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The complex approach to assessment of icing zones
for Tomsk aerodrome

Nechepurenko 0.E., Kuzhevskaia |V, Volkova M_A_, Barashkova N.K., Kizhner LI

National Research Tomsk State University, Tomsk, Russia
E-meail: o.e_nechepurenko@@gmail com

speed and. in some cases. to loss of contrel in-flight (LOC-T). Climatic and weather condiions in the south
of Western Siberta (air temperature and humdity combination, eloudmess and supercoolsd precipitation)
contribute to the high probability of icing zores formation within atmesphenie boundary laver

:[ci.u_z 15 among aviation's most serious weather hazards becanse it renders to loss of ift force, to reduce flight

The amms of this study are to assess the penodicity of 1eing events. to determme the synoptic condihons for
formation of ice on an aireraft and to explore the posability of using remote sensmmg data to detect actual and
potential ieing zones.

The databasze of 1cmg recorded in the area of Tom:k aerodrome (within a radins of 200-230 km) was
formed on the bazis of pilot reports (PIREP) for the penod 2011-2017. In total 361 days with icmg were re-
corded dunng this period. In addition to this for selected 1cing events satellite datz acquired with the XODIS
spectraradiometer {on board MASA's Terra and Aqua space platforms) and ATOVS radiometer (MOAA 15,
HOAA 19) were proceszed.




As an example of uzing the remote sensing data the event of prolonged zevere icing near the Tom:k aero-
drome was studied. According to PIREP on January 4 (23:54 UTC). there was 2 moderate icing in 37001000 m
layer. Since January 5 (00:00 UTC) an mcreaze in the mtensity of the process to the severe icing was noted.
lasted until the next day (00:32 UTC).

To determine the spatial localization of cloudines: fields with actual and potential icing zones. the MODIS
data were obtained. The vizualization of 1.375 and 8.5 um channel: zllow aszes:zing the water content mn any
phasze. In the arez of the Tomsk aerodrome, cloudmess has volutus (rolls) structure. which consists manly of
cumulonmmbus and stratocumulus clouds with high water content This 12 confirmed by the spatizl visualization
of the cloud water path (Fiz. 1). which was restored from MODATML? product of the MODIS Terra. There 15
a spectfic “spotted” distmbution of stratocumulus clouds with cumulonimbus inclusions. which can be detected
at cloud water path values zbove 1500 gm”.

Fig. 1. Cloud water path (gm™}
magery for 06:35 UTC 5 January

2017_The black point marks 2
location of Tomzk aercdroma.
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It should be noted that the annual 1cing frequency in the area of the Tomsk 15 quite high and amounts to
14% days per year purzuant to PIREP. A frontal paszage with cumulommbus clouds and showers are favorable
synoptic conditions for the formation of potential icing zones.

KoMnneKcHbI noaxof K oueHKe 30H obnegeHeHnA
B pavioHe aspogpoMa ToMcK

Heyenypero 0.E., Hymescxan W.B., Bonkosa M A, bapawkosa H.K., Husep J1LU.

HaumoHaneHbIN ¥CCAES033TENLCKIA TOMCKKI MOCYR3PCTESKKLIA YHUBEDCUTET, ToMCK, Poccus
E-mail: 0.e.nechepurenko@gmail.com

3AIBUTHE IBHATHOHEEON TEXENKH. DACIINPEEHe [e0rPaQHy DOTSTOE ¥ YEEIHYSEHe METEHCHEEOCTH me-
DPeB030X NPEIRRETAIOT B0 HOBHE TPEOOBAHHSZ K O0SCHEeHNI0 AIPOHASHTANHOEERX CIVED MeTeopo-
TOTHYSCEON HHEQODPMAUHeH. JTOT OPOUECC CONPOBOAIASTCE COBSPIISHCTEOBAHEEM HIMePHTLNbEON
TEXHENKY. BHeIPeEHeM HOBHX CPeJCTE IMCTIXIHMOEEOIO OOHAPYASEHT ATMOCQRDELIX SEIeHME. 3 TAKAS Pai-
BHTHEM KOMIBIOTEPHEIX TeXEOTOTHIE X HCILEEO0r0 MOISTHPOBIHREA, ITO PACIIKNPALET BOIMOKEOCTH Bce Oonee
TOTHOTO M HAaJe&AHEOTO DPOTHOIHPORAHME MeTeOPOTOrHYS CEHY VOI0B I 214 asnansy. Hanuaue 3T Temzes-
IEE ZaXOoIHT cEoe oTpaxexme = crpaterxz MKAQ. B wactzocTs. cdopmynuposassmi 2a meprox 10 2028
roJa [mo0ateEsil 3a3POEABMTANMONHEEIN DIaE [/] OPeIyCMarTpHsasT B OYIVIIEM IOIHYI 3BTOMATHIANHIO
o0ecmeueEHT MeTEOPOIOrHISCKON KEdOopManzel 3 T:0005 TOUKS, Ha TOOO0K BEICOTE B KRAIEIN MOMEHT 2pe-
ez [5]. Taxuw oOpazoM. OIHOHN H3 OCHOEHHX TeEISHIHE PAIBHTHE METEOPOTOTHYECKOTO OOSCHeTeHHS
ABHAUME AEIZSTCE PAIEBHTHE CEEPXXPATROCPOYEOIO DPOTHOIHPOSAEHT ¥ HayKacTHHEIa Ha OCHOBe. ¢ OIEOX
CTOPOHE!. THCISHHOTO OPOTHO3A, C IPYTOHE — IUCTAXIMONEEIX KIMepeEmit (PaJapos H COYTEXKOS) X JAHEEIX
CYCTEIX CeTel HazeMHEEX (ABTOMATHIECKHY) CTARIMI. 3 TAKAS CAMOTSTHEX HIMEDSENN I IepPaIady MeTeOus-
Gopmarzi ¢ oopros [6]. CsepxxparxocpOYHEIE TPOrEOs M EAVKACTHET B PAMEAX MeTe0POIOrHIECKOro 00CTy-
AWBANNT ATHANMH BXTIONANT HEQOPMAINIO O KOMITEXCe MeTSOPOTOTHYSCKHY XaPAKTePHOTHE H aTMocdep-
HEIX TETEHHIE. TAKHX XaK BECOTE EMAHSH IPIEHIE 00TaTHOCTH. TYPOVISETHOCTE AaTMOCQEP:L. 00NedeHe N
BO3TVINHEIX CYIOR ¥ T.O.
OGnexe=enme caMOI2TOS NPLICTABIZLT COOOI CEPEEIEYI0 YTPO3Y. KOTOPAX IPHBOINT K NOTEpPe IOIBeM-
HOM CHIE, CHEASEHIO CEOPOCTH NOTETa H. B HeXOTOPEIX CIYTAgx. TOT=OH noTepe xoHTpons 2ax BC. Bee ato
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SESSION 6

MOEST IPHESCTH & 33 HATHOEEEIM TponcmecTeeey [1], 2 ToM THeTe ¢ TeToBeTeCRIME ZEDTEAME. ¥ Xy IMISHES
TETHEX E3TeCTE BOSTVINEEX CYIOB OPHE DOTETE B 30HE 0OTeIEHEHHR 3ABHCHT OT HETEHCHBEOCTH OOneIemse-
HHA, EOTHTECTED 0TICAHEIErocd Ea DOELPAHOCTE CaMOTeTa IbJ3, GOpMEl TeITHEX OTTOREENE B cTPVETVPE
ae3a. [lepetscaessae TpETEELL, B 020K 0USPeIE, 32EHCAT OT BOIHOCTH 00NaEa, ©330E0T0 COCTOAENS K Pai-
Mepa 00TaTHEDE TACTHL, TEMISPATYPEl 20307 E DoBePXECCTH CaMoIeTa. cropocta moneta BC [3].

Enemari<eckie H DOroJHEIE VOIOBHS FoTa Jamazzol CmOEps. a EMeEHO COYRTAHHR TeMISPATVPR H
BTAHECCTE BOIIVEE, O0IaTHOCTH B DepeoXTafIesHEs O0CATMDE, CI0C00CTEVIOT BEICOKOE BePORTHOCTE BO3-
HEEHOECEHT 00TeISHSHHS B NOTPAHHTHOM CI108 aTMochepsl. [oaToMy HOCTeI0RadNe RONPOCOE IHATHOA B
OPOTEOIA OOIeIeHeENE Fe00oINMO 108 00eCIeTeEE s 08 I0MACHOCTE DOTETOE Had 3T0H TepPETOPHaT.

Jnm ¥TOTHeEHS JHATHOA ¥ CEADXNEPATROCPOTEOID IPOrE03EPOEAEHE 308 00 TeIe e CTeIVeT HOIoms-
I0BaTh DOTYHASMYI0 00 COYVTHEEOE HEQODMAINE0, KOTOPEE CRAERPYIOT 00TACTh ECCISTI0BANNT, B TACTHEOCTH
EEdopManmo coexrpopamzoserpa MODIS (KA Terra, Aqua) = pazmoserpa ATOVE (NOAALE NOAALD).
Ha xadeape MeTeopOI0THE B ETHMATOTOTER 1] ¥ OpPOBOISTCE HCCTEI0BANEE IO OIOEHS MeTeopOTor EIeckER
I CHEOTTHTECKHY VOTIoRME GopMEpOBamET 308 oDTaTemens ¢ HOTOTLI0BANMeN TANHEY OO THHEOBOTO 30H-
IAPOBAHMS, A TAEEE, coEMecTES ¢ Mexammno-MaTeMaTHTeckm GasyIFTETOM, IECISPEMEHTE I0 THCISEED-
¥y MEIOMIACIITAOECMY MOTe THPOSAENEY oOTeIeHesNE B Torpagra=ox caoe [10, 11].

Ueae padoTs: 3a5THTa8T0l B OUSERS IORTOPEEMOCTH CIVIASE O0TeISHeHNE, CHEONTHISCKIS YOIOBE
% GOpMEDOEINEL H BOIMOKECCTE OPEMeRe S COyTREROS0E HEDOPMATINE I18 00HAPVELHERS GanTHICEHNT
¥ TOTeETHATEELN 305

MaTepmanamy I7% ECCTIEI0BANES NOCTYAETHE JaEHEE O CIVIafi o0NeIeHe@HS BOAIVIHEDL CYIOB IO
JAEEEIM OOPTOROE IOTOIE: B pafoHe aspodposa Tomck 3a mepeon ¢ 2011 mo 2017 . zaEsse coesTpopaImo-
wetpos MODIS, yeTazorTem=er Ha EocMETecsmy armaparax (1LA) Terra = Aqua. o0patoTasEee 104 OTISTE-
HO BEODAHHEX CTVIAEE ¢ ODNeIeHaHHeN,

Apxws Jamsem 0o CTVEADME o0TeTeHeEnd B pafome axpogpora Todex (B pazeyee ao 200-230 mw) oz
COOPMEPORIE Hi OCHOZE COODIIemME DOpTOROH moressr 33 mepuad ¢ 2011 me 2017 rr. Beere 33 svor mepmox
oo zadEmceposas 381 tems o oonenememmen. Hamdomsmes waono gmef Ha0n0IaToch © OXTE0PE D0 Texa0ps
—= cperzem Do ¥ IR B MecHN. ¢ MancHMATsERIM xonnuecTEoM & Jexaope 1015 roga (14 amen). Hame acera
52%) = exatoi (42%). J=x ¢ ceresny obTeIeEemH-
e (22 amz 22 2011-2017 rogel) perBcTpEPOBANHCE ¢ OKISOPSE D0 MAE ¢ MaKCEMYMOM B Jexaope (| J2ei).

OTMETATOCE OONeIeEaEHE }'MEPE:HEDE HETEHCHEHOCTH [

Puc.1. Nosropremocte gHei © odnenexeHnem paanm<HoN
WHTEHCHMEHOCTH 8 paoxe eapagpoMa Tomck

Crnegyer oTMeTHTE, U700 D072 TPETH CIVEISE
(35%) ormezamees ma sercotax 1o LO0) », oxono 32
% — & cnoe o 1000 2o 2000 x, 20% — opemoawTes
ma caoit 20003000 ». = 5a szcore 3000 = cones —

Hoataparsiscis, b

osone 13%. Masmcmwanzmas swmcota. a0 moTopoi
Oma0 adEEcEpoEaEe oonezemesne BU mo Jammnm
Wi Byuceans: Dol SopTosod DoroTsl, cocTasama 000 ».

OGzop CHEOOTETECEIN DPOIeccos, COOCOOCTEVIOMEY QOPMEDOEAENIC J0H ¢ O0NeIeHeENeM, IOKIIAN,
aro onono £3% Beex omymaes ¢ oOTedeEeEMeM E paloHS 23PoapoMa [oMOoR HaOTHOJANHECE TPE DOHMESEEOM
ATMOCEEPEOM TABTEERE. |4k, Ha QPOHTH OKETHIEN IpEmnocsk oxono 13% scex cay<aes, Ha cHTVADHE Dpo-
XOEISHHS NOTOJEEX QPONTOE, 0APHIECcE0 TOEOHEL, TeETPOE ¥ TEI0R0H TacTH oextosa — J0% coygaes =
domee 0% obnezesmenms OTMEYAnOCE OPH OPOMOEISHNE TeINsl: OPOETOE M B TEIT:l: CEETODAN. 33 2eck
PACCMATPHREAEMEIE IEPHOT ODTLISHeENE B PAROES A3pOIpoma oMok B CONBIEECTES CIVIALE CONPOBOEIA-
TOCE PAITHTHNIME SHIAME ATMOCOSpPHIDD IETeHME, OPeNMYIISCTESEE0 OCAIEOE (CHeD IHSHSE:II CHeT
IO I, THEEEEEN I0# Ib, MOPOCE. DEPe0NTASIsEHAT MOPOCE, CHESHE S 3EPHEI), 3 TAnEe TePe0k TaAIeER0I0
TYMaEa ¥ TeMER. Handoges TacTo ofneIeEesHe ¢ pasTHIECE EETEECHEEOCTER EA0THOAT00s OPE THEEERON
cxere (~40%).

B xawecTEe OIpEMepa HOOOTBI0BAEES JAHELIK OOV TEHEOBOTO MOHETOPEETE PACCMOTPEM CIVIAN ¢ CHIOb-
HEI™ o0TedemeEmen J—& greaps 2017 r. xoTopuf opoTonrEancs Doles CVIOX B paifome aspogpoma Lomex. [To
JaEeemw oopTosoi noroxe: ¢ 23:534 UTC aa 4 sesaps Omno 3adeErEpoEasEs YMepeEE0e OOISIeHaEHE B CI08
F700:1000 . Hamememme MeETencmaSocT 00TSTSHSENT I0 CRTEEOTC Oporzomne 3 sxsaps ¢ 00:00 UTC, o-
Topoe OpoTomsanecs 30 & sEeaps 00:32 UTC.

Meteopororeaecsie B CEEONTHESCHES VOTORES O0P2102AHASE FoNOEEE 115 GOPMHEPOBANHE OONeIeme-
HHA CEIaIBEATHCE IO BANIEREN 0CTA0TSHNE JeATensEocTE CHOnpororo aETHIEETOEA DY PHOE DIHETOERTE-
CcEOHE J2STETEECCTRED © BRICOIOM EOEELN OHETOHCE B Nepsol zexade aueaps 2017 reaa [2]. Temneparypssm:
$oE Tepa0d Jesall CHTAINEANCE K3 00Tes BEEICORNN IHATSENE NpEIeMECE TeMISpaTy PR E03IVEa O0 CPpasEse-
=xE0 ¢ Bopxol 2a 2-3 " [4]. B nepeodfl oSTEIHeENe TEMOepaTYPEl BO3TVEA B PaoEs ropoJa ToMoEa B azpo-
IpomMa VIepEHEATAck B opededax —1+ -7 *C. [lorozsere yoIoBEs cONPOEOEIATECE THEHSELN CHETOM Pai-
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TMYEON HETEHCHEEOCTH. HO3EMKON H MEeTeIaMHE ¢ HopeiEax: 327pa 20 L3-17 m'c ¢ manpazmezmen 180-270
HadnoIanocs yxyamenue suamvoct 30 400 M mpm cummezow auexesow cmere. CHmonmTmuecsme yolosms
AJeEHeY QPOETA OKXTIOINH. OPH HaTHIHH Cle-

PACCMITPHEISMOTO IPHEMEPa 5 SHBaps ONpeIeIfTHch IPOXO
ayommx dopx obaazzocTn: Ch, Sc, Frmb, Ae.

1=z ompezenexud TPOCTPIHCTESHEOM TOKATHIAMME TOTeH 00T3THOCTH ¢ QAXTHTLCKHMIE B TOTEHIHAT-
HEIMI 30HaMH O0TeIeHeEHA X ONSHKY COTSDEHANEA BOJE TH00T0 Ha3080r0 COCTORHMNE ORI EXIYATHIHDPOS]-
=ar xagane: 1,375 2 8.5 mxm (pre. 2a. 2b)

Puc. 2. Uparment naobpameqna oBnaysocty ana (a) kanana 1,375 mum; (b) kaxana B,5 mum (HA Terra, spema nponera -
06:35 UTC). HpacHem MaprepoM oTMessH5 KOOPAHHATE I [OMCKa,

B pastore azpoapoma ToMcxa 00R3aTHOCTS HMEeT APXO SHPAXEEHVIO BATOBVI0 (TPAJOSYH) CTPYETYPY H3
OpeNMYIIECTESHEO KVEEE0-JOAISEEN H CIOHCTO-XYIES:N GOPM 0073THOCTH ¢ ERICOKOHE BOIHOCTEN. Pac-
OpeIeneHHe IHATEHME TEMIEPATYPE! BEpPXEe TPAND

1zl 007ax0E (pue. 2b) Taxse D0I30T56T HISETHOHIKPO-
BaTh TEMISPaTyPYy Ea BepX=Hel IPAXHIE 00NITHOCTH B PACCMATPHEIEMON PAoEe.

gm2 Puc. 3. WsrerpansHoe cozepma-
3000
#Me s0asl 8 08naxe 22 5 AHsaps

2017 roga (KA Terra, epemr npo-

2500 nara—056:35 UTC).
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Ha pmcyzxe 3 mpeacrtasnes pesyaerar smsvaimsanmmz npoayxra MODATML? cmexrpopazzomerpa

MODIS Terrz [8] mo mETerpansEoMy coJepmaEu: 001au=0: sxark (3 &'y ). Hao0paxexne zemomcrpupyer
BEICOKYE0 OTar0oB0CTE, XAPAKTEPEYIO 1718 CTOHCTO-KYHEE0H 00I3THOCTH © BEEPANIEeHNAME Xy Ie30-I0KISE0MN.
KOTOpas OOHAPYAMEaeTCE NpH 3Havexmax caurme 1500 r'w’. Baxzo 3aMeTHTE. TITO IpX HCIONLIOBAHNMY Jan-
% cnexrpopaazomerpa MODIS crexver yuuraiEars pax Jonymremmir =axOonee TOUHEIMH HIMEPeEHIMHE
COEXTPOPATHOMETPA FETMOTCSE HIMEPeHHA, IOTVIeHE:Ie IPH OTCYTCTERY oonaT=ocTx [9] mam o amHEEn
Pa3PLIECE E IIOTHOM CI0e 0071ak02 ¥ T.1. Pazmomerp ATOVS noszonzer socer THEaTH TEMIOSPaTVPERe
TPOIHIH 20 ECRI TONIIE TPONOCHEPE:. ¥TO NOIB0IHT YTOTHETE CEePXKPATROCPOTHEIN IPOrE03 30K OdIeIexe-
=1z ¢ BomoassosaxnmeM xprTepnz K. Toacxe.
B zaxm:owemHM cleayeT OTMETHTE, UTO IOBTOPEEMOCTE CIVYASE ODISIeHeEHSE 5 DAHOHe 33poIpoMa
Tomcx zocTarou=o 3xc0kaz ¥ cocTaEager 14% Jmel & rody mo JaE=E:zIM 00pTORON moroxsl. Hanbonee Oxaro-
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OpESTHEE CHECITETECER: VOIOEHS JOPMEDOEIEEA IOTSREOHATENLIY 30H OOTeISNEHNS CETANMEBARTCR IPE
OpONOEISERE GPOETATEEED: PA3Ienos Opl anmens Oh 007a50E ¥ 0CaI:oE THEEEE0I0 XapanTepa. [Iprmeme-
ENe COYVTEEROBOH HEGOPMAINE ITf CONAPYECHES DAKTHTECEKNY M DOTEEIHATLEEX I0H OONeIeHeHES, IPE
OTCYFTCTERE JAEHED A3POI0TETRCEOTO I0EIRPOEAENS SETISTCHE IepPCIeRTREECE ATETEPEITHEOE.
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The conditions of emergence of strong squalls
in the Perm region

Kalinin N.A., Bykov AV, Pischalnikova EV., Shikhowv AN.

Perm State University, Russia
E-miail: kalinin@psu.ru

trong squalls with a speed of wind of 25 m's and more are one of the mest dangerons metecrological

phenomenz m Ruszia. Thew poze threat to secwnty of people and are capable to canze sigmficant damagzes

to branches of economy. Increase in forecast succes: rate and advance time of storm wammgs about
emergence of strong squalls 15 one of the mam objectives of the meteorclogical crgamizations.

In the sumumer strong squalls are charactenstic also of the Perm region. 39 caszes of strong squall: were
obzerved 1n the Perm region from 2001 for 2016 Many of these cases haven't been predicted. Studyving of
condifions of emergence of not predicted cases of squalls and with sigmficant material damage has the greatest
relevance.

The paper describes the condition for the formation of four strong (= 25 m/s) squalls, which were observed
m the Perm region in 2014-2016. All theze storm events were not predicted by the Perm’ Center of Hydrome-
teorology and Envirommental Momtoring. Characteristics of the underlying surface which could promote m-
crease in speed of wind at squalls are analysed For the short-term forecast of squalls the possibilites of appli-
cation of various indexes of immstability of the atmeosphere and the mesolarge-scale WEF-ARW maodesl with ad-
vanece time to 27 b and steps of a grid of 7.2 and 2 km are considerad.

All considered caszes of squalls were fixed locally. Thev or were observed on one metecrelogical station.
or passed by superiizory network. Squalls were formed 1n different syneptic conditions and had intra mazs and
frontal genesis. The svnoptic-scale conditions of squalls formation were very diverze. and two events ocomred
m mon-typieal synoptic environments.



