 34 eV/ion pair) and thus the main source of cluster air ion pair
production in the troposphere. Radon exhalation from the ground is
determined by concentration of uranium, diffusion coefficients and
porosity of soil layers on the way to surface (Ishimori et al., 2013).
Average Rn concentration over the continents is 10 Bq m3
(UNSCEAR, 1993).

The solar eclipse also influences ionosphere. In the upper part of this
area variations in plasma frequencies are detected (Verhulst et al., 2016).
Also, there are detected plasma variations in the lower ionosphere (see
e.g. Guha et al., 2010; Maurya et al., 2014). One of the ways to register
the variations of solar radiation impact within upper atmosphere is based
on technology of radio waves which are reflected in ionosphere during
propagation between emitters and receivers. Namely, the signal reflec-
tion height in the ionosphere and, consequently, parameters describing
signal characteristics (propagation geometry, altitude distributions of
refractive index and attenuation) depend on local plasma properties
(primarily on electron density) (Bajcetic et al., 2015). Electron density
declines during solar eclipse, similarly to sunset, resulting in increase of
the reflection height of radio signals reflected on relevant atmospheric

251

Journal of Atmospheric and Solar-Terrestrial Physics 171 (2018) 250-259

layer (Guha et al., 2010), as well as the occurrence of hydrodynamic
waves (Nina and Cadez, 2013; Maurya et al., 2014). Because of that, the
registered wave variations reflect the non-stationary physical and
chemical conditions in the medium, along the considered wave trajec-
tories, in real time. In addition to plasma parameters related to low
ionosphere, several parameters describing signal propagation, like dis-
tance between transmitter and receiver, influence temporal changes in
recorded signal characteristics. Because of that, the electron density
decrease (or increase) can result in either increase and decrease of
recorded amplitude (Grubor et al., 2008). Thus, only variation from the
expected values is important for detection of influences of an event on
low ionosphere.

The aim of this paper is to study atmospheric disturbances detected in
Belgrade, induced by partial solar eclipse (51% coverage of solar disc) on
March 20, 2015. Focusing on troposphere (mainly PBL) and ionosphere
(D-region). For that purpose, four experimental setups were used to
collect data, including lidar (Light Detection and Ranging) for measure-
ment of PBL height and heights of elevated layers, AWESOME (Atmo-
spheric Weather Electromagnetic System for Observation Modelling and
Education) VLF/LF receiver (Cohen et al., 2010) and instruments for
measurements solar radiation, meteorological parameters, concentra-
tions of ozone, air ions and radon, and propagation of radio signals in
troposphere.

The paper is organized as follows. In Section 2 we describe mea-
surements and methods used in the study, and give overview of back-
ground conditions. The results are described in Section 3, and a
conclusion of this study is given in Section 4.

2. Measurements and methods
2.1. UVradiation, ozone and air-ion measurements

UV-B erythemal radiation was measured using 501 biometer made
by Solar light company, USA. Instrument was set on the roof of the
Institute of Physics Belgrade (IPB), so that no obstacles entered the field
of view. During the eclipse, data acquisition was set to 10 min. Global
Sun radiation was measured by Republic Hydro-meteorological Service
in Belgrade using Kipp&Zonen CMP6 pyranometer (http://www.
kippzonen.com/Product/12/CMP6-Pyranometer), with 1-min data
acquisition. Surface ozone measurements were conducted using Aer-
oqual monitor, series 500 (http://aeroqual.com/product/series-500-
portable-air-pollution-monitor), made in New Zealand. The instrument
was placed near UV 501 biometer and acquisition was set to 6 min. Air
ions, temperature, pressure and relative humidity were measured using
a Cylindrical Detector and Ion Spectrometer CDIS (Kolarz et al., 2011),
made at IPB. The CDIS was placed 1 m above grassy surface (where the
soil allows the radon exhalation), at IPB (44.86° N, 20.39° E, 89 m
a.s.l.). Only positive air ion concentrations were measured since they
have lower mobility than negative ions and consequently lower
ion-to-aerosol attachment coefficient. Thus, they are less sensitive to air
pollution and provide better picture of atmosphere processes. Radon
was measured using continual radon measuring instrument RAD7,
Durridge company, USA. Quality of continual Rn measurements is
related to level of radon concentration and measuring period, i.e.
counting events. The instrument was placed next to CDIS at the
same level.

2.2. Measurements of meteorological parameters

The meteorological measurements were obtained at two semi-urban
sites in Belgrade. One measurement site was located at IPB. At the site,
temperature, relative humidity and atmospheric pressure at altitude 1 m
above ground were measured. The meteorological measurements were
also available from an automatic weather station collocated with a
SYNOP station at Kosutnjak, Belgrade (WMO no. 13275, 203 m a.s.l.),
about 10 km away from the IPB site.


http://www.kippzonen.com/Product/12/CMP6-Pyranometer
http://www.kippzonen.com/Product/12/CMP6-Pyranometer
http://aeroqual.com/product/series-500-portable-air-pollution-monitor
http://aeroqual.com/product/series-500-portable-air-pollution-monitor
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2.3. Detection of PBL height

A variety of methods can be used to quantify the PBL height,
depending on available measurements (Emeis et al., 2008). Differences
between PBL and free troposphere can be observed using vertical profiles
of thermodynamic quantities and wind from radiosounding measure-
ments. Lidar observations, using atmospheric aerosol as a tracer, can be
used to determine heights of both PBL and elevated aerosol layers if
present in the atmosphere.

In this study radiosounding and lidar measurements were used to
determine PBL height. While radiosoudings are regularly available at
00UTC and 12UTC at the WMO station, providing meteorological data on
mandatory and significant pressure levels, the advantage of lidar mea-
surements is that they can be performed continuously with high vertical
andtemporal resolutions. Data derived from lidarmeasurements can be
used for detection and characterization of aerosols and PBL evolution,
and allow for the detection of abrupt and smaller scale changes in the
layer structure.

The lidar system at IPB, is a bi-axial system with combined elastic
and Raman detection designed to perform continuous measurements
of suspended aerosol particles in the PBL and the lower free -
troposphere. It is based on the third harmonic frequency of a compact,
pulsed Nd:YAG laser, emitting pulses of 65 mJ output energy
at 355 nm with a 20 Hz repetition rate. The optical receiver is a
Cassegrain reflecting telescope with a primary mirror of 250 mm
diameter and a focal length of 1,250 mm. Photomultiplier
tubes are used to detect elastic backscatter lidar signal at 355 nm and
Raman signal at 387 nm. The detectors are operated both in the analog
and photon-counting mode and the spatial raw resolution of the
detected signals is 7.5 m. Averaging time of the lidar profiles during
the March 2015 solar eclipse case was 1 min corresponding to 1,200
laser shots.

Lidar measurements can be used to estimate PBL height using
different approaches (Sicard et al., 2006; Baars et al., 2008). In this
study, the gradient method was used to determine the position of the
strongest gradient of the aerosol vertical distribution, associated with
the PBL height (Flamant et al., 1997). The height of a strong negative
peak which can be identified as the absolute minimum of the range
corrected signal's (RCS) derivative, determines the PBL top height. A
strong negative gradient in lidar RCS is a result of decrease in aerosol
backscatter due to decrease in aerosol concentration and humidity
(Matthias et al., 2004). Our estimate of PBL height is based on lidar
measurements at 355 nm. However, when available, measurements at
larger wavelengths (i.e. 532 nm and 1,064 nm) are more appropriate
for analysis of PBL height due to smaller relative contribution of mo-
lecular backscatter compared to 355 nm. Other local minima in the
signal derivative, with absolute values above a specified threshold and
with transition intervals including a minimum of five points, are asso-
ciated with elevated aerosol layer top heights in the free troposphere
(Flamant et al., 1997).

The Richardson number is used for PBL height estimation from
radiosounding measurements. Radiosoundings are performed two
times each day, at 00 and 12 UTC, at a weather station (Belgrade
Kosutnjak, WMO number 13275), 10 km away from the lidar mea-
surement site at 203 m altitude. The Richardson number is defined as
(Stull, 1988):

R, — 8~ @llf() — 0(z)]
U0 [k + ()]

€9)

where g is acceleration due to gravity, 2y is the altitude of the weather
station, 0(z) is the potential temperature and u(z) and v(z) are zonal and
meridional components of the wind. The layers in which Ry, is above a
critical value of 0.21 (Vogelezang and Holtslag, 1996; Menut et al., 1999)
are considered to be above the PBL.

Since the data are available at discrete heights, at standard and
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significant pressure levels, the bulk Richardson number is used (Stull,
1988). Successful estimation of the PBL height from radiosounding
measurements from stations in the WMO network, has been previously
reported (Jericevi¢ and Grisogono, 2006; Amiridis et al., 2007). Average
uncertainty of the PBL height was estimated for March for a 10-year
period from 2006 to 2015, from radiosounding profiles retrieved at 12
UTC. Typical resolutions varied from 100 m to 1,000 m, and the uncer-
tainty of PBL height H was estimatedusing the following formula:

Az
H= He.rtimated i? (2)
where Az is the measurement resolution (Jericevic and Grisogono,
2006). It was calculated to be 180 m corresponding to the average ver-
tical resolution of 350 m. On the eclipse day, the resolution and the
uncertainty were estimated to be 150 m and 80 m, respectively.

2.4. Terrestrial line-of-sight radio communication measurement setup

The referential Line-of-Sight (LOS) radio link was set in the area of
Belgrade, using the carrier frequency of 3 GHz, with the purpose of
investigating solar eclipse contribution to receiving signal level (RSL)
instability.

The transmitter was emitting non-modulated carrier, having the radio
frequency (RF) output power level of 0 dBm. LOS link was established at
the distance of 70 m. The signal was transmitted using the signal
generator with the frequency stability of TCXO < +0.5 ppm and signal
level stability < +0.7 dB which was housed at constant temperature.
Antenna emitted horizontally polarized electromagnetic (EM) wave. The
receiving system (Rx) was formed with Tektronix SA2600 spectrum
analyser that was programmed to perform 1 kHz width spectral recording
into 500 points. In this way, the generated signal spectrum at the
receiving side could be reconstructed with an accuracy of 2 Hz, which
made it possible to monitor temporal changes in the level of the received
signal peak.

The measuring samples of the received signal level were recorded
every 45 s equidistantly during continuous operation of the LOS link. On
20 March 2015, we made 480 recordings through 6 h, includingthe solar
eclipse period.

2.5. Ionospheric observations

Global experimental setup for the low ionospheric observation is
based on continuously emitting and receiving the VLF/LF signals by
numerous worldwide-distributed VLF/LF transmitters and receivers,
respectively. In this study, we based our analysis on D-region moni-
toring using the 37.5 kHz LF signal emitted by the NRK transmitter
located in Grindavik (Iceland) and received at IPB by the AWE-
SOMEVLE/LF receiver. This transmitter was chosen because the path
of this signal passes through an area that was affected by a
total eclipse.

2.6. Background conditions

The eclipse on March 20, 2015 started at 8:40 UTC, ended at 10:58
UTC, reaching maximum coverage of 51% at 9:48 UTC. In the days prior
to the eclipse, the synoptic conditions were influenced by a cyclone
moving to the east, over Balkans, followed by an increase in geo-
potential. Wind field was characterized by northwesterly flow shifting
to northerly. On the day of the eclipse surface conditions were influ-
enced by weak-gradient anticyclonic field. On the previous day, over-
cast skies with light rain in the evening were reported. From the
morning of the March 20 and during the day, the sky was clear. The
calm meteorological conditions provided good opportunity to observe
possible eclipse-related changes in meteorological parameters
near surface.
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3. Results
3.1. Global and UV radiation

Primary effect of solar eclipse is reduction of solar radiation reaching
the surface. In Fig. 1 diurnal variation of global sun radiation and UV-B
erythemalradiation are shown for the day of the solar eclipse, and for
three clear days after the eclipse. Solar eclipse on March 20 occurred
during morning increase of both global and UV-B radiation due to sun
elevation. Their attenuation was 48%, slightly smaller than the obscu-
ration of the solar disc (51%). This difference could be due to diffuse
solar irradianceknowing that UV-B radiation is the shortest wavelength
reaching the surface and thus most prone to scattering. While the direct
solar irradiance is reduced proportionally to the obscuration of solar disc
during the eclipse, the diffuse irradiance is less affected due to contri-
bution of multiple scattering from less shadowed part of the sky (Zerefos
etal., 2001). They reported that the difference in reduction of diffuse and
direct irradiance was more pronounced at shorter wavelengths.

3.2. Meteorological parameters

Meteorological measurements were analyzed to investigate the
response of the air temperature, relative humidity and pressure at near-
surface level to the eclipse. As mentioned in the previous section, the
meteorological measurements were conducted at two locations: at IPB
lidar measurement site and at Kosutnjakstation, aboutl0 km away.
Diurnal cycle of the temperature was interrupted by the eclipse at both
measurement sites (Fig. 2). Change in temperature increase rate was
observed at both sites, with similar delay after the first contact. Higher
temperatures were measured, and temperature decrease was more pro-
nounced at IPB station, probably due to lower altitude and as a result of
lower measurement height above ground. At this station, the tempera-
ture decreased during the eclipse, by 2.6 °C, at the rate of 0.043 °Cmin*,
reaching minimum about 15 min after the maximum of the eclipse. At
Kosutnjakstation the temperature was almost constant after the first
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contact until the maximum of the eclipse, with an increase rate of
0.003 °wCmin L. After the eclipse maximum, it started increasing with
increased downward radiation, at a higher rate 0f0.03 °C/min.To further
investigate the effect of the eclipse on temperature, measurements
available from Kosutnjakstation on days following the eclipse were used.
The rate of temperature change during the eclipse was compared to the
rates recorded during the same period of day on three cloud-free days
after the eclipse — March 21, 23 and 24. Increasing trend of maximum
daily temperature was measured in this period. On the eclipse day, the
increase rate from the first contact to the eclipse maximum
(0.003 °Cmin’1)was very low in comparison to the rates of 0.016 °C
min~!, 0.025 °Cmin~! and 0.032 °Cmin~"! for the same period on March
21, 23 and 24, respectively. After the eclipse maximum until the end of
the eclipse, temperature increase rate of 0.025 °Cmin‘was comparable
to the corresponding rates on the three following days. Total increase in
temperature during the eclipse was 2.0 °C, while the corresponding
measured increase on March 21, 23 and 24, was 2.3 °C, 3.3°Cand 4.0 °C,
respectively.

Relative humidity showed decreasing trend, typical for the beginning
of the day and morning increase of temperature. During the eclipse,
humidity was almost constant until the maximal obscuration of solar
disc, and then it decreased by 10% at both locations (IPB and Kosutnjak),
in consistence with temperature increase. Until the maximal obscuara-
tion, at IPB, the temperature was decreasing while the relative humidity
was almost constant. It remains unclear whether its behaviour is an effect
of eclipse.

The wind speed measured at the KoSutnjak station followed atypical
diurnal cycle, until the maximum of the eclipse, when both wind speed
and gustiness dropped, and started increasing after the event (Fig. 3).
Wind speed decreased from a maximum of 2.7 ms™! to about 1.1 ms~!at
the end of the eclipse. The absolute minimum of wind speed and gusts
was reached about 35 min after the last contact. Wind direction changed
from northerly to northeasterly for the duration of the eclipse.

Pressure drop during the eclipse at Kosutnjak station was 0.9 hPa (not
shown here), which is most probably the consequence of the temperature
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Fig. 1. Global Sun radiation (solid lines) and UV-B erythemal radiation (dashed lines) during partial Solar eclipse (March 20, 2015) and three clear days after the eclipse. Dotted vertical

lines indicate beginning, maximum and end of the eclipse.
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drop (Fig. 2). The pressure minimum was reached about 30 min after the
eclipse maximum. Additional data, from radiosounding, provided infor-
mation on vertical profiles of meteorological variables 1 h after the event.
Up to the top of the PBL, the northerly wind speeds were relatively low,
from 2 to 3.5 ms™\. Air in the PBL was not very humid, with relative
humidity of 35-60%.

These observed changes are generally in agreement with those re-
ported in previous studies, related to eclipse events with larger obscu-
ration of solar disc. The exception is relative humidity, which was almost
constant until the eclipse maximum in this work, while it was reported to
increase in previous studies. Anderson (1999) compiled data on
near-surface temperature during selected total eclipse events, given in
literature. These data showed temperature decrease of 2.0-3.6 °C, with
minimal value coinciding with mid-eclipse (in one case), or reached with
the time lag of 7-17 min. Foundaet al. (2007) presented observations at
several sites in Greece, with different degrees of sun obscuration
(74-100%) during solar eclipse in March 2007. Their results showed that
temperature (measured at altitudes varying from 1.5 m to 17 m at
different sites) decreased by 1.6-2.7 °C (3.9 °C at a site affected by low
clouds), reaching minimal value 12-14 min after the mid-eclipse.
Following the temperature response, the relative humidity was re-
ported to increase by about 20% (Founda et al., 2007; Kolev et al., 2005).
A decline in wind speed, after mid-eclipse, as a result of cooling the
boundary layer and reduction of turbulent transport (Girard-Ardhuin
et al.,, 2003) was also reported in literature (Anderson, 1999; Founda
et al., 2007).

3.3. PBL evolution assessment from meteorological and lidar
measurements

The presence of the residual layer, evolution of the PBL and aerosol
layers in the free troposphere during the solar eclipse were observed
using lidar measurements in Belgrade. For that purpose, the vertical
profiles of the range-corrected analog signal at 355 nm, obtained from
10:15 UTC until 15:25 UTC with temporal resolution of 1 min, were
analyzed, using the gradient method. The time series of range corrected
signal (RCS) vertical profiles, along with heights of PBL and elevated
aerosol layers are presented in Fig. 4.

The eclipse occurred before local noon, during the development of the
mixing layer. In the morning, with surface heating, PBL started
increasing from 600 m height to about 800 m above ground during the
time period of about 2 h until the start of the eclipse at 8:40 UTC. The
increase of the PBL height before the eclipse was steady and gradual.
During this period, a layer was identified at height of about 1 km. This
layer can be identified as the residual layer. With the beginning of the
eclipse, the amount of solar radiation reaching the surface started
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decreasing (Fig. 1). This affected the change in surface temperature
(Fig. 2), and therefore convective motion, with the effects diminishing
with height. The PBL height decreased by about 200 m during the solar
eclipse, reaching minimum 20 min after the maximum of the eclipse. This
decrease in PBL height is similar to those reported in previous research
(Amiridis et al., 2007; Kolev et al., 2005), for solar eclipse with larger
solar disc obscuration. With passing of the eclipse, the PBL started
gaining height until reaching the height of about 1700 m around 13 UTC.
Stronger variations of PBL height observed after the eclipse can be
attributed to stronger convective motions. In first minutes after the
eclipse, shallow cumulus clouds formed with their base at the top of the
PBL. A peak in PBL height, coinciding with peaks in temperature and
wind speed measurements was observed during the later phase of the
event. Depth of the entrainment zone followed the development of the
PBL. It showed gradual increase before the eclipse, from low values of
about 30 m, to variations in height of several tens of meters after the
eclipse as a result of strong convective motions.

The PBL height value calculated as an hourly average around 12 UTC
(soon after the end of the eclipse), was 1 500 + 100 m, in agreement with
the one estimated from radiosounding:1 600 + 80 m.Small differences of
results obtained from radiosounding and lidar measurements can be due
to local effects at two measurement sites and differences in the methods
used. The gradient method uses gradient in lidar RCS due to decrease in
aerosol backscatter while the bulk Richardson number approach relies on
thermodynamic properties. Different surface properties and elevations of
measurement sites influence the heat and momentum fluxes contributing
to the PBL development. Lidar is operated on a fixed location during the
whole measurement period, providing information on vertical column of
air directly above the instrument. Radiosounding profiles are affected by
the horizontal drift of the instrument caused by wind and depend on
whether the ascent is made in a thermal or between thermals (Stull,
1988). To further estimate impact of eclipse on PBL height we compared
these values with the PBL heights calculated for March for a 10-year
period from 2006 to 2015 from the radiosounding profiles taken at 12
UTC (excluding the profile on the day of the eclipse). The values esti-
mated both from lidar (around 12 UTC) and radiosounding measure-
ments made on the day of the eclipse fall within the inter-quartile range
of the values for the 10-year reference period (Fig. 4).

The lidar measurements during solar eclipse also showed presence of
aerosol layers in free troposphere, at altitudes up to 4 km.

3.4. Ozone and air-ion concentrations

Surface ozone measurements showed no significant decrease, as
opposed to most other measured parameters, possibly indicating less
significant influence of photochemical reactions at the IPB semi-urban
measurement site (see Fig. 5). While a decrease of surface ozone con-
centration during solar eclipse is expected, this effect could be missing in
less polluted areas, or it could be masked by air transport or decline of
PBL height (Zanis et al., 2001, 2007). For an urban station in Thessalo-
niki, Zanis et al. (2001) reported that surface ozone concentration
decreased by 10-15 ppbv during the solar eclipse in August 1999
(maximum sun obscuration 90%), with a half-hour delay in starting time
of the decrease after the first contact. However, they did not observe any
effect on surface ozone in an elevated rural station at Hohenpeissenberg
(99.4% sun coverage). Measurements during the solar eclipse in March
2006, conducted in Greece, showed decrease of 5-10 ppb surface ozone
in an urban site in Thessaloniki (about 70% sun obscuration), while no
effect was observed in relatively unpolluted sites in Finokalia and Kas-
telorizo, with 82% and 86% solar obscuration, respectively (Zanis et al.,
2007). In our study, the measurements were taken at semi-urban site,
during solar eclipse event with 51% sun obscuration. It is also note-
worthy that measurements conducted for few other days, after the solar
eclipse, in the present study showed high time lag of ozone concentration
peaks compared to UV radiation peak. This was also reported in Tie et al.
(2007) and Bian et al. (2007).
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Fig. 3. Wind speed, gusts and direction. Vertical lines indicate beginning, maximum and end of the eclipse.

Radon concentrations measured during the eclipse (not shown here)
were in the range between 0 and 15 Bq m ™~ which is typical background
for this part of the day. As shown in Fig. 6, air ion concentration
decreased during the course of the day. The decrease was more intensive
during the eclipse. After the eclipse, air ion concentration returned to its
usual diurnal path to afternoon minimum. This could be explained by
decrease of diffusion processes that are responsible for radon exhalation
from the soil, as a result of cease of heating the surface during the eclipse.
Differences were noted in air ion change during the eclipse in 1999
(97.7% sun obscuration), described in Kolarz et al. (2005) and that
described in this study (51% sun obscuration).

3.5. Line-of-Sight radio communication receiving signal change

The observed RSL change during the time of solar eclipse was
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compared with the RSL change in few following days. The usual change
of RSL in morning hours presented in Bajceti¢ et al. (2013) was
confirmed during regular days, while, the pattern of signal level variation
was quite different during the solar eclipse (Fig. 7, left panel).

Additionally, the observed meteorological variables were used to
calculate the value of the air refractivity parameter (R) using (3), with the
aim of the correlation between variation of that parameter and micro-
wave RSL change (Fig. 7, right panel).

3

P,
T

R is the value which describes the overall influence of the tropo-
spheric medium on the radio wave propagation and depends on relative
air pressure P, absolute temperature T and partially on water vapour
pressure Py, (Debye, 1957; Falodun and Ajewole, 2006).

P
R= 77,6T +3,73-10°
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Fig. 4. Temporal evolution of PBL (blue line) and elevated aerosol layers (red dots). Colormaps represent the lidar RCS at 355 nm on March 20, 2015. White vertical lines indicate
beginning, maximum and end of the eclipse. Box plot shows the median, first and third quartiles and 5th and 95th percentiles of PBL heights in March for period 2006-2015. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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We normalized the measured values R,; (i = 1,..., 480) of the air
refractivity parameterto its mean value during the related day (R,), using
Eq.2measured values Ry; of the air refractivity parameter, in order to
emphasize the level of variation.
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Following the presented data in Fig. 8, it can be seen that there was
meaningful correlation between RSL and R during the days after the solar
eclipse, while their values change fairly independently on the day of the
solar eclipse.

Analysing data presented in Fig. 8, it can be seen that before the
period of solar eclipse, the disturbance manifested through the unusual R
constant value until 08:40 is well correlated with the constant value of
RSL. At the moment of solar eclipse maximum, the considerable R
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disturbance can be noticed, while this phenomenon does not reflect to
the RSL. From 10:00, until the end of the solar eclipse, value of R varied
within expected usual values, however RSL changed unusually.

This unusual RSL variation was possibly triggered by the solar eclipse
event. In ordinary periods of measurements, the relative air pressure,
absolute temperature and partially the pressure of the water vapour
directly influence the permittivity of the air, causing the refraction of the
electromagnetic wave, so the effects are noticeable as the RSL variation.
However, during a solar eclipse event, it is not possible to consequently
relate RSL and R. Considering the absolute amplitude variation of RSL,
which was in the domain of 2,5 dB for the presented time periods, the
sudden not so intense air permittivity perturbation within the area where
LOS link was established did not have direct influence on the radio
propagation at 3 GHz frequency. While RSLwas evidently slightly per-
turbedduring solar eclipse, there is not clear evidence that this pertur-
bation is related to solar eclipse. The observed phenomena are not well
presented in the literature for this particular scenario, and will be a
subject of future analyses.

3.6. Effects on the ionosphere and LF radio signal propagation

The ionospheric perturbations were detected as variations of recor-
ded NRK signal from Iceland. Generally, the temporal evolution of
recorded signal can be used for detection of low ionospheric plasma
perturbations; these changes in medium through which signal propagates
affect wave reflection height, and consequently, propagation geometry
and attenuation, resulting in variations of recorded signal characteristics.

The shapes of the temporal change depend on numerous parameters.
Namely, in addition to periodic and sudden variations in the ionospheric
plasma conditions, characteristics of signals like mutual locations of
transmitter and receiver, power of transmitted signal, and geographical
area through which the signal propagates, affect the recorded signal
properties. For these reasons the dependencies between the ionospheric
changes of electron density induced by radiation increase and VLF/LF
signal amplitude are not monotonous, e.g. growth in the electron density
does not necessarily cause amplification of recorded signal amplitudes
(for detailed explanation see Nina et al., 2017). Thus, for detection of
some sudden perturbationit is sufficient toobservechanges in temporal
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Fig. 6. Air ion concentration, temperature and relative humidity during partial solar eclipse. Dotted vertical lines indicate beginning, maximum and end of the eclipse.
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Fig. 7. Receiving signal level (RSL) and refractivity (R) variation. Shaded domains represent the time period when eclipse occurred.

evolution of signal characteristics.

Fig. 9 shows temporal variations of amplitude difference from its initial
considered values, recorded by the AWESOME system at the Belgrade
station on March 20, 2015 when solar eclipse occurred, and three days
after that. The additional days are shown to visualize amplitude variation
in solar eclipse period with respect to its shapes in other relevant periods
without influence of the eclipse. The reason for choosing these particular
days was relatively quiet conditions without significant traveling
ionospheric disturbance resulting from atmospheric lightnings, and solar
flares among other events. While amplitude variations are pronounced
during the solar eclipse, they are practically within noise domains on
the other three days. In the first period, a decrease in amplitude was
observed, with the minimum occurring before the eclipse maximum.
Further, the amplitude increased, exceeded the amplitude values
during the first contact and reached the larger value approximately
coincidently with the eclipse maximum time (indicated by a vertical line).
Finally, it returned to the expected values, which are around initial values
(this can be concluded from the three referent signals).

As explained in Section 1, electron density variation is most important
for changes of plasma parameters which influence signal propagation. Its
time variations depend on different electron gain and loss processes. The
constituents of the low ionosphere can be ionized by y, X and a part of UV
photons. The most important solar influences on the ionization processes
in the D-region in absence of large radiation increase, primarily as
consequence of solar X-flares (Nina et al., 2012a,b) is coming from the

60
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Fig. 8. RSL and R variation during solar eclipse. Shaded domains represent the time
period when eclipse occurred.

257

solar Lya line (121.6 nm) radiation (Swamy, 1991) whose presence is
periodically intensified during the day. Bearing in mind that satellites did
not register significant increase of intensity of X radiation, we can
conclude that the signal variations are a consequence of Lya radiation
decrease. http://en.wikipedia.org/wiki/Solar_eclipse.

4. Conclusions

Changes in atmospheric properties were observed during a partial
solar eclipse (51%) on March 20, 2015 in Belgrade. For that purpose, four
experimental setups were used to collect data, including lidar to derive
PBL height and heights of elevated layers, AWESOME VLF/LF receiver
(Cohen et al., 2010) and instruments for measurements of solar radiation,
meteorological parameters, concentrations of ozone, air ions and radon
and propagation of radio signals in troposphere. Although the solar
eclipse was only partial, its influence on atmospheric properties in
troposphere and ionosphere was noticeable. The detected changes in
atmospheric parameters were generally similar, but weaker in intensity,
to those reported in literature for solar eclipse events with larger
obscuration of solar disc.

In troposphere, the influence of the eclipse was observed in meteo-
rological surface parameters, and it was evident up to the top of the PBL.
Eclipse-induced decrease in PBL height was 200 m, comparable to that
reported in literature, with minimal value occurring 20 min after the
eclipse maximum. The PBL height determined from 12 UTC radio-
sounding measurements (soon after the eclipse), showed that it was
within the usual values for this location at that time of year. The mete-
orological parameters showed similar behavior at two measurement sites
Kosutnjak and IPB, respectively. The temperature change was more
pronounced and abrupt at the —IPB station, probably due to lower mea-
surement height, where it decreased by 2.6 °C, reaching minimum
15 min after the eclipse maximum. This temperature change is similar to
those reported in literature for solar eclipse with larger obscuration of
solar disc. At the KoSutnjakstation the temperature was almost constant,
until the eclipse maximum. Relative humidity was almost constant at
both sites from the first contact until the eclipse maximum, as opposed to
the increase reported in literature. The diurnal cycle then continued, with
the increase in temperature and decrease in relative humidity at both
sites. The 10-m wind speed and gusts decreased, reaching a minimum
about 30 min after the eclipse. The wind direction changed from north-
erly to northeasterly for the duration of the event. Decrease of PBL height
and the entrainment zone thickness were also observed during the
eclipse, as a result of diminished surface heating. Ozone concentrations
showed no decrease, as opposed to most results reported in literature,
except for those reported for rural measurement sites. The possible rea-
sons are less significant influence of photochemical reactions, decrease in
PBL height or advection by changing wind during the event. Measured
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Fig. 9. The variations of amplitude difference from its initial considered values against
the universal time (UT), recorded by the AWESOME system at the Belgrade station on
March 20, 2015 when solar eclipseoccurred (lower panel) and three days after that (top
panels). Shaded domains represent the time period when eclipse occurred (here we
consider a whole period of eclipse because of long signal propagation path from Iceland
to Serbia).

radon concentrations were typically low for this time of the day, while
the air ion concentration sharply decreased.

The referential Line-of-Sight (LOS) radio link was set in the area of
Belgrade, in order to investigate influence of the event on RSL instability.
During the solar eclipse, an unusual pattern of the signal level variation
was observed and different relationship between the RSL and the air
refractivity parameter (R). Further analysis is needed to clearly relate the
perturbation with solar eclipse which affected the atmospheric variables
and therefore R.

Impact of the solar eclipse on the ionosphere was registered through
changes of characteristics of radio waves which are reflected in iono-
sphere. The amplitude variations, were pronounced during the solar
eclipse, and were at the expected values on the days after the event. Since
satellite measurements did not show significant increase of intensity of X
radiation, it was concluded that the signal variations are consequence of
Lya radiation decrease.

Acknowledgements

This research was realized as a part of projects no. 11143007, no.
11141011, no. 11144002, no. 176002, no. P171020, no. 11145003 financed
by the Ministry of Education, Science and Technological Development of
the Republic of Serbia within the framework of integrated and interdis-
ciplinary research for the period 2011-2017. Also, this study is made
within the COST project TD1403 and VarSITY project.

References

Ahrens, D., Moses, G.1., Lutz, J., Andreas, M., Helmut, M., 2001. Impacts of the solar
eclipse of 11 August, 1999 on routinely recorded meteorological and air quality data
in South-West Germany. Meteorol. Z. 10 (3), 215-223.

258

Journal of Atmospheric and Solar-Terrestrial Physics 171 (2018) 250-259

Amiridis, V., Melas, D., Balis, D.S., Papayannis, A., Founda, D., Katragkou, E.,
Giannakaki, E., Mamouri, R.E., Gerasopoulos, E., Zerefos, C., 2007. Aerosol Lidar
observations and model calculations of the planetary boundary layer evolution over
Greece, during the March 2006 total solar eclipse. Atmos. Chem. Phys. 7, 6181-6189.
https://doi.org/10.5194/acp-7-6181-2007.

Anderson, J., 1999. Meteorological changes during a solar eclipse. Weather 54 (7),
207-215.

Aplin, K.L., Harrison, R.G., 2003. Meteorological effects of the eclipse of 11 August 1999
in cloudy and clear conditions. Proc. R. Soc. Lond. A 459, 353-371.

Aplin, K.L., Scott, C.J., Gray, S.L., 2016. Atmospheric changes from solar eclipses.
Philosophycal Trans. R. Soc. A 374, 20150217.

Baars, H., Ansmann, A., Engelmann, R., Althausen, D., 2008. Continuous monitoring of
the boundary-layer top with lidar. Atmos. Chem. Phys. 8, 7281-7296. https://
doi.org/10.5194/acp-8-7281-2008.

Bajceti¢, J., Andri¢, M., Todorovi¢, B., Pavlovi¢, B., Susa, V., 2013. The correlation of
geomagnetic component disturbances and 5 GHz LOS received signal daily variation.
Microw. Rev. 19 (1).

Bajceti¢, J.B., Nina, A., Cadez, V., Todorovi¢, B.M., 2015. Ionospheric D-region
temperature relaxation and its influences on radio signal propagation after solar X-
flares occurrence. Therm. Sci. 19 (Suppl. 2), $299-S309.

Bian, H., Han, S., Tie, X., Sun, M., Liu, A., 2007. Evidence of impact of aerosols on surface
ozone concentration in Tianjin, China. Atmos. Environ. 41, 4672-4681.

Blaauboer, R.O., Smetsers, R.C.G.M., 1996. Outdoor concentrations of the equilibrium-
equivalent decay products of 222Rn in The Netherlands and the effect of
meteorological variables. Radiat. Prot. Dosim. 69, 7-18.

Cohen, M.B., Inan, U.S., Paschal, E.-W., 2010. Sensitive broadband ELF/VLF radio
reception with the AWESOME instrument. IEEE Trans. Geosci. Remote. 48, 3-17.

Debye, P., 1957. Polar Molecules. Dover Publications, New York.

Dolezalek, H., 1974. Electrical Processes in Atmospheres, Springer Verlag, Electrical
Processes in Atmospheres. Springer Verlag.

Emeis, S., Schafer, K., Munkel, C., 2008. Surface-based remote sensing of the mixing-layer
height — A review. Meteorol. Z. 17 (5), 621-630.

Falodun, S.E., Ajewole, M.O., 2006. Radio refractive index in the lowest 100-m layer of
the troposphere in Akure, South Western Nigeria. J. Atmos. Sol.-Terr. Phys 236-243.

Flamant, C., Pelon, J., Flamant, P.H., Durand, P., 1997. Lidar determination of the
entrainement zone thickness at the top of the unstable marine atmospheric boundary-
layer. Boundary-Layer Meteorol. 83, 247-284.

Founda, D., Melas, D., Lykoudis, S., Lisaridis, I., Gerasopoulos, E., Kouvarakis, G.,
Petrakis, M., Zerefos, C., 2007. The effect of the total solar eclipse of 29 March 2006
on meteorological variables in Greece. Atmos. Chem. Phys. 7, 5543-5553. https://
doi.org/10.5194/acp-7-5543-2007.

Gaso, M.I., Cervantes, M.L., Segovia, N., Espindola, V.H., 1994. Atmospheric radon
concentration levels. Radiat. Meas. 23, 225-230.

Gerasopoulos, E., Zerefos, C.S., Tsagouri, 1., Founda, D., Amiridis, V., Bais, A.F., Belehaki, A.,
Christou, N., Economou, G., Kanakidou, M., Karamanos, A., Petrakis, M., Zanis, P., 2008.
The total solar eclipse of March 2006: overview. Atmos. Chem. Phys. 8, 5205-5220.

Girard-Ardhuin, F., Bénech, B., Campistron, B., Dessens, J., Jacoby-Koaly, S., 2003.
Remote sensing and surface observations of the response of the atmospheric
boundary layer to a solar eclipse. Boundary-Layer Meteorol. 106, 93-115.

Grubor, D.P., Suli¢, D.M., Zigman, V., 2008. Classification of X-ray solar flares regarding
their effects on the lower ionosphere electron density profile. Ann. Geophys. 26 (7),
1731-1740.

Guha, A, De, BK,, Roy, R., Choudhury, A., 2010. Response of the equatorial lower
ionosphere to the total solar eclipse of 22 July 2009 during sunrise transition period
studied using VLF signal. J. Geophys. Res. 115, A11302. https://doi.org/10.1029/
2009JA015101.

Ishimori, Y., Lange, K., Martin, P., Mayya, Y.S., Phaneuf, M., 2013. Measurement and
Calculation of Radon Releases from NORM Residues. International Atomic Energy
Agency, Vienna.

Jericevi¢, A., Grisogono, B., 2006. The critical bulk richardson number in urban areas:
verification and application in a numerical weather prediction model. Tellus A 58,
19-27. https://doi.org/10.1111/§.1600-0870.2006.00153.x.

Kolarz, P., Sekari¢, J., Marinkovi¢, B.P., Filipovi¢, D.M., 2005. Correlation between some
of the meteorological parameters measured during the partial solar eclipse, 11
August, 1999. J. Atmos. Sol. Terr. Phys. 67, 1357-1364.

Kolarz, P., Miljkovi¢, B., Curguz, Z., 2011. Air-ion counter and mobility spectrometer.
Nucl. Instrum. Methods Phys. Res. B 279, 219-222.

Kolev, N., Tatarov, B., Grigorieva, V., Donev, E., Simenonov, P., Umlensky, V.,
Kaprielov, B., Kolev, L., 2005. Aerosol Lidar and in situ ozone observations of the
planetary boundary layer over Bulgaria during the solar eclipse of 11 August 1999.
Int. J. Remote Sens. 26, 3567-3584.

Matthias, V., Balis, D., Bosenberg, J., Eixmann, R., Iarlori, M., Komguem, L., Mattis, I.,
Papayannis, A., Pappalardo, G., Perrone, M.R., Wang, X., 2004. Vertical aerosol
distribution over Europe: statistical analysis of Raman lidar data from 10 European
aerosol research lidar network (EARLINET) stations. J. Geophys. Res. 109, D18201.
https://doi.org/10.1029/2004JD004638.

Maurya, Ajeet K., Phanikumar, D.V., Rajesh, Singh, Sushil, Kumar, Veenadhari, B.,
Kwak, Y.-S., Abhikesh, Kumar, Singh Abhay, K., Niranjan, Kumar K., 2014. Low-mid
latitude D region ionospheric perturbations associated with 22 July 2009 total solar
eclipse: wave-like signatures inferred from VLF observations. J. Geophys. Res. Space
Phys. 119 (10), 8512-8523.

Menut, L., Flamant, C., Pelon, J., Flamant, P.H., 1999. Evidence of interaction between
synoptic and local scales in the surface layer over the Paris area. Bound. Layer.
Meteorol. 93, 269-286. https://doi.org/10.1023/A:1002013631786.

Nina, A., Cadez, V.M., 2013. Detection of acoustic-gravity waves in lower ionosphere by
VLF radio waves. Geophys. Res. Lett. 4018, 4803-4807.


http://refhub.elsevier.com/S1364-6826(17)30202-X/sref1
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref1
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref1
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref1
https://doi.org/10.5194/acp-7-6181-2007
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref47
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref47
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref47
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref3
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref3
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref3
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref4
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref4
https://doi.org/10.5194/acp-8-7281-2008
https://doi.org/10.5194/acp-8-7281-2008
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref6
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref7
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref8
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref8
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref8
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref9
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref9
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref9
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref9
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref9
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref10
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref10
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref10
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref11
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref12
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref12
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref13
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref13
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref13
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref13
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref14
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref14
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref14
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref15
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref15
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref15
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref15
https://doi.org/10.5194/acp-7-5543-2007
https://doi.org/10.5194/acp-7-5543-2007
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref17
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref17
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref17
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref18
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref18
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref18
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref18
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref19
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref19
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref19
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref19
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref19
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref20
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref20
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref20
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref20
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref20
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref20
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref20
https://doi.org/10.1029/2009JA015101
https://doi.org/10.1029/2009JA015101
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref23
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref23
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref23
https://doi.org/10.1111/j.1600-0870.2006.00153.x
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref24
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref25
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref25
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref25
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref25
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref25
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref25
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref26
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref26
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref26
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref26
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref26
https://doi.org/10.1029/2004JD004638
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref28
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref28
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref28
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref28
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref28
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref28
https://doi.org/10.1023/A:1002013631786
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref30
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref30
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref30
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref30
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref30

L. Ili¢ et al.

Nina, A., Cadez, V., Sre¢kovi¢, V., Suli¢, D., 2012a. Altitude distribution of electron
concentration in ionospheric D-region in presence of time-varying solar radiation
flux. Nucl. Instrum. Methods. B 279, 110-113.

Nina, A., Cadez, V., Suli¢, D., Sre¢kovié, V., Zigman, V., 2012b. Effective electron
recombination coefficient in ionospheric D-region during the relaxation regime after
solar flare from February 18, 2011. Nucl. Instrum. Methods. B 279, 106-109.

Nina, A., Cadez, V.M., Popovié, C.L., Sre¢kovié, A.V., 2017. Diagnostics of plasma in the
ionospheric D-region: detection and study of different ionospheric disturbance types.
Eur. Phys. J. D 71 (7). https://doi.org/10.1140/epjd/e2017-70747-0, 189, 1-12.

Nymphas, E.F., Adeniyi, M.O., Ayoola, M.A., Oladiran, E.O., 2009. Micrometeorological
measurements in Nigeria during the total solar eclipse of 29 March, 2006. J. Atmos.
Sol. Terr. Phys. 71 (12), 1245-1253.

Sicard, M., Pérez, C., Rocadenbosch, F., Baldasano, J.M., Garcia-Vizcaino, D., 2006.
Mixed-layer depth determination in the Barcelona Coastal area from regular lidar
measurements: methods, results and limitations. Bound. Layer Meteorol. 119 (1),
135-157. https://doi.org/10.1007/s10546-005-9005-9.

Stull, R.B., 1988. An Introduction to Boundary Layer Meteorology. Kluwer Acad.,
Dordrecht, The Netherlands.

Swamy, A.B., 1991. A new technique for estimating D-region effective recombination
coefficients under different solar flare conditions. Astrophys. Space Sci. 185 (1),
153-164.

Tie, X., Madronich, S., Li, G.H., Ying, Z.M., Zhang, R., Garcia, A., Lee-Taylor, J., Liu, Y.,
2007. Characterizations of chemical oxidants in Mexico City: a regional chemical/
dynamical model (WRF-Chem) study. Atmos. Environ. 41, 1989-2008.

259

Journal of Atmospheric and Solar-Terrestrial Physics 171 (2018) 250-259

United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR),
1993. Report to the General Assembly, with Scientific Annexes. New York.

Verhulst, T.G.W., Sapundjiev, D., Stankov, S.M., 2016. High-resolution ionospheric
observations and modeling over Belgium during the solar eclipse of 20 March
2015 including first results of ionospheric tilt and plasma drift measurements.
Adv. Space Res. 57 (No.11), 2407-2419. https://doi.org/10.1016/
j.asr.2016.03.009.

Vogelezang, D.H.P., Holtslag, A.A.M., 1996. Evolution and model impacts of alternative
boundary layer formulations. Bound. Layer. Meteorol. 81, 245-269. https://doi.org/
10.1007/BF02430331.

Zanis, P., Zerefos, C.S., Gilge, S., Melas, D., Balis, D., Ziomas, L., Gerasopoulos, E.,
Tzoumaka, P., Kaminski, U., Fricke, W., 2001. Comparison of measured and modeled
surface ozone concentrations at two different sites in Europe during the solar eclipse
on August 11, 1999. Atmos. Environ. 35, 4663-4673.

Zanis, P., Katragkou, E., Kanakidou, M., Psiloglou, B., Karathanasis, S., Vrekoussis, M.,
Gerasopoulos, E., Lysaridis, I., Markakis, K., Poupkou, A., Amiridis, V., Melas, D.,
Mihalopoulos, N., Zerefos, C., 2007. Effects on surface atmospheric photo-oxidants
over Greece during the total solar eclipse event of 29 March 2006. Atmos. Chem.
Phys. Discuss. 7, 11399-11428.

Zerefos, C.S., Balis, D.S., Zanis, P., Meleti, C., Bais, A.F., Tourpali, K., Melas, D., Ziomas, L.,
Galani, E., Kourtidis, K., Papayannis, A., Gogosheva, Z., 2001. Changes in surface UV
solar irradiance and ozone over the Balkans during the eclipse of 11 August 1999.
Adv. Space Res. 27 (12), 1955-1963.


http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref31
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref32
https://doi.org/10.1140/epjd/e2017-70747-0
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref34
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref34
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref34
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref34
https://doi.org/10.1007/s10546-005-9005-9
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref36
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref36
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref37
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref37
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref37
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref37
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref38
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref38
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref38
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref38
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref40
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref40
https://doi.org/10.1016/j.asr.2016.03.009
https://doi.org/10.1016/j.asr.2016.03.009
https://doi.org/10.1007/BF02430331
https://doi.org/10.1007/BF02430331
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref43
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref43
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref43
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref43
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref43
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref44
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref44
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref44
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref44
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref44
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref44
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref45
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref45
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref45
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref45
http://refhub.elsevier.com/S1364-6826(17)30202-X/sref45

friried applied
e sciences

Article

Novel Modelling Approach for Obtaining the Parameters of
Low Ionosphere under Extreme Radiation in X-Spectral Range

Vladimir A. Sre¢kovi¢ 1*@, Desanka M. Sulié¢ 2, Veljko Vuj¢ié¢ 3, Zoran R. Mijié¢ 1

check for

updates
Citation: Sre¢kovi¢, V.A.; Suli¢, D.M.;
Vujci¢, V.; Miji¢, Z.R.; Ignjatovi¢, L.M.
Novel Modelling Approach for
Obtaining the Parameters of Low
Ionosphere under Extreme Radiation
in X-Spectral Range. Appl. Sci. 2021,
11,11574. https://doi.org/10.3390/
app112311574

Academic Editor: Harry
D. Kambezidis

Received: 20 October 2021
Accepted: 1 December 2021
Published: 6 December 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Ljubinko M. Ignjatovi¢ !

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia;
zoran.mijic@ipb.ac.rs (Z.R.M.); ljuba@ipb.ac.rs (L.M.1.)

Faculty of Ecology and Environmental Protection, University Union—Nikola Tesla, 11000 Belgrade, Serbia;
dsulic@unionnikolatesla.edu.rs

Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia; veljko@aob.rs

*  Correspondence: vlada@ipb.ac.rs; Tel.: +381-(0)11-37-13-000

Abstract: Strong radiation from solar X-ray flares can produce increased ionization in the terrestrial
D-region and change its structure. Moreover, extreme solar radiation in X-spectral range can create
sudden ionospheric disturbances and can consequently affect devices on the terrain as well as signals
from satellites and presumably cause numerous uncontrollable catastrophic events. One of the
techniques for detection and analysis of solar flares is studying the variations in time of specific
spectral lines. The aim of this work is to present our study of solar X-ray flare effects on D-region
using very low-frequency radio signal measurements over a long path in parallel with the analysis
of X-spectral radiation, and to obtain the atmospheric parameters (sharpness, reflection height,
time delay). We introduce a novel modelling approach and give D-region coefficients needed for
modelling this medium, as well as a simple expression for electron density of lower ionosphere
plasmas. We provide the analysis and software on GitHub.

Keywords: solar radiation; sun activity; disturbances; radio spectra; X-spectral domain; Lyman-alpha

1. Introduction

Solar flares (SFs) are giant eruptions on the surface of the Sun [1,2] that release huge
amounts of electromagnetic energy over the whole electromagnetic spectrum [3-7]. Levels
of photoionization processes in the ionosphere depend on plasma composition along with
radiation spectral ranges at specific altitudes [8]. Information on certain solar spectral lines
could be of importance in research of solar flares [9,10]. The enhanced Extreme Ultraviolet
(EUV) radiation is absorbed at higher terrestrial altitudes additionally ionizing E and
F regions of the ionosphere [11]. In addition, Lyman-alpha and X-rays penetrate more
deeply into the ionosphere, reaching the D-region and causing enhanced ionization and
absorption of electromagnetic (EM) waves there [12-14]. Solar flares can be classified into
different classes based on their peak emission in the X-ray 0.1-0.8 nm spectral range as B
(>1077 Wm™2),C (>10~° Wm~2), M (>10~° Wm~2), and X (>10~* Wm2) classes [15-17].

The abrupt increase in X-radiation and EUV emission following solar flares causes
additional ionization and increased absorption of EM waves in the sunlit part of the Earth’s
ionosphere. At the time of SFs and consequently during sudden ionospheric disturbances
(SIDs), the gain of the atmosphere electron density at all heights is noticeable [18,19].
As a consequence of radiation influence, SFs create SIDs and induce disturbance in the
monitored amplitude and phase of Very Low-Frequency (VLF in narrow band 3-30 kHz)
radio signals, primarily in the D layer, which is located between the Earth’s lower atmo-
sphere, which has dense air, and its strongly conducting ionosphere [20,21]. These events
of X-ray SFs have been monitored by Geostationary Operational Environmental Satellite
(GOES) [15].
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In this paper we will focus on the VLF technique—on amplitude and phase signals of
worldwide transmitters of signals monitored by BEL VLF system (Belgrade, Serbia) [22].
VLF signals from the emitters located all over the world are continuously recorded by
the BEL system. Events of X-ray SFs monitored by GOES satellites are further identified
using a radio station’s system of receivers. For these events, VLF wave enhancements
are measured and analysed for the daytime atmosphere. In continuation of our previous
research, the aim of this contribution is to present our study of solar X-ray flare effects
and to obtain the daytime atmospheric parameters and ionization rate induced by this
extreme radiation, and to provide a simple equation for altitude-dependent electron density
of D-region plasma which depends on X-ray spectral intensity and sluggishness of the
medium. Finally, we discuss how the approximately obtained altitude-dependent electron
density relies on the shape of X-ray flux. The python scripts for calculating ionosphere
parameters can be found on GitHub: https:/ /github.com/sambolino/flarED (accessed on
17 October 2021).

The text is organized as follows: Section 2 briefly presents methods for observing
the D-region and introduces a methodology. Section 3 provides the details of numerical
results, analyses, and introduces a simple expression of electron density of the D-region.
In Section 4 the results are discussed together with further directions of research.

2. SFs Impact

We have studied the VLF amplitude (A) and phase (P), acquired by recording VLF
radio signals broadcast by NAA transmitter at Maine, USA (44.63° N, 67.28° W) during
solar-induced SIDs. The data were recorded by Belgrade VLF system (44.85° N, 20.38° E).
The BEL stations can synchronously record several radio signals broadcast by different
transmitters. The technicalities and description of the BEL VLF system are presented in [22].
The NAA-BEL path is sufficiently long (6540 km) and correctly oriented west-east.

Here, we present the study of SIDs induced by the large SFs of solar cycles 24 and
25. The acquisition and research of VLF signals has been carried out together with the
investigation of the corresponding X-ray fluxes obtained from GOES. In this research,
the registered data of incoming solar radiation X-ray flux in the XRS spectral range of
0.1-0.8 nm are of primary interest.

2.1. Monitoring SF

We have studied the amplitude and phase data, obtained by monitoring VLF radio
signals emitted by NAA /24.00 kHz transmitter during solar-induced SIDs. During SIDs,
a regular method for signal examination and the determination of ionospheric parameters
rely on the comparison between the registered variation of amplitude and phase and the
matching values acquired with simulations by the Long-Wave Propagation Capability
(LWPC) numerical software package [23,24], as explained in [20,25,26].

As an instructive example of a monitored active day, we present 7 September 2017
(see Figure 1). Three M-class solar flares erupted from sunspot AR2673 of magnitudes
M2.4, M1.5, and M7.3, followed by a huge X1.3-class SF. Energy and particulates hurled at
the Earth while the proton flux velocity was two times greater than normal. The aurora
borealis was also seen.

In Figure 1 we present measured amplitude (lower panel) and phase (upper panel)
for NAA/24.00 kHz signal on high solar activity during M1.5 (I, = 1.5 x 1075, Wm 2
at peak time, 09:54 UT), M7.3 (10:15 UT), C3 (12:14 UT) and X1.3 (14:36 UT) events on
7 September 2017 as a function of time. There were visible changes in the VLF daily signal
during the C, M and X flares (see signal peaks on panels). From Figure 1, one can see that
these VLF and GOES peaks during the daytime happened almost simultaneously (with a
time delay of the order of minutes).
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Figure 1. Time variation of X-ray irradiance on the right axes, NAA /24.00 kHz signal phase (a) and
amplitude (b) during M1.5 (09:54 UT), M7.3 (10:15 UT), C3 (12:14 UT) and X1.3 (14:36 UT) events on
7 September 2017.

In this work we have calculated the amplitude increase AAy,, defined as the differ-
ence between the maximum amplitude Amayx registered during the flare and the regular
amplitude during quiet condition Ay, as:

AArec = Amax - Aquiet (1)
In the same way, phase delay increase AP, has been calculated as:
Aprec - Pmax - Pquiet (2)

The time delay At can be defined as: At = famax — timax Where tamax is the time
of maximum of VLF amplitude Amax and timayx is time of maximum of X-ray irradiance
Imax [20]. The time delay is nearly similar to the D-region sluggishness [13] and is an
important quantity that can be used to study the ionospheric response to the flares [27].
The quantity At depends on flare intensity and other factors, and usually takes values of
about a few minutes [16,27].

For the representative quiet days, i.e., conditions, we have chosen the days under
low solar activity. The conditions were that the daylight maximum of X-ray flux had to be
lower than 107 Wm~2 in the 0.1-0.8 nm XL band.

2.2. Used Numerical Methods
2.2.1. Two-Component Exponential Model and Simulations

The daytime two-parameter exponential profile of electron density can be used for
VLF modelling [28] and is given by:

Ne(h,H', B) = 1.43-10"% exp(—0.15-H') exp|[(B — 0.15)-(h — H')] [m ~>]. ©)
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Here, B in km~! is a time-dependent parameter of sharpness, H' is a reflection height
in km, and # is the height in kilometres above surface.

During SIDs, a regular method for the obtaining of ionospheric parameters is based
on comparison of the registered variation of amplitude and phase (Equations (1) and (2))
with the equal values obtained in computation by the LWPC software [23] as interpreted
in [20,25,26]. N, can be obtained from the measured amplitude and phase changes by a trial-
and-error method where density profile is modified until the LWPC computed amplitude
and phase match with monitored data (see, e.g., [22]). Thus, the obtained parameters  and
H’ can be applied for further calculation and simulations (Equation (3), etc.).

2.2.2. FlarED’ Method

In [29], i.e., GitHub: https:/ /github.com/sambolino/flarED (accessed on 17 October 2021),
the database is created with SID VLF data (AAe, APy ) parameters, sharpness § and
reflection height H' for different values of I, i.e., different classes of solar flares (during
the period of ascending phase and maximum of the solar cycle 24 and 25). Solar flares are
monitored and analysed by VLF technique and AAy., APy, while parameters $ and H’' in
database are obtained by the method described in [20]. The python scripts for calculating
ionosphere parameters can be found https://github.com/sambolino/flarED (accessed on
19 September 2021). For the input values of solar X-ray flux, parameters f and H' can be
evaluated and altitude values of electron density for the low terrestrial ionosphere can be
calculated. Users can easily calculate time series and hight profile of electron density. The
results, i.e., data, can be plotted and exported in csv.

2.2.3. Approximate Analytic Expression

In order to create an easier and more adequate use of results and data, we give
an electron density specially modified simple logarithmic second-degree polynomial ex-
pression, with height-dependent coefficients taking into account the delay time of the
ionosphere response. The python scripts for calculating electron density by this specially
modified expression can be found at https://github.com/sambolino/flarED (accessed on
10 October 2021). Additionally, for details see Section 3.2.

3. Results and Discussion
3.1. Analyses of SF Events

An example of flare-induced phase and amplitude perturbations, measured for the
NAA/24.00 kHz signal on an active day of 10 May 2013, is given in Figure 2 (red lines on
both panels). The unperturbed daytime values of phase and amplitude were measured on
9 May 2013 (black lines on both panels in Figure 2). There were visible changes in the VLF
daily signal during the duration of M1.3 SF (peak time, 12:56 UT) and C2.5 SF (peak time,
14:37 UT).

One can see visible variations in amplitude and phase. SID VLF changes at the time
of the maximum of SF of M1.3 and C2.5 SF classes are AA = 4.2 dB, AP = 68.19 deg and
AA =1.06 dB, AP = 19.20 deg, respectively (see Table 1 and Figure 3c,d). It can be seen
that during SF class C, amplitude and phase disturbances are not well defined, but are
still noticeable.

Figure 3 shows simultaneous variations of the sharpness S, effective reflection height
H’, amplitude and phase (recorded and simulated), electron density at reference height
(74 km) and X-ray flux, during the occurrence of two successive flares on 10 May 2013 from
Figure 3a—e, respectively.

For the period around SFs on 10 May 2013, we have calculated the time-dependent H'
and f parameters as shown in Figure 3a,b. During M1.3- and C2.5-class SFs on 10 May 2013,
the change of H' with time has normal behaviour. After the start of the SFs it falls to a
minimum, and after X-ray peak it keeps growing to a preflare value. Sharpness behaviour
is connected with form of registered increase of VLF amplitude, i.e., § rises sharply to a
maximum, and after the peak of X-ray flux it drops to a preflare value. At 12:56 UT, i.e.,
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at peak time of the M1.3-class SF, with I, = 1.36:107°> Wm~—2, H’ decreases to a value of 67
km and the B rises to 0.41 km~!. At C2.5-class SF peak time (14:37 UT) with I, = 2.59-10~¢
Wm~2 the H’ decreases to 72 km and the § increase to 0.32 km~!. It can be noted that the
reflection height and the sharpness are in correlation with X-ray flux shape.
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Figure 2. Measured variation of amplitude (a) and phase (b) on NAA signals for 9 May 2013
(quiet day) and 10 May 2013 with noticeable SF events.

Table 1. The data on SFs, amplitude and phase perturbations of VLF signals caused by different events analysed in this study.

SF Tim SID VLF Signatures SF Data
SF . I, max XL Active
(Class, Date) Start [UT] Peak [UT] End [UT] AA [dB] AP [deg]  At[min] [Wm-2] Region
Mi.3 12:37 12:56 13:04 4.20 68.19 0 1.36 x 1075 1745
10.05.2013 ’ ’ ’ ’ ' ’
€25 14:30 14:37 14:42 1.06 19.20 1 259 x 107° 1745
10.05.2013 ’ ’ ' ' ’ '
M1.8 09:23 09:37 09:42 4.50 51.47 4 1.81 x 1075 2085
12.06.2014 ’ ’ ' ' ’ '
M2.7 10:14 10:21 10:27 572 83.01 2 2.74 x 107° 2087
12.06.2014 ' ' ' ' ' IR
X1.0 08:59 09:06 09:10 5.54 90.45 3 1.00 x 1074 2087
11.06.2014 ’ ’ ‘ ' ’ '
X1.3 14:20 14:36 14:55 4.50 159 1 1.39 x 1074 2673
07.09.2017 ’ ’ ' ' '

Figure 4 shows the height profile, i.e., vertical electron-density profile before, after and
during the M1.3- and C2.5-class solar flares that occurred on 10 May 2013. Electron-density
altitude profile changes describe the variation of ionization at the D layer due to SF events
and are relevant for mapping the low ionosphere [30,31] and moreover are important for
checking the validity of the method and results [32] as shown in many examples. For
unperturbed (preflare) ionospheric conditions (blue line) and post flare, there is a moderate
increment in N, (from 2.8-10” m~2 at i = 60 km height, to 6.7-108 m 2 at the upper part of
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this region, i.e., at 1 = 80 km). These lines have almost the same behaviour. Completely
different slope and behaviour have black and dashed dotted-dotted pink lines at peak times
of M- and C-class SFs with increment from ~7-10” m~2 at 60 km height to 1.6:10'° m~3 and
4-10° m~3, respectively. It can be noted that the electron density profiles moved to higher
electron densities with different slopes when compared to the density profile of the preflare
ionospheric condition. These changes in altitude profile of electron density are important
for the nature of VLF propagation.

y L (6) /. 10 May 2013 NAA/24kHz xH10754
E 109 E- C2.5 class - E
= E class SF e ;
(] F
Z Ne calculated , i - _— Zkl 41078 X
® 64 - — recorded
8 > 32 N ) /r\\ - - — calculated
e @
5 _ 46F (c) e I I I —— recorded
€Em 23 - — — calculated
c O - = =
<~ 0.0 ~———]
- i 1 i I ; 1 ; | : .
g 750 E —
£ 725 T\// ~——]
>~ 700 F .
T e675F (b)) = . . o = HT
~0.38 | () beta]
£ £034 | -
o o B J
v0.29 — L 1 1 1 L 1 1 1 1 =
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Figure 3. Simultaneous variations of the sharpness § (a), effective reflection height H' (b), VLF
amplitude (c) and phase (d) excess recorded and simulated, electron density at reference height
(e) and X-ray flux (on the right axis (e)) during the occurrence of two successive SFs on 10 May 2013.

80 -
'E 70
Xz
N
i o
—12:39, preflare
—12:56, SFM1.3
----- 13:08, postflare
60+ -- 14:37, SF C2.5
14:42, postflare
107 108 10° 1010

Ne(m™)

Figure 4. The altitude profile of electron density during two successive SFs on 10 May 2013.
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X-ray flux, amplitude, and phase of NAA /24.00 kHz radio signal as a function of UT
during strong M-class successive SF on 12 June 2014 is presented in Figure 5. The lower
panel shows perturbation of amplitude and X-ray flux, and in the upper panel perturbation
of phase and X-ray flux is presented. We analysed two successive M-class solar flares (M1.8
with peak time 09:37 UT and M2.7 with peak time 10:21 UT). There were visible changes in
the VLF daily signal during the duration of M1.8 SF and M2.7 SE. SID amplitude and phase
changes at the peak time of SF of M1.8 and M2.7 SF classes are AA = 4.5 dB, AP = 51.47 deg
and AA =5.72 dB, AP = 83.01 deg, respectively (see Table 1 and Figure 6¢,d).

NAA/24.00 kHz - Bel, 12 I 2014
M18M27 V4 c une
0100 |
"8
O
&
é O—J
00:00 04:00 08:00 1200 16:00 20:00 00:00
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E £
£ 30-
= =
g X
< : , : :

00:00 04:00 0800 12:00 16:00 20:00 00:00
Time (UT)

Figure 5. X-ray flux, amplitude, and phase of NAA signal during strong successive flares on 12 June 2014.
(Lower panel) Amplitude and X-ray flux variation; (Upper panel) phase and X-ray flux variation.
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Figure 6. Variations of the sharpness f3 (a), effective reflection height H' (b), VLF amplitude (c) and
phase (d) recorded and simulated, reference height electron density (e) and X-ray flux (on the right
axis (e)), during the occurrence of two successive M-class SFs on 12 June 2014.
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Sharpness B, effective reflection height H', amplitude and phase of VLF signals
(recorded and simulated), electron density at reference height, and X-ray flux during
the presence of two M flares on 12 June 2014 are presented in Figure 6 on the upper to
lower panels, respectively.

For the period around SF on 12 June 2014, we have calculated the time-dependent
effective reflection height and sharpness as shown in Figure 6b,a. Generally, as in previous
example, the shape of H' and f are in correlation with solar X-ray flux. During occurrences
of M1.8- and M2.7-class SFs on 12 June 2014, the changes of H' during time have a normal
nature. H' lowers in intensity to a minimum after SFs beginning and it rises to a preflare
value after X-ray flux peaks. The structure of § is correlated with the amplitude shape.
At the time of this SF, it rose quickly to a maximum after the SF peak time and then collapsed
to preflare size. At peak time of the M1.8-class SE, (I = 1.81-107° Wm™2), H' lowers to
a value of 67 km and B rises to 0.42 km~!. At peak time 10:21 UT during M2.7-class
SF with flux I, = 2.7-10~° Wm~2, the H’' decreases to 65 km and the sharpness increases
t0 0.46 km™!.

The N, at reference height is also in correlation with the intensity and shape of X-ray
flux during the analysed time period (see Figure 6e).

Figure 7 presents the values of simulated amplitude and phase of the NAA signal
along the GCP distance, obtained for quiet and disturbed ionospheric state during SFs
on 12 June 2014. The simulations of propagation were performed using LWPC code. Am-
plitude and phase values of NAA signal proportionally increase with increasing X-ray
intensity along the whole path. During the initial and main phase of the SID event, the sig-
nal variations are more frequent. SID events in the D-region are most noticeable as changes
in the phase of VLF radio signals.

135

amplitude prefler
amplitude flare 1 (M1.8)
amplitude flare 2 (M2.7)

calculated
amplitude (dB-rel)

—— phase prefler
——— phase flare 1 (M1.8)
—— phase flare 2 (M2.7)

300

150 4

calculated
phase (deg)

= T i T = T T T T T = T
0 1000 2000 3000 4000 5000 6000
GCP distance (km)

Figure 7. The phase (a) and amplitude (b) of the NAA /24.0 kHz signal along the GCP distance from
Maine, USA, to BEL VLF station, Belgrade, obtained for quiet and disturbed ionospheric state during
SFs on 12 June 2014.

The height profile, i.e., vertical N. density profile before, after and during the M1.8-
and M2.7-class solar flares on 12 June 2014 are shown in Figure 8. For unperturbed (preflare)
conditions (black dashed line), one can see a slow increment of N, (from 3.2:10” m~3 at
60 km height, to about 9.7-10% m~3 at 80 km height). Different slopes have a pink line and
dashed red lines (at peak times of M-class SFs), with an increment from ~6-10” m~3 and
~1.2:108 m~3 at 60 km height to 1.45-10'° m~3 and 5-10'° m~3 at 80 km height, respectively.
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Figure 8. The altitude profile of electron density during two successive M-class SFs on 12 June 2014.

Strong SF: In order to cover the whole I spectral range needed for further analysis,
we studied X-class solar flares with flux >10~% Wm~2. Figure 9 presents the values of the
monitored and simulated excess of amplitude and phase of the NAA signal simultaneously
with X-ray flux during SF on 11 June 2014. Measured and simulated signal values are in
good agreement, i.e., almost identical. Barely visible differences are at the right corner of
the figure, i.e., during relaxation time and the end of SF.

100 - (a) X1 09:06 NAA/24,00 kHz - BEL, 11 June 2014 1074
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Figure 9. Time variation of X-ray irradiance (on the right axes), NAA /24.00 kHz signal phase (a) and
amplitude (b) enhancement during M1.0 (09:06 UT) events on 11 June 2014.

Additionally, amplitude and phase values of NAA signal proportionally increase with
increasing X-ray intensity, and during relaxation time (right wings of signal) amplitude
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log Ne(h, Ix(t),t + At) =

values decrease more slowly than the flux due to ionosphere sluggishness. For the period
around SF on 11 June 2014, we have calculated the quantities needed for modelling such as
the effective reflection height H' and the sharpness p, as shown in lower panels of Figure 10.
One can see that the time profile, i.e., shape of reflection height and the sharpness are in
correlation with X-ray flux. More precisely, § has almost the same form as I, but shifted by
At, while H' has a reverse shape.

Ix

a2 10% X1 09:06

vod 3ol

T 645 | l : : tlme(UT)
09:00 09:10 09:20 09:30 09:40 09:50

Figure 10. Variations in the effective reflection height H’, sharpness  and X-ray irradiance during
the occurrence of SF on 11 June 2014 are shown in panels from lower to upper, respectively.

3.2. Approximative Expressions and Simulations

Nowadays, more complicated methods and formulas exist and can be used in this
field of science [27,33,34]. They are mostly related to calm conditions in the ionosphere,
but still they are also used for perturbed conditions. However, the question arises of how
easy some of them are for use and whether they are applicable when speed of analysis
and obtaining products are important. The idea is to make the formula easy to use as
well as to enable rapid calculations and analysis, such as for example the IRl model—the
international standard empirical model for the terrestrial ionosphere [35,36].

In order to create an easier and more adequate use of the results and data, here we
introduce the electron-density expression:

£ ai(h)-(10g(IF™))’, £ <t )
Y0+ (2% A/pz) (w/ (4% (t — xc)* +w?)), t> tyma b)

(4)

where, fmax is time of maximum of X-ray flux (Wm~2) and & is height (km), At is time delay
defined earlier in the text and 4;(h) represents height-dependent dimensionless coefficients.
Here, y0 + (2% A/ pi) * (w/ (4 * (t — xc)? + w?)) is Lorentzian function. Equation (4) gives
more than satisfactory results when simplified (which was our intention to make it easy to
use), i.e., when (4a) is valid for the whole time interval. Consequently, instead of whole
Equation (4) we can use a simple logarithmic second-degree polynomial expression for
theentire time interval, with height-dependent coefficients:

log Ne(h, Ix(t), t + At) Za )-(log (IMX))! (5)
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At(min)

N =20 Mean = 2.95

Height-dependent coefficients a;(h) can be found in the Github project. Compared to
paper [37], here for the first time we introduce At and improve the expression by taking
into account the delay time of the ionosphere response, making it more physical.

Time delay At in min can be presented (we use it further in the investigation) by linear
dependence on the logarithm of X-ray flux (see, e.g., Figure 11)

1 .
At = Y ¢ (log (™)) [min] ©)
i=0
where dimensionless quantities take values ¢y = 0.45385 and ¢; = —0.44863 and [,™® is

X-ray flux at peak time in [Wm~2]. Further in the investigation we will use expression (6),
which can be additionally corrected by inserting various influences. Of course, a more so-
phisticated formula might have been developed, but such precision was unnecessary since
the values of the D-region parameters are known to fluctuate by an order of magnitude.
The goal was to make the formula simple to use while also allowing for quick calculations
and analysis.

SD = 1.95946
; = 0.251
8 - ®
7 A 0.204
6_
. 2015
Ch * 4.19(?55)46 2
44 * @ o
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34— %  * @ o
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Ix(Wm™) At(min)

(a) (b)

Figure 11. (a) The time delay At between the VLF amplitude max and the peak of SF X-ray flux as a function of peak flux

(black circles are data from present investigation, red stars data from [27]; (b) Distribution of At data points (a rug plot).

In Figure 11a, we present values of obtained time delay At between the X-ray flux and
the VLF amplitude as a function of peak flux. Black circles are data from present work
and red stars are data from [27], obtained under the same conditions, i.e., with the same
equipment and for the same transmitter-receiver path. Additionally, in Figure 11b we
provide the distribution of At data points—a rug plot. The time delay between the X-ray
flux and the VLF amplitude maximum At has a mean value of about 3 min. For C-class
SFs, At is more scattered and has the highest variation, and for the larger values of flux I,
(M- and X-class SFs), the increase is the smallest.

From Figure 6 of the paper by Hayes et al. [38], one can see that presented data are
scattered, even more so than in our case, with At up to 10 min and with a mean value
of about two minutes, which is in accordance with our results. From Figure 11b (see rug
plot), we certainly have the largest grouping between 1-4 min, which is also the case with
the results of Hayes et al. [38] i.e., the results are in accordance. Certainly, there are other
results in the literature such as from the paper of Basak & Chakrabarti [39], but our results
and also the recent findings of Hayes et al. [38] differ from findings of Basak & Chakrabarti,
which surely does not affect the main goal of the present work.
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The conclusion is that the maximum of the signal, and consequently the electron
density, is shifted by an average value of three minutes in relation to the maximum of the
flux during the flare event due to ionosphere sluggishness. In addition, detailed statistics
could have been performed but the main goal was to obtain a useful and easy to use
expression for Ne.

Variation in X-ray flux (upper panel), measured by GOES-15, and N, (h =74 km) as a
function of UT during two successive flares on 12 June 2014 (lower panel) are presented
in Figure 12. The red line in the lower panel shows results acquired by approximative
Equation (5). The circles present values of electron density N, obtained in this research by
the method mentioned above using Equation (3). One can see that the results are in good
agreement except the post-flare wings (N, shape is more stretched). It can be noted that
due to the sluggishness of the ionosphere, the shape of electron density over time does not
totally follow the solar flux shape and it returns more slowly (post-flare wings) to a calm
state due to the D-region relaxation time.

A~ M1.8 £ ’LM2-7 —— X
C\IIE 10-54/ X [
; i /
10_6 T 2 T & T v T
09:40 10:07 10:33 11:00
10 o calculated LWPC
d/)\10 E 2 - - - -approx. eq. (5)

| iq:”&@%) 5 &
i (]
R ~ Ty

@
9 | \ ! g S
10 ’ S Reelce! —

0940 1007 1033  11:00
Time (UT)

Figure 12. X-ray flux from GOES-15, and N, (h = 74 km) as a function of UT during two M-class
SFs on 12 June 2014. The dashed red line shows results acquired by approximative Equation (5).
N, obtained by the above-mentioned method is presented by circles.

In [29], the database contains parameters f and H’ for different values of I, i.e.,
different classes of solar flares (during the period of ascending phase and maximum of
the solar cycle 24 and 25). Solar flares are monitored and analysed by VLF technique
and parameters B and H' in database are obtained by method described in [20]. In
https://github.com/sambolino/flarED (accessed on 19 September 2021) [29] for the input
values of solar X-ray flux, Wait’s parameters p and H' can be evaluated and altitude values
of electron density for the low terrestrial ionosphere can be calculated.

Figure 13 presents a scatter plot of a pair of D-region parameters, H' and B, for SID
cases analysed in this study together with data obtained using methods from [29]. Calcu-
lated parameters H' and B are in the range of 60-74 km and 0.30-0.60 km !, respectively.
Black circles represent data from present work and red circles are related to the data ob-
tained using the flared method (see Section 2.2.2). In the bottom right corner (for M- and
X-classes of SF) data are more scattered.
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Figure 13. A scatter plot of a pair of D-region parameters, i.e., H' versus B, is shown for SID cases
analysed in this study using LWPC and two-component exponential model together with ones
obtained using flared method from Github project [29].

3.3. Comparison of Results

In Figure 14, we present the results from this investigation, i.e., paper (using three
methods from Sections 2.2.1-2.2.3), which are either simulated, calculated, approximated or
the data obtained from literature [16,37,40—42], for electron density N, at reference height
as a function of X-ray flux. The area of importance is between the two red lines. It can
be noticed that the results differ from each other in some cases by an order of magnitude
or more. Although the data are scattered, especially for stronger flares (right side of the
graph), they still tend to increase with the intensity of the X-ray radiation. As noted,
our results were acquired on the basis of analysis of SID events on NAA /24.00 kHz signal
and using methods described in the text. Electron density at reference height i = 74 km
changed from N, = 2.16 x 10® m~3 to N, > 10! m~3. Additionally, we compared data
with the N, data obtained using approximate Equation (5) (plus sign in Figure 14) and
simulations (black star) using the flared method. The results are in fair agreement with
previous studies. We can conclude that measurements over a long path give slightly higher
slope, i.e., lower values of electron density than expected, but are quite satisfactory. This
is important because most results concerning investigation in the D-region are scattered
and vary in order of magnitude and we need to take into account all the data and correct
the existing ones. During SIDs the time profile of electron density follows the solar X-ray
flux variation.
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Figure 14. Electron-density data (calculated, simulated and approximated) at reference height
h =74 km and maximum of I, flux during occurrence of different class SFs. The data are compared
with results from [16,37,40—42]. Area of importance is between the two red lines.

4. Conclusions and Perspectives

In this paper we analysed SF events with extreme radiation in the X-spectral range.
The perturbed VLF data were collected by monitoring the NAA /24.00 kHz VLF signal
(transmitted in Maine, USA and then received in Belgrade, with GCP = 6540 km) and used
together with GOES satellite data. The magnitude of impact of SFs on D-region and the
consequences of these explosive events were analysed using measurements over a long
path. The amplitude and phase data and ionosphere parameters during the enhancements
of radiation due to the SF obtained in our study, are presented.

The GCP from the NAA transmitter to the Belgrade receiver is about 6540 km long and
characterized as a long, dominantly sea path, and we studied cases when it is entirely sunlit.
The data obtained here demonstrate the advantages of using these long-path measurements
due to stable form of phase and amplitude variation caused by SID in contrast to the VLF
perturbations on the short path which display more complexity and oscillations, including
decreases and increases depending on the flare intensity. This is very important during the
modelling process.

Furthermore, we conclude that the intensity of amplitude and phase perturbations
on VLF kHz signal over a long path is in correlation with the size and shape of X-ray flux.
This is in line with previous studies. The most effective influence on the enhancement of
the ionization rate in the D-region during the observed SFs is due to the increased intensity
of spectral lines in the X-ray spectra. Moreover, X-ray SFs with larger line intensities pro-
duce a larger increase in electron density. The computation was applied, and we obtained
coefficients, i.e., sharpness, reflection height, and time delay needed for modelling this
medium under increased radiation in the X-spectral range. One can notice that the inten-
sified solar radiation in the X-spectral range changes D-region parameters and conducts
an enhanced production rate, consequently deforming the VLF signal. The dependence
of electron density on X-ray flux has slightly lower slope but is in fair agreement with
previous studies.



Appl. Sci. 2021, 11, 11574

15 of 17

References

PN PN

The present manuscript offers an extension of the electron-density modeling in the
daytime, SF-perturbed D-region of the ionosphere already introduced in [37]. In particular,
the extension includes time delays from ionospheric sluggishness in N, modeling, making
use of data over a long GC path that ensures enhanced stability of SID-induced variations
in phase and amplitude shape. The construction of the associated flarED GitHub project is
designed to be easily applicable.

Moreover, we introduce novel methods and provide a simple, modified expression
for N, as a function of I, valid for unperturbed and perturbed conditions. We develop the
expression by taking into account the delay time of the ionosphere response, making it
more physical. The analysis and software are provided on GitHub under the MIT license.

In addition, the observed increase in the atmospheric aerosol number density after the
event of SFs in February and March 2011, as well as high-level cloud formation in the upper
atmosphere, reveal the importance of further investigation of SF and possible influence on
particle-electrification mechanisms [43—45]. Recent studies [46] have introduced reconsid-
eration of atmospheric aerosol-electricity interactions, which could improve theoretical
understanding and simulations of the aerosol lifecycle, opening new horizons for weather
and climate science. Future research will focus on a multidiscipline approach, investigating
solar-geomagnetic activity effects on aerosol particles and on radiative transfer.
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Abstract: The lower ionosphere influences the propagation of electromagnetic (EM) waves, satel-
lite and also terrestrial (anthropic) signals at the time of intense perturbations and disturbances.
Therefore, data and modelling of the perturbed lower ionosphere are crucial in various technological
areas. An analysis of the lower ionospheric response induced by sudden events during daytime-solar
flares and during night-time-lightning-induced electron precipitation was carried out. A case study
of the solar flare event recorded on 7 September 2017 and lightning-induced electron precipitation
event recorded on 16 November 2004 were used in this work. Sudden events induced changes in the
ionosphere and, consequently, the electron density height profile. All data are recorded by Belgrade
(BEL) radio station system and the model computation is used to obtain the ionospheric parameters
induced by these sudden events. According to perturbed conditions, variation of estimated parame-
ters, sharpness and reflection height differ for analysed cases. Data and results are useful for Earth
observation, telecommunication and other applications in modern society.

Keywords: atmosphere; radio signal; disturbances; data; modelling

1. Introduction

The ionosphere, as a huge layer of the atmosphere, has physical and chemical proper-
ties that depend on the incident radiation and local energetic processes [1,2]. In particular,
the lower ionospheric region and the fluctuations of its parameters are very important for
human life and many activities on Earth and require continuous measurements, observa-
tions and available information [3].

In-situ observations of the lower ionospheric layers are difficult and expensive and,
consequently, remote sensing measurements are mainly used for investigating this re-
gion [4,5]. High-energy events, triggered from an external source or inside the atmosphere,
can induce ionospheric disturbances and as a consequence affect all processes within [6].

For example, during solar flares (SFs) the increase in the ionospheric electron con-
centration at all altitudes is noticeable. Solar flares are giant explosions on the surface
of the Sun when a huge amount of electromagnetic energy is released across the entire
electromagnetic spectrum [7]. The enhanced extreme ultraviolet (EUV) radiation is ab-
sorbed at higher altitudes ionizing the E (90-150 km above Earth’s surface during daytime
conditions) and F (160400 km, same) regions of the ionosphere (see e.g., [8]). During
SFs, electromagnetic radiation within soft X-rays in a wavelength range of 0.1-0.8 nm,
significantly oversteps the ionization of the Lyman-a spectral line 121.6 nm and cosmic
rays, becoming a major source of ionization at a range of altitudes corresponding to the D
region (50-90 km, same), causing enhanced ionization and absorption of the EM waves that
propagate within the Earth-ionosphere waveguide [9,10]. As a result of radiation effects,
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the solar induced ionospheric disturbances and plasma irregularities cause perturbations
in the amplitude and phase of radio signals.

Furthermore, some processes create localised areas of increased electron density in the
low ionosphere and thus change its properties. Radio waves, generated by atmospheric
discharge and propagating along geomagnetic field lines into the plasmasphere, get into
transversal cyclotron resonance with energetic electron beams (30-300 keV) moving in
the opposite direction. As a consequence of such interaction, electron precipitation into
the atmosphere takes place. Electron precipitation produces localised areas of increased
electron density in the low ionosphere (on heights corresponding to D-region heights of
50-90 km [11-13]), known as localised ionization enhancement (LIE) [14]. Perturbations
in very low frequency (VLF) propagation, known as trimpi events, can be explained by
formation of such areas. Classic trimpi events [15] are phase delay and/or amplitude
perturbations of VLF signals propagating in the Earth-ionosphere waveguide. Whistlers
occur about one second after a corresponding atmospheric discharge and propagate in the
magnetosphere along geomagnetic field lines [16]. Electron precipitation, caused by ducted
whistlers, is explained in [17]. Since disturbances of VLF signals are a consequence of elec-
tron precipitation caused by atmospheric discharges, they are named as lightning-induced
electron precipitation events (LEP). In addition to the above-mentioned phenomena, which
can be detected as disturbances in VLF propagation, there are a number of other phenom-
ena which can be optically detected in areas above thunderclouds. The formation of ducts
of enhanced electroconductivity between thunderclouds and the ionosphere is connected
with such phenomena [18-20]. Trimpi perturbations can be simultaneously monitored
on multiple adjacent traces of VLF signals. Based on adjacent VLF signals recordings
comparison, LIE dimensions and spatial position can be estimated by numerical modelling,
depending on the transmitter frequency, VLF signal great circle path (GCP) length and
position of LIE in relation to the VLF signal path.

Disturbances in propagation of VLF radio signals at the Belgrade station BEL (located
at the Institute of Physics Belgrade (44.85° N, 20.38° E), Serbia) were observed and the
model computation is used to obtain the atmosphere parameters induced by these sudden
events. According to perturbed conditions, variation of estimated parameters, sharpness
and reflection height differ for the analysed cases.

2. Methods

For the examination of the ionospheric composition, altitudes, locations and other
properties, experts usually make use of satellites equipped with suitable sensors, GPS,
sonde, radars, various optical instruments, or balloons, rocket probes, etc. A widely used
technique for remote sensing of the Earth’s ionosphere exploits radio signals (e.g., [21-24]),
and for altitude range that corresponds to the ionospheric lowest layer, i.e., the D region,
VLF radio signal range is preferred (e.g., [25-30]). Remote sensing of the lower ionosphere
by utilisation of radio signals in the VLF range is based on the hop wave theory (see,
e.g., [31-34]). These techniques are successfully used for exploration of Earth’s lower
ionosphere’s response to a number of processes, with their origin from extra-terrestrial to
terrestrial environments (e.g., [35-41]).

The methodology used and results of mid-latitude lower ionosphere diagnostic
obtained by this technique, based on VLF radio signals recorded at the Belgrade re-
ceiver site, in cases of regular and irregular solar-terrestrial conditions, can be found
in, e.g., [23,37,39,42-50]. In our study, at the ionosphere altitudes 50-90 km (D region),
measurements rely on radio wave propagation technique, i.e., monitoring of phase and
amplitude of VLF radio signals. For this reason, the perturbation of VLF phase delay and
amplitude was estimated as a difference between values of the perturbed signal induced
by external disturbance and signal in the normal unperturbed conditions. The details are
described in the next section.
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A standard technique for retrieving ionospheric parameters during sudden iono-
spheric disturbances (SIDs) is based on comparing the registered amplitude and phase
changes with the equal values computed by Long Wavelength Propagation Capability
(LWPC) software [51], as interpreted in [9,10]. To determine electron density from recorded
amplitude and phase variations, a trial and error procedure can be utilized, with the density
profile being changed until the LWPC predicted amplitude and phase matched the moni-
tored data (see, e.g., [42]). As a result, the calculated beta and H' values can be employed in
subsequent computations and simulations (e.g., electron gain and electron loss processes
coefficient, etc.).

3. Results
3.1. Lower Ionosphere during SF Event

The monitoring and investigation of VLF data has been carried out simultaneously
with the examination of the correlative incoming solar X-ray fluxes collected from the
Geostationary Operational Environmental Satellite (GOES).

In the presence of SIDs, a standard numerical procedure for the estimation of plasma
parameters is based on comparison of the recorded changes of amplitude and phase with
the matching values acquired in simulations by the LWPC numerical software package as
explained in [9,44,46,47].

We studied data for 7 September 2017, as an example of a day with strong X1.3 class
SFs that caused SID and seriously affected the VLF signal. It should be noted that the
development to the flux of X-ray lasted almost one hour.

The monitored and simulated changes of amplitude (AA) and phase delay (AP) com-
pared to normal day-time levels for a signal emitted on frequency 24 kHz from Cutler
(44.65° N, 67.30° W), ME, USA, with codename NAA measured at the BEL site is pre-
sented in Figure 1. Besides the good agreement between simulated and monitored data,
X-ray flux peak and VLF signal perturbation happened synchronously i.e., energetic ra-
diation perturbed the ionosphere which, in turn, caused the activation of disturbances in
radio signal.
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Figure 1. Measured and simulated amplitude (a), and phase delay (b) excesses of NAA radio signal
during X1.3 class SF on 7 September 2017.
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Figure 2 presents obtained values of effective reflection height H” and the sharpness
3 during almost two hours, i.e., during occurrences of SFs on 7 September 2017. During
X1.3 class SFs, the shape of reflection height is in anticorrelation and the sharpness is in
correlation with X-ray flux.
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Figure 2. Parameters H’ (a), and 3 (b) and X-ray flux (right axis) during occurrence of X1.3 class SF
on 7 September 2017.

The change of the reflection height is a normal behaviour, i.e., after the beginning of
SFs the reflection height decreases to a minimum and after peaks of X-ray flux it rises to
the preflare value (see Figure 2a). The shape of sharpness is correlated with the shape of
recorded X-ray flux increase. During the X1.3 SF, the sharpness increases to a maximum
and after the SF peak (14:36 UT) it decreases to the pre-flare value (Figure 2b). At peak
time (14:36 UT), the X-ray flux is Ix = 1.3 x 10~* Wm~2, and the H’ lowers by 13 km to
a value H' ~63 km. The sharpness values increase to 0.42 km~! at peak time 14:36 UT on
7 September 2017.

Electron density profile changes can demonstrate the variation in distribution of
ionization at the D-layer due to SFs. Figure 3a presents the simultaneous change of X-ray
flux, and the corresponding Ne (Figure 3b) obtained at reference height 74 km versus
UT during occurrence of X1.3 class SF on 7 September 2017. It can be seen that the
electron density is in correlation with X-ray flux and, Ne increased by almost two orders of
magnitude during the X1.3 class SE.

The current study is important because most results concerning investigation in the D-
region are scattered and vary in order of magnitude (see [9,23,52,53]), thus it is necessary to
take into account all the data and correct the existing data. Sudden events induce changes
in the ionosphere and, consequently, the electron density height profile. It is useful to
obtain new results by analysing the similarities and differences, especially for case studies,
i.e.,, when solar flares last significantly longer and perturb the ionosphere in a specific way.
An additional aim is the simultaneous analysis of the lower ionospheric response and
electron density height profile variations in the lower ionosphere induced by sudden events
during daytime solar flares and during night-time lightning-induced electron precipitation.
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Figure 3. X-ray flux measured by the GOES satellite (a), and evaluated electron density profiles (b)
during occurrence of X1.3 class SF on 7 September 2017.

3.2. Signal Propagation Parameters during LEP Event

Lightning-induced electron precipitation, i.e., LED, is triggered by an extremely low
frequency (VLF and ELF) portion of EM energy released by lightning discharges that
manage to reach the Earth’s magnetosphere and by propagating as whistler mode wave
interactions with electrons from radiation belts forcing them to precipitate to lower altitudes
of 60-120 km, causing an increase in electron density. Such localised and transient electron
density enhancements in the D-region altitude range can produce significant amplitude and
phase delay perturbations on narrowband VLF signals (with change in amplitude level up
to 6 dB and in phase delay of about 20 degrees, typically with rise times up to 1 s and signal
decay below 100 s) propagating through or near-by the disturbed region (e.g., [18,48,54]
and references therein). An LEP event occurred on 16 November 2004 and its impact
on VLF signal traces NAA /24.0 kHz and GQD/22.1 kHz (signal with codename GQD
emitted from Anthorn (52.40° N, 1.20° W), GB) was selected for analysis. The presented
LEP event is one of the typical LEPs recorded by the Belgrade VLF station, from those
during the period 2008-2010 [48,55], similar in absolute perturbation amplitude change
of up to 5 dB and phase delay of up to a few tens of degrees with maximal duration of up
to two minutes. Amplitude (solid lines) and phase delay (dotted lines) registrations, with
resolution 0.1 s on NAA and GQD signals, before, during and after the LEP event occurred
on 16 November 2004 and are presented in Figure 4a,b, respectively. Moments at which
amplitude and phase delay values for unperturbed (regular) and perturbed (irregular)
ionospheric conditions in waveguide were read, are marked with red and blue arrows.
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Figure 4. Amplitude (solid lines) and phase delay (dotted lines) time evolution before and during the
LEP event occurred on 16 November 2004 on considered VLF signal traces: (a) NAA/24.0 kHz and
(b) GQD/22.1 kHz.

3.3. Modelling and Simulation during LEP Event

NAA /24 kHz signal propagates along W-E direction and has a long (GCP distance
D = 6540 km) and mostly oversea path, while GQD/22.1 kHz signal propagates along
a short (GCP distance D = 1980 km) and mostly overland path (Figure 5). Disturbance
occurred on both analysed signal traces, so it is reasonable to assume that ionospheric
irregularity caused by an LEP event was located in the vicinity of the Belgrade receiver
site. That is why, both for unperturbed and perturbed ionospheric conditions, the VLF
propagation conditions were modelled only in that section of waveguide which is just a few
hundred km away from the Belgrade receiver site (44.85° N, 20.38° E).

Skelton

Figure 5. Possible paths for considered NAA /24.0 kHz (red) and GQD/22.1 kHz (yellow) VLF signals
emitted towards Belgrade (Serbia) from Maine (USA) and Skelton (UK).

By means of Long Wavelength Propagation Capability computer program
(LWPCv21) [51], the propagation paths of NAA/24.0 kHz and GQD/22.1 kHz signals
were simulated and modelled. Best fitting pairs of parameters sharpness § (km~!) and
reflection height H' (km) were estimated in order to obtain values as close as possible to
real measured values of the signals’ phase delay (deg) and amplitude (dB) at the place of
the receiver in Belgrade, for both cases of regular and disturbed ionospheric conditions
in observed sections of waveguides. The estimated amplitude and phase delay values
obtained by the LWPCv21 program are in good agreement with real measured values at
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the Belgrade receiver site (Table 1: first and third rows indicate unperturbed VLF signal
values, while the second and fourth rows indicate the perturbed ones).

Table 1. Measured and estimated amplitude and phase delay values of NAA and GQD signals during
the LEP event that occurred on 16 November 2004.

. Measured Values LWPC Simulation
. Time UT
VLF Signal
0337 UT + A(dB) AA(dB) P () AP (°) A(dB) AA(dB) P(°) AP (°)

NAA/24.0 kHz 20165 55.42 0 157.08 0 55.63 0 173.18 0
unperturbed values

NAA/24.0 kHz 2554 5437  -105 17003 1295 5462  —101 19502  21.84

perturbed values

GQD/22.1 kHz 20165 70.70 0 ~178.05 0 70.40 0 ~214.88 0
unperturbed values

GQD/22.1 kHz 2554 6896  —174  —169.05 9 6865 ~ —175  —20922 566

perturbed values

The amplitude change AA (dB), was obtained as the difference between the maximum
value of the amplitude during the perturbation and the value of the amplitude in undis-
turbed signal. The phase delay change AP (°) was obtained as the difference between the
phase delay value that corresponds in time to the maximum value of the amplitude during
the perturbation and phase delay value in the undisturbed signal interval that corresponds
in time to the amplitude value chosen as unperturbed.

The model for the propagation of VLF signals within the Earth-ionosphere waveguide
is defined by pairs of parameters (3, H') and analytically described by equations for the
calculation of the electron density height profile N,(z) (m~3) during daytime ionospheric
conditions is given in [56]. The procedure for the computation of the electron density height
profile is based on the equation for determining the electron density N(z) (m~3) within the
Earth-ionosphere waveguide during night-time conditions [14], where the electron density
was calculated as a function of a certain pair of parameters 3 and H’, at the height z (km),
based on the equation adapted for the nocturnal ionosphere [14]. Electron density height
profile N,(z) (m~3), for given parameters 3 and H’, was calculated using the expression for
the night-time ionosphere given by [14]:

Ne(z, H', B) = 1.86 x 101 .e70152.78 57.0BE —H) (1 =3) 1)

Parameter (3, for night-time ionospheric conditions, is in the range 0.47-0.50 km~!,
while parameter H' is in the range 50-87 km. Electron density was calculated at the
reflection height, when z = H’, and in that case (1) takes the form:

Ne(z) =146.1402 % 1011.e_0'15‘zl (m—3) (2)

For modelling of parameters 3 and H’, the LWPC software was used. Detailed method-
ology, related to utilisation of LWPC software and VLF signal propagation modelling for
different cases, can be found in [14,29,56,57]. Here, the procedure for modelling parameters
p and H' is only outlined. The basic parameters of the propagation medium, the sharpness
of the upper boundary of the Earth-ionosphere waveguide 3 and the height of the signal’s
reflection H' are related to the electron density N,(z) within the waveguide. Each change
in the electron density in the waveguide changes the propagation parameters, amplitude
and phase delay of the VLF signal. According to the LWPM model, for regular night-time
conditions in the ionosphere, the program code takes the parameter 3 as 0.40 km~! and
the parameter H' as 87 km. However, to model the values of the amplitude and phase
delay of the VLF signal, in each individual case, it is necessary to independently determine
the appropriate parameter pairs (3, H') as input parameters, so that the simulated values
of the amplitude and phase delay obtained as output by the computation, correspond to
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the measured values of the amplitude and phase delay as close as possible, as the best
fitting pair.

The procedure itself consists of numerous trials, in which parameter pairs (3, H') are
manually defined as input parameters and the program gives calculated amplitude and
phase delay as the output values. Program output is dependent on numerous factors (such
as signal frequency, bearing angle, receiver and transmitter locations, observed date and
time, solar zenith angle, geomagnetic dip and electro-conductivity of lower waveguide
boundary) that are imbedded as background data in calculations.

During night-time ionospheric VLF transmission, signal’s amplitude is more stable
than phase delay. During modelling, we focused on providing (3, H') parameter pairs to
obtain a really good agreement for relative amplitude change AA (dB) for both analysed
signals, while still obtaining a relatively good agreement for relative change in phase delay
AP (°). Simulated amplitude and phase delay values for NAA /24.0 kHz and GQD/22.1
kHz along GCP path, for the unperturbed (red) and perturbed (blue) state in waveguides
on 16 November 2004, are presented in Figures 6 and 7, respectively. Areas of amplitude
and phase delay changing near the Belgrade receiver site are framed and as zoomed in
panels presented on the right.

16 November 2004; 03:37 UT -
500 - 450 16 November 2004; 03:37 UT
NAA/24.0 kHz NAA/24.0 kHz
400 _‘3340“
® <
< R
=300 &30
K I
% 300
'g 2004 E — unperturbed
P B 15 — perturbed
H | e e e
£100- S 000 5200 40&3’.‘9&:2?2 ?22‘(;62005400 R
i —— perturbed state
120 0 1000 2000 3000 4000 5000 6000 RDGD
1101 sp.) 16 November 2004; 03:37 UT
1004 P TI\NAA24.0 KHz
—~ - 5
g 90/ g
P s 54
g 801 3
= =
2 704 3z R
[ g8
E — unperturbed
E @ / 50 *|1:3|pturbe!d
50+ 5000 52005400 5600 5800 6000 62006400 R
£ GCP length (km) ’

1000 2000 3000 4000 5000 G000 R
GCP length (km)

=

Figure 6. Simulated amplitude and phase delay along GCP path towards the Belgrade receiver, for
unperturbed (red) and perturbed (blue) ionospheric states for NAA /24.0 kHz VLF signal waveguides,
on 16 November 2004.

Parameters 3 and H' changing along GCP path, for NAA/24.0 kHz (dashed lines) and
GQD/22.1 kHz (dotted lines) VLF signal waveguides, for unperturbed (red) and perturbed
(blue) ionospheric states, on 16 November 2004, are presented in Figure 8a,b, respectively
(for waveguide sections of 1980 km along GCPs looking towards the Belgrade receiver;
direction of view on x axis is presented by black arrows, pointing from left to right at
the bottom scale when looking from transmitter T towards receiver R and pointing from
left to right at the upper scale if looking from receiver R towards transmitter T). Using
the expression (1), for given parameter pairs (B, H'), electron density height profile N,(z)
within ionospheric irregularity, in perturbed section of waveguide, for both analysed VLF
signals, was calculated. Irregularity modelling indicates that both VLF signal traces, in
some part of the waveguide, encounter an area of enhanced electron density. Electron
density changing along GCP path, for NAA /24.0 kHz (dashed line) and GQD/22.1 kHz
(dotted line) VLF signal waveguides, for unperturbed (red) and perturbed (blue) iono-
spheric states on 16 November 2004, are presented on Figure 9 (in length of 1980 km, as
looking from Belgrade towards both transmitters). Electron densities along GCPs for
unperturbed state (Figure 9—red) were calculated based on modelled parameter pairs
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(B, H') posted as unperturbed for all characteristic altitudes (Figure 8—red), where parame-
ters p and H' undergo changes due to signal propagation within the unperturbed waveg-
uide. Electron densities along GCPs for perturbed state (Figure 9—blue) were calculated
based on modelled parameter pairs (3, H') for all characteristic altitudes (Figure 8—blue),
where parameters undergo changes due to present irregularity and deviated from their

posted unperturbed values.

16 November 2004; 03:37 UT

250 —— 250+ 16 November 2004; 03:37 UT

200 Q ' x ~ 205 GQD/22.1 kHz \ — unperturbed
a5 1 A — perturbed
ks "':zm}
= 1501 H
¥ T~ (21
£ 100 5 150
@ a
a _ 254 T T T
2 50 —— unperturbed state 1200 1400 1600 1800 R,

GCP length (km)
i —— perturbed state
1 m_[I 250 500 750 1000 1250 1500 1750 RBG“
1004 75 16 November 2004; 03:37 UT
7 GQD/22.1 kHz
2 - g
] )
S 3
é 804 3 66
J Z63
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B — perturbed
2 604 57— T T T
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- GCP length (km) '
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0250 S0 750 1000 1250 1500 1750 R
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Figure 7. Simulated amplitude and phase delay along GCP path towards the Belgrade receiver, for
unperturbed (red) and perturbed (blue) ionospheric states for GQD/22.1 kHz VLF signal waveguides,

on 16 November 2004.
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Figure 8. Parameter 3 and H' changing along GCP path towards the Belgrade receiver, for considered
VLF signal waveguides (NAA in dashed lines and GQD in dotted lines), for unperturbed (red) and
perturbed (blue) ionospheric states, on 16 November 2004 (R is for receiver, T is for transmitter, black
arrows on x axis point the direction of view): (a) parameter § and (b) parameter H'.

Transmission in entirely nocturnal unperturbed ionospheric conditions, in the case of
short GCPs is described by LWPC program usually with only one parameter pair (3, H’),
while in the case of moderate GCPs usually with several parameter pairs (3, H'), along
the entire path. It should be noted, that in this case, the unperturbed conditions were
also modelled in order to provide the best possible match with real measured data. As
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already mentioned, since the perturbation was recorded on both monitored signals, in
order to provide the best possible match with real measured data, in cases of perturbed con-
ditions, sections of paths of several hundred km away from Belgrade towards transmitters,
were modelled.

16 November 2004; 03:37 UT - == NAA/24.0 kHz perturbed state
----- GQD/22.1 kHz perturbed state

3.84x10'4 unperturbed state
3.72x10']
. 'l _____ .'_ RN .
3.60x10'1 - ; S
o~ / 2 s
‘ i ; \
E 3.48x10"; / : \
@ / 4 \
4 I : \
| & \
33610
3.24x10'{ -
: 1500 1000 500 MR
111___ 500 1000 1300 PR
e 1GOD ‘ . . . BGD
NAA 5000 00 6000 6500
GCPﬁength (km) RBGD

Figure 9. Electron density changing along GCP path towards the Belgrade receiver, for considered
VLF signal waveguides (NAA/24.0 kHz in dashed line and GQD/22.1 kHz in dotted line), for
unperturbed (red) and perturbed (blue) ionospheric states, on 16 November 2004 (R is for receiver, T
is for transmitter, black arrows on x axis point the direction of view).

On the NAA signal trace section, where ionospheric irregularity occurs, the calculated
maximum value of electron density is 3.65 x 107 m~3, while in unperturbed ionospheric
conditions, on the same NAA signal path section, it is 3.39 x 10’ m~3. On the GQD signal
trace section, where ionospheric irregularity occurs, the calculated maximum value of
electron density is 3.76 x 107 m~3, while in unperturbed ionospheric conditions, on same
GQD signal path section, it is 3.39 x 10’ m~3. In Figure 9, the electron density height
profiles in the altitude range 60-90 km, for unperturbed and perturbed conditions due to the
analysed LEP event were calculated at the reflection heights in the case of both monitored
VLEF signals (altitude 86 km for NAA and 85.8 km for GQD in Figure 8b), in the area of the
most prominent electron density change along GCPs (e.g., at about 5300 km in the case of
NAA and 1100 km in the case of the GQD signal looking from the transmitter towards the
Belgrade receiver, i.e., at the approximate location of about 1100 km looking from Belgrade
towards both transmitters) are given. Electron density N,(z) height profiles for GQD (at
reflection height 85.8 km) and NAA (at reflection height 86 km) signals, calculated for the
altitude range 60-90 km, for 16 November 2004, are given in Figure 10.

In order to create an easier and more convenient use of results presented in the analysis
conducted in this paper, an expression for electron density Ne(z) at reflection height is
introduced in the form of a polynomial function as given in the equation below:

log Ne(z, H', B Zal- , 3)

where z is height in km, and dimensionless quantities take values of a9 = —5.88339 and
a; = 0.15635.
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16 November 2004; 0337 UT;
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Figure 10. Electron density N,(z) height profiles for GQD (at reflection height 85.8 km) and NAA
(at reflection height 86 km) signals, calculated for altitude range 60-90 km, for 16 November 2004,
at 03:37 UT, in the area of the most prominent electron density change along GCPs at a location
approximately 1100 km looking from Belgrade towards both transmitters. The unperturbed state
for GQD signal is given in red hollow squares, the perturbed state for GQD signal is given in blue
hollow squares, unperturbed state for NAA signal is given in red solid circles and perturbed state for
NAA signal is given in blue solid circles.

3.4. Analysis of the LEP Event

In perturbed ionospheric conditions at the Belgrade receiver site (44.85° N, 20.38° E),
an increase in phase delay and decrease in amplitude for both analysed VLF signals, are
registered (Figures 4 and 10). Such behaviour can be explained by lowering the VLF signal
reflection height (delay in the phase is less) and, respectively, by reducing the sharpness of
the ionized environment lower edge. In perturbed waveguides, modal minima are miti-
gated compared to the unperturbed ionospheric state. In the perturbed NAA waveguide,
reflection height decreased from 86.5 km (characteristic value for normal unperturbed night-
time ionospheric conditions) to 86 km, while reflection edge sharpness decreased from
0.46 km ™! (characteristic value for normal unperturbed night-time ionospheric conditions)
to 0.36 km !, which is a value characteristic for daytime ionospheric conditions. Changes
in GQD propagation are similar: in perturbed waveguide, reflection height decreased from
86.5 km to 85.8 km, while reflection edge sharpness decreased from 0.46 km~1 t0 0.38 km™!
(value characteristic for daytime ionospheric conditions). A less sharp lower edge of the
ionized environment enables the VLF signal to penetrate into the ionized environment,
and at the same time, VLF signal deviant energy absorption takes place. It is well known
that B is a function of w. After an LEP event, an NAA signal pair (3/H’) have values
(0.46 km~1/86.5 km) and GQD have values (0.46 km~!/86.6 km), so it can be said that
the ionosphere is fully recovered. Same ionospheric conditions ((3/H’) have values of
0.46 km~!/86.5 km) that apply for areas outside of the irregularity, too. Obtained values of
(B/H') pairs are in agreement with [48], who reported f in the range 0.48-0.5 km~! and
H’ in the range 85.3-87 km for cases of short signals with a mid-latitudinal transmission,
also with [57] who reported {3 in the range 0.46-0.5 km~! and H' in the range 84-87 km for
cases of short and moderate length signals in most cases with mid-latitudinal transmission,
and [54], who reported B in the range 0.307-0.42 km~! and H' in the range 80.3-87 km
for cases of short length signals in most cases with mid-latitudinal transmission. An ob-
tained relative change in reflection height during analysed perturbation of 0.5 km and
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0.7 km in cases of NAA and GQD signals, respectively, are in agreement with the results
reported by [54,55] who reported ranges of 7-10 km and 3.7-6.7 km, respectively. Measured
and simulated relative change in amplitude and phase delay values (Table 1) are in line
with [18] and reference therein, an amplitude difference ~6 dB and ~20 deg of phase shift
and [48,54] who reported relative measured and modelled amplitude and phase change of
1.4 and 1.5 dB and 9 and 8 deg and up to 2.01 and 1.74 dB and 3.63 and 3.15 deg, respec-
tively. Calculated maximum electron density values (for NAA signal Ne pert (86.5 km) =
3.65 x 107 m~% and Ne unpert (86 km) =3.39 x 10" m~2 and for GQD signal Ne pert (86.5 km)
=3.76 x 107? m—3 and N, unpert (85.8 km) = 3.39 x 107 m~3) are in agreement with [48]
who reported Ne unpert (87 km) = 3.14 x 107 m™> and Ne pert (85.3 km) = 3.67 x 10’ m~3,
while [54] reported higher values and a steeper slope (variation of Ne pert (84 km) from
ambient Ne unpert (84 km) reported 1.519 x 10® and 0.607 x 108 m~3, respectively). The
errors, introduced by the technique used, place the uncertainty of the results between
10% and 25% (see, e.g., [23]). More precisely we estimate that the total error, i.e., noise
error and the calibration error is ~5% in amplitude and phase delay, which is in agreement
with [58]. Moreover, the absolute amplitude variation between the recorded values and
the signal amplitude and phase values acquired using LWPC is usually 10-20% which
gives uncertainty of the results between 10% and 25%. Electron densities and ionospheric
parameters obtained by different models and techniques [23,30,47,59] vary by about one
order of magnitude (factor 10). Electron density ratios related to flare Ixmax given in [60]
are within one order of magnitude and for unperturbed flare conditions given in [61] are
smaller. Results obtained by VLF technique and LWPCV?2.1 software are satisfactory for
conducted qualitative analysis presented in this work.

By NAA signal trace modelling, it was found that ionospheric irregularity related to
LIE outreach from 4920 km to 5800 km when looking along the GCP path from transmitter
to receiver, thus, LIE extent is 880 km, with corresponding coordinates (0.7° E, 51.5° N)
and (12° E, 48.3° N). By GQD signal trace modelling, ionospheric irregularity outreach
was found from 780 km to 1440 km when looking along the GCP path from transmitter
to receiver, thus, LIE extent is 660 km, with corresponding coordinates (7.4° E, 51.4° N)
and (14.9° E, 48° N). Modelled LIE extent for both cases is in agreement with [54,57] who
reported precipitation patches estimated as at least 1500 x 600 km and spatial extent of dis-
turbance as 728 km, respectively. Assumed geographical position of modelled irregularity
in NAA and GQD waveguides, i.e., electron density increases in D-region due to energetic
electron precipitation (see Figure 9), is presented by a blue oval in Figure 11, indicating that
energetic electron precipitation took place over central Europe.
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Figure 11. Geographical position of modelled LIE (blue oval) related to energetic electron precipitation
on 16 November 2004.
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4. Conclusions and Perspectives

Ionospheric conditions highly differ depending on the time of day when sudden
disturbances occur, with a transition period between stable daytime and stable night-time
ionospheric conditions, i.e., during dawn and sunset being especially challenging for
modelling. Regular night-time ionospheric conditions are described with parameter pairs
(B, H') within a range of values, that is 0.47-0.50 km~! and 50-87 km, respectively, while in
unperturbed daytime ionospheric conditions, this pair is defined only by one pair (0.3 km™!,
74 km). In the case of perturbation presence, ionospheric conditions are changed affecting
VLF transmission within the Earth-ionosphere waveguide, inducing signal’s amplitude
and phase delay to deviate from their regular values. In such disturbed environment,
parameter pairs (B, H') also deviate from their regular values, depicting the change in
electron density that takes place, following the causative agent’s behaviour. In the case of
the examined LEP event example, parameter pairs (3, H') changed according to perturbed
nocturnal waveguides. Specifically, in the case of the NAA signal parameter, H' went
through a decrease from 86.5 km (characteristic value for normal unperturbed night-
time ionospheric conditions in pre-LEP state) to 86 km at LEP’s peak and returned to its
regular value of 86.5 km in post-LEP conditions, while parameter reflection edge sharpness
B decreased from 0.46 km~! (characteristic value for normal unperturbed night-time
ionospheric conditions before LEP occurrence) to 0.36 km~! at LEP’s peak, which is the
value characteristic for daytime ionospheric conditions and returned to 0.46 km™!, its
regular value after the influence of the LEP event. Similar behaviour is also present in the
case of GQD trace, where parameter H " went through a decrease from 86.5 km to 85.8 km
at LEP’s peak and returned to 86.6 km, while reflection edge sharpness [3 decreased from
0.46 km~! to 0.38 km~! and returned to 0.46 km~!. It can be concluded that after the
influence of the analysed LEP event, the ionosphere is fully recovered in both waveguides,
still remaining slightly higher, reflecting the edge height in the case of the GQD signal.
Electron density change is one order of magnitude below regular values.

Regarding measured AA (dB) and AP (°), in the case of the LEP event, they are in
arange of —1to —2 dB and +9 to +13° (where the minus sign denotes decrease and plus
sign increase in signal values compared to pre-LEP state). In the case of mid- and strong
flare events, AA (dB) and AP (°) are usually of higher values [38,62,63], and especially
in X-class flare events such as the one analysed here, where they took values of about
+4 dB and +159°, respectively. At the maximum X-ray irradiance during X1.3 class flare
event that occurred on 7 September 2017, as the response within lower ionosphere, the
reflecting edge height decreased by 13 km to the height 63 km, and the reflection edge
sharpness increased to the value 0.42 km ™!, while the induced electron density increase
reached almost two orders of magnitude compared to the regular value. The analysed flare
event lasted for almost two hours, while it took much longer for the lower ionosphere to
fully recover.

Data related to the ionospheric research and the results obtained are of great use for
various Earth observations and especially for telecommunications, while they also can
be significant to other applications in modern society. Modelling ionospheric parameters
is crucial for validation of proposed models. Results presented in this paper are related
to modelling the plasma response of the ionospheric lowest region, to some high energy
events, as recorded by radio signals. The presented results are important for the modelling
of this region but also useful for future atmospheric aerosol-electricity interactions research
in climate science. Monitoring and observing ionospheric characteristics related to the
mid-latitude European ionosphere using VLF signals is particularly important, especially
bearing in mind that beside the Hungarian system, this is the only available source of
such data [64]. The computational results can differ by a factor of ten depending on
which method is used, thus it is important to present new modelling results and make
comparisons to the results obtained by the same or similar technique. The findings are
significant in light of possible future collaboration on VLF studies in this part of Europe.
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PREFACE

The International Workshop and Conference, Particulate Matter: Research and Management — WeBIOPATR is a
biennial event held in Serbia since 2007. The conference addresses air quality in general and particulate matter
specifically. Atmospheric particulate matter arises both from primary emissions and from secondary formation in
the atmosphere. It is one of the least well-understood local and regional air pollutants, has complex implications
for climate change, and is perhaps the pollutant with the highest health relevance. It also poses many challenges to
monitoring.

By WeBIOPATR, we aim to link the research communities with relevance to particulate matter with the
practitioners of air quality management on all administrative levels, in order to facilitate professional dialogue and
uptake of newest research into practice. The workshops usually draw an audience of about 70, and attract media
attention in Serbia. It enjoys support of the responsible authorities, Ministry of Health, Ministry of Environment,
and the Serbian Environmental Agency whose sponsorship is indispensable and gratefully acknowledged. We
enjoy also support of international bodies such as the WHO.

The 1 WeBIOPATR Workshop was held in Beograd, 20.-22. May 2007, associated with a project funded by the
Research Council of Norway. The 2" workshop was held in Mecavnik, Serbia, 28.8.-1.9. 2009. WeBIOPATR2011
was held in Beograd 14.-17. 11. 2011 and for the first time, included a dedicated student workshop.
WeBIOPATR2013 was held in Beograd 2.-4. 10. 2013. It covered the traditional PM research and management
issues, discussions on how to encourage citizens to contribute to environmental governance, and how to develop
participatory sensing methods. WeBIOPATR2015 was held in Beograd 14.-16.10. 2015. Own sessions were
devoted to sensor technologies for air quality monitoring, utilizing information and input from the EU FP7 funded
project CITI-SENSE (http://co.citi-sense.cu) and the EU COST action EuNetAir (www.eunetair.it).

We have now the pleasure to present to you the proceedings of the 6" conference held in Beograd 6.-8.9. 2017. We
are excited to have contributions from old friends and new acquaintances, and we are especially pleased with a
wider than before Western Balkan participation. The contributions were reviewed. The language editing was
performed by Dr Simon Smith, PhD, to whom we would like to extend out sincere thanks. Technical manuscript
preparation was graciously done by Dr Milos Davidovic, PhD, to whom we are very grateful.

We are hoping that you, the reader, will extend your support to WeBIOPATR also in the future. The issues of
atmospheric pollution, with their wide implications for climate change, human health and ecosystem services, are
no less important today than before. Addressing them requires a strong scientific community and commitment of
all societal actors. Your contribution will make a difference.

Milena JovaSevi¢-Stojanovi¢ and Alena Bartorniova
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5.3. ASTUDY OF A DUST INTRUSION EVENT OVER BELGRADE, SERBIA

M. Kuzmanoski, L. Ilié, M. Todorovi¢, Z. Miji¢
Institute of Physics Belgrade, University of Belgrade, Belgrade, Serbia
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ABSTRACT

This paper is to present the results of aerosol measurements from a dust intrusion episode in Belgrade during the period of July
5-7, 2014. A vertical profile of the aerosol backscattering coefficient, obtained from ground-based LIDAR measurements in
Belgrade, showed a distinct elevated dust layer at altitudes of 2-5 km on July 5, 2014. The altitude of the layer decreased later
in the episode, with its centre of mass decreasing from approximately 4 km to below 3 km. On the last day of the episode, an
entrainment of the dust layer into the planetary boundary layer was observed, consistent with the observed change of PMio
concentration at the surface level. The PM1o concentration increased by 15-17 ug m™ at three monitoring sites in Belgrade, as
the dust plume was settling down during the episode. The DREAM model simulations reproduced well the observed dust layer
altitude. Dust surface concentrations from the model showed an increase of 11 ug m- during the episode. The difference from
observed PMio increase was attributed to contributions of other aerosol types to observations.

INTRODUCTION

Mineral dust is one of the most abundant components of the global aerosol burden (Kinne et al., 2006). Saharan
dust originates from the world's primary dust source region, and can be transported over long distances (Prospero,
1999; Ansmann et al., 2003). It mixes with other aerosol types along the transport path, affecting their physical,
optical and radiative properties. Mineral dust affects the Earth's radiative budget by scattering and absorbing solar
and terrestrial radiation (direct effect), by modifying cloud properties due to their role in cloud formation (indirect
effect) or by changing the thermal structure of the atmosphere (semi-direct effect). However, there is significant
uncertainty in estimating role of dust in the Earth's climate system (IPCC, 2013). Dust impacts air quality, even at
locations distant from the source region (Prospero, 1999), and has harmful effects on human health (Giannadaki et
al., 2014). To address these problems, it is important to improve the understanding of dust properties on temporal
and spatial scales. This requires the synergistic use of ground-based and satellite measurements, along with a
regional dust model, for the analysis of dust spatial and temporal variability.

Here we present a case study of a dust intrusion episode observed in Belgrade from July 5-7, 2014. The analysis of
the temporal variability of the dust layer was based on ground-based LIDAR measurements in Belgrade, while
satellite measurements were used in the discussion of the spatial distribution of dust. Furthermore, the impact of
the dust intrusion episode on PMjy concentrations in Belgrade was analysed. The measurement results were
compared with results of Dust REgional Atmospheric Model DREAM (Nickovi¢ et al., 2001).

METHODOLOGY

The aerosol backscattering coefficient at 355 nm was derived from LIDAR measurements in Belgrade. A combined
Raman elastic backscatter LIDAR has been operating at the Institute of Physics Belgrade since February 2014. It
is based on the Nd:YAG laser operating at a fundamental wavelength of 1064 nm, and second and third harmonics
at 532 and 355 nm. The laser pulses of 5 nm duration are transmitted at repetition rate of 20 Hz, with the output
energies of 105, 45 and 65 mJ at these three wavelengths. The receiver is based on a 250 mm Cassegrain telescope
in a biaxial arrangement, with adjustable field of view in the range from 0.5 to 3 mrad. Photomultiplier tubes are
used to detect the backscatter signal in photon counting and analogue mode. The signals are detected at 355 and
387 nm, with a vertical resolution of 7.5 m and a temporal resolution of 1 minute. In this work we analysed the
elastic backscatter signal at 355 nm. The analysis of the LIDAR signal to obtain the aerosol backscattering
coefficient was performed using Fernald-Klett retrieval method (Fernald, 1984; Klett, 1985), assuming a LIDAR
ratio value of 50 sr. Due to incomplete overlap of the laser and telescope fields of view, the LIDAR signal
registering below 500 m was not considered in the analysis.

Daily PM;¢ mass concentrations at surface level, at three stations in Belgrade, were obtained from the State network
for automatic monitoring of air quality (https://data.gov.rs/sr/datasets/kvalitet-vazdukha-u-republitsi-srbiji/).

Dust REgional Atmospheric Model DREAM (Ni¢kovi¢ et al., 2001) embedded into the NCEP/NMME non-
hydrostatic atmospheric model (Janji¢ et al., 2011) was used to provide horizontal and vertical distribution of dust
concentration. The model domain covers Northern Africa, the Middle East and a large part of the European
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continent, with a horizontal resolution of 1/5° (~ 30 km) and 28 vertical levels. It uses 8 particle size bins within
the 0.1-10 pm radius range.

Additionally, we used an aerosol optical depth (AOD) at 550 nm from combined Deep Blue and Dark Target
algorithms and the Deep Blue Angstrom exponent (AE) at 412-470 nm products from the MODIS (Moderate
Resolution Imaging Spetroradiometer) instrument aboard the NASA Aqua satellite. We used Collection 6, Level 3
data products. It should be noted, that the increase in AOD indicates an increase in aerosol load, while the AE
parameter is used as a qualitative measure of particle size (the smaller AE values indicate predominantly coarse
particles).

CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) on board the CALIPSO satellite, was used to obtain
vertical profiles of aerosols and clouds. It is an elastic backscatter LIDAR operating at two wavelengths: 532 nm
and 1064 nm, with a depolarization channel at 532 nm. Here we used Level 2 Vertical Feature Mask product, which
provides information on the aerosol types present in the detected layers (Omar et al., 2009).

Air-mass back trajectories ending at different altitudes over the LIDAR measurement site were calculated using
the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model (Draxler and Hess, 1998;
http://ready.arl.noaa.gov/HYSPLIT.php), with meteorological input from the Global Data Assimilation System
(GDAS). The backtrajectories were used to provide an indication of the origin and pathways of air-masses arriving
at altitudes of interest over Belgrade.

RESULTS AND DISCUSSION

We present an analysis of a dust episode that was observed over Belgrade from July 5-7, 2014. The beginning of
the episode can be seen in MODIS data shown in Figure 1. MODIS values of AOD and AE indicate an increase of
aerosol load and an increased contribution of coarse particles on July 5th compared to the previous day; this is
typical for dust episodes.

20w 10w 0 10E  20E 30E 40E  SOE

Figure 1. MODIS aerosol data for July 4-5, 2014: (upper panels) MODIS aerosol optical depth (AOD) at 550 nm
from combined Deep Blue and Dark Target algorithms, (lower panels) Deep Blue Angstrém exponent (AE) at 412-
470 nm.

The observed AOD at 550 nm over Belgrade increased from below 0.1 on July 4th, to about 0.3 on July 5th (the
first day of the dust episode), with a decrease in the AE value from 1.4 to 0.4. Moderate AOD values were observed
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over Belgrade during the dust episode. MODIS data also showed that the dust event affected parts of western and
central Europe.

A close CALIPSO overpass over Belgrade occurred during the peak of the dust episode, on July 6th, at
approximately 12 UTC. The CALIOP Vertical Feature Mask data, along the satellite ground track, is presented in
Figure 2. We also showed the dust load over the area of interest and a vertical profile of the dust concentration
along the CALIPSO ground track, resulting from DREAM model simulations. Both CALIOP data and the DREAM
model results indicated that the dust plume extended north to Poland. The concentrations resulting from the model
were largest around 40°N, at altitudes between 2 and 3 km, and decreased towards the north. At the part of the
track within a 100 km distance from Belgrade, the DREAM model dust concentrations showeda maximum at a
similar altitude range. CALIOP data suggested the presence of polluted dust (a mixture of pure dust with smoke or
anthropogenic pollution) in this layer.
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Figure 2. (upper panels) Map of dust load calculated from DREAM model on July 6, 2014 at 12 UTC, with
CALIPSO ground track and Belgrade LIDAR station marked, and the corresponding results of CALIOP aerosol
classification. (lower panel) Dust concentration vertical profiles along the CALIPSO ground track obtained from
DREAM model. Data between the two vertical lines corresponds to the part of the track within 100 km distance
from Belgrade LIDAR station.

Ground-based LIDAR measurements in Belgrade were analyzed to characterize the aerosol vertical profile during
the dust episode. The profile of the acrosol backscattering coefficient showed a distinctly elevated acrosol layer on
July 5th, at altitudes between approximately 2 and 5 km, with a maximum at about 4.5 km. It was identified as a
dust layer, based on the air-mass backtrajectory was calculated to find the corresponding aerosol source region.
Selected vertical profiles of the aerosol backscattering coefficient, and of the corresponding profiles of dust mass
concentration obtained from DREAM model simulations, are presented in Figure 3. It should be noted that their
comparison is only qualitative as we did not attempt to calculate the backscattering coefficient from the DREAM
model results due to its high sensitivity to aerosol chemistry. The averaging of LIDAR signals for the analysis of
the presented data was performed in 30minute intervals centered at the time of the model result. The dust layer
boundaries were determined following the procedure described by Mona et al. (2006). The backscattering
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coefficients showed that the layer descended during the course of the dust episode, and indicated an entrainment
of dust into the PBL on July 7th. Dust mass concentrations resulting from the DREAM model showed a similar
vertical pattern as the LIDAR measurements and a notable increase of dust concentration at altitudes below 2 km
on July 7th.
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Figure 3. (a, ¢, d) Vertical profile of aerosol backscattering coefficient from LIDAR measurements in Belgrade
(blue line) and the corresponding profile of dust concentration from the DREAM model (ved line), horizontal lines
indicate dust layer base and top, while symbols show the positions of the dust layer’s center of mass as calculated
from LIDAR measurements and the DREAM model (b) 72hour airmass backtrajectory arriving at a 4 km altitude
over Belgrade on July 5, 2014, at 15 UTC (corresponding to profile (a)).

Figure 3 also shows altitudes of the dust layer center of mass, based on LIDAR measurements and the DREAM
model. In the case of LIDAR measurements, it was calculated as a backscattering-coefficient-weighted altitude,
according to:

fzzbt z-B(z)dz
[ Bz

Zc
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where z, and z are the altitudes of the base and the top of the dust layer and f(z) is the aerosol backscattering
coefficient at altitude z. To minimize the effect of anthropogenic pollution, the center of mass from the LIDAR
measurements was calculated only for the elevated layer. The dust’s centre of mass from the DREAM model was
calculated taking into account the entire dust profile.

Daily mass concentration of PM at ground level showed a similar trend at three air quality monitoring stations in
Belgrade, with an increase during the dust episode (Figure 4). The increase started on July 6th, and the maximum
was reached on July 7th, exceeding the 95th percentile of the summer (June, July and August) 2014 values.
However, the daily limit value of 50 pg m™, set by the EU Air Quality Directive 2008/50/EC, was not exceeded.
The increase of PM o concentration is in agreement with the results of the LIDAR measurements, and the DREAM
model, which indicated a settling of the dust plume (as shown in Figure 3). For comparison, daily average dust
mass concentrations at the surface, obtained from the DREAM model, are also shown in Figure 4. They showed a
similar trend as measured PM ;o concentrations, increasing by 11 pug m™ during the dust episode, while measured
PM increased by 15 to 17 ug m™ at the three monitoring stations. Larger measured PM, concentrations, compared
to surface dust concentrations from the model, were attributed to sources other than mineral dust.

45 45
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Figure 4. (left panel) Daily average dust surface concentration values from the DREAM model and PM
concentrations from three air quality monitoring stations in Belgrade. (right panel) Boxplot of PM 9 concentrations
during summer (June, July, August) of 2014 at three monitoring stations in Belgrade; the extent of the box indicates
the 25th and 75th percentiles, the central line represents the median value, while the whiskers indicate the 5th and
95th percentiles, the points represent the mean values.

CONCLUSION

We present analysis of a dust intrusion episode that was observed over Belgrade on July 5-7, 2014. The satellite
measurements showed that the dust plume extended to western and central Europe. A distinctly elevated dust layer,
extending at altitudes of approximately 2-5 km, was observed on July 5th using ground-based LIDAR in Belgrade.
The layer altitude decreased during the dust episode, with the centre of mass altitude decreasing from approximately
4 km to below 3 km. The LIDAR measurements indicated entrainment of dust into the PBL on July 7th, the last
day of the episode. The vertical distribution of dust and its temporal evolution over Belgrade was reproduced well
by the DREAM model. The observed daily PM o concentrations at three monitoring stations in Belgrade showed
an increase of 15-17 pg m, while dust was settling down during the episode as indicated by LIDAR measurements.
Dust surface concentrations obtained from the DREAM model showed the same trend as measured PMjg
concentrations, with a smaller increase (11 pg m), during the episode: This difference was attributed to the
contribution of other aerosol types to the observed PM, concentrations.
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ABSTRACT

This study combines advanced statistical methods including time series decomposition, source apportionment and supervised
learning algorithms, to identify the main sources of particulate matter (PM1o) variability in an urban area within Belgrade. The
analyses indicated that the season, (i.e., meteorological conditions) strongly influenced daily and annual PMio variations
particularly during the colder part of the year. A guided regularized random forest model estimated that As, Cd, BaP, CO, and
benzene have the highest relative importance for the prediction of PMio. Polar plot source apportionment revealed common
sources of pollution at specific directions. Specifically, emissions of PM1o, CO and benzene could be attributed to heating and
gasification processes, while processes in oil refineries and chemical industries produced PM1o and toluene.

INTRODUCTION

Due to adverse effects on human health and the increased risk of morbidity and mortality, particulate matter (PM)
is one of the most studied atmospheric pollutants, and perhaps, the most pressing issue in worldwide air quality
regulation (Fuzzi et al, 2015, Stanisi¢ Stoji¢ et al, 2016). Even though significant progress has been made through
the integration of different scientific approaches, modelling of air pollution data remains a challenge due to the
complexity and non-linear nature of atmospheric phenomena and processes (Pai et al, 2013). During the last decade,
poor air quality in Belgrade, with many PM;, limit value exceedances (Directive 2008/50/EC), has been identified
as an important environmental risk factor (Perisi¢ et al, 2015, 2017). Identification of factors affecting PM,
concentration variability could provide better insight into the aerosol spatiotemporal distribution and source
composition, revealing their dominant sources in an urban area (Stoji¢ et al, 2016).

Apart from the commonly used methods for data analysis, this study adopts the advanced statistical classifier,
guided regularized random forest (GRRF), widely applied in many fields for feature selection. Moreover, the study
demonstrates the possibilities of source apportionment analysis, which combines correlation and regression
statistics with the bivariate polar plot analysis, to offer considerably more insight into air pollution sources.

METHODOLOGY

The analysed dataset, comprised of daily PM; and its constituent concentrations (As, Cd, Cr, Mn, Ni, Pb, BaP, CI
, NOs, NH4*, SO4*, Na*, K*, Mg?* and Ca?"), and hourly PM,, and gaseous pollutant concentrations (CO, SO,
NO, NO,, NOy, benzene, toluene, o- and m, p xylene) have been obtained from an Institute of Public Health regular
monitoring station located within an urban area in Belgrade (Longitude 20.470, Latitude 44.817) from 2011 - 2016.
The time series of PM;, concentrations was resolved into the additive components of the multi-year and seasonal
trends, as well as the remainders using the Loess smoothing decomposition model (LSD) (Li et al, 2014). Daily,
weekly and seasonal periodicity was analyzed by the use of Lomb-Scargle periodogram (Lomb package within the
statistical software environment R) (Ruf, 1999; Team, 2014). Bivariate polar plot analysis was used for
identification of the main PM;o emission sources (Carslaw and Ropkins, 2012), while the advanced bivariate polar
plots, coupled with pair-wise statistics, were applied to distinguish specific sources and to gain information about
pollutant relationships. The model includes a weighted Pearson correlation, linear regression slope and Gaussian
kernel to locally weight the statistical calculations on a wind speed-direction surface together with variable-scaling
(Grange et al, 2016). Feature selection was implemented using a GRRF ensemble learning method (Deng and
Runger, 2013). GRRF can select compact feature subsets revealing higher order variable interactions, thus
moderating the problem of dimensionality and avoiding the effort to analyze irrelevant or redundant features.

RESULTS AND DISCUSSION

Annual concentrations of PM;o and BaP exceeded prescribed limit values of 50 pg m™ and 1 ng m?, respectively
(Directive 2000/69/EC, Directive 2008/50/EC) every year of the period examined. The most abundant aerosol
constituents were Cr, Pb and Mn (Figure 1), while SO4> and NOs™ were the ions with the highest concentrations.
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In an urban area, the dominance of sulfate and nitrate ions is related to fossil fuel burning and traffic exhaust
emission of SO, and NOy, which, in the presence of water, transform into these ions. In addition, NH;" and Ca?"
cations are usually presented as neutralizing agents for SO4> and NOj;™ in heterogeneous atmospheric chemical
reactions.
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Figure 1. PM;y concentration [ug m™], its chemical constituent (ions and BaP [ug m?], metals [ng m]) (left) and
gaseous pollutant [ug m] (vight) whisker plots

Spectral analysis (Figure 2, left) reveals the highest normalized power values are attributed to the periods of 12 and
24 h, 7 days, and 1 and 3 months. This implies that meteorological conditions and anthropogenic emissions are
strongly affected by aerosol daily and seasonal variations, and weekly periodicity, respectively (Bigi, 2016).
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Figure 2. PM ;9 Lomb-Scargle periodogram (left) and PM o time series decomposition [ug m?] (right)

Decomposed PM time series indicates a decreasing multi-year trend and significant impact of the seasonal
component. Large variance of the remainder component possibly occurs as a result of short-term air pollution
episodes (Figure 2, right). The conventional bivariate polar plot approach reveals the pronounced influence of both
local and remote sources on PM variability (Figure 3).
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Figure 3. Bivariate polar plot of PM ;o concentrations (left) and its remainder components: negative (middle) and
positive (right) [ug m?]

110



Bivariate polar plot analysis of the remainder component, separately applied on positive and negative values,
confirms that the episodes of the highest variations mainly occur during the colder part of the year. Positive
variations related to SW and negative related to NW winds with speeds greater than 6 m s™!.

The highest Pearson’s correlation coefficients were obtained between concentrations of PM o and its constituents
(BaP (0.83), As (0.81), Cd (0.79) and Pb (0.66)), as well as for the gaseous pollutants: CO (0.56), benzene (0.46),
NO (0.35), and NOx (0.35). Similarly, the GRRF estimated the highest relative importance of As, Cd, BaP, CO and
benzene for the prediction of PM,o, indicating that the environmental burden is mainly associated with fossil fuel
combustion, particularly pronounced during the colder part of the year. An inconsistency between the correlation
and GRRF analysis was observed for toluene. This compound had a higher importance for PM prediction than
NOjy, but its correlation coefficient was among the lowest (0.25).
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Figure 4. Bivariate polar source apportionment

Even though Pearson’s coefficients did not indicate a significant correlation between PM, and gaseous pollutants
(r < 0.6), the bivariate polar source apportionment (Figure 4) showed that during episodes of north-westerly winds,
concentrations of PM;y and benzene and CO were more correlated (r = 0.7) probably because of several common
sources in the vicinity of the sampling site. Source composition obtained from slope diagrams reveals a 1:0.1 and
1:12 contribution of PM;y, CO and benzene, respectively. This could be associated with various biomass
combustion processes (traffic activities, heating plants and individual heating units) (Yokelson et al, 2007). Besides
the vicinity of the sampling site, particulate matter and toluene shared prominent sources located in the SW, S, NE
and SE directions (r > 0.8, wind speed > 4 m s-1). Unlike southern and western sources, characterized by PM o to
toluene ratio of 1:1 which could be related to mineral oil and gas refineries, the source located on the north-east is
characterized by the ratio of 1:6 indicating influences from the chemical industry, and chemical installations for
production, on an industrial scale, of basic organic chemicals including aromatic hydrocarbons (European
Commission, 2006).

CONCLUSIONS

Due to the pronounced nonlinearity and complexity of atmospheric processes in the troposphere of an urban
environment, the application of multivariate and nonlinear methods is required to gain reliable information for a
better understanding of the underlying factors which determine the air pollution phenomena. Methods such as
feature selection based on advanced supervised learning algorithms, advanced source apportionment techniques
and time series decomposition and detailed component analysis, are capable of providing this information,
particularly for characterization of variable pollution sources. Summarizing this study, it has been shown that
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locally emitted and transported pollution, as well as meteorological factors, have the highest impact on urban air
quality.
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ABSTRACT

In this study the multiscale multifractal method was used with aim of capturing the fractal behaviour of the particulate matter
time series obtained from an urban area in Belgrade, Serbia, as well as investigating their persistence properties and
heterogeneity features. As shown, the PMz 5 time series exhibited persistency, slightly affected by the concentrations occurring
randomly only at the level of small fluctuations and small scales. Compared to PM2.5, PMio concentrations were shown to
display more stochastic behaviour with more frequent random fluctuations being observed at small scales. The results herein
presented contribute to the current understanding of the structural complexity of the temporal evolution of particulate matter
and provide a theoretical background for enhanced air pollution modelling.

INTRODUCTION

Comprehensive analyses, conducted over the past few years, of air pollutant emission sources, their subsequent
distribution and relationship to mortality caused by circulatory, respiratory and malignant diseases suggest that the
exposure to particulate matter (PM) has detrimental effects on human health in the Belgrade area (Stanisi¢ Stoji¢
et al, 2016a, 2016b). Besides the fact that PM levels in Serbia are higher than in most European cities, with a
significant number of air quality standard exceedances, our studies have shown that suspended particles also contain
high concentrations of carcinogenic contaminants, such as arsenic and benzo(a)pyrene (Stoji¢ et al, 2015a, 2015b,
2016, Perisi¢ et al, 2015, 2017).

Diverse methods have been implemented to provide relevant information for efficient air quality management,
including deterministic models, statistical analysis, neural networks, fuzzy models, geographic information system,
remote sensing and trend analysis (Yu et al, 2011). Multifractality is one of the inherent properties that can be
recognized in physical, chemical, biological, social and other systems, that are described as very complex at
different spatial and temporal scale levels (Glushkov et al, 2014). The atmosphere is a complex system that exhibits
nonlinear behavior involving both deterministic and stochastic components (Lorenz and Haman, 1996). In previous
studies, the multifractal approach has been applied to analyse average ozone concentrations (Kocak et al, 2000),
nonlinearity in NO; and CO time series (Kumar et al, 2008) and the daily air pollution index (Sivakumar et al,
2007). The aim was to provide information essential to better understand the behaviour of pollution and to forecast
the temporal evolution of the species (Dong et al, 2017). The multifractal method was used herein to reveal PM
fluctuation properties, i.e. to investigate to what extent, and on which time scale, changes in PM»s and PMj,
concentration levels can be considered random or persistent.

METHODOLOGY

In this study, multiscale multifractal analysis (MMA) was used to investigate the presence of fractal behaviour in
the complex time series of PM; 5 and PM o concentrations. Data was obtained during a period of almost three years
(2012-2014) of regular pollutant monitoring in Belgrade (suburban site Ovca, Longitude 20.528, Latitude 44.884,
Serbia) provided by the Institute of Public Health Belgrade. MMA is a generalization of the standard multifractal
detrended fluctuation analysis (MF-DFA), which adds the dependence on scale, providing a broader analysis of the
fluctuation properties, as well as, more general and stable results (Gieraltowski et al, 2012).

RESULTS AND DISCUSSION

Measured PM concentrations are presented in Figure 1. According to the results, multiscale multifractal derived
Hurst surfaces confirmed the non-linear behavior of PM time series (Figure 2).
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Figure 1. Measured PM> s and PM ) concentrations.

For most of the scale and multifractal parameter values, the local Hurst exponent remains in the interval between
1 and 1.5 indicating persistency of the PM, s time series, while slightly affected by the concentrations occurring
randomly. Such random concentration values occur only at the level of small fluctuations for scales below 44,
which corresponds to a period of about 2 days. At this scale, there emerges a clear crossover resulting from the
different correlation properties. Given that the sampling site was not directly exposed to intense PM bursts, the
occurrence of concentrations in narrow bands (Hurst exponent equals 2) was not recorded. The PM,o Hurst surface
reveals similar features, except that in the area of small variance and scales below 90, its growth to a maximum of
approximately 1.9 is steeper, almost reaching black noise area values of local Hurst exponent. Compared to PM s,
the PMo Hurst structure around its maximum corresponds to visibly more pronounced peaks in the time series
(Figure 1). However, unlike PM, s, the PM ¢ Hurst surface shows no crossover.

PM,, PM, .
2 : 2 :
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1 > 1
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Figure 2. MMA derived particulate matter Hurst surfaces.

In addition, the generalized distance coefficient (0.069) between Hurst surfaces of PM fractions is higher than the
threshold value (0.065) and implies that the PM» s and PM; time series must be considered statistically different.
The difference is particularly pronounced in the area of small fluctuations and medium scales (Figure 3).

Furthermore, it is shown that the source of multifractality, examined by PM time series randomization, originates
from both nonlinear correlations and a fat-tailed probability distribution (Figure 4).

The findings of Lalwani (2016) and Liu et al. (2015) confirmed the existence of multifractality in the PM time
series and found that daily pollutant concentrations exhibited high persistence in a period of approximately one
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year. As argued, the persistence in the air pollutant concentrations over longer period of time may be governed by
the impact of background levels, seasonal trend or intrinsic evolution of the system.

0.5

0
Generalized distance

-0.5
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-2 . 80
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0 120
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160

Figure 3. Generalized PM¢/PM; s Hurst surface distance.

The difference in the behavior of the PM, s and PM time series was proven by Xue et al. (2015), who employed
a multifractal analysis to explore temporal fluctuations and self-similarities within the PM time series and to
understand their behaviour associated with diffusion, spreading and coagulation processes. Using the multifractal
detrended fluctuation analysis method, the researchers registered the pronounced multifractality and long-term
persistence of the PM, s time-series, whereas the PM time series were shown to have stochastic behaviour.
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Figure 4. MMA derived Hurst surfaces for randomized PM time series.

CONCLUSIONS

In this study, the multifractal approach was used to analyse the temporal dynamics of PM,s and PMiq
concentrations on the basis of a regular monitoring of data over a three-year period. As shown, the particulate
matter time series possess a long-term memory of distant past events and require a large number of exponents, the
so-called fractal dimensions, to be described. The presented analysis provides essential information for better
understanding of the PM behaviour and the underlying factors, as well as for more accurate and reliable pollutant
forecasting and efficient mitigation policy.
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Abstract. The Europlanet Society, an organization which promotes the advancement of
European planetary science and related fields, has 10 hubs. The Serbian Europlanet Group
(SEQG) is included in the Europlanet South Eastern European Hub (ESEEH) and, currently,
has 20 active scientists.

In this work, we present activities of SEG. Primarily, we describe two Europlanet
workshops organized in the Petnica Science Center: "Geology and geophysics of the solar
system bodies" and “Integrations of satellite and ground-based observations and multi-
disciplinarity in research and prediction of different types of hazards in Solar system” that
occurred in 2018 and 2019, respectively, and the Europlanet session during XII Serbian-
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Bulgarian Astronomical Conference that occurred in Sokobanja 2020. In addition, we pre-
sent other activities that were primarily aimed at connecting SEG members coming from
six institutions as well as the promotion of the Europlanet and ESEEH organizations.

1. INTRODUCTION

The Europlanet society is an organization which promotes the European
planetary science and related fields. Its aims are to support the development of
planetary science at a national and regional level, particularly in countries and are-
as that are currently under-represented within the community, and early career re-
searchers who establish their network within the Europlanet: the Europlanet Early
Career (EPEC) network (https://www.europlanet-society.org/early-careers-
network/ ).

Two Europlanet projects (the Europlanet 2020 Research Infrastructure and the
Europlanet 2024 Research Infrastructure (RI)) are funded through the European
Commission’s Horizon 2020 programme. The first one, lasting 4 years, ended
2020, while the second one runs for four years from February 2020 until January
2024. The latest is led by the University of Kent, UK, and has 53 beneficiary insti-
tutions from 21 countries in Europe and around the world, with a further 44 affili-
ated partners. It provides free access to the world’s largest collection of planetary
simulation and analysis facilities, data services and tools, a ground-based observa-
tional network and programme of community support activities.

The Europlanet consists of 10 Regional Hubs:

e Benelux
Central Europe: Austria, Czech Republic, Hungary, Poland, Slovenia and
Slovakia
France
Germany
Ireland and UK
Italy
Northern Europe: Denmark, Estonia, Finland, Iceland, Latvia, Lithuania,
Norway and Sweden
Southeast Europe: Bulgaria, Croatia, Cyprus, Greece, Romania, and Ser-
bia

e Spain and Portugal

e Switzerland

As one can see, Serbia is one of, current six countries included in the South-
east European Hub that is established in 2019.

More information about organization and activities of this society can be
found at the website https://www.europlanet-society.org/.

2. SERBIAN EUROPLANET GROUP

The Serbian Europlanet Group (SEG) currently consists of 20 members from
6 institutions. Details of members and activities of SEG can be found at
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https://www.europlanet-society.org/europlanet-society/regional-hubs/southeast-
europe/.

The main activities of Serbian scientists in the Europlanet were:

e Organization of two Europlanet meetings and one session,

e Establishing of SEG webpage,

e Participations in the Europlanet science congresses and meetings,

e Participations in the Europlanet NA1 Expert Exchange Program, and

e Participations in the Europlanet commities.

In this paper we describe these activities and present scientific research of
SEG members related to the Europlanet fields.

3. EUROPLANET MEETING ORGANIZATIONS

Serbian scientist organized two Europlanet workshops in Petica Science Cen-
ter near Valjevo in Serbia:
e "Geology and geophysics of the solar system bodies" (24 June— 1 July,
2018), and
e “Integrations of satellite and ground-based observations and multidiscipli-
narity in research and prediction of different types of hazards in the Solar
system” (10-13 May, 2019),
and FEuroplanet session during the XII Serbian-Bulgarian Astronomical
Conference (XII SBAC) in Sokobanja, Serbia 25-29 September, 2020.

3.1. Europlanet workshops
3.1.1. Workshop in Geology and Geophysics of the Solar System

The workshop took place in Petnica Science Center, Petnica, Serbia (23 June —
1 July 2018) and further details can be found at http://petnica.rs/planetary2017. It
was designed to cover a wide range of topics related to the formation, structure
and dynamics of the Solar System and aimed to attract students and young re-
searchers of various backgrounds and of different levels of experience in the fields
of planetary sciences and space exploration. The workshop attended 43 partici-
pants, of which 24 PhD, 13 master and 6 undergraduate students. They were from
19 different home countries, including 15 from Eastern Europe, 3 from Russia and
4 from Northern Afrika. Other participants came from as far as India, Australia,
and USA. The scientific organizers of the workshop were Dr. Katarina Miljkovic
(Curtin University, Australia), Dr. Ana Cernok (The Open University, UK) and Dr.
Matija Cuk (SETI Institute, USA), supported by the local organizers Dusan
Pavlovic (Petnica Science Centre, Serbia) and Andrea Rajsic, deputy (University
of Belgrade, Serbia). In total, there were 14 lecturers (7 female and 7 male). Alt-
hough there was only one lecturer from a Serbian institution (University of Bel-
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grade), there were 5 other lecturers (including the organizers) who were originally
from Serbia. This planetary sciences workshop was supported by the Europlanet
2020 RI NA1 (Innovation through Science Networking) Task 5 (Coordination of
ground-based observations) and Europlanet 2020 RI NA2 (Impact through out-
reach and engagement).

3.1.2. Workshop in Hazards in the Solar system

This workshop was focused on integrations of satellite and ground-based ob-
servations and multidisciplinarity in research and prediction of different types of
hazards in the Solar system. The main of this meeting was connection of young
researchers and scientists from under-represented countries, and experts in corre-
sponding scientific fields. The organizer was the Geographical Institute "Jovan
Cvijic" of Serbian Academy of Sciences and Arts. The chairs of the Scientific
committee were Aleksandra Nina, Milan Radovanovi¢ from Serbia and Giovanni
Nico from Italy. In this committee participated 11 scientists from 9 countries. Ale-
ksandra Nina and Milan Radovanovi¢ were co-chairs, and Gorica Stanojevi¢, Vla-
dimir Cadez, Dejan Doljak, Vladimir Sre¢kovié¢ and Dragoljub Strbac were mem-
bers of the Local Organizing Committee. The meeting attended 33 participants (of
which 11 early career scientists) from 8 European countries: Bulgaria, Croatia,
Greece, Hungary, Italy, Russia, Ukraine and Serbia. Their research fields relate to
different theoretical and observation areas as well as to data sciences. In addition,
two participants were from industry. This event was supported by the Europlanet
2020 RI NAT1 - Innovation through Science Networking, Task 2: Scientific work-
ing groups (Europlanet 2020 RI has received funding from the European Union's
Horizon 2020 research and innovation programme under grant No. 654208) and
the Ministry for Education, Science and Technological Development of Republic
of Serbia. More information about this event can be found at
http://www.gi.sanu.ac.rs/site/index.php/en/activities/conferences-organisation/998-
hazards-sos.

3.3. Europlanet session organised by SEG

Serbian scientists organized a Europlanet session during XII Serbian-
Bulgarian Astronomical Conference (SBAS 12) that was held in Sokobanja from
25-29 of September 2020 (see Popovi¢ et al. 2020). Several lectures were held, a
discussion, as well as the report of work of our group in the previous period was
presented. At this Europlanet special session and during SBAC 12, possible direc-
tions for expanding cooperation were discussed with Bulgarian colleagues and
also with colleagues from Europlanet Southeast HUB countries.
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3.4. Participations in the Europlanet Science Congresses
Serbian scientists participated at the Europlanet Science Congresses (EPSC).

The number of participants from Serbia is increasing. 7 scientists from Serbia par-
ticipated in the EPSC-2020 and presented 3 lectures.

Figure 1: Participants of the workshop “Integrations of satellite and ground-based
observations and multidisciplinarity in research and prediction of different types
of hazards in the Solar system” held in Petnica Science Center on 10-13 May,
2019 (photo: Veljko Vujici¢). From left to right:

Upper row: Konstantinos Kourtidis (Greece) , Pal Gabor Vizi (Hungary), Jelena
Petrovi¢ (Serbia), Andelka Kovacevi¢ (Serbia), Dusko Borka (Serbia), Gorica
Stanojevi¢ (Serbia), Zorica Marinkovi¢ (Serbia), Bratislav Marinkovi¢ (Serbia)
and Dejan Doljak (Serbia);

Middle row: Georgi Simeonov (Bulgaria), Inna Pulinets (Russia), Bozhidar
Srebrov (Bulgaria), Dejan Vinkovi¢ (Croatia), Yaroslav Vyklyuk (Ukraine), Pier
Francesco Biagi (Italy), Aleksandra Kolarski (Serbia), Lelica Popovi¢ (Serbia),
Nikola Veselinovié¢ (Serbia) and Zoran Miji¢ (Serbia);

Bottom row: Predrag Jovanovi¢ (Serbia), Vesna Borka Jovanovi¢ (Serbia), Sergey
Pulinets (Russia), Milan Radovanovi¢ (Serbia), Aleksandra Nina (Serbia), Vladi-
mir Sre¢kovi¢ (Serbia), Giovanni Nico (Italy), Milan S. Dimitrijevi¢ (Serbia), Lu-
ka C. Popovi¢ (Serbia), Nataga Todorovi¢ (Serbia), Slavica Malinovi¢-Mili¢evié
(Serbia) and Dragoljub Strbac (Serbia).
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3.5. Participations in the Regional Hubs Meetings

On the 4™ and 5™ June 2019, in Hotel Gellért, Budapest the Regional Hubs
Meeting was organized by Melinda Dosa from Wigner RCP with the presence of
the representatives from the Europlanet Society, Benelux Hub (represented by Ann
Carine Vandaele, vice-president of Europlanet Society), Central European Hub,
France, Italy, Northern European Hub, Spain & Portugal and Southeast European
Hub, in total there were 23 researchers present. After the participants introduced
themselves, the talk by Anita Heward, communication officer, was given on the
Role of the hubs in the Europlanet Society and building a sustainable future from
Europlanet 2020 RI. Following discussion was about the importance of widen-
ing.in Europlanet. The focus of the meeting was on Planetary science — technology
— industry synergy: aims and possibilities & Towards a strategy definition. As a
result of this meeting the participation and formal enrollment in Europlanet Socie-
ty by Serbian researchers has been substantially increased.

3.6. Participation in the Europlanet NA1 Expert Exchange Program

Supported through the Europlanet NA1 Expert Exchange Program, Dr. Alena
Zdravkovi¢, curator of the Mineral and Rock Collection of the Faculty of Mining
and Geology in Belgrade, Serbia, visited The Open University in October 2017 to
work with Dr. Ana Cernok and other experts in meteorite science. During this vis-
it, six meteorite samples from the Marquis de Mauroy collection of the Mineral
and Rock Collection (01. Lancon, 02. Bath, 03. Powder Mill Creek,
04.Morrisyown Hamblen, 05. Merceditas and 06. Hex River, with numbers repre-
senting a handing number at the Open University) were used for polished thin-
and thick-section preparation at the Open University, Milton Keynes, UK. Lancon
and Bath are fragmented chondrite meteorites, Powder Mill Creek and
Morrisyown Hamblen are mesosiderites, and Merceditas and Hex River are iron
meteorites. Since the meteorite samples belong to a very old collection, dating
from 1899, due to inadequate equipment and unprecise preparation facilities in the
laboratory of Faculty of Mining and Geology in Belgrade, those kind of samples
were never used for utilizing cut and polishing preparations. This visit aimed at
meteorite thin-section preparation was an important milestone for this Serbian col-
lection. It was the first such opportunity to open and present the collection to an
international scientific community. More importantly, those are the only thin sec-
tions of meteorite samples available at Belgrade University, and will therefore
serve as precious teaching material for students educating, as well as for initiating
meteorite research.
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3.7. Participations in the Europlanet committees

As a member of the Southeastern European Hub Committee, Aleksandra Nina
participated in two teleconferences and one meeting of the Selection committee
for Europlanet funding.

3.8. Other activities

Lecture during XIX Serbian astronomical conference (19 SAC) held at the
Serbian Academy of Sciences and Arts in Belgrade, from October 13 — 17, 2020
(see Kovacevic et al. 2020).

4. SOME STUDIES OF SEG MEMBERS

SEG members are scientists in four research fields: astronomy, geophysics,
physics and geography. Here we present a few research that are in Europlanet are-
as.

4.1. Astronomy

4.1.1. The functional relation between mean motion resonances and
Yarkovsky force on small eccentricities

We examined asteroid's motion with orbital eccentricity in the range (0.1, 0.2)
across the 2-body mean motion resonance (MMRs) with Jupiter due to the
Yarkovsky effect. We calculated time delays d#r caused by the resonance on the
mobility of an asteroid with the Yarkovsky drift speed. We derived a functional
relation that accurately describes dependence between the average time lead/lag
dtr, the strength of the resonance SR, and the semimajor axis drift speed da/df with
asteroids' orbital eccentricities in the range (0.1, 0.2). We analysed average values
of d#r using this functional relation comparing with obtained values of d# from
the numerical integrations. On the basis of the obtained results and analyses, we
conclude that our equation can be used for the 2-body MMRs with strengths in the
range [1.3x107% 2.2x107*], for Yarkovsky drift speeds in the range [2.6x107%
2x107°] au/Myr and for asteroids' orbital eccentricities in the range (0.1, 0.2)
(Mili¢ Zitnik 2020a).

4.1.2. The specific property of motion of resonant asteroids with very slow
Yarkovsky drift speeds

We examined the specific characteristics of the motion of asteroids with very
slow Yarkovsky drift speeds across the 2-body MMRs with Jupiter, whose
strengths cover a wide range. It was found that the test asteroids with very small
Yarkovsky drift speeds moved extremely rapidly across MMRs (order of magni-
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tude 10> au/Myr or less). This result may indicate that, below a certain boundary
value of da/dt asteroids typically move quickly across MMRs. From the obtained
results, it is concluded that the boundary value of the Yarkovsky drift speed is
7x107 au/Myr (Mili¢ Zitnik 2019).

4.1.3. The relationship between the 'limiting' Yarkovsky drift speed and
asteroid families' Yarkovsky V-shape

We examined the relationship between asteroid families' V-shapes and the
'limiting' diameters in the (a, 1/D) plane. Following the recently defined 'limiting'
value of the Yarkovsky drift speed at 7x10~° au/Myr, we decided to investigate the
relation between the asteroid family Yarkovsky F-shape and the 'limiting'
Yarkovsky drift speed of asteroid's semi-major axes. We have used the known
scaling formula to calculate the Yarkovsky drift speed in order to determine the
inner and outer 'limiting' diameters (for the inner and outer V-shape borders) from
the 'limiting' Yarkovsky drift speed. The method was applied to 11 asteroid fami-
lies of different taxonomic classes, origin type and age, located throughout the
Main Belt. Our main conclusion is that the 'breakpoints' in changing V-shape of
the very old asteroid families, crossed by relatively strong MMRs on both sides
very close to the parent body, are exactly the inverse of 'limiting' diameters in the
a versus 1/D plane. This result uncovers a novel interesting property of asteroid
families' Yarkovsky V-shapes (Mili¢ Zitnik 2020b).

4.1.4. Improvement of modelling of atmospheres using A&M data

We continued to work on topics of modelling various atmospheres (using new
software packages and supercomputers) and diagnostic of the astrophysical (ter-
restrial and space) and laboratory plasma using A&M datasets e.g. rate coeffi-
cients, Stark broadening parameters, line profiles (the shape of atomic spectral
lines in plasmas contains information on the plasma parameters, and can be used
as a diagnostic tool), etc. Results which are of interest for Europlanet community
are presented in our recently published papers (see e.g. Ignjatovi¢ et al. 2019,
Sreckovic et al. 2020, Majlinger et al. 2020, Dimitrijevi¢ et al. 2020) as well as in
database MolD http://servo.aob.rs/mold (Marinkovic¢ et al. 2019) hosted on SerVO
at AOB.

4.1.5. Correlation of solar wind parameters with cosmic rays observed with
ground station

It has been well known for more than half a century that solar activity has a
strong influence on galactic cosmic ray (GCR) flux reaching Earth (anti-
correlation). Coronal mass ejections (CMEs) structure and shockwave can addi-
tionally modulate GCRs, which could results in a transient decrease in observed
GCR intensity, known as Forbush decrease (FD). These FDs can be detected even
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with ground muon detector (Savi¢ et al. 2019). Variation of GCR can be analyzed
correlating in situ measurement of the particles species present in solar wind with
ground observations. Correlation between the 1-hour variations of GCR and sev-
eral different one-hour averaged particle fluxes was found during FDs and it de-
pends on energy of the particles of the solar wind as well as cut-off rigidities of
secondary cosmic rays detectors on ground.

4.1.6. Habitability of exoplanets

Balbi, Hami and Kovacevi¢ (2020) present a new investigation of the habita-
bility of the Milky Way bulge, that expands previous studies on the Galactic Hab-
itable Zone. This work discusses existing knowledge on the abundance of planets
in the bulge, metallicity and the possible frequency of rocky planets, orbital stabil-
ity and encounters, and the possibility of planets around the central supermassive
black hole. The paper focuses the two aspects that can present substantial differ-
ences with respect to the environment in the disk: (i) the ionizing radiation envi-
ronment, due to the presence of the central black hole and to the highest rate of
supernovae explosions and (ii) the efficiency of putative lithopanspermia mecha-
nism for the diffusion of life between stellar systems. Authors devised analytical
models of the star density in the bulge to provide estimates of the rate of cata-
strophic events and of the diffusion timescales for life over interstellar distances.

This article has been published as an invited contribution in the Special Issue
"Frontiers of Astrobiology" edited by Manasvi Lingam.

Another concern for habitability is the presence of the supermassive black
hole in the Galactic center, but also in nearby Active galactic nuclei, that could
have resulted in a substantial flux of ionizing radiation during its past active phase,
causing increased planetary atmospheric erosion and potentially harmful effects to
surface life as shown by Wistocka, Kovacevi¢, Balbi (2019).

The goal of this paper is to improve our knowledge of the erosion of
exoplanetary atmospheres through radiation from supermassive black holes
(SMBHs) undergoing an active galactic nucleus (AGN) phase.

Authors extended the well-known energy-limited mass-loss model to include
the case of radiation from AGNSs. In the paper was calculated the possible atmos-
pheric mass loss for 54 known exoplanets (of which 16 are hot Jupiters residing in
the Galactic bulge and 38 are Earth-like planets, EPs) due to radiation from the
Milky Way's (MW) central SMBH, Sagittarius A* (Sgr A*), and from a set of 107
220 AGNs generated using the 33 350 AGNs at z < 0.5 of the Sloan Digital Sky
Survey database.

It was found that planets in the Galactic bulge might have lost up to several
Earth atmospheres in mass during the AGN phase of Sgr A*, while the EPs are at
a safe distance from Sgr A* (>7 kpc) and have not undergone any atmospheric
erosion in their lifetimes. It was also found that the MW EPs might experience a
mass loss up to 15 times the Mars atmosphere over a period of 50 Myr as the re-
sult of exposure to the cumulative extreme-UV flux FXUV from the AGNs up to z
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= 0.5. This work was featured in famous Forbes Magazine in their section Innova-
tion.

4.2. Geophysics

4.2.1. Investigation of a possible new type of lower ionosphere precursor of
earthquakes

Analysis of the signal transmitted in Italy and received by the AbsPAL receiv-
er in Belgrade in the period around the earthquake that occurred in the vicinity of
Kraljevo on November 3, 2010 indicated a change in the amplitude of the signal
less than an hour before this event. Although this change has not been reported in
the literature, an additional study of several earthquakes indicates the existence of
this change in other cases as well. The first study of this phenomenon is presented
in Nina et al. (2020), and a broader statistical analysis is underway.

4.2.2. Modelling of solar X-ray flare influence on propagation of satellite
signals

Due to the low electron density, the unperturbed D-region has practically no
effect on the propagation of satellite signals. Therefore, it is generally not involved
in modeling of signal propagation path or, if it is, its influence is given by analyti-
cal expressions based on observational data from higher altitudes. In Nina et al.
(2020Db), it is shown that during intense perturbations of this ionospheric layer due
to the influence of solar X-ray flares (they do not perturb significantly higher
ionospheric layers except when their intensity is very strong) it is necessary to in-
clude observational data for the D-region in modeling the propagation of satellite
signals.

4.2.3. Satellite radar technique for atmospheric water vapor measurement
and modelling effects of the ionospheric disturbances

Atmospheric water vapor measurement can be carried out in many different
ways. One of the techniques for observing and measuring atmospheric water vapor
is through satellite radars, precisely the Synthetic Aperture Radar (SAR) used and
carried on the platform of many active satellites. In Radovi¢ (2020) are introduced
four of such satellites and the water vapor modelling technique called SAR Inter-
ferometry is described as well. Along with the above mentioned in Radovi¢ (2020)
it is demonstrated how neglecting the ionospheric disturbances that can occur dur-
ing the satellite radar measurement of the water vapor can influence the modelling
of certain parameters which are connected to the measured atmospheric water va-
por.
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4.2.4. Remote sensing of the atmospheric aerosol

Atmospheric aerosol plays one of the most important roles in climate changes
and environmental issues through direct (scattering and absorption of solar and
terrestrial radiation) and indirect (modification of cloud condensation nuclei
through aerosol-cloud interaction) effects. In Miji¢ and Perisi¢ (2019), study the
relationship between satellite aerosol optical depth (AOD) measurements by Mod-
erate Resolution Imaging Spectroradiometer (MODIS) and PM (Particulate Mat-
ter) concentrations data set from the Belgrade region was investigated. The pre-
liminary results showed that AOD retrieved from a satellite sensor can be consid-
ered as a good proxy for ground observed PM mass concentrations. Within the
EARLINET (European Aerosol Research Lidar Network) network a stand-alone
lidar-based method (Papagiannopoulos et al. 2020) for detecting airborne hazards
for aviation in near real time (NRT) is developed. In addition, Belgrade lidar sta-
tion has been involved in ESA ADM-Aeolus mission (the first high-spectral reso-
lution lidar in space) Cal/Val activity through validation of L2A products of aero-
sol and cloud profiles of backscatter, extinction and lidar-ratio.

4.2.5. Atmospheric disturbances due to severe stormy weather over Balkan
region

Strong release of energy by atmospheric lightning discharges induced
ionization changes along the propagation path of several Very Low Frequency
(VLF) radio signals that had been received and recorded by Absolute Phase and
Amplitude Logger (AbsPAL) system located in Belgrade (44.85° N, 20.38° E), at
the Institute of Physics Belgrade, University of Belgrade, Serbia. Increased
ionization is apparent in the perturbation of the signal amplitude and phase delay
with respect to regular undisturbed ionospheric conditions. Integrated ground-
based observations were performed with the aim to find coincidence and possible
relationship between phenomena of VLF signal perturbations, optically
documented Transient Luminous Events (TLEs) and documented lightning stroke
events, during the stormy night of 27"-28" of May, 2009. The survey enclosed
data from three independent sources: 1) VLF signal records from Belgrade
Institute for Physics database, 2) video records of sprite events from ITALIAN
METEOR and TLE NETWORK (I.M.T.N.) database and 3) detected lightning
strokes from European Cooperation for Lightning Detection (EUCLID) network
database. In most cases, the correspondence between VLF perturbations and CG
strokes and on the other hand, VLF perturbations and TLE events, was found. In
some cases the correspondence between all three phenomena was found (Kolarski
2019, 2020).

117



A.NINA et al.

4.3. Physics

4.3.1. V. Celebonovi¢ has been working on the problem of impact craters on the
surfaces of solid planetary and satellite bodies. He showed that using standard sol-
id state physics and measured properties of the craters, one can derive various pa-
rameters of the impactors. The calculations were checked on several known ex-
amples, and the agreement is reasonable.

4.3.2. The role of electron induced dissociation in the comet’s coma and the find-
ings during Rosetta spacecraft mission have been the subject of investigation pub-
lished in Marinkovi¢ et al. (2017). Data needs for modelling electron processes in
cometary coma and their influence on the interpretation of the observed data by
Rosetta instruments, have been discussed together with the currently available da-
ta and databases, where BEAMDB (Belgrade Electron/Atom(Molecule) DataBase
- http://servo.aob.rs/emol) is given as an example (Marinkovi¢ et al. 2019).

4.4. Geography

4.4.1. Our research was devoted to the determination of the causal relationship
between the flow of particles that are coming from the Sun and the hurricanes Ir-
ma, Jose, and Katia. As a result of the preliminary analysis, using 12,274,264 line-
ar models by parallel calculations, six of them were chosen as best. The identified
lags were the basis for refinement of models with the artificial neural networks.
Multilayer perceptrons with back propagation and recurrent LSTM have been cho-
sen as commonly used artificial neural networks. Comparison of the accuracy of
both linear and artificial neural networks results confirmed the adequacy of these
models and made it possible to take into account the dynamics of the solar wind.
Sensitivity analysis has shown that F10.7 has the greatest impact on the wind
speed of the hurricanes. Despite low sensitivity of pressure to change the parame-
ters of the solar wind, their strong fluctuations can cause a sharp decrease in pres-
sure, and therefore the appearance of hurricanes (Vyklyuk, et al. 2019).

4.4.2. Forest fires that occurred in Portugal on 18 June 2017 caused several tens of
human casualties. The cause of their emergence, as well as many others that oc-
curred in Western Europe at the same time remained unknown. Taking into ac-
count consequences, including loss of human lives and endangerment of ecosys-
tem sustainability, discovering of the forest fires causes is the very significant
question. The heliocentric hypothesis has indirectly been tested, according to
which charged particles are a possible cause of forest fires. We must point out that
it was not possible to verify whether in this specific case the particles by reaching
the ground and burning the plant mass create the initial phase of the formation of
the flame. Therefore, we have tried to determine whether during the critical peri-
od, 1.e. from 15-19 June there is a certain statistical connection between certain
parameters of the solar wind and meteorological elements. Based on the 2 hourly
values of the charged particles flow, a correlation analysis was performed with
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hourly values of individual meteorological elements including time lag at Monte
Real station. The application of the Adaptive Neuro Fuzzy Inference System mod-
els has shown that there is a high degree of connection between the flow of pro-
tons and the analysed meteorological elements in Portugal. However, further veri-
fication of this hypothesis requires further laboratory testing (Radovanovic¢ et al.
2019).

5. CONCLUSION

In this paper we present activities of Serbian scientists in the Europlanet. We
describe two Europlanet workshops organized in the Petnica Science Center: "Ge-
ology and geophysics of the solar system bodies" and “Integrations of satellite and
ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system” that occurred in 2018 and 2019, respec-
tively, and the Europlanet session during XII Serbian-Bulgarian Astronomical
Conference that occurred in Sokobanja 2020. In addition, we present other activi-
ties that were primarily aimed at connecting SEG members coming from six insti-
tutions as well as the promotion of the Europlanet and ESEEH organizations. Sev-
eral studies relevant for the Europlanet research fields are presented in the second
part of this paper.
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PREFACE

Dear Colleagues,

Welcome to the 8" WeBIOPATR Conference, to be held at the premises of the Vinca
Institute of Nuclear Sciences, Serbia, 29.11.—1.12.2021, as a combination of online and face-
to-face event.

The International Workshop and Conference, Particulate Matter: Research and Management
— WeBIOPATR is a biennial event held in Serbia since 2007. The conference addresses air
quality in general and particulate matter specifically. Atmospheric particulate matter arises
both from primary emissions and from secondary formation in the atmosphere. It is one of
the least well understood local and regional air pollutants, has complex implications for
climate change, and is perhaps the pollutant with the highest health relevance. It also poses
many challenges to monitoring.

By WeBIOPATR, we aim to link the research communities with relevance to particulate
matter with the practitioners of air quality management on all administrative levels, in order
to facilitate professional dialogue and uptake of newest research into practice. The
workshops usually draw an audience of about 70 and attract media attention in Serbia. It
enjoys support of the responsible authorities, Ministry of Education, Science and
Technological Development, Ministry of Health, Ministry of Environment, and the Serbian
Environmental Agency whose sponsorship is indispensable and gratefully acknowledged.
We also enjoy support of international bodies such as the WHO.

The 1 WeBIOPATR Workshop was held in Beograd, 20.-22. May 2007, associated with a
project funded by the Research Council of Norway. The 2" workshop was held in Mecavnik,
Serbia, 28.8.-1.9.2009. WeBIOPATR2011 was held in Beograd 14.-17.11.2011 and for the
first time, included a dedicated student workshop. WeBIOPATR2013 was held in Beograd
2.-4.10. 2013. It covered the traditional PM research and management issues, discussions on
how to encourage citizens to contribute to environmental governance, and how to develop
participatory sensing methods. WeBIOPATR2015 was held in Beograd 14.-16.10. 2015.
Dedicated sessions were devoted to sensor technologies for air quality monitoring, utilizing
information and input from the EU FP7 funded project CITI-SENSE (http://co.citi-sense.eu)
and the EU COST action EuNetAir (www.eunetair.it). WeBIOPATR2017, the 6%
conference, was held in Beograd 6.-8.9. 2017, with a wider than before Western Balkan
participation. The 7" WeBIOPATR2019 was held 1.-4.10. 2019 at the Mechanical Faculty,
University of Belgrade. It has attracted a record of over 50 contributions, and brought
together scientists from 12 countries, documenting that the issues of atmospheric pollution,
with their wide implications for climate change, human health and ecosystem services, are
no less important today. This year’s event will be with similar number of contributions that
have been accepted.

In the past two years, all our lives were affected by the COVID-19 pandemic. We have
adapted our ways of life and work — and now we hope that the new format of the conference



will be a success, for the participants physically present as well as for those who will
participate online.

We are very grateful to our unrelenting national and international partners for their financial
and scientific support for this event. In addition, WeBIOPATR2021 is supported by the
VIDIS project, https://vidis-project.org/, funded by the EC H2020 Framework Programme
for Research and Innovation, area “Spreading excellence and widening participation”.
VIDIS (2020-2023) is coordinated by Vinca Institute, Grant agreement number 952433.

Welcome to Vinca and online and have a stimulating and productive time!

Milena Jovasevic-Stojanovi¢ and Alena Bartonova
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5.4 A NUMERICAL MODEL FOR POLLEN PREDICTION: THUNDERSTORM ASTHMA CASE
STUDY

S. Nic¢kovié (1,2), L. Tli¢(1), S. Petkovi¢ (2), G. Pejanovi¢ (2), A. Huete (3), Z. Miji¢ (1)
(1) Institute of Physics Belgrade, University of Belgrade, Belgrade, Serbia, (2) Republic
Hydrometeorological Service of Serbia, Belgrade, Serbia, (3) School of Life Sciences, University of
Technology Sydney, Sydney, NSW Australia, zoran.mijic@ipb.ac.rs

More than 300 million people worldwide have asthma - resulting, at the global scale, in approximately 180,000
deaths annually (To et al., 2012). Approximately 50% of adults and 90% of children with asthma had an allergic
form of the disease (Palomares et al., 2017). The allergy occurrence is often caused by pollen, representing one
of the major healthcare problems. The strongest risk factors for developing asthma are inhaled particles; pollen
grains emitted by trees, grasses, and ragweed are among the most commonly present particles. The pollen
dispersion process starts with the pollen emission which depends on plant phenology and on near-surface
atmospheric conditions. Emitted pollen is dispersed by vertical air mixing and by free-atmospheric horizontal
transport. In the final phase of the pollen atmospheric process, pollen grains settle down to the Earth’s surface
by wet and by dry deposition (due to gravity and near-surface turbulence). In order to predict the atmospheric
pollen process, several pollen models have been developed over the last decade (e.g., Siljamo et al., 2013;
Luvall et al., 2013). The prediction of extreme pollen episodes generated by thunderstorm processes is of
particular interest. Thunderstorm-caused asthma, usually called “thunderstorm asthma” (TA) is a striking event
in which patients could experience life-threatening asthma attacks caused by extreme numbers of pollen grains.
If a thunderstorm occurs during a pollen season, favourable conditions for intense pollen uptake and transport
are fulfilled. In the TA Melbourne case occurred on November 21st 2016, high near-surface concentrations of
grass pollen caused instant allergic reactions in predisposed persons. As a result, within 30 hours there was a
672% increase in visits to emergency services due to respiratory difficulties, and a 992% increase of asthma-
related hospital admissions compared with the occurrences in previous 3 years (Thien et al., 2018). In this
study, the capacity of the PREAM (Pollen Regional Atmospheric Model) model to predict excessive TA events
is examined. PREAM is a version of the DREAM regional dust aerosol atmospheric model (Nickovi¢ et al.,
2001) modified in our study to predict pollen dispersion. In our study we implemented a regional Euler-type
pollen prediction model over the Australian state of Victoria in order to explore its capability to predict the
Melbourne pollen event. We set up the model with a horizontal resolution below 10km, sufficiently fine to
confidently resolve pollen sources and to adequately represent atmospheric features essential for pollen storm
generation (such as non-hydrostatic and convection processes). Furthermore, we introduced an advanced pollen
emission scheme which takes into account different near-surface turbulence conditions. The model simulation
covering the period 16-22 November 2016 was verified against available pollen counts observed at a
Melbourne site. The model correctly identified the increased pollen concentrations from the weaker observed
peak on 16th November. The extreme pollen concentrations on the 21st November, which triggered the
epidemic asthma, was quite well represented by the model, in terms of both timing and location, thus
demonstrating its high potential to successfully simulate extreme pollen events.
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8.3 A STUDY ON TROPOSPHERIC AEROSOLS CHANGE DURING THE COVID-19 LOCK-
DOWN PERIOD: EXPERIENCE FROM EARLINET MEASUREMENT CAMPAIGN

Z. Miji¢, M. Kuzmanoski, L. Ili¢
Institute of Physics Belgrade, University of Belgrade, Belgrade, Serbia
zoran.mijic@ipb.ac.rs

To slow down the rate of spread of corona virus, most of the countries in Europe have followed partial-to-
complete lockdown measures in 2020. The lockdown period provided a unique opportunity to examine the
effects of reduced anthropogenic activities on changes in the atmospheric environment. Aerosol lidars with
their high temporal and vertical resolution, provide reliable information on the atmospheric structure, its
dynamics, and its optical properties. The European Aerosol Research Lidar Network, EARLINET, was
established in 2000 as a research project with the goal of creating a quantitative, comprehensive, and
statistically significant database for the horizontal, vertical, and temporal distribution of aerosols on a
continental scale (Pappalardo et al., 2014). EARLINET is part of ACTRIS (Aerosols, Clouds and Trace gases
Research Infrastructure) a pan-European initiative consolidating actions among European partners producing
high-quality observations of aerosols, clouds and trace gases.

As a part of the ACTRIS initiative for studying the changes in the atmosphere during the COVID-19 lockdown
period in May 2020 a dedicated EARLINET measurement campaign was organized in order to: monitor the
atmosphere’s structure during the lockdown and early relaxation period in Europe, and to identify possible
changes due to decreased emissions by comparison to the aerosol climatology in Europe. During the campaign
the near-real-time (NRT) operation of the EARLINET was demonstrated following previous experience from
the EUNADICS-AV exercise (Papagiannopoulos et al., 2020). The Belgrade lidar station (Ili¢ et al., 2018)
participated in the campaign together with 21 EARLINET stations providing vertical aerosol profiles twice per
day (minimum two hours measurements at noon, and minimum two hours after sunset). The measurements
were submitted and processed by the Single Calculus Chain (SCC) in the near-real-time. The SCC is a tool for
the automatic analysis of aerosol lidar measurements developed within EARLINET network (D'Amico et al.,
2015, D'Amico et al., 2016). The main aim of SCC is to provide a data processing chain that allows all
EARLINET stations to retrieve, in a fully automatic way, the aerosol backscatter and extinction profiles
(measures of the aerosol load) together with other aerosol products. This first analysis was based on the data
processed by the SCC and directly published on the THREDDS server in NRT. The preliminary analysis made
on aerosol lidar data shows that by simply comparing the observed backscatter values with the climatological
values from 2000-2015 is not sufficient to extract a clear conclusion on how much the COVID-19 lock-down
has impacted the aerosols in the atmosphere, but a certain effect for low troposphere can be seen. Beyond the
scientific goals of this campaign, the actions organized by EARLINET/ACTRIS (NRT delivery of the data and
fast analysis of the data products) proved that aerosol lidars are useful for providing information not only for
climatological purposes, but also in emergency situations. A more quantitative analysis based on re-analyzing
additional data products will be made to consolidate the conclusions.

REFERENCES

Pappalardo, G., Amodeo, A., Apituley, A., Comeron, A., Freudenthaler, V., Linné, H., Ansmann, A., Bésenberg, J.,
D'Amico, G., Mattis, I., Mona, L., Wandinger, U., Amiridis, V., Alados-Arboledas, L., Nicolae, D., and Wiegner, M.,
2014. EARLINET: towards an advanced sustainable European aerosol lidar network, Atmospheric Measurement
Techniques 7, 2389-2409.

D'Amico, G., Amodeo, A., Baars, H., Binietoglou, 1., Freudenthaler, V., Mattis, 1., Wandinger, U., and Pappalardo, G.,
2015. EARLINET Single Calculus Chain — overview on methodology and strategy, Atmospheric Measurement
Techniques 8, 4891-4916.

D'Amico, G., Amodeo, A., Mattis, 1., Freudenthaler, V., and Pappalardo, G., 2016. EARLINET Single Calculus
Chaintechnical— Part 1: Pre-processing of raw lidar data, Atmospheric Measurement Techniques 9, 491-507.

1li¢, L., KuzmanoskiM., KolarzP., NinaA., Sreckovi¢V., Miji¢Z., Bajéeti¢]., Andri¢M., 2018. Changes of atmospheric
properties over Belgrade, observed using remote sensing and in situ methods during the partial solar eclipse of 20
March 2015,Journal of Atmospheric and Solar-Terrestrial Physics171,250-259.

Papagiannopoulos, N., D'Amico, G., Gialitaki, A., Ajtai, N., Alados-Arboledas, L., Amodeo, A., Amiridis, V., Baars, H.
et al., 2020. An EARLINET early warning system for atmospheric aerosol aviation hazards, Atmospheric Chemistry
and Physics 20, 10775-10789.

54



CIP - Karanoruzanuja y myoamkamyju
Haponna 6n6miorexa Cp6uje, beorpan

ISBN 9/78-86-7306-164-1

9 "/88673"061641




...&I. o5

.4;(....“‘#..%\ 2™ ’, -

B

= . E4% o R ),




Integrations of satellite and ground-based
observations and multi-disciplinarity in research
and prediction of different types of hazards in
Solar system

May 10-13, 2019, Petnica Science Center, Valjevo, Serbia

BOOK OF ABSTRACTS

Edited by Aleksandra Nina, Milan Radovanovi¢ and
Vladimir A. Sreckovi¢

r‘ Geographical Institute
e U r p LA N ET NA1 - Innovation Through Science Networking Jovan Cvijié
e Task 2 ~ Scientific Working Groups \




Scientific Committee

Aleksandra Nina, Institute of Physics
Belgrade, University of Belgrade, Belgrade,
Serbia (co-chair)

Milan Radovanovi¢, Geographical Institute
"Jovan Cviji¢" of the Serbian Academy of
Sciences and Arts, Belgrade, Serbia (co-chair)

Giovanni Nico, Instituto per le Applicazioni
del Calcolo (IAC), Consiglio Nazionale
delle Ricerche (CNR), Bari, Italy (co-chair)

Pier Francesco Biagi, Universita di Bari,
Physics Department, Bari, ltaly

Mihai Datcu, DLR Institute of Remote
Sensing Technology, Wessling, Germany

Melinda Dosa, Hungarian Academy of
Science, Department of Space Physics,
Budapest, Hungary

Darko Jevremovi¢, Astronomical
Observatory, Belgrade, Serbia

Ognyan Kounchev, Institute of Mathematics
and Informatics, Bulgarian Academy of
Sciences, Sofia, Bulgaria

Konstantinos Kourtidis, Department of
Environmental Engineering, School of
Engineering Democritus University of Thrace,
Xanthi, Greece

Slavica Malinovi¢-Milicevi¢, ACIMSI -
University Center for Meteorology and
Environmental Modelling, University of Novi
Sad, Novi Sad, Serbia

Bratislav P. Marinkovi¢, Institute of Physics
Belgrade, University of Belgrade, Serbia
Luka C. Popovi¢, Astronomical Observatory,
Belgrade, Serbia

Sergey Pulinets, Space Research Institute (IKI)
of the Russian Academy of Sciences,
Moscow, Russia

Vladimir A. Sre¢kovi¢, Institute of Physics
Belgrade, University of Belgrade, Serbia
Dejan Vinkovi¢, Hipersfera Ltd., Zagreb,
Croatia

Yaroslav Vyklyuk, Bukovinian University,
Chernivtsi, Ukraine

1—-_—

Local Organizing Committee

Aleksandra Nina, Institute of Physics
Belgrade, University of Belgrade, Serbia
(co-chair)

Milan Radovanovi¢, Geographical Institute
"Jovan Cviji¢" of the Serbian Academy of
Sciences and Arts, Belgrade, Serbia (co-chair)

Gorica Stanojevi¢, Geographical Institute

“Jovan Cviji¢" of the Serbian Academy of
Sciences and Arts, Belgrade, Serbia

Vladimir M. Cadez, Astronomical
Observatory, Belgrade, Serbia

Dejan Doljak, Geographical Institute "Jovan
Cviji¢" of the Serbian Academy of Sciences
and Arts, Belgrade, Serbia

Vladimir A. Sre¢kovi¢, Institute of Physics
Belgrade, University of Belgrade, Serbia

Dragoljub Strbac, Geographical Institute \
“Jovan Cviji¢" of the Serbian Academy of ,
Sciences and Arts, Belgrade, Serbia

Venue: Petnica Science Center, Valjevo,
Serbia

Organizers: Europlanet 2020 RI NAT -
Innovation through Science Networking and
Geographical Institute “Jovan Cvijic" of
Serbian Academy of Sciences and Arts

Published by: Geographical Institute "Jovan ||
Cviji¢" of Serbian Academy of Sciences and
Arts, 2019 ‘

The publication of this issue is financially
supported by the Ministry for Education,
Science and Technological Development of
Serbia

Picture on the first cover: Aleksandra Nina
ISBN 978-86-80029-77-1

Printed by: Skripta Internacional, Mike Alasa
54, Beograd
Number of copies: 50




Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of

different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir Sre¢kovi¢

CONTENTS

Abstracts of Invited Lectures

Darko Jevremovic
SOLAR SYSTEM OBJECTS IN THE LSS ERA (ASSESSING THE HAZARDS)....coeeveeerereeseersesrrero.

Pdl Gdbor Vizi, Péter Szutor, Szaniszlé Bérczi, Szildrd Csizmadia, Tibor Heged(s

TRAJECTORY AND ANALYSIS OF LOCAL FIREBALL-METEORITE EVENTS AND EXTENDED
METEOR HUNTING WITH SMARTPHONES AS 'SKY EVENT' CAMERAS

Sergey Pulinets, Dimitar Ouzounov

INTEGRATION OF SATELLITE AND GROUND-BASED OBSERVATIONS AND
MULTI-DISCIPLINARITY IN EARTHQUAKE AND VOLCANO ERUPTION FORECAST BASED
ON THE LAIC PHYSICAL MODEL

Pier Francesco Biagi

THE INFREP VLF/LF RADIO NETWORK FOR STUDYING EARTHQUAKE PRECURSORS:
PRESENT SITUATION AND RECENT RESULTS.....ccccuumimmssssssssssssssssssssssssssssssssssssssssssssssseeseseses e

Konstantinos Kourtidis, Veronika Barta, Jozsef Bor, Evgeny Mareev, Christina Oikonomou,
Colin Price, Sergey Pulinets

WORK WITHIN THE COST ACTION ELECTRONET ON THE COUPLING OF THE
ATMOSPHERIC ELECTRIC CIRCUIT TO EARTHQUAKES, LIGHTNING AND THE SUN-EARTH
ENVIRONMENT

Giovanni Nico, Weike Feng, Olimpia Masci, Motoyuki Sato, Luciano Garramone

RADAR INTERFEROMETRY AS A NEW TOOL FOR EARTHQUAKE GEOTECHNICAL
ENGINEERING

Nikola Veselinovic, Mihailo Savi¢, Aleksandar Dragic¢, Dimitrije Maleti¢, Dejan Jokovic,
Radomir Banjanac, Vladimir Udovici¢, David KneZevi¢

CORRELATION OF SOLAR WIND PARAMETERS WITH COSMIC RAYS OBSERVED WITH
GROUND STATION

10-12

13-14

15-16

17-17

18-19



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir Sreckovi¢

Dejan Vinkovic, Maria Gritsevich

THE CHALLENGES OF HYPERVELOCITY MICROPHYSICS RESEARCH IN METEOROID
IMPACTS INTO THE ATMOSPHERE........ooooseeereeceeeeesceeesesccoeeseeseeessessesseeseesssssseseeeeeseeeess oo 21-22

Slavica Malinovi¢-Milicevic, Zoran Mijatovi¢, llija Arseni¢, Zorica Podraséanin,
Ana Firanj Sremac, Milan Radovanovi¢, Nusret Dreskovi¢

THE IMPORTANCE OF GROUND-BASED AND SATELLITE OBSERVATIONS FOR
MONITORING AND ESTIMATION OF UV RADIATION IN NOVI SAD, SERBIA.......oooo. 23-23

Yaroslav Viyklyuk, Milan Radovanovié, Slavica Malinovié-Milicevi¢

DEEP LEARNING LSTM RECURRENT NEURAL NETWORK FOR CONSEQUENCE
FORECASTING OF THE SOLAR WIND DISTURBANCE........cccccooooeeomsveemssereesemssesoesseoeeesooeosoo 24-25

Milan S. Dimitrijevi¢
MILUTIN MILANKOVIC AND CLIMATE CHANGES LEADING TO ICE AGES...oooooooo 26-27

Aleksandar Valjarevic, Nikola Bacevi¢, Marko Ivanovi¢
DIGITAL AND NUMERICAL METHODS IN ESTIMATION OF A HAZARD FLOODS IN THE
MUNICIPALITY OF OBRENOVAC......cooccucrrmmirressivsnsssisoesssseeeessssoesssssesssssseeessessssseesssseeeossesoeeeo, 28-28

Abstracts of Progress Reports

Aleksandra Nina, Giovanni Nico, Luka C. Popovic¢, Vladimir M. Cadez, Milan Radovanovi¢
NATURAL DISASTERS AND LOW IONOSPHERIC DISTURBANCES DETECTED BY BELGRADE

VLF/LF RECEIVER STATION....cccvvvvirvvennreneenmssssmmssssssseesesssssessossesesessseesseessessssssssssssesssssesmesssessoesesseeeseeee s 31-32
Sergey Pulinets

THE ROLE OF GALACTIC COSMIC RAYS IN DYNAMICS OF HURRICANES AND TYPHOONS

AND GLOBAL CHANGE.........ooooveveeeceumiesmmmmmsmmssmmssssssessssssssssssssansenssesssssssssssssesssssssssssseseeeeeeeeeeeeeseeeeeseeeeeeee 33-34
Bozhidar Srebrov, Ognyan Kounchev, Georgi Simeonov

ANALYSIS OF BIG DATA IN GEOMAGNETISM VIA WAVELET ANALYSIS oooooooooooooooooo 35-35
Natasa Todorovi¢

DYNAMICAL ORIGIN OF TWO POTENTIALLY HAZARDOUS ASTEROIDS....ooeoeooeooo 36-36



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of

different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir Sre¢kovié

Andjelka B. Kovacevi¢

PLANETARY ATMOSPHERES EROSION DUE TO Sgr A AND (z<0.5) ACTIVE GALACTIC
NUCLEI RADIATION

Dusan Marceta, Bojan Novakovic¢
STARDUST-RELOADED: THE ASTEROID AND SPACE DEBRIS NETWORK

Abstracts of Posters

Veljko Vujcic, Darko Jevremovic

NEO DETECTION USING COMPLEX EVENT PROCESSING..........oooooeveeeeeeeeeeeoerooeeeeeeeeesensessessssseseesennnees

Aleksandra Kolarski

ATMOSPHERIC DISTURBANCES DUE TO SEVERE STORMY WEATHER............coooeeeeeeeoomeccrrerins

Jelena Petrovic, SneZana Dragovic¢

RADON AS POTENTIAL EARTHQUAKE PRECURSOR....ooooooorrorroreesecereee oo seeeeeeeeeeeeeseseeeseseeeeereenes

Predrag Jovanovic, Dusko Borka, Vesna Borka Jovanovi¢

CONSTRAINING YUKAWA GRAVITY FROM PLANETARY MOTION IN THE SOLAR SYSTEM...

Bratislav P. Marinkovic, Stefan Ivanovi¢, Nebojsa Uskokovi¢, Milutin Nesic

ELECTRON-IMPACT CROSS SECTIONS FOR THOLINS: COVERAGE WITHIN BEAMDB
DATABASE

Milan Radovanovi¢, Aleksandra Nina, Vladimir A. Sreckovic¢
EXTREME SOLAR RADIATION AND NATURAL DISASTERS: CROSS DISCIPLINARY

APPROACHES . cccsssssssissiansnnrsccsssosnsesmasesssasmsasssssssssssssssssssssssssssssssssssssossssisesesssssssssssssssossssssissssssssssssssssssisis

Vladimir A. Sreckovic¢
SOLAR ACTIVITY, NATURAL HAZARDS, LOW IONOSPHERIC PERTURBATIONS AND

SATELLITE AND GROUND-BASED OBSERVATIONS........covvvvevvveereesseesoseeseeeeccoceeeeeeeeeseeesesesnesseeeenee

Zoran Mijic, Mirjana Perisi¢
COMPARISON OF MODIS AEROSOL OBSERVATIONS AND GROUND-BASED PM
MEASUREMENT FOR THE BELGRADE REGION

37-37

38-38

41-41

42-42

43-44

45-46

47-48

49-49

50-50

51-52



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Viadimir A. Sreckovic

Poster

COMPARISON OF MODIS AEROSOL OBSERVATIONS AND
GROUND-BASED PM MEASUREMENT FOR THE BELGRADE REGION

Zoran Miji¢, Mirjana Perisic
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Suspended particulate matter in the atmosphere, commonly known as atmospheric aerosol, plays
one of the most important role in climate changes and environmental issues. Numerous
epidemiological studies in recent years have shown detrimental effects of aerosol pollution on
human health, causing respiratory and cardiovascular disease and even premature death (Kim, Oh,
Park, & Cheong, 2018). Additionally, scattering and absorption of solar and terrestrial radiation as
direct, and modification of cloud condensation nuclei through aerosol-cloud interaction as indirect
effects of aerosols, make the largest contribution to the total uncertainty of the radiative forcing
(Intergovernmental Panel on Climate Change, 2007).

Assessment of air quality primarily relies on ground-based measurements of the concentrations
of airborne particulate matter (PM) with aerodynamic diameter less than 10 um (PMyo) and 2.5 pm
(PMzs), and for this purpose, all European countries were established regulatory monitoring
networks. Because this kind of observation provides limited spatial PM information, various studies
have been conducted to obtain PM estimates from satellite measurements (Kumar, Chu, & Foster,
2007; Li, Carlson, & Lacis, 2015). Aerosol optical depth (AOD) is one of the most important aerosol
product retrieved from satellite measurements, and represent the attenuation of solar radiation
caused by aerosols. The relationship between AOD (integration of the aerosol extinction coefficient
from the Earth’s surface to the top of the atmosphere) and surface PM concentrations depends on
various factors: aerosol type and its chemical composition, vertical distribution, spatial and temporal
variability - all governed by emissions and meteorological conditions (Kong, Xin, Zhang, & Wang,
2016; Sayer, Hsu, Bettenhausen, & Jeong, 2013).

In this study, we investigated the relationship between AOD and, PM;s and PMi, concentrations
data set from the Belgrade region. We obtained Level 2 AOD data at 0.55 um based on
measurements by Moderate Resolution Imaging Spectroradiometer (MODIS) aboard Terra
(MODO04) and Aqua (MYD04) platforms with the resolution of 10x10 km? for three years period 2012-
2014. Hourly average PM.s and PMj mass concentrations for the investigating period were
obtained from urban and suburban monitoring stations of the Institute of Public Health Belgrade.
The analyses included the impact of ambient relative humidity (RH) on PM concentration due to the
hygroscopic growth of aerosol particles, as well as vertical correction of AOD with respect to the
mixing layer height (MLH). The preliminary results showed that AOD retrieved from satellite sensor
can be considered as a good proxy for ground observed PM mass concentrations. It is found that
the relationship between AOD and PM is practically linear and strongly influenced by RH and MLH.
The increase in the correlation coefficient (of around 20%) is indicative for vertical corrected AOD
parameter and dry PM. Further investigation should examined influences of the other
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meteorological parameters, different season and types of monitoring stations at the examined PM-
AOD relationship. Also, the study based on the analyses of satellite aerosol products and ground-
based measured pollutants concentrations may be used for air quality assessment and PM
prediction in the region of the City of Belgrade.
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PREFACE

The International Workshop and Conference, Particulate Matter: Research and Management —
WeBIOPATR is a biennial event held in Serbia since 2007. The conference addresses air
quality in general and particulate matter specifically. Atmospheric particulate matter arises
both from primary emissions and from secondary formation in the atmosphere. It is one of the
least well understood local and regional air pollutants, has complex implications for climate
change, and is perhaps the pollutant with the highest health relevance. It also poses many
challenges to monitoring.

By WeBIOPATR, we aim to link the research communities with relevance to particulate matter
with the practitioners of air quality management on all administrative levels, in order to
facilitate professional dialogue and uptake of newest research into practice. The workshops
usually draw an audience of about 70, and attract media attention in Serbia. It enjoys support
of the responsible authorities: Ministry of Education, Science and Technological Development,
Ministry of Health, Ministry of Environment, and the Serbian Environmental Agency whose
sponsorship is indispensable and gratefully acknowledged. We enjoy also support of
international bodies such as the WHO.

The 1% WeBIOPATR Workshop was held in Beograd, 20.-22. May 2007, associated with a
project funded by the Research Council of Norway. The 2™ workshop was held in Mecavnik,
Serbia, 28.8.-1.9. 2009. WeBIOPATR2011 was held in Beograd 14.-17. 11. 2011 and for the
first time, included a dedicated student workshop. WeBIOPATR2013 was held in Beograd 2.-
4.10. 2013. It covered the traditional PM research and management issues, discussions on how
to encourage citizens to contribute to environmental governance, and how to develop
participatory sensing methods. WeBIOPATR2015 was held in Beograd 14.-16.10. 2015. Own
sessions were devoted to sensor technologies for air quality monitoring, utilizing information
and input from the EU FP7 funded project CITI-SENSE (http://co.citi- sense.eu ) and the EU
COST action EuNetAir (www.eunetair.it). WeBIOPATR2017, the 6 conference, was held in
Beograd 6.-8.9. 2017, with a wider than before Western Balkan participation.

WeBIOPATR2019 will be held 1.-3 -10-2019 in the Mechanical Faculty, University of
Belgrade. It has attracted a record 58 contributions, and is bringing together scientists from 12
countries, documenting that the issues of atmospheric pollution, with their wide implications
for climate change, human health and ecosystem services, are no less important today.

We are grateful to our unrelenting national and international partners for their support for this
event.

Welcome to Beograd, and have a stimulating and productive time!

Milena Jovasevic-Stojanovié and Alena Bartonova
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10.2. A CLIMATOLOGY OF SATELLITE DERIVED AEROSOL OPTICAL DEPTH OVER
BELGRADE REGION, SERBIA

Z. Mijié, A. Jovanovi¢, M. Kuzmanoski, L. Ili¢
1) Institute of Physics Belgrade, University of Belgrade, Belgrade, Serbia,
3% &g ty & &
zoran.mijic@ipb.ac.rs

Suspended particulate matter (PM) in the atmosphere, commonly known as atmospheric aerosol plays one of the
most important roles in climate change, air quality, and human health. Atmospheric aerosol affects climate through
the direct (scattering and absorption both solar and terrestrial radiation) and indirect effects (modification of cloud
through aerosol-cloud interaction) introducing one of the major uncertainty in our quantitative understanding of
the radiative forcing (IPCC, 2007). Numerous studies have shown a significant association between particle matter
concentrations and health risk especially airborne particle matter with diameter less than 10 um (PM;o) and 2.5
pm (PM,s) (Yang et al. 2018). As the evidence base for the association between PM and short-term, as well as
long-term, health effects has become much larger and broader, it is important to regularly update the guidelines
for PM and PM-bound components limit values. Usually ground-based monitoring networks are used for PM
assessment but still with no adequate spatial and time coverage. For the last decade various studies have been
conducted to overcome this problem and to get PM estimates from satellite measurements (Kumar et al. 2007, Li
et al. 2015). One of the most important aerosol products retrieved from satellite measurement is aerosol optical
depth (AOD) which is the integration of the aerosol extinction coefficient from the Earth’s surface to the top of
the atmosphere, and it represents the attenuation of solar radiation caused by aerosols. The relationship between
AOD and surface PM concentrations depends on various factors, including aerosol vertical distribution, aerosol
type and its chemical composition, as well as its spatial and temporal variability, which are governed by spatio-
temporal distribution of emissions and meteorological conditions (Kong et al., 2016). Due to their short lifetime
and the large variability in space and time it is necessary to establish a climatology of the aerosol distribution both
on regional and global scale thus satellite-retrieved AOD has become an important indicator of ground-level PM
and aerosol burden in the atmosphere. The Moderate Resolution Imaging Spectroradiometer (MODIS) is aboard
two polar orbiting satellites Terra and Aqua and measures the upwelling radiance from the Earth—atmosphere
system at 36 wavelength bands, ranging from 0.4 to 14 um. MODIS provides a daily near-global distribution of
AOD over both ocean and land (Sayer et al., 2013). In this study long-term temporal variation and trend of AOD
over Belgrade region are presented. Monthly mean values of MODIS aerosol optical depth at 550 nm were
examined for the 10 year period 2005-2015. The MOD08 Combined Dark Target and Deep Blue AOD data
products from MODIS Terra platform (Collection 6.1, Level 3 AOD data downloaded through NASA
GIOVANNI web portal https://giovanni.gsfc.nasa.gov/giovanni/) at 1 degree spatial resolution were utilized.
Frequency distributions of the AOD values were examined together with monthly and seasonal variations. The
annual AOD mean was 0.17 with standard deviation of 0.07 over ten year period. AOD values exhibited seasonal
annual mean variation and slightly negative trend. Significant monthly AOD variability is observed with
maximum in August (~0.28) and a minimum in winter months (~0.06). Analysis of long term time series of AOD
data could reveal how AOD regarding ground-based PM measurement in Belgrade changes over time. The aerosol
climatology can be useful in the climate change assessment, weather and environmental monitoring over Belgrade
region with the potential for further application in particle matter estimates from satellite measurement.

REFERENCES

IPCC. 2007c. Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth
Assessment Report of the IPCC. In M.L. Parry, M., Canziani, O., Palutikof, J., van der Linden, and Hanson, C.E. University
Press, Cambridge, UK, pp 976.
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10.8. CASE STUDY OF THE VERTICAL DISTRIBUTION OF SAHARAN DUST OVER
BELGRADE

A. Jovanovié, L. Ili¢, M. Kuzmanoski, Z. Mijié¢
Institute of Physics Belgrade, University of Belgrade, Belgrade, Serbia
aleksandar.jovanovic@ipb.ac.rs

Mineral dust aerosol is ubiquitous in the troposphere around the globe, and dominant in terms of mass
concentration (Grini et al., 2005). Sahara is the largest source of dust emission and atmospheric dust loading in
the world (Choobari et al., 2014). Strong low-level winds and convection can uplift mineral dust particles into the
free troposphere, where they are transported over large distances even at intercontinental scales (Goudie and
Middleton, 2001). Dust acrosols have a direct impact on the global radiative budget of the atmosphere by
scattering and absorbing shortwave and longwave radiation. Also, dust aerosols can change the microphysical
characteristics of clouds and precipitation due to their role in the nucleation of cloud ice and droplets (Rosenfeld
et al., 2001). Furthermore, dust impacts air quality even at locations distant from its source region (Prospero,
1999). To improve understanding of these effects, it is important to characterize dust horizontal and vertical
distribution, as well as meteorological conditions that lead to dust outbreaks in region of interest.

In this study, four episodes of long-range transport of Saharan dust to Balkans will be investigated based on results
of numerical model and available ground-based measurements. Synoptic circulation patterns and airmass
backtrajectories during these events will also be analyzed. For dust forecast, we used the Dust Regional
Atmospheric Model — DREAM. The model was developed to predict the concentration of dust aerosol in the
troposphere, and includes processes of dust emission, dust horizontal and vertical turbulent mixing, long-range
transport and dust deposition (Nickovi¢ et al., 2001). Modeled dust concentration vertical profiles and
concentrations at surface level during the selected events will be discussed. A qualitative comparison of modeled
dust vertical profiles and results of LIDAR (Light Detection and Ranging) measurements in Belgrade will be
presented. Furthermore, comparison of modeled dust surface concentrations with the measurements of PM;,
particle mass concentration in two urban background stations in Belgrade will be shown, to give insight into the
effect of dust on air quality during these dust episodes.

REFERENCES
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Vertical Raman LIDAR profiling of atmosphericaerosol optical properties over
Belgrade

Z. Miji¢, L. 1li¢ and M. Kuzmanoski
Institute of Physics,Belgrade, Serbia
e-mail:luka.ilic@ipb.ac.rs

The direct radiative effect due to aerosol-radiation interactions is the change in radiative flux caused by the
combined scattering and absorption of radiation by anthropogenic and natural aerosols. Due to their short lifetime
and the large variability in space and time atmospheric aerosols are considered one of the major uncertainties in
climate forcing and atmospheric processes [1]. For radiative studies it is necessary to measure aerosol optical
properties, size, morphology and composition as a function of time and space, with a high resolution in both
domains to account for the large variability. Lidar (Light Detection And Ranging), an active remote sensing
technique, represents the optimal tool to provide range-resolved aerosol optical parameters. Large observational
networks such as the European Aerosol Research Lidar Network (EARLINET) [2], the Aerosol Robotic Network
(AERONET), provide the long-term measurement series needed to build a climatology of aerosol optical
properties at the continental and global scales.

In order to assess the origin and type of aerosols which travel over Balkan region, having an impact on
modification of the regional radiative budget, case studies combining measurements at the EARLINET joining
lidar station in Belgrade with atmospheric modeling have been analyzed. For vertical profiling and remote sensing
of atmospheric aerosol layers the Raman lidar system at the Institute of Physics Belgrade (44.860 N, 20.390 E) has
been used. It is bi-axial system with combined elastic and Raman detection designed to perform continuous
measurements of aerosols in the planetary boundary layer and the lower free troposphere. It is based on the third
harmonic frequency of a compact, pulsed Nd:YAG laser, emitting pulses of 65 mJ output energy at 355 nm with a
20 Hz repetition rate. The optical receiver is a Cassegrain reflecting telescope with a primary mirror of 250 mm
diameter and a focal length of 1250 mm. Photomultiplier tubes are used to detect elastic backscatter lidar signal at
355 nm and Raman signal at 387 nm. The detectors are operated both in the analog and photon-counting mode and
the spatial raw resolution of the detected signals is 7.5 m. Averaging time of the lidar profiles is of the order of |
min corresponding to 1200 laser shots. Lidar measurements can be used in synergy with numerical models in order
to validate and compare information about aerosols. In this paper DREAM (Dust Regional Atmospheric Model)
model, designed to simulate and/or predict the atmospheric cycle of mineral dust aerosol [3], will be used to
analyze dust transport. The capability of the lidar technique to derive range-resolved vertical profiles of aerosol
optical parameters (backscatter and extinction coefficient) with very high spatial and temporal resolution will be
used to identify the altitude of layers and the temporal evolution of intrusions. Using these altitudes as inputs in air
mass trajectory model, the source of aecrosols can be identified. The additional techniques (satellite remote sensing)
will be also discussed for selected case-studies.
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Lower ionosphere under high-energy events: observations
and model parameters

Aleksandra Kolarski ', Vladimir A. Sreckovi¢® and Zoran R. Miji¢?

"Technical Faculty Mihajlo Pupin, University of Novi Sad, Pure Pakovica bb,
23000 Zrenjanin, Serbia
E-mail: aleksandra.kolarski@tfzr.rs
*Institute of Physics Belgrade, University of Belgrade, PO Box 57,
11000 Belgrade, Serbia
E-mail: viada@ipb.ac.rs, zoran.mijic@ipb.ac.rs

Analysis of lower ionospheric response and electron density altitude profile
variations in lower ionosphere induced by high-energy events during daytime and
during nighttime was carried out. Sudden events induced changes in ionosphere
and consequently electron density height profile. All data are recorded by BEL
radio stations system and the model computation is used to obtain the atmospheric
parameters induced by these perturbations. According to perturbed conditions,
variation of estimated parameters, sharpness and reflection height differ for
analyzed cases. The data and results are useful for Earth observation,
telecommunication and other applications in modern society.
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Demonstration of the EARLINET Capacity to Provide Near
Real Time Data

Zoran Miji¢

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080
Belgrade, Serbia

The European Aerosol Research Lidar Network, EARLINET, was established
in 2000 with the goal of creating a quantitative, comprehensive, and statistically
significant database for the horizontal, vertical, and temporal distribution of
aerosols on a continental scale [1]. EARLINET is part of ACTRIS (Aerosols,
Clouds and Trace gases Research Infrastructure) a pan-European initiative
consolidating actions amongst FEuropean partners producing high-quality
observations of atmospheric aerosols, clouds and trace gases. Aerosol lidars with
their high temporal and vertical resolution, provide reliable information on the
atmospheric structure, its dynamics, and its optical properties. The Belgrade lidar
station [2] participated in the several campaigns providing vertical aerosol profiles
measurements which were submitted and processed by the Single Calculus Chain
(SCC) in the near-real time (NRT). The SCC is a tool for the automatic analysis of
aerosol lidar measurements developed within EARLINET network [3,4]. The main
aim of SCC is to provide a data processing chain that allows all EARLINET
stations to retrieve, in a fully automatic way, the aerosol backscatter and extinction
profiles together with other aerosol products. Beyond the scientific goals of this
campaign, the actions organized by EARLINET/ACTRIS (NRT delivery of the
data and fast analysis of the data products) proved that aerosol lidars are useful for
providing information not only for climatological purposes, but also in emergency
situations [5].
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Usage of High-Resolution Satellite Products in
Atmospheric modeling

Zoran Miji¢

Institute of Physics Belgrade, University of Belgrade, Pregrevica 118,
11080 Belgrade, Serbia

Aerosol optical depth (AOD) is one of the most important aerosol products
retrieved from satellite measurements, and represent the attenuation of solar
radiation caused by aerosols. The direct radiative effect due to aerosol-radiation
interactions is the change in radiative flux caused by the combined scattering and
absorption of radiation by anthropogenic and natural aerosols. Due to their short
lifetime and the large variability in space and time atmospheric aerosols are
considered one of the major uncertainties in climate forcing and atmospheric
processes [1]. The relationship between AOD (integration of the aerosol extinction
coefficient from the Earth’s surface to the top of the atmosphere) and surface
aerosol concentrations depends on various factors: aerosol type and its chemical
composition, vertical distribution, spatial and temporal variability. In this study the
potential of Level 2 AOD data at 0.55 pm based on measurements by Moderate
Resolution Imaging Spectroradiometer (MODIS) aboard Terra (MODO04) and Aqua
(MYDO04) platforms for PM modeling will be discussed [2]. In addition, recently
lunched ESA Aeolus mission products intended for assimilation in Numerical
Weather Prediction (NWP) models in Near-Real-Time together with its optical
products will be introduced.
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ACTIVITIES OF THE SERBIAN EUROPLANET
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I. MILIC ZITNIK', A. NINA?, V. A. SRECKOVIC?, B. P. MARINKOVIC?, Z. MIJIC?
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2 Institute of Physics Belgrade, University of Belgrade,
Pregrevica 118, 11080 Belgrade, Serbia

3 University of Belgrade School of Electrical Engineering,
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5 Department of Atmospheric Physics, Faculty of Mathematics
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6 Technical Faculty Mihajlo Pupin, University of Novi Sad, 23000 Zrenjanin, Serbia

Abstract. FEuroplanet society connects many different scientific institutions all over the
world. The Serbian Europlanet Group (SEG) was established at 2019. It currently has 20
active scientists from 6 institutions working in Serbia in different fields of planetary science
as well as related fields. Here are presented activities of SEG in 2020.

1. INTRODUCTION

The European society promotes the European planetary science as well as related
fields. Its aims are to support the development of planetary science at a national
and regional level, particularly in countries and areas that are currently under—
represented within the community, and early career researchers who established their
network within the Europlanet: the Europlanet Early Career (EPEC) network (https :
//www.europlanet — society.org/early — careers — network/). The Europlanet con-
sists of 10 Regional Hubs. More information about organization and activities of this
society can be found at the website https : //www.europlanet — society.org/.
Serbia is one of six countries included in the Southeast European Hub that was
established in 2019. The Serbian Europlanet Group (SEG) currently consists of 20
members from 6 institutions. Details of members and activities of SEG can be found at
the website https : //www.europlanet — society.org/europlanet — society/regional —
hubs/southeast — europe/. In this paper are described main activities and presented
scientific research of SEG members related to the Europlanet fields in 2020.
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2. CONFERENCES AND WORKSHOPS OF SEG 2020

2. 1. PARTICIPATION IN THE EUROPLANET SCIENCE CONGRESSES

The Europlanet Science Congress (EPSC) is the annual meeting of the Europlanet
Society. In the Europlanet Science Congress 2020, seven scientists from Serbia par-
ticipated with several lectures. It was first virtual EPSC congress attended by 1168
participants from 49 countries. Here, will be mentioned two of SEG participants.

Dusan Marceta presented research about population of interstellar asteroids and
possibility that one of the observational selection effects, known as Holetschek’s effect,
could be used for preliminary estimation of the size-frequency distribution of this
population. Aleksandra Nina presented research on new methodology for earthquake
prediction which was partially realized within the Europlanet workshop in Petnica
Science Center in 2019.

2. 2. PARTICIPATION IN THE XII SERBIAN-BULGARIAN ASTRONOMICAL CONFER-
ENCE

Serbian scientists organized a Europlanet session with several lectures during the
XII Serbian-Bulgarian Astronomical Conference (SBAC 12). SBAC 12 was held in
Sokobanja from September 25 to 29, 2020 (Popovi¢ et al. 2020). SEG presented its
work (Nina et al. 2020a) and discussed with Bulgarian colleagues and with colleagues
from Europlanet Southeast HUB countries about expanding of their cooperation.

2. 3. PARTICIPATION IN THE XIX SERBIAN ASTRONOMICAL CONFERENCE

The work of SEG was presented during the XIX Serbian Astronomical Conference (19
SAC), held at the Serbian Academy of Sciences and Arts in Belgrade from October
13 to 17, 2020 (Kovacevié et al. 2020). Aleksandra Nina participated with invited
lecture about investigation of the lower ionosphere disturbances as possible earthquake
precursors and application of research of the lower ionosphere influences in Earth
observations by satellite during influence a solar X-ray flare. Ivana Mili¢ Zitnik gave
progress report about asteroid’s motion with orbital eccentricity in the range (0, 0.2)
across the 2-body mean motion resonances with Jupiter with different strengths due
to the Yarkovsky effect (Mili¢ Zitnik & Novakovi¢ 2016, Milié¢ Zitnik 2020a).

3. RESEARCHES OF SEG MEMBERS AT 2020

SEG members are scientists in different research fields. Here are a few researches that
are in the areas of Europlanet.

3. 1. ASTRONOMY

3.1.1. Model of interstellar asteroids and expected predominance of retrograde object
among the discovered objects

Dusan Marc¢eta and Bojan Novakovi¢ examined the model of interstellar asteroids and
comets and found analytical expressions for the distributions of their orbital elements
(Marceta & Novakovié 2020). They payed special attention to objects which could
be detectable by future LSST survey. Also, they found that majority of these objects
should move along retrograde orbits resulting in asymmetry of the distribution of

316



SEG ACTIVITIES IN EUROPLANET

their orbital inclinations. Finally, they found that this asymmetry is a result of the
Holetschek effect. Since this effect is size-dependant, its influence is stronger for pop-
ulations with steeper size-frequency distributions since they are comprised of larger
number of smaller objects. This fact could be used for preliminary estimation of the
size-frequency distribution of the underlying true population of interstellar objects
once when sufficient number of objects become discovered.

3.1.2 The relationship between the ’'limiting’ Yarkovsky drift speed and asteroid fam-
ilies’ Yarkovsky V-shape

Ivana Mili¢ Zitnik examined the relationship between asteroid families’ V-shapes and
the "limiting’ diameters in the (a, 1/D) plane. Following the recently defined ’limit-
ing’ value of the Yarkovsky drift speed at 7 x 10~° au/Myr (Mili¢ Zitnik 2019), she
decided to investigate the relation between the asteroid family Yarkovsky V-shape
and the ’limiting’ Yarkovsky drift speed of asteroid’s semi-major axes. She has used
the known scaling formula to calculate the Yarkovsky drift speed in order to determine
the inner and outer ’limiting’ diameters (for the inner and outer V-shape borders)
from the ’limiting’ Yarkovsky drift speed. The method was applied to 11 asteroid
families of different taxonomic classes, origin type and age, located throughout the
Main Belt. Her main conclusion was that the ’breakpoints’ in changing V-shape of
the very old asteroid families, crossed by relatively strong mean motion resonances
on both sides very close to the parent body, are exactly the inverse of ’limiting’ di-
ameters in the a versus 1/D plane. This result uncovers a novel interesting property
of asteroid families’ Yarkovsky V-shapes (Mili¢ Zitnik 2020b).

3.1.3 Astrobiology-habitability of exoplanets

Balbi, Hami and Kovacevi¢ (2020) present a new investigation of the habitability
of the Milky Way bulge, that expands previous studies on the Galactic Habitable
Zone. This work discusses existing knowledge on the abundance of planets in the
bulge, metallicity and the possible frequency of rocky planets, orbital stability and
encounters, and the possibility of planets around the central supermassive black hole.
Another concern for habitability is the presence of the supermassive black hole in the
Galactic center, but also in nearby Active galactic nuclei, that could have resulted in
a substantial flux of ionizing radiation during its past active phase, causing increased
planetary atmospheric erosion and potentially harmful effects to surface life as shown
by Wislocka, Kovacevié¢, Balbi (2019). This work was featured in famous Forbes
Magazine in their section Innovavations. Andjelka Kovacevi¢ is a member of Working
group of habitability of exoplanets of European astrobiology institute.

3. 2. GEOPHYSICS

3.2.1 Atmospheric aerosol remote sensing and modelling

The EARLINET lidar network was established with the goal of creating a quantita-
tive, comprehensive, and statistically significant database for the horizontal, vertical,
and temporal distribution of aerosols on a continental scale. Within the network
Belgrade lidar station was involved in initiative for studying the changes in the at-
mosphere’s structure, its dynamics, and its optical properties during the COVID-19
lock-down by comparison to the aerosol climatology in Europe. Near real time de-
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livery of the data and fast analysis of the data products proved that aerosol lidars
are useful for providing information not only for climatological purposes, but also in
emergency situations like detecting airborne hazards for aviation (Papagiannopoulos
et al. 2020). The preliminary results indicate that the lock-down did not affected the
high troposphere, but for the low troposphere a certain effect can be seen. In addi-
tion, ongoing activities are related to the participation in ESA ADM-Aeolus mission
(the first high-spectral resolution lidar in space) Cal/Val activity through validation
of L2A products of aerosol profiles and studying the relationship between satellite
AOD measurements and ground PM concentrations (Miji¢ & Perisi¢ 2019).

3.2.2 Lower ionosphere

The lower ionosphere research was a continuation of research related to a possible new
type of earthquake precursor in the form of signal noise amplitude reduction (Nina
et al. 2020b) and examinations of the effects of the D-region which is disturbed by
a solar X-ray flare on satellite signals (Nina et al. 2020c). Also, a new model for
determining ionospheric parameters in the unperturbed D-region was developed.

3.2.3 Investigation of a possible lithosphere-ionosphere coupling through seismo-iono-
spheric effect

Possible relationship between amplitude and phase delay characteristics of the
NWC/19.8 kHz signal transmitted from H. E. Holt in Australia (p = 21.8° S,
A = 114.16° E) towards Belgrade AbsPAL receiver (¢ = 44.85° N, A = 20.38° E)
in Serbia and seismic activity reported by Helmholtz-Zentrum Potsdam - Deutsches
GeoForschungsZentrum GFZ in period from December 2005 to June 2007 was inves-
tigated with the main result presented in Kolarski and Komatina (2020).

3.2.4 Satellite radar technique for atmospheric water vapor measurement and mod-
elling effects of the ionospheric disturbances

Satellite observation and measurements performed by the Synthetic Aperture Radar
(SAR) and the Interferometric Synthetic Aperture Radar (InSAR) technique can
be used for acquiring more information about the water vapor present within the
atmosphere. The methodology of the SAR instrument and the InSAR technique
is described in Radovié (2020). Additionally, the focus is set on the four different
satellites with SAR instruments working on different frequencies. Apart from that,
in Radovié¢ (2020) is presented how neglecting the ionospheric perturbations which
took place during the satellite measurements can influence modelling of the water
vapor parameters derived from such measurements acquired by the SAR instruments
carried by the mentioned satellites.

3. 3. ASTROPHYSICS

3.3.1. Atomic Molecular and Optical Physics group of researchers at the Laboratory
for Atomic Collision Processes

LACP!, Institute of Physics Belgrade, University of Belgrade, has been studying sev-
eral collisional processes that involve electron scattering by atomic particles (e.g. for

Lhttp : //mail.ipb.ac.rs/ centar3/acp.html
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helium Jureta et al. (2014)) and laser interactions with gases (Rabasovié et al. 2019),
nanopowders (Sevié et al. 2020a,b) and single crystal phosphors (Sevié et al. 2021).
Electron impact cross sections are relevant parameters in modelling of processes that
occur in cometary coma (Marinkovi¢ et al. 2017), collisional processes in AGNs
(Dimitrijevi¢ et al. 2021) or Earth’ s and other planets’ atmospheres (Vukalovié et
al. 2021). Due to the immense importance of having full survey and accurate data
of electron cross sections, there are several databases that maintain large sets of elec-
tron collisional data and even more, a unique portal for accessing such kind of data
have been created through European framework programs (for a recent update of the
Virtual Atomic and Molecular Data Centre? — VAMDC see e.g. Albert et al. (2020)).

BeamDB (Belgrade electron-atom/molecule DataBase®) is a collisional database
that is maintained by the researchers of the LACP and it covers interactions of elec-
trons with atoms and molecules in the form of differential (DCS) and integral cross
sections for the processes such as elastic scattering, excitation and ionization (Jevre-
movié¢ et al. 2020). At present the output files that come from the search of BeamDB
are present in the xml format of specific syntax developed by the International Atomic
Energy Agency (IAEA)%. These so called “xsams” files contain full record of data sets
including bibliographical entities, but the process of extracting values of cross sections
is hard for researchers. That is why this group started to develop a converter which
will convert xsams file into textual format file with simple columns that list values of
impact energy, scattering angle, DSC and corresponding uncertainty. The next step
would be adding a graphical presentation to the webpage of the BeamDB database.
The graphics should present logarithm of DCS data points with error bars associated
to the uncertainty versus impact energy and scattering angle in 3D graph.

Exploiting the fact that BeamDB contains large sets of DCS values obtained both
experimentally and theoretically, they are in the process of developing machine learn-
ing algorithms for determining extrapolated DCS in the regions which are not accessed
by experiments (Ivanovi¢ et al. 2020). The primary goal is to determine extrapolated
values toward zero scattering angle as well as to large angles, usually from 150° to
180°.

It is envisaged that the BeamDB will contain electron spectroscopy data as well,
beside the cross section data. At present, there is only a single threshold photoelec-
tron spectrum of argon curated in the BeamDB, but the plans are to add energy loss
spectra, presumably obtained in the LACP. This would allow them to develop tools
for spectral classification and particular spectra identification based on data-mining
methods. An overview of various data mining methods has been recently presented
by Yang et al. (2020).

3.3.2. A&M data for stellar atmosphere modelling

Work on topics of modelling various astrophysical and laboratory plasma which are of
interest for Europlanet community is continued. A&M datasets e.g. rate coefficients,
Stark broadening parameters, line profiles, etc. are published during this year (see

2https : //portal.vamdc.eu/vamdcportal/
Shttp : //servo.aob.rs/emol
4https : //www — amdis.iaea.org/zsams/documents/
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some of the papers: Sreckovi¢ et al. 2020; Majlinger et al. 2020; Dimitrijevi¢ et al.
2020). Part of the data are hosted on SerVO at AOB®.

4. CONCLUSION AND FURTHER WORK

In this paper are presented activities of Serbian scientists within Europlanet society.
In the first part of the paper, are described briefly conferences that occurred in 2020
which promoted work of Serbian Europlanet Group. In the second part are presented
several studies of SEG important for the Europlanet research fields. Serbian scientists
plan to continue work within Europlanet society in the following years and to promote
the Europlanet and SEG activities, as well as to expand SEG.
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Peny6nuka Cpbuja
MHUHHUCTAPCTBO IIPOCBETE, L OTRIYT 34 G Ils®ww

HAVKE U TEXHOJIOLIKOT PA3BOJA  [NPUM ERo U7 ~0R- 7017
Komucnja 3a cruname nayunnx 3pama e Apx.uidpa_

° P o] ApX.wupa {W
Bpoj: 660-01-00001/512 ‘ 06’0/ 59/
26.04.2017. roauue
Beorpagp

Ha ocroBy unana 22. craB 2. unana 70. cTaB 5. 3akoHa o HayYHOUCTPAaXUBAYKO] JETaTHOCTH
("Cayx6enu rnacuuk Peny6muke CpGuje", 6poj 110/05, 50/06 — ucnpaska, 18/10 u 112/15), unana 3.
cr. 1. u 2. tauke 1) — 4) (mpunosu), cras 3. u unana 40. IIpaBunnuka o mocrynky, Haunny BpEIHOBaa
1 KBAHTHTATHBHOM MCKa3UBakby HAyYHONCTPAKUBAYKAX Pe3y/ITaTa HCTpakKMBaua ("CnyxOeHn riacHHUK
Peny6imxe CpGuje", 6poj 24/16, 21/17 u 38/17) 1 3axTeBa KojH je mojgHeo

Huciuuinyiu 3a usuxy y Beozpaoy
Komucuja 3a cruname nayunnx 3sama Ha ceammm onpxkanoj 26.04.2017. roxune, noHena je

OUIYKY
O CTUHABY HAYYHOT 3BAKA

/Ap 3opan Mujuh
CTHYE HAYYHO 3Bame
Buwwu nayunu capaonux

y 0011acTH IPUPOAIHO-MATEMaTHIKUX HayKa - (hH3uKa
OB P A3J OXEUHBE

Hruciuuiuyiu 3a pusuxy y Beozpady

YTBpAMO je mpeasor 6poj 1546/1 ox 13.09.2016. roause Ha cernuuu Hayunor Beha MHcTHTYyTA M
noaxeo saxteB Komucuju 3a cruname HaydyHux 3sama 6poj 1573/1 ox 21.09.2016. romumme 3a
AOHOLICE:E OZUTYKE O HCIYIEHOCTHU YC/I10Ba 3a CTULAMbE HAYYHOT 3Bamba Buwu HAy4HU capaonuk.

Komucuja 3a cruname wayunux s3sama je 10 MNpeTXoaHO NpHOAB/BEHOM MO3UTHBHOM
MUIUbEY Martuynor HaydHor oabopa 3a UMKy Ha cenHuuM oapxkanoj 26.04.2017. roaune
pasMaTpaia 3aXTeB W YTBPIMIA 1a MMEHOBAHM HCIIyHaBa YCIOBE M3 wmaHa 70. cTap 5. 3akoHa 0
Hay4HOUCTpaxuBaukoj nenatHoctd ("CrykOeHn riacHHK Peny6nuke Cp6uje", 6poj 110/05, 50/06 —
ucnpaska,18/10 u 112/15), unana 3. cr. 1. u 2. Tauke 1) — 4) (npunosu), cras 3. u unana 40.
[lpaBunanka o  moctymky, HaduHy  BpEHOBamAa W KBAHTUTATHBHOM  HCKa3WBamby
Hay4HOMCTpaXKMBAUKUX pesyiTata ucTpakuBaya ("CiyxGeHu TrIacHUK Peny6inke CpGuje", 6poj

24/16, 21/17 u 38/17) 3a cruname Hay4HOT 3Bawa Buwu nayunu capaonux, na je OJUTYyYHIIa Kao y
M3PELIU OBE OJUTYKE.

JloHowEemeM OBe O/UIyke MMEHOBaHM CTHYE CBA NpaBa Koja My Ha OCHOBY e MO 3aKOHY
NpUnanajy.

Om1yKy M0CTaBUTH MOAHOCHOIY 3aXTeBa, HMEHOBAHOM U apxuBu MuHHCTapCTBa MpocBerte,
HayKe U TEXHOJIOWIKOT pa3Boja y beorpany.

INPEJICEIHUK KOMUCHJE

Ap Cranucaasa Cromuh-I'pyjuuuh,
HAYYHHU CAaBETHHK

C -G proai- %/74/%7\/
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