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Abstract. Use of probabilistic approach for estimating of synoptic-scale abnormality is shown.
Anomalous deviations of real in situ Lake Ladoga surface temperatures from typical ones were estimated with the
data obtained during 43 expeditions 1960 — 2003. These deviations were mapped and statistically analyzed. A
degree of spatiotemporal abnormality of real temperature fields, its features and heterogeneous character were
revealed. The scales of thermal inhomogeneity are obtained from computation of two-dimensional spatial
autocorrelation functions within the random function network. Ways of analysis of characteristics of anomalies
fields’ correlation ellipses are given. Applicability of the methodology and the results is suggested.
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BBenenne

B kpymHBIX MIyOOKHX MPECHOBOAHBIX 03Epax TEPMOTHUAPOIUHAMUYECKHUE MPOIIECCH PATUIHBIX
MIPOCTPAHCTBEHHO-BPEMEHHBIX MaCIITa00B OMPEAENAIOT pealbHOe pacnpeeieHue TMMHHUECKUX
XapaKTEePUCTHK, U3MEHSSI UX CpefHee Ce30HHOe pacrpezenenne. CTpyKTypa TaKUX CIIy9alHBIX
MoJjiell u3ydaercs B pPAMKax BEPOSTHOCTHOIO IMOAXO0Ja, OCHOBAHHOTO HAa pPacCMOTPEHUH
O0COOEHHOCTEH HE OTIEIbHBIX MTHOBEHHBIX IIOJIEM, a HEKOTOPBIX OCPEIHEHHBIX CBOWCTB
CTaTHUCTUYECKOM COBOKYMHOCTH peanu3anuii mons [1]. Macmrad ocpeqHeHHs 3aBHCHT OT
MacmTaba M3y4aeMoro SIBJICHUS W 1ETu HccienoBaHus. [[ns pemeHus psaa TPUKIAAHBIX U
HAay4YHBIX 3a/la4, B YAaCTHOCTH, IJISl OLIEHKH BIHUSHHUS CHHONTHUYECKOW W ME30MacIITa0HOM
M3MEHYMBOCTH Ha TMPOIECCHI 0OMEHA KOJIMYECTBOM JIBIDKCHMS, MAaCCOW M TEIJIOM Ha TPaHUIIE
paszfena Bo/a-BO3yX, HEIOCTATOUYHO 3HATh CPEIHHUE 3HAUCHUS, HEOOXOAUMO OXapaKTepU30BaTh
OTKJIOHCHHS PEATbHBIX TOJICH OT CpeaHMX, Ha3bIBaeMble aHOMaIUsIMU. VcciienoBanne peaabHbIX
MoJiel JIMMHUYECKUX XapaKTepUCTUK MOJpa3yMeBaeT pas/eleHue ux Ha JaBe 4dactu. lleppas
4acTh MOJXKET OBITh BOCCTAHOBJIEHAa HAa OCHOBE HMEIOMIEHCS WHPOpMalUM, a BTOpas 4YacTh
npencTaBisieT co0oil pa3HOCTh MEXAY BOCCTAHOBIEHHOW W pEalbHOM 4YacTIMH MO —
aHoManuoo. JlJis mojiydeHus MepBOM KOMIIOHEHTHI IMOJS — CPEJHEr0 3HAYECHHUS HCCIeTyeMOH
XapaKTEPUCTUKHU, YACTO UCHOJIb3YIOT MPOLEAYPY MPOCTPAHCTBEHHO-BPEMEHHOTO OcpeaHeHus. B
HacTosmIel pabdoTe, Ha MpUMEpE MoJel TeMrepaTypbl moBepxHocTH (Tr0s) Jlamoskckoro o3epa,
MOKa3aHO, KaK Ha OCHOBE MMEIOIINUXCS aHATUTUYECKUX 3aBHUCHMOCTEH U TO JAHHBIM BBIOOPOK
HE3aBUCUMBIX peaau3alid CIy4yalHOro IOl MOKHO OILICHUBAaTh AHOMAJIBHOCThH IOJIEH
JUMHHUYECKHUX XapaKTEPUCTHK.
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J1s1 3TOro HeoOXOAUMO TOCIIEI0BATEIBHO PEIINUTh CIASAYIOIUE 3a1a4u:

1. Paccuurarh cpenHue pacupelesieHUs UCCIEAYyEeMON XapaKTEpUCTHKU (B HAIIEM Cilydae 3TO
TemIeparypa HoBEpXHOCTH T 0, JIamoMkKCKOIO 03€epa).

2. Tloctpouth peanbHbBIE pPACHOPEHCTCHHUS lnos, 337aB MACIITA0bBl MPOCTPAHCTBEHHOTO U

BPEMEHHOI'O OCPEAHEHHS.

Paccunrarh 1 IOCTPOUTH ITOJISI AHOMAIIUH.

4. OueHUTh 3HAUUMOCTh PA3JIMYMHA MEXKIY CTATUCTHUECKUMH XapPaKTEPUCTUKAMHU PEATbHBIX U
CpPEIHUX TOJIEH.

5. CraTucTuyecky NpoaHaIU3upPOBaTh 110JI1 aHOMAJIUH.

6. B pamkax Teopuu KOppeISIMOHHBIX (YHKIHUN OLEHUTH CTETIEHb CBSI3HOCTH T0JICH aHOMAJTHA.

JlanHast Hymepanus COOTBETCTBYET MOPSAAKY U3JI0KEHHS B TEKCTE.

w

MartepuaJjbl 1 METOIBI
Kaxnas peanuzanus nonst T MPEACTaBISET COOONW COBOKYNHOCTb M3MEPEHUH TeMIIEpaTypbl
MIOBEPXHOCTH, IIPOU3BEICHHBIX HAa aKBATOPUHU 03€pa 3a Mepuo oT 3 70 6 CyTOK (CHHONITHYECKUH
nepuon), OyneM Ha3blBaTh €€ TePMHUYECKOW ChEMKOW. Temmeparypy B KOHKPETHOW TOYke T,
KOHKPETHOW TEPMHUYECKONW CBEMKH, BBIIOJIHEHHON B TEUEHUE HECKOJIBKUX CYTOK 7, MOXKHO
BBIPA3UTh B BUJE CYMMBI JCTEPMUHUPOBAHHON U CIIy4YalHOM COCTABIISIFOLIEH:

T, =T,, +AT,, (1)
rae To, mpexnctaBisieT coOOM JAETePMUHUPOBAHHYIO KOMIIOHEHTY, KOTOPYIO Mbl BBIYHMCISIEM
AQHAJIMTUYECKU M HA3bIBAEM TUIIMYHBIM 3HAYEHHEM TEMIIEpPAaTypbl IOBEPXHOCTHU JJIsi BHIOpAaHHOU
natel. AT, — cinydaiiHOe OTKJIIOHEHHE peallbHOW HaOII0JeHHOW TeMIleparypbl I, OT TUIHYHOM.
Beruncnus T, u To,, Haiinem otkionenue AT,. [Ipu puKCHpOBaHHOM BPEMEHHOM IIEPHOJIC TIOJIE
oTkiIoHeHHH AT, OyZemM Ha3bIBaTh MOJIEM aHOMATHH T .

1. Jlamoxckoe o3epo, kpymHeimee B EBpome, cucremarndecku usydaercs ¢ 1956 1. u k
HacrosimeMy BpemMeHu B Mucrutyre O3sepoBenenuss AH Poccum B Buge 0a3bl JIaHHBIX
opranu3oBaHo Oosiee 250 Thicsi4 M3MEpPEHMH TemmepaTypbl BOJbl U  COMYTCTBYIOILEH
ruJipoMeTeoposiornueckoi  mHpopmanuu. CToiab  BBICOKas CTENEHb  T'MIPOJIOTHYECKOM
M3Y4EHHOCTH ¥ MH(POPMALIMOHHOM 00€CeueHHOCTH MO3BOJISET MOJYYUTh TUITMYHBIE U peallbHbIE
1oJs T o HA KOHKPETHBIE JaThl M PEIIUTh MOCTaBJIEHHbBIE BhINIE 3aaa4M. /11 3Toro Heo0X0AUMO
MPUMEHITh METObl, IO3BOJIAIOIIME U30€XaTh BIHSAHUS HEPETYIIPHOTO paclpeneaeHus
HaOJII0CHNUI BO BPEMEHHU M NMPOCTPAHCTBE HA OCpenHeHHue Tos. B MHcTUTyTEe OBLT pazpaboran
TaKOW METOJ BBIUMCICHMSI U TOCTPOEHUS] TUIUYHBIX HoJel Thos BOABI Ha JOOYIO JaTy Ajs
nepuoJsia OTKpBITON Boabl [2, 3]. Jlist 3TOro moBepXHOCTh 03epa ObuIa pasjieNieHa paBHOMEPHOMH
ceTkoi Ha 235 kBazpaToB, co cTOpoHOU npuMepHo paBHOU 10 kM. Ce30HHBIN X0 TeMIepaTypsl
MOBEPXHOCTH B KaXJOM KBajpaTe ObUl annpOKCUMHPOBAH AHAIUTHUECKOW 3aBHCHUMOCTBIO,
MPEACTABIISIONIEH CO00M KOMOMHAIMIO ABYX (DYHKIIMM, OMUCHIBAIONIUX BPEMEHHOW XOI Top B
TEUEHHE PA3JIMYHbIX THIPOJIOTHYECKUX ce30HOB [3]. Jlns ee mocTpoeHus OBLIO NMPHUBIECYEHO
Oonee 25 ThICAY JaHHBIX HATYpHBIX uU3MepeHuil 3a mnepuony c¢ 1897 r. mo 2006 r.
[IpocTpaHcTBEHHBIE pacnpeieneHuss 1o, Ha KOHKPETHbIE JaThl MOJYYeHbl WHTEPIOIMPOBAHUEM
BBIYMCIICHHBIX 3HAYEHHWU B y3JIbl PABHOMEPHOM CETKHU € IIaroM 5 kM. YHCIIO pacyeTHBIX y3JI0B
cetku coctaBuiio 713. IToctpoeHHble TakuM 00pa3oM pacrpesaeneHus [2] Ha3bIBaeM TUITHYHBIMU
(Puc.1a), mockonbKy MONy4eHbl OHM HE B pe3yJbTaTe OCPEIHEHHUs, a C HCIOJIb30BaHUEM
BBIIICYTIOMSHYTOH 3aBUCUMOCTH.

2.—3. Jlnst mocTpoeHUsT pealbHbIX MPOCTPAHCTBEHHBIX paclpeeleHuit 1, U3 DIIEKTPOHHON 0a3bl
TEPMUYECKUX JaHHBIX ObUTH BbIOpaHbI 43 CyZ0Bble ChEMKH, BHIIOJIHEHHBIE 32 IEPUOJT OTKPHITOM
Boael ¢ 1960 1. mo 2003 r. ¥ UMEMIIKME JTOCTATOYHOE JISI KOMIBIOTEPHON 00pabOTKH YHCIIO
TOYEK H3MEPEHUH, pacrpe/ieleHHbIX OTHOCHUTEILHO paBHOMEpHO MO akBatopuu. [lns Oomee
KOPPEKTHOTO HMHTEPIIOJUPOBAaHUS B MPUOPEKHOM 30HE CTPOMJICS TMOJUHOM T = f(xy,2),

CBSI3BIBAIOIIUI TeMIepaTypy ¢ KOOpAWHATAMU U TIIyOWHOW MecTa, U BBIYUCISUINCH €€ 3HAYCHUS
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Ha HyneBoil m3obare. OOpaboTKa HATYpPHBIX IAHHBIX 10 METOJIUKE, aHAIOTUYHON METOIHMKE
MOCTPOCHUSI TUNUYHBIX ToNel Thos Ha KOHKPETHBIE NaThbl, MO3BOJMJIA IOJYYHTH peajbHbIC
pacnupenenenus T (Puc.10).

Puc.1. Pacnipenenenus: (a) THIMYHON TeMIlepaTypbl IOBEPXHOCTH BOJbI HA 25 H10Ji4,
() peanbHOIi TeMIIEpaTypPbl MOBEPXHOCTH BOABI Ha 25 uios 1984 r., (6) anomamii Ha 25
n10i1s 1984 r. 3nakom + 0003HaYeHbI TEPMUYECKHE CTAHIMHU. 3aIITPUXOBAHHAA 00/1aCTh -
PaiioH TUIIHYHOI0 pacHpeaeIeHUs TeMIIEePATyPhI IOBEPXHOCTH BOJBI.

CpasuuBas nonst T, u To, (Puc.la, 6) 3a onpeneneHHyto aary, mojiydyaeM nodsi oTkiIoHeHud AT,
Ha o1y nary (Puc.1B). AT, npessimarommue |0,5/°C, HazoBem aHomanbHbiMH. OTKIOHEHUs AT,
KapTUPOBAIKUCH ISl BceX 43 ChbEMOK.

Pe3yabTaThl U 00cyxKI1eHUE

4. B nepByto ouepesb OLIEHWBANACh 3HAUUMOCTh Pa3IMYMi MEXIY pealbHbIMU M THUIIMYHBIMU
nosiMu - Ty MO kputepusMm CrerogeHta u @Pumepa [4]. CpaBHEHHE CpETHUX BEITUYHH
TEMIIEPATYPHI PEATBHBIX U TUIIMYHBIX M0JeH npu 1% ypoBHE 3HAUMMOCTH MTOKA3aJI0 3HAYHUMOCTh
pasnocteit 11t 38 u3 43 cbéMok. OneHKa pacxokIeHUN MEX Iy JUCIEPCUIMU PacCMaTPUBAEMbIX
nap BBINOJIHAIACH CPABHEHUEM C KPUTUUYECKUM 3HadeHHeM napamerpa dumepa (Fpu=1). Bee F
> Fypur. CIEI0BAaTENBHO, MMEIOMIMECS PA3IM4Ms HE CIydYailHbI, a BBIOODKHM HE IPHHAUIEkKAT
OJIHOM COBOKYITHOCTH.

5. Ilocnenyrommii aHanmu3 TMO3BOJWJI OLEHUTh XapakTep MPOCTPAHCTBEHHO-BPEMEHHOMN
AHOMAJIBHOCTH pealbHbIX MONEH Tpos, OMPENETUTh BEIUYUHBI AHOMAIUN Ty U IUIOLIANEH UMHU
3aHuMaeMbIx [S5]. s kaxkmoro wecsia OBUTM  TOMYYeHBl 3HAYEHUs IUIONIAed 30H C
OTKJIOHEeHUsIMH Tros B Tpeaenax |5,5/°C. IIpeobnanaer uHTepBan otrkionenuit AT, + 0,5°C... +
1,5°C. B menoM TMOJIOKUTENbHBIE aHOMAJIHH TPEBATMPYIOT Haa oTpunareiabHbeiMu (Puc.2a).
Haubonee anomansHo pacnpezneneHue Tros B IPUOPEKHOM MENKOBOJIHOM paiioHe, o0agaromnem
MUHUMAaJIbHON TEIUIOBOI MHeplLuel. ITo 30Ha TpaHC(HOpMAIIUU BO3YIIHBIX U BOAHBIX Macc, /i€
HaOmonaoTcss OpU3bl M CTOHHO-HaroHHbIE SIBJICHHS, CONPOBOXKAAIOLIMECS AamNBeJUIMHIaMU U
JTayHBEIUTMHTaMH. 31ech aHomanuu pgocturaror |8,0/°C. Hax 3HauuTEeNBHBIMH TIyOMHAMHU
ueHtpanpHoi Jlamorm, Haubosjee TEIUIOMHEPTHOM, B TEpPUOJ THIPOJIOTHYECKOH BECHBI
orkimonenuss He mpesbimaioT |1,01°C.  [locme paspymeHust TepmoOapa aHOMAJTBHOCTh
r7TyOOKOBO/IHOTO paiioHa yBETNYUBACTCS.
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Puc.2. CtaTucTnyecKkue XapaKTepUCTUKHU pacnpeaeeHus :
(a) OTKJIOHEHUI pealbHBIX TEMIIEPATYP MOBEPXHOCTH BOABbI OT MX THIHYHBIX 3HAYEHUH,
(6) njomanei ¢ THOMYHBIMYU CPeIHUMHU TEMIIEPATYPaAMH MOBEPXHOCTH BOAbI 10 MecsilIaM

Ha Puc.20 mpencraBieHo pacnpeaeleHUE IUIOIMIAAeH HE aHOMAalIbHBIX YYacTKOB MOBEPXHOCTH
o3epa. [lnomans 30H ¢ TUnu4yHOU Temmeparypoil no 44%. B cpeanem To; 20% axBaropum
COOTBETCTBYET TUIMYHOI. PeanbHble mois yaie COOTBETCTBYIOT TUIIMYHBIM B UIOHE U aBTYCTe (B
CpelHeM He aHOMaJlbHbIe 30HbI 3aHUMAIOT 24% u 20% axBaTtopumn). Mionb - camblii aHOMaJIbHBIN
Mecsl, Tonbko 13% moBepxHOCcTH B cpenHeM He aHoManbHO (Puc.26). BrisBienHas
HEOJAHOPOJHOCTh MPOCTPAHCTBEHHO-BPEMEHHON M3MEHUYMBOCTU TOJIEH T 03€pa 0OyClIOBIIEHA
O0COOCHHOCTSIMH €T0 THAPOJIOTUYECKOTO PeKMMa U MPoLieccaMy Ha IPaHuIle BO3AYX-BOJa.

6. KoppensnuoHHBII aHaTU3 MO3BOJSICT OXAapPaKTEPHU30BATh IMPOCTPAHCTBEHHYIO CBS3HOCTH
ciydaiiHbIX moned. J[ms Bcex moseidl aHomManuii ObUIM pacCUUTaHbl aBTOKOPPESIIUOHHBIE
(GYHKIMH U TOCTPOCHBI DIUTUIICH Koppemsiiuu. VX (opmel, pa3Mepsl U OpHeHTAIUsl BecbMa
paznooOpa3uel (Puc.3 a). CraTucTUdeckd aHaIM3UPOBAINCH CIEAYIONIUE MMapaMeTphl IO
3HaueHnio Kodpdummenta xoppemsiiuu K=0,5: Oonpmas u Manas oCb, SKCIECHTPUCHUTET
(oTHOIIEHUE OOJBIION OCH K Malloil) M OpPHEHTAallUs SJUIUICAa — OTKIOHEHHE OOJBIIONW OCH
anuIca ot HanpasieHus 3 — B no vacoBoii ctpenke (Puc.3 a). DOKCIEHTPUCUTET CIIy’)KUT Mepoil
AQHU30TPONMM PACCMATPUBAEMOIO MOJs, M IPU PABEHCTBE OCEH »JIuIca paBeH 1, 4ro
COOTBETCTBYET H30TPONHUHU ToJisA. OpHUEHTAIUs JIUIMIICOB MOXKET HECTH HHGOPMAIHIO O
npeobiagaronux (hakTopax TeHepalyy Mojei aHOMalui U O COOTHOIIEHUH MEXIy HuMH. Tak,
JuUIICHl HamOoliee BBITAHYTHI B Hampasiennn C — KO B aBrycre B mepuoj pa3BUTOM
TEPMHUUYECKON CcTpaTU(UKALUKA U MAKCUMAIbHONH MOIIHOCTH SMIJIMMHUOHA. B Mae u okTs0pe,
MPU TOPU3OHTAIILHON OJHOPOAHOCTU Tpos, OpHEHTaIus >yuncoB Onm3ka k 40°. B mepuonbr
HECTaOUIILHOCTH TeMIEepaTypHBIX TMOJeH, mocle pazpyiieHus Tepmodapa u B CeHTSI0pe, Koraa
yBEJIMUMBAETCsl BoO3ZeicTBUe BeTpa, oHa mnpubmmkaercs kK 50°. CUHXPOHHOCTh H3MEHEHUS
OpHUEHTAIINH JUTUIICOB TUMUYHBIX Mosel Ty 1 moneit anomanuii (Puc.3 6) MoxeT yka3siBaTh Ha
COOTHOIIICHUE MEXTY CHIIaMH, (OPMUPYIOTIIUMHU ITH TIOJIS.

Tak, CUHXPOHHBIM XOJ OpPUEHTALMU DIIJIUIICOB B TEUYEHHE OIPEACIICHHOIO MEPUO/a MOXKET
CBUJIETEIHCTBOBATh O TOM, YTO UX (popMUpOBaHUE B ATOT MEpHO 0OYCIOBICHO OJHUMHU U TEMHU
xe QakTopamu, 1 HA0OOPOT.
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Puc.3. (a) lipumep 1ByMepHOii MPOCTPAHCTBEHHO! ABTOKOPPEJIANMOHHON (PYHKIUH OIS
aHOMAJIHIi.(0) OpHeHTAUS JUIMTIICOB KOPPEJISIHN: ——THIHYHBIX MOJIeH,
- - - moJIeH aHOMAaJIHii

Ha Puc.4 npezncraBieHbl pe3yibTaTbl CTaTUCTHUYECKOH 0OpaOOTKM OOJBbIIMX M MajblX OCeH
AJUIMIICOB KOPPEALMU MoJIel aHOMalnuil. B cpelHeM OHM M30TPOIHBI B pajuyce OKOJIo 2,5 KM
(K=0,9). M30TponHOCTh CYLIECTBEHHO YIPOILIAeT OMNMCAHUE CIYyYalHOTro MOl U SBISAETCS
HEOOXOMMBIM yCIIOBUEM TIPH PEIICHUH Psijia 33134 TUAPOYU3UKH U TUIPOTNHAMHKH.

O cpemHee 3Hagenye
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Puc.4. CtaTucTyecKue XapaKTepUCTHKH 00J1bIINX (@) U MaJIBbIX (0) oceid
NPOCTPAHCTBEHHBIX ABTOKOPPEJISAIMOHHBIX (PyHKIMI 1OJIel aHOMATHI

Puc.5 mokaspiBaeT BpEeMEHHON XOJ Mephl aHU30TPOIUU DIUIUIICOB KOPPETSLUUU JJsl Pa3HbIX
creneHed omHopomHocTH mojed. [lonms aHomanmmii Gojiee W3OTPOMHBI B OKTAOpE, Koraa
3HAYUTENIbHAs YacTh aKBaTOPHUH TOMOTEPMHUYHA. J[TUTENbHBIA TEpUOa CTaOUIHHOTO YpPOBHS
AQHU3O0TPOIHMH B KOHIIE JIETa M Ha4aJie OCEHU, OUYEBHIHO, OOBICHSIETCS TTPeo0IalaHeM BETPOBOTO
BO3JICHCTBUSL HAJI JAPYTUMHU TeHepupyrmuMmu ¢akropamu. CTeneHb aHU30TPOINUU TOJeH
AHOMAJIMI CYIIECTBEHHO 3aBHCHUT OT CE30HHOTO X0/1a TEMIIEPATYPhI BOJIBI.
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Puc.5. BpeMeHHOM X0/1 JKCHEHTPUCUTETOB YJUIMIICOB KOPPEJsiIliUM MoJIedH aHOMAaJIuii

BoIiBOaBI

Takum o0Opa3oM, TpPHUMEHEHHWE BEPOSTHOCTHOTO IOAXOAAa W TEOPHH CIyYalHBIX (QyHKIIHHA
MO3BOJISICT KOJUYECTBEHHO OIICHUTh CTENEeHb MPOCTPAHCTBEHHO-BPEMEHHOW aHOMAJIbHOCTH
MoJIeH JTMMHHYECKHUX XaPAKTEPUCTUK BBIOPAHHOTO MacmiTaba W BBIIBUTH OCHOBHBIC (DaKTOPHI,
oOycnaBiuBalole 3aKOHOMEPHOCTH paccMaTpuBaeMoro sBieHus. MccneqoBanue nokasano, 4To
AHOMAJILHOCTh TEMIEPATYPHBIX MOJIEW U €€ N3MEHYMBOCTh TECHO CBSA3aHbI C 3aKOHOMEPHOCTSIMU
ruaporepmuueckoro pexkuma Jlamoxkckoro o3zepa M ero ocobeHHocTsMmu. [lomydeHHbIe
XapaKTEPUCTUKU AHU3OTPONMU W HM3MEHUYMBOCTU CIEAYET YUYHUTHIBATH MPU MOAECIUPOBAHUU
TEPMUUECKOTO PEKUMa 03€pa, CIIIAXKUBAHUU U DKCTPANOJIALIUU IAPAMETPOB MPU IKOJIOTHUYECKOM
MOJICJIMPOBAHUU U TPOTHO3UPOBAHUM, OMPEACICHUM COCTABISIONMIMX TEIJIOBOrO OanaHca,
ONTUMU3AIMU PACTIONOKEHUS CeTH HaOmoaeHuid. Hemoyd€r HEoTHOPOAHOCTH TeMIEepaTypHBIX
MoJIe MO’KeT TIPUBECTH K OIIMOOYHON TPAKTOBKE KOJIMYECTBEHHBIX M KauyeCTBEHHBIX
[1apaMeTPOB TEPMUUYECKOTO pexuma. lIpuHMMas BO BHHMMaHHE YCIOBHE COIVIACOBAHHOCTHU
TUAPODU3UIECKUX TIOJICH, BBIBOJIbI, TIOJYYCHHBIE HAa OCHOBAHHMH aHAIHM3a IOJS TEMIIepaTyphl,
MOTYT OBITH PAacCHpOCTPAHEHBI U HA APYyrue Mosjs. BeIMogHeHHe 3TOro ycloBHs HE 3aBUCUT OT
MPUMEHAEMOT0 B HCCIEAOBAaHUU TOAXOJa, a OMpenenseTcss OOBEKTUBHBIMU (haKTOpaMH,
3aKJIIOYEHHBIMU B CAaMOI MPHUPOE MPOLECCOB, MPOTEKAIOIINX B KPYIHBIX BojloemMax [6].

ABTOpBI MMOJATal0T, YTO MPEI0KEHHAS METOAMKA MOYKET C YCIEXOM MPUMEHSTHCA I OLEHKU
AHOMAaJbHOCTH TIOJIEH PAa3NMYHBIX JJIEMEHTOB peXHUMa TMPUPOJHBIX OOBEKTOB, CTEMEHb
HW3YYEHHOCTH KOTOPBIX JOCTATOYHO BEJIUKA.

Summary
Real random fields of limnological characteristics are greatly variable due to different scales
processes influence. Their typical distributions can be obtained from averaging. However, for a
number of tasks knowing typical values is not enough and deviations real fields from typical
ones, called anomalies fields, are in need. These fields structure and their variability can be
studied within probabilistic approach and random functions theory, which allow estimating the
mean value of a characteristic and its correlation function. For this it is necessary:
To estimate typical fields of a characteristic (surface water temperature (Ts)).
To estimate real fields at certain scale of averaging.
To estimate and map anomalies fields.
To test significance of differences between real and typical fields.
To analyze anomalies values and their spatiotemporal variability statistically.
To estimate the range of anisotropy and correlation of anomalies fields.
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In the paper on the example of Lake Ladoga Ts fields solution of each of the tasks above is
presented on the base of the analytic function describing the typical seasonal temperature
changing and the data obtained in situ. The temperature in a defined point of the surface in a
certain time of a period t T, can be considered as a sum of the determinate and random
components:

T =T, +AT,, (1)
where Ty, characterizes the typical value for the date chosen and the component AT, is a random
deviation of a measured real temperature from the typical one. Having estimated T, and Ty,
quantitatively, it is possible to calculate AT.,.

1. Ladoga has been studied by specialists of Russian Academy of Sciences Institute of Limnology
since 1956 and its data base contains more than 250 000 measured T values and corresponding
information. Here the method was worked out to estimate synoptic abnormality and to avoid
influence of spatiotemporal irregularity of measurements distribution over the lake on T
averaging. According to it the lake surface was divided with a regular grid into 235 squares with
sides 10 km. T, for each square was approximated with an analytic dependence, a combination of
two functions, describing water T temporal change during different hydrological seasons. Typical
T, fields for the certain dates (TTFs) were created with interpolating the obtained data in the mesh
points (with the step of the regular grid 5 km).

2 — 3. For creating T, spatial distributions thermal vessel surveys, carried out in 3-6 days (synoptic
period), were chosen from the data base. The number of measurements of each survey is quite
enough for computation and they are distributed relatively regularly throughout the surface. For
more precious interpolation in the coastal zone the values of shore-line T were estimated by
multi-polynomial regression method. The further thermal-data processing was carried out by the
technique that was analogous to the method, used for creating Ladoga typical Ts fields for certain
dates. As a result real T fields (RTFs) and TTFs were created and then AT, fields were estimated.
Let us call deviations AT, which are higher than [0,5/°C anomalous. For all the 43 cases
considered AT, values were plotted and anomalies maps were statistically analyzed.

4. In the early stage the analysis of the AT, maps was aimed to estimating significance of
differences between RTFs and TTFs mean characteristics. For this Student and Fisher criteria
were used. Student-criteria shows that at significance level 1% differences between RTFs and
TTFs mean temperatures are significant for 38 out of 43 cases. Differences between RTFs and
TTFs variances were estimated by comparison with the crucial Fisher-criteria parameter value
(Fer=1). For all the 43 cases F>F.. Thus differences between the fields’ statistical characteristics
are considered to be significant and not random.

5. The further analysis allowed characterizing Ladoga spatiotemporal abnormality, to determine
temperature anomalies values and areas they cover. For each month values of areas with AT, up
to [5,5|°C were calculated. The interval of AT, + 0.5 ... + 1.5°C is predominant. On the whole,
positive anomalies prevail. The most anomalous RTFs are observed in July, when Ts does not
reach its year highest values yet. The analysis has shown that the most anomalous SWT
distributions are typical for the shallower coastal zone, where thermal inertia is not significant
and water and air masses transform and take place breezes and high tide phenomena accompanied
by down- and upwellings. Here AT, can exceed 5°C. Within quite deep central Ladoga, which is
the most thermal inert, during hydrological spring AT, values are below |1,0/°C. This is caused by
the thermal bar existence, which prevents water masses, separated by it, from interacting.
However, after destruction of the thermal bar abnormality of this zone increases. Areas of regions
where SWT corresponds to the climatic rate vary from 1% to 44%. On average they cover 20% of
the lake. RTFs more often correspond to TTFs in June and August (when typical T covers 24 and
20% of the surface respectively). July is the most anomalous month, only 13% of the lake is not
anomalous on average. Such significant abnormality of RTFs in July is caused by unsteady
character of hydrological processes while their changing from spring type to summer one after

41



Timofejeva L., Naumenko M. Methodology of estimating of limnological characteristics spatial distributions
abnormality on the example of Lake Ladoga surface water temperature fields

the thermal bar destruction. Joint analysis of synoptic-scale abnormality of 43 T, fields has not
allowed revealing a zone where T fields are always typical. However, there is a zone situated in
the north-west Ladoga where they are rarely anomalous. To sum up, the heterogeneous character
of Ladoga RTFs abnormality is caused both weather conditions and morphometrical features.

6. For estimating the rate of anomalies fields’ anisotropy their autocorrelation functions were
calculated and correlation ellipses were mapped. At the correlation level 0,5 the following
ellipses parameters were statistically analyzed: major and minor axes, orientation (the angle
between the major axis and west-east direction) and ratio major axes to minor ones, called
eccentricity and being a measure of anisotropy rate. As a result an average radius 2,5 km within
which anomalies fields are isotropic was estimated (K=0,9). Orientation of typical fields’ ellipses
varies according to hydrological seasons change. Anomalies fields and typical fields ellipses can
be oriented both synchronized and a synchronized. It depends on the relation between main
forces of these distributions generating which vary between seasons. The patterns of Ladoga
spatiotemporal abnormality and its anisotropy, revealed by this study, needs taking into
consideration while ecological and thermal regime forecasting and modeling, extrapolation of
characteristics values and rationalization in situ measurements. Due to hydro-physical fields
coordination patterns of thermal fields can be applied to different components distributions. The
methodology presented is recommended for estimating spatiotemporal abnormality of various
characteristics fields of natural objects, which typical conditions and features are studied to the
right degree.
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